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The consequences of SARS-CoV-2 infection are far from being fully understood or
accounted for. The most common and dangerous acute clinical features of the disease
affect the respiratory system, and can be involved in the wide spectrum of severity at
presentation; the evolution of the disease can vary enormously, ranging from asymptomatic
or mild disease to critical illness with multi-organ failure and high mortality rates [1,2]. In
addition to this, and soon after the outbreak of the pandemic, it became clear that several
other organs were involved in the multiform clinical presentation of COVID-19, including
neurological, ear, nose, and throat, gastrointestinal, ophthalmic, dermatological, cardiac,
and rheumatologic manifestations. The persistence of mild symptoms and disorders for up
to several months after testing negative has been designated a new nosological identity
called “long covid” or “post-acute COVID-19 syndrome” [3].

In this Special Issue we collected 17 high-quality and innovative papers investigating
several factors that have contributed to the clinical complexity of COVID-19: from host–
pathogen interactions to different clinical manifestations, including the impact on healthcare
systems and post-COVID-19 consequences.

Differences in the clinical manifestation of the disease might be influenced by intricate
interactions between the virus and the patient. For example, mutations in specific SARS-
CoV-2 proteins are reported to potentially influence the clinical course of the disease [4].
Additionally, demographic characteristics and lifestyle might have an impact on the severity
of COVID-19 [5].

The peculiarity of patient–virus interaction may further influence the clinical manage-
ment of COVID-19. In the pre-pandemic era, PCT represented a useful laboratory tool for
the diagnosis and management of bacterial infections [6]. However, the study by Ceccarelli
and colleagues showed that, in critically ill COVID-19 patients, abnormal procalcitonin
levels do not necessarily indicate the presence of a bacterial superinfection [7]. This is
particularly relevant when dealing with highly complicated patients, who are potentially
susceptible to deterioration and in which a rapid differential diagnosis is crucial.

The pandemic had a significant impact on healthcare systems worldwide, and alongside
COVID-19 patients, non-COVID patients also suffered different kinds of consequences [8].
For instance, the rapid spread and the severity of infection raised concerns over the safety of
using immunosuppressive drugs to treat immune-mediated inflammatory diseases [9]. In
addition, medical departments that were not directly managing COVID-19 patients have also
experienced the consequences of the COVID-19 pandemic [10]. In fact, the need to expand
bed capacity in order to accept the (un)expected, and outstanding, number of patients, led
to unprecedented intra-hospital organizational efforts at the expense of reducing resources
in departments that had not been converted to COVID-19 wards. Other solutions have been
proposed: in order to reduce the number of beds being used at any given time, some authors
explored whether early hospital discharge would have been safe or useful [11]. Last but not
least, the impact of the pandemic on healthcare personnel was overwhelming [12].
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Moreover, several articles published in this Special Issue focus on the post disease
and long-term effects of COVID-19, including the Quality of Life of hospitalized or non-
hospitalized patients, and also the physical, psychological, and social effects of the pandemic.

As Guest Editors we want to thank all of the authors, the reviewers, and the Journal of
Clinical Medicine team for their precious work and support.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: The coronavirus disease 2019 pandemic created a significant crisis in global health. The aim
of the study was to compare the impact of the COVID-19 pandemic on self-rated health status and
smoking and alcohol habits. The Bialystok PLUS cohort study was conducted in 2018–2022. A total
of 1222 randomly selected city residents were examined and divided into two groups: before and
during the COVID-19 pandemic. The participants’ lifestyle habits and medical history were collected
from self-reported questionnaires. The Alcohol Use Disorders Identification Test (AUDIT) and the
Fagerström Test for Nicotine Dependence (FTND) were used to assess the degree of alcohol and
nicotine dependence. The survey revealed a reduced frequency of reported allergies vs. an increased
frequency of reported sinusitis and asthma; increased incidence of declared hypercholesterolemia
and visual impairment; a reduced number of cigarettes smoked per day, lower FTND score, and a
greater desire to quit smoking in the next six months; and an increase in hs-CRP and FeNO levels
in the population during the pandemic compared to the pre-pandemic population. The COVID-
19 pandemic had a measurable impact on the general population’s prevalence of certain medical
conditions and lifestyle habits. Further research should continue to examine the long-term health
implications of the pandemic.

Keywords: COVID-19; smoking habits; alcohol habits; health status

1. Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory infection induced by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also known as coronavirus [1].
The outbreak began in China, but has spread to all countries around the world, and the
number of cases outside of East Asia exceeded those in China by 15 March 2020, and
rose exponentially. The number of fatalities in several countries now exceeds the total in
the epidemic focus [2]. The COVID-19 pandemic remains a primary concern for global
health and society. Clinicians must keep up with the data generated from across the
globe, since SARS-CoV-2 emerged in December 2019 [3]. In Poland, from January 2020 to
December 2022, 6,364,708 confirmed cases of COVID-19, including 118,467 deaths, were

J. Clin. Med. 2023, 12, 6241. https://doi.org/10.3390/jcm12196241 https://www.mdpi.com/journal/jcm
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reported to the WHO [4]. The introduction of lockdown in Poland has significantly affected
the nature of citizens’ work and human relations by limiting social interactions and mobility.

Health complications and lifestyle habits associated with the COVID-19 pandemic are
currently being investigated. The percentage of daily tobacco smokers in 2019 in Poland
was 24% among men and 18% among women [5]. Smoking is a significant risk factor for
major causes of premature mortality, such as cancer and cardiovascular disease. Using
cigarettes also increases the risk of heart attack, stroke, lung cancer, and cancers of the
larynx and mouth. In addition, smoking is an essential contributor to respiratory diseases.
Alcohol abuse also causes significant mortality and morbidity. Alcohol use disorders are
usually linked to depressive episodes, severe anxiety, and insomnia. They can increase
the incidence of heart disease, stroke, cancer, and cirrhosis by affecting the cardiovascular,
digestive, and immune systems [6]. According to a 2019 analysis, the average level of
alcohol consumption in Poland was 11 L of pure alcohol per capita (a person aged 15 years
or older) [7].

The aim of the study was to compare the impact of pandemic COVID-19 on self-rated
health status and smoking and alcohol habits. We used the Bialystok PLUS cohort, that
started enrollment in 2018 and continued during pandemic, which allows for reliable data
analysis before and during the pandemic. Therefore, we compared both populations—
before and during the pandemic—studied using the same methodology.

2. Materials and Methods

The Bialystok PLUS cohort study was conducted in 2018–2022 on a sample of Bialystok
(Poland) citizens. Based on a representative sample of the residents of Bialystok city, the
Bialystok PLUS study describes the health status of the adult population in northeastern
Poland. The survey not only addresses the present health status of the people, thus
providing valuable data on risk factors and the development of diseases, but also examines
the sociological and psychological determinants that may influence them [8]. Researchers
received a pseudonymized list of residents aged 20–79 from the Bialystok City Hall each
year. They were then assigned categories by gender and 5-year ranges. Subsequently,
samples of citizens from each subcategory were randomly selected separately, in such
numbers as to obtain a distribution of proportions similar to that of the city’s population.
The exact drawing procedure is described elsewhere [9]. The analyzed population, a total
of 1222 respondents (570 men and 652 women), was divided into two groups: before the
COVID-19 pandemic and during the COVID-19 pandemic. The beginning of the pandemic
in Poland was considered to be 20 March 2020, when an epidemic state was imposed in
Poland. A total of 713 probands tested between 5 November 2018 and 17 March 2020 were
classified as a pre-pandemic group, and 509 probands tested between 14 July 2020 (the
study had to be interrupted during lockdown between March and July) and 13 May 2022
were analyzed during the pandemic.

The participants’ lifestyle habits and medical history were collected from self-reported
questionnaires. All study participants underwent laboratory assessment, spirometry, and
nitric oxide (NO) measurement in the exhaled air–fractional nitric oxide (FeNO) using nitric
oxide analyzer FeNO+ from Medisoft. Anthropometric measurements included measure-
ment of height and weight. Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. The waist-to-hip ratio (WHR) was calculated as the
circumference ratio between the waist and hips. From all patients, peripheral intravenous
fasting blood samples were collected for laboratory tests, at the time of visit in the morning
after eight hours of fasting. High-sensitivity C-reactive protein (hs-CRP) and a complete
blood count with differential were established to assess the inflammatory state.

The Alcohol Use Disorders Identification Test (AUDIT) was used to assess the degree
of alcohol dependence. AUDIT is a practical and simple screening test for unhealthy alcohol
use, defined as risky or hazardous drinking or any alcohol use disorder. Following its
publication in 1989 by the World Health Organization, AUDIT has become the most widely
used alcohol use screening tool in the world [10]. In addition to questions about alcohol

4
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use scored on a scale of 0 to 4, the AUDIT asks about common alcohol-related problems
that patients might face, including general symptoms of alcohol dependence [11].

The Fagerström Test for Nicotine Dependence (FTND) was used to assess ordinal
measures of nicotine dependence related to cigarette smoking. FTND was developed by
Karl-Olov Fagerström in 1978. The instrument was modified in 1991 by Todd Heatherton
et al. to form the Fagerström Test for Nicotine Dependence [12]. When assessing nicotine
dependence in the Fagerström Test, yes/no questions were scored on a scale of 0 to 1,
and multiple-choice questions were scored on a scale of 0 to 3. The higher the summed
Fagerström score, the more intense the patient’s physical dependence on nicotine.

The Satisfaction with Life Scale (SWLS) has been used to measure a life satisfaction
component of subjective well-being. SWLS was developed in 1959 by Diener [13] and has
been shown to correlate with mental health measures and predict future behavior.

The questionnaire interview included an assessment of health status at the time of the
study, including questions from AUDIT, FTND, and SWLS, lifestyle habits, education level,
earnings, and medical history.

3. Statistical Analysis

The statistical analysis was performed using Stata 13.0 statistical software. Descriptive
statistics for quantitative variables were presented as means and standard deviations
(SD). The normality of distributions was assessed using the Shapiro–Wilk test. Values
of normally distributed data were compared by unpaired t-test, whereas not-normally
distributed continuous data were compared by Mann–Whitney U test. Categorical variables
are displayed as frequency distributions (n) and simple percentages (%). The Chi2 test was
used for the univariate comparison between the groups for categorical variables. Spearman
correlation was used to analyze the dependence between the variables. The statistical
significance was considered when p ≤ 0.05.

4. Results

The analyzed populations did not differ in terms of age (p = 0.487), sex (p = 0.219),
height (p = 0.179), weight (p = 0.072), or body mass index (p = 0.388). In contrast, WHR was
statistically significantly lower in the population during the pandemic (p = 0.006). In the
population during the COVID-19 pandemic, examination of exhaled air from the respiratory
tract showed higher concentrations of FeNO (21.3 ± 18.8 ppb vs. 18.7 ± 15.4 ppb, p < 0.001)
and higher levels of high-sensitivity C-reactive protein (1.7 ± 3.1 mg/L vs. 1.5 ± 3.6 mg/L,
p = 0.001) compared to the pre-pandemic group. Detailed data can be found in Table 1.

Table 1. Characteristics of the population before and during the COVID-19 pandemic; comparisons
variables between subgroups.

Variable
Population before the
COVID-19 Pandemic

N = 713

Population during the
COVID-19 Pandemic

N = 509
p

Age, years 48.7 ± 15.4 49.3 ± 14.5 0.487

Male sex, n (%) 322 (45.2) 248 (48.7) 0.219

Height, cm 170.1 ± 10.1 170.8 ± 9.5 0.179

Weight, kg 77.9 ± 16.7 79.3 ± 16.2 0.072

BMI, kg/m2 26.8 ± 4.9 27.2 ± 5.2 0.388

WHR 0.88 ± 0.1 0.86 ± 0.1 0.006
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Table 1. Cont.

Variable
Population before the
COVID-19 Pandemic

N = 713

Population during the
COVID-19 Pandemic

N = 509
p

Laboratory parameters

hs-CRP, mg/L 1.5 ± 3.6 1.7 ± 3.1 0.001

FeNO, ppb 18.7 ± 15.4 21.3 ± 18.8 <0.001

WBC, 103/uL 6.25 ± 1.6 5.8 ± 1.5 <0.001

Hgb, g/dL 14.1 ± 1.4 13.9 ± 1.3 0.057

Hct, % 41.1 ± 3.8 40.9 ± 3.7 0.396

PLT × 109/L 236 ± 62.8 235.9 ± 60.3 0.821

Spirometry

FVC, L 4.3 ± 1.2 4.3 ± 1.1 0.678

FEV1/FVC, % 79.1 ± 6.9 78.9 ± 6.6 0.302
The data are shown as n (%), mean ± SD. BMI: body mass index; hs-CRP: high-sensitivity C-reactive protein;
WBC: white blood cells; Hct: hematocrit; Hgb: hemoglobin; PLT: platelet count; kg: kilogram; cm: centimeter; mg:
milligram; L: liter; dL: deciliter; ft: femtoliter; mmHg: millimeters of mercury; SD: standard deviation; ppb: parts
per billion; mg/L: milligrams per liter; mg/dL: milligrams per deciliter; FVC: forced vital capacity; FEV1: forced
expiratory volume in 1 s.

A significantly lower number of reported allergies was observed in the population
during the pandemic (22.8%) compared to the pre-pandemic period (23.6%; p = 0.042). In
contrast, the incidence of reported asthma and sinusitis was significantly higher during the
pandemic (6.3% and 24.6%) than before the pandemic (2.9%; p < 0.001 and 24.0%; p = 0.006).
In addition, visual impairment and hypercholesterolemia were declared more frequently in
the population during the COVID-19 pandemic. Detailed data can be found in Figure 1
and Table 2.

Figure 1. Percentage of reported diseases in the general population before and during the
COVID-19 pandemic.
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Table 2. The incidence of reported diseases in the general population before the pandemic COVID-19
and during the pandemic COVID-19.

Disease
Population before the
COVID-19 Pandemic

N = 713

Population during the
COVID-19 Pandemic

N = 509
p

Endocrine system 222 (31.1) 159 (31.2) 0.901

Musculoskeletal system 314 (44.0) 211 (41.5) 0.369

Nervous system 120 (16.8) 80 (15.7) 0.636

Tumors 53 (7.4) 28 (5.5) 0.184

Respiratory system 318 (44.6) 217 (42.6) 0.678

Allergy 168 (23.6) 116 (22.8) 0.042

Asthma 21 (2.9) 32 (6.3) <0.001

Sinusitis 171 (24.0) 125 (24.6) 0.006

COPD 41 (5.8) 14 (2.8) 0.076

Cardiovascular system 389 (54.6) 294 (57.8) 0.262

Hypertension 199 (27.9) 141 (27.7) 0.469

Hypercholesterolemia 198 (27.8) 170 (33.4) 0.001

Urinary system 273 (38.3) 196 (38.5) 0.941

Diabetes 39 (5.5) 28 (5.5) 0.168

Digestive system 340 (47.7) 257 (50.5) 0.270

Dermatological system 285 (40.0) 193 (37.9) 0.506

Defect of vision 413 (57.9) 346 (68.0) <0.001
The data are shown as n (%); COPD: chronic obstructive pulmonary disease.

The prevalence of smoking history remained similar between the two groups. At
the same time, numerically fewer individuals reported current smoking in the COVID-
19 population compared to the pre-pandemic population, although without statistical
significance. The average number of cigarettes smoked per day decreased during the
pandemic compared with the pre-pandemic period (10.7 ± 7.1 vs. 14.0 ± 9.1; p = 0.005).
In addition, more individuals declared planning to quit smoking in the next six months
during the pandemic (39.4%) than before it (33.8%; p = 0.049), which was also reflected in
the FTND results. In the population during the pandemic, the FTND score was statistically
significantly lower than before the pandemic (2.4 ± 2.2 vs. 3.2 ± 2.3; p = 0.007).

Alcohol consumption patterns were generally not different between the study groups.
Only the frequency of drinking liquors, fruit liqueurs, and drinks in the past 30 days was
lower during the pandemic than before the pandemic (2.3 ± 2.3 vs. 2.9 ± 2.7; p = 0.018),
while other drinking frequencies remained unchanged. The results of the Alcohol Use
Disorder Identification Test also remained consistent (p = 0.329) between both cohorts.

These results suggest a moderate change in smoking habits during the COVID-19
pandemic, while no differences were shown regarding alcohol drinking.

Subjective well-being, as measured by the SWLS scale, did not statistically differ
between the study groups. Detailed data can be found in Table 3.

The analysis aimed to determine the relationship between the declared intention to
quit smoking and various variables, such as age, sex, BMI, education, income, and FeNO
levels. Results revealed no significant associations between the intention to quit smoking
and any of these variables, which may suggest that the intention to quit smoking may be
independent of these factors. Detailed data can be found in Table 4.
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Table 3. Population behavior of the population before and during the COVID-19 pandemic.

Lifestyle Habits
Population before the
COVID-19 Pandemic

N = 713

Population during the
COVID-19 Pandemic

N = 509
p

Smoking habits

Ever smoked cigarettes 402 (56.4) 289 (56.8) 0.998

Currently smoking 136 (19.1) 94 (18.5) 0.795

Number of cigarettes smoked during
the day 14.0 ± 9.1 10.7 ± 7.1 0.005

The highest number of cigarettes
smoked during the day 20.7 ± 10.6 16.7 ± 7.4 0.117

Individuals planning to quit smoking
within 6 months 46 (33.8) 37 (39.4) 0.049

Fagerström Test for Nicotine
Dependence score 3.2 ± 2.3 2.4 ± 2.2 0.007

Drinking habits

Drinking alcoholic beverages in the
last 30 days 512 (71.8) 361 (70.9) 0.564

Drinking beer in the last 30 days 326 (45.7) 195 (38.3) 0.404

Drinking alcohol in the last 30 days 232 (32.5) 147 (28.9) 0.930

Drinking liqueurs, fruit liqueurs,
drink in the last 30 days 115 (16.1) 70 (13.8) 0.808

Drinking wine in the last 30 days 222 (31.1) 152 (29.9) 0.300

How many times have a beer been
drunk in the last 30 days 5.9 ± 6.7 9.6 ± 5.4 0.908

Beer quantity in milliliters drunk in
the last 30 days 2243.5 ± 3221.5 1327.8 ± 1337.2 0.991

How many times has alcohol been
drunk in the last 30 days 2.7 ± 2.5 3.0 ± 3.7 0.720

Alcohol quantity in milliliters drunk
in the last 30 days 331.9 ± 417.9 324.2 ± 364.4 0.4366

How many times has liqueurs, fruit
liqueurs, drinks drunk in the last 30

days
2.9 ± 2.7 2.3 ± 2.3 0.018

Liqueurs, fruit liqueurs, drink
quantity in milliliters drunk in the

last 30 days
195.8 ± 282.2 339.9 ± 449.5 0.052

How many times have wine been
drunk in the last 30 days 4.9 ± 4.1 2.6 ± 2.2 0.153

Wine quantity in milliliters drunk in
the last 30 days 343.7 ± 427 389.4 ± 403.7 0.144

Alcohol Use Disorders Identification
Test score 4 ± 3.7 3.6 ± 3.0 0.329

The Satisfaction with Life Scale (SWLS)

SWLS 22.7 ± 5.2 22.4 ± 5.2 0.407
The data are shown as n (%), mean ± SD.
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Table 4. Dependence between declared intention to quit smoking and the variables.

Variable p

Age 0.724

Sex 0.327

BMI 0.184

Education 0.493

Income 0.482

FeNO, ppb 0.722

5. Discussion

The current study provides data on the incidence of major diseases, as well as smoking
and drinking habits in the population during the COVID-19 pandemic compared to the pre-
pandemic population. The survey revealed: (1) a reduced frequency of reported allergies
vs. an increased frequency of reported sinusitis, asthma; (2) an increased incidence of
declared hypercholesterolemia and visual impairment; (3) a reduced number of cigarettes
smoked per day, lower FTND score, and a greater desire to quit smoking in the next
six months; and (4) an increase in hs-CRP and FeNO levels in the population during the
pandemic compared to the pre-pandemic COVID-19 population. No differences were found
in alcohol consumption habits. The current study found that the COVID-19 pandemic
had a measurable impact on the general population’s prevalence of certain diseases and
lifestyle habits.

Smoking is a leading factor in preventable morbidity and mortality worldwide.
More than a billion people smoke, and without a significant increase in smoking ces-
sation, at least half of them will die prematurely from tobacco-related complications [14].
Tetik B. K. et al. [15] studied patients who attended smoking cessation clinics in 2018 and
were asked about their smoking cessation status after one year and after the COVID-19
pandemic. They investigated whether the pandemic had an impact on smoking cessation.
When the success of those who quit smoking before the pandemic and those who quit
smoking after the pandemic was compared, a statistically significant relationship was found
(p < 0.001): the cessation rate after one year was 23.7%. In contrast, the cessation rate during
the pandemic period was 31.1%. Nyman, A.L. et al. [16] conducted a study in which a
sample of 1223 US adult cigarette smokers participated in an online survey in October–
November 2020 to assess their perceptions of COVID-19 risk and changes in smoking,
willingness to quit, and quit attempts during the COVID-19 pandemic. More smokers
believed that smoking could increase COVID-19 severity than believed that smoking made
them more susceptible to COVID-19. Greater perceptions of overall COVID-19 severity
were associated with an increased likelihood of reduced smoking, greater readiness to quit
smoking, and a greater chance of attempting to quit smoking. Gül Nur Çelik F. et al. [17]
included a total of 749 respondents between the ages of 19 and 35 in the study. The degree
of nicotine dependence was examined using the FTND. The mean nicotine dependence
scores before the pandemic and COVID-19 were 3.03 and 2.97, respectively. A difference
was observed before the pandemic (p = 0.002) and during the pandemic (p = 0.005) for
health sciences students and others. Compared to before and during the pandemic, the
mean addiction score was significantly lower for students whose parents were non-smokers
during the pandemic. Our findings also showed a decrease in the FTND score, which can
be reflected in the reduction in the average number of cigarettes smoked per day during
the pandemic and the increased desire to quit smoking. This may result from increased
awareness of the harmful effects of smoking on respiratory health. Smokers may also per-
ceive increased susceptibility to and severity of COVID-19 infection, potentially increasing
motivation to quit [1].

A systematic review by Roberts A. et al. [18] showed a mixed picture of alcohol use
during the COVID-19 pandemic. Overall, there was a trend toward increased alcohol
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consumption. The percentage of people consuming alcohol during the pandemic ranged
from 21.7% to 72.9% in the general population samples. Mental health-related factors were
the most common correlates or triggers of increased alcohol use. Killgore W.D.S. et al. [19]
evaluated whether COVID-19-related lockdown, in the form of stay-at-home orders and
social isolation, was associated with changes in high-risk alcohol use. A total of 5931 people
completed the AUDIT at one of six-time points between April and September 2020. Over
the six-month period, hazardous alcohol use and probable dependence increased month
after month for those on lockdown compared to those not on restriction. The current study
found no differences in alcohol consumption between the study populations, reflected in
the lack of differences in AUDIT test scores.

Based on recent literature, there is scientific and clinical evidence on the subacute and
long-term implications of COVID-19, which may affect numerous organ systems [20]. The
prevalence of allergic diseases was increasing globally before COVID-19.
Choi, H.G. et al. [21] analyzed the frequency rate of self-reported and physician-diagnosed
allergic diseases of asthma, atopic dermatitis, and allergic rhinitis in the Korean popula-
tion. A total of 15,469 individuals were analyzed in the National Health and Nutrition
Examination Survey dataset. There were no statistically relevant differences found be-
tween the prevalence of physician-diagnosed and present allergic diseases in 2019 and 2020
(asthma, p = 0.667 and p = 0.268; atopic dermatitis, p = 0.268 and p = 0.973; allergic rhinitis,
p = 0.691 and p = 0.942, respectively). Among the Korean population, the prevalence
of allergic diseases: asthma, atopic dermatitis, and allergic rhinitis did not decrease in
2019–2020. In comparison, the current study showed a decrease in the incidence of declared
allergy, but increased reports of asthma and sinusitis. A particularly interesting finding is
the increased awareness of hypercholesterolemia. More common contact with healthcare
due to COVID-19 probably increased the number of blood labs. However, this may also be
an effect of a preventive “40+” program, which has been introduced in Polish healthcare
system and includes a packet of lab measurements, including cholesterol concentrations,
available free of charge to all adults above the age of 40.

Additionally, the current survey also analyzed nitric oxide (NO) and C-reactive pro-
tein (CRP). NO is exhaled in human breath and is a marker of airway inflammation [22].
Increased exhaled nitric oxide (NO) is associated with the effects of cytokines and in-
flammatory mediators in various lung diseases [23]. In asthma, increased FeNO reflects
moderately well the inflammatory pathways induced by eosinophils in the central and/or
peripheral airways. In COPD, airway/alveolar NO concentrations may be normal, and
the role of FeNO monitoring is less clear and therefore less established than in asthma. In
addition, concurrent cigarette smoking decreases FeNO [23]. CRP belongs to the pentraxin
protein and is often used in clinical practice as a marker of infection and inflammation
because its synthesis rapidly and dramatically increases after infection or tissue injury [24].
There is evidence that CRP is not only a marker of inflammation, but also that destabilized
isoforms of CRP have pro-inflammatory properties [25]. Data from a cross-sectional study
by Meryam Maamar et al. [26] of 121 patients three months after COVID-19 infection
showed an association between post-COVID-19 syndrome (PCS) and the upper ranges of
neutrophil count, neutrophil/lymphocyte ratio (NLR), fibrinogen, and CRP, suggesting
an association between low-grade inflammation (LGI) and PCS [26]. Gul M. et al. [27]
compared cardiac and inflammatory markers and echocardiographic parameters between
COVID-19 patients (n = 126) and controls (n = 98). The mean follow-up period in the
COVID-19 group was 58.39 ± 39.1 days. The value of CRP was significantly higher in the
COVID-19 group than the control group. The researchers suggest that although the clinical
and prognostic significance of cardiac and other inflammatory markers in the acute phase
of COVID-19 is well known, the biomarkers can also be used to observe cardiac damage in
the medium term after infection [27]. Results from the current study on CRP are in line with
other studies from the COVID-19 pandemic period and indicate an association between the
COVID-19 pandemic on elevated CRP in the general population.
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Wang W. et al. [28] surveyed a total of 1733 and 1728 students in 2020 and 2019,
respectively. The Vision Behavior Questionnaire, including exposure to a digital screen,
was used to investigate the association between the eye parameter and eye health behavior.
The percentage of respondents with myopia was 55.02% in 2020, which was higher than in
2019 (44.62%). The authors showed that increased exposure to a digital screen contributes to
the myopia progression in children and adolescents during the COVID-19 pandemic. The
current study also shows similar results. In the population surveyed during the COVID-19
pandemic, a higher percentage of people reported vision deterioration compared to the
pre-COVID population.

The current study showed a reduced incidence of reported allergies compared to an
increased incidence of reported sinusitis and asthma. In addition, the study showed a
significant difference in FeNO concentrations and CRP levels in the studied populations.
Increased concentrations were shown in the population during the COVID-19 pandemic
which might be associated with a higher prevalence of declared asthma and sinusitis.
Further research should be conducted to analyze this phenomenon more deeply.

6. Conclusions

The COVID-19 pandemic had a measurable impact on the general population’s preva-
lence of certain medical conditions and lifestyle habits. Future studies must be pursued
to examine the long-term health impact of the pandemic, as well as the effectiveness of
targeted interventions to mitigate these effects.

7. Study Limitation

This study has limitations. It is a single-center, cross-sectional study with a limited
sample size of residents of a medium-sized city in the eastern part of the country. Never-
theless, the study has the advantage of analyzing the general population before and during
the pandemic, carried out according to the same procedures, in the same research center,
and by the same trained staff.
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Abstract: Background: The aim of this study was to assess whether procalcitonin levels is a diagnostic
tool capable of accurately identifying sepsis and ventilator-associated pneumonia (VAP) even in
critically ill COVID-19 patients. Methods: In this retrospective, observational study, all critically ill
COVID-19 patients who survived for ≥2 days in a single university hospital and had at least one
serum procalcitonin (PCT) value and associated blood culture and/or culture from a lower respiratory
tract specimen available were eligible for the study. Results: Over the research period, 184 patients
were recruited; 67 VAP/BSI occurred, with an incidence rate of 21.82 episodes of VAP/BSI (95% CI:
17.18–27.73) per 1000 patient-days among patients who were included. At the time of a positive
microbiological culture, an average PCT level of 1.25–3.2 ng/mL was found. Moreover, also in
subjects without positive cultures, PCT was altered in 21.7% of determinations, with an average value
of 1.04–5.5 ng/mL. Both PCT and PCT-72 h were not linked to a diagnosis of VAP/BSI in COVID-19
patients, according to the multivariable GEE models (aOR 1.13, 95% CI 0.51–2.52 for PCT; aOR 1.32,
95% CI 0.66–2.64 for PCT-72 h). Conclusion: Elevated PCT levels might not always indicate bacterial
superinfections or coinfections in a severe COVID-19 setting.

Keywords: procalcitonin; PCT; biomarker; SARS-CoV-2; COVID-19; ICU; intensive care unit;
critically ill

1. Introduction

The management of superinfections was one of the key issues in Intensive Care
Units (ICUs) throughout the pandemic. In particular, bacterial secondary infections have
been reported to have a variable incidence depending on the local epidemiology and
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clinical setting, and to severely affect morbidity and mortality in critically ill COVID-19
patients [1–4]. The challenge for clinicians was to identify superinfections early, quickly,
and correctly due to the possible syndromic overlap between bacterial and SARS-CoV-2-
related sepsis. In this sense, monitoring procalcitonin (PCT) levels has been widely adopted
in clinical practice even during COVID-19, considering that, in the pre-pandemic era, it
represented a reliable laboratory tool in diagnosing and managing bacterial infections, as
well as guiding antibiotic therapy [5,6]. In fact, PCT is a peptide precursor of the hormone
calcitonin, which is primarily produced by the C-cells of the thyroid gland. Its blood
levels selectively increase in response to systemic bacterial infections in COVID-19-negative
patients, and, for this reason, is used as a biomarker for differentiating between bacterial
and viral infections, as viral infections typically do not lead to significant increases in
procalcitonin levels [6]. In fact, its utilization relies on two fundamental assumptions: first,
that viruses indirectly inhibit PCT production by inducing inhibitory interferons, primarily
interferon-γ (IFN-γ) [7–11], and, second, that bacteria directly stimulate the expression
of PCT through lipopolysaccharide and indirectly via the induction of proinflammatory
cytokines such as interleukin-1β (IL-1β), IL-6, and tumor necrosis factor α (TNF-α) [12–15].
Moreover, PCT can also assist clinicians in determining the severity of the infection and
monitoring the response to treatment [6]. In the clinical practice, the use of PCT was
approved by the Food and Drug Administration (FDA) to guide antibiotic treatment
in sepsis and lower respiratory tract infections for SARS-CoV-2-uninfected patients [16].
Moreover, PCT-guided antibiotic stewardship has been shown to be useful in optimizing
antibiotic prescription with an improvement in clinical outcomes, a reduction in potential
side-effects, and better control over the emergence of antibiotic resistance [5]. The sudden
appearance of the SARS-CoV-2 pandemic at the end of 2019 put health services under
great pressure, requiring maximum clinical effort in the absence of sufficient scientific
evidence for the effective management of patients with COVID-19. Especially in the early
pandemic phases, patient management was based on the use of already existing diagnostic,
clinical monitoring, and therapeutic approaches brought about by settings different from
that of SARS-CoV-2 infection. The validation of such approaches in the COVID-19 setting
necessarily took place on the pandemic battlefield, as there was no time for validation in
clinical studies.

The purpose of this study was to evaluate whether procalcitonin levels could be a
diagnostic tool capable of correctly marking sepsis and ventilator-associated pneumonia
(VAP) even in the setting of critically ill COVID-19 patients.

2. Materials and Methods

2.1. Design of the Study, Population, Settings, Data Collection, and Outcomes

This study is a “real-life” retrospective, observational study conducted on data from
the healthcare-associated infection (HAI) surveillance system active in the ICUs of the
Umberto I University Hospital of Rome (Italy). The study design was based on matching
the available PCT values to blood culture and cultures of bronchoalveolar lavage (BAL)
collected at the same time in critically ill COVID-19 patients, to evaluate whether PCT
values increased due to synchronous clinically significant bacteremia and/or VAP, as
expected in no-COVID-19 setting (Figure 1). All critically ill COVID-19 patients who
recovered for more than 2 days in the 2 ICUs of the Umberto I University Hospital of Rome
(Italy) from March 2020 to February 2021 with at least one serum PCT value and related
blood culture/BAL culture available were eligible for the analysis.

The sources for patient data were medical records stored in the electronic information
system of the ICU involved. The variables considered included: past clinical history (co-
morbidities), current clinical history, treatment, ventilation parameters, and laboratory and
microbiological data. The study’s primary endpoint was to evaluate positive and negative
predictive values (PPV and NPV) of PCT test in identifying an underlying VAP/BSI on the
same date of the test. The secondary endpoint was the same evaluations using a model
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that takes into consideration a 72 h window (i.e., considering as positive the PCT test in the
24 h preceding or following a positive PCT test) (Figure 1).

Figure 1. Design of the study and models of analysis. Legend—PCT: (+) positive, (−) negative. Blood
cultures: � normal value, • pathological value.

2.2. Diagnosis of SARS-CoV-2 Infection and COVID-19-Related Pneumonia, and
COVID-19 Treatments

The diagnosis of SARS-CoV-2 infection was defined as at least one positive oro-
nasopharyngeal swab or bronchoalveolar liquid for SARS-CoV-2 E and S gene by a RT-PCR.
Stratification of SARS-CoV-2 infection severity was based on World Health Organization
(WHO) criteria [17]. COVID-19-related pneumonia was diagnosed by high-resolution
CT/non-contrast enhanced chest CT. The patients were treated with ad interim routinely
used therapy as suggested by the provisional guidelines of the Italian Society of Infec-
tious and Tropical Diseases (SIMIT) and the Italian Medicine Agency (AIFA) [18]. All
patients included in the study were supported by oxygen therapy delivered via invasive
mechanical ventilation.

2.3. Clinical Evaluation, PCT Dosage, and Microbiological Analysis

Multiparametric monitoring and clinical evaluations of critically ill patients were
carried out continuously: subjects who developed clinical signs suggestive of sepsis or
persistent fevers, or deteriorated clinically, without other plausible explanations, were also
subjected to microbiological examination and PCT dosage, as part of an overall evaluation
for the differential diagnosis.

Quantitative analysis of serum PCT was performed routinely at least every 72 h, and ev-
ery 24 h in case of suspected superinfection, using BRAHMSTM PCT sensitive KRYPTOR®

immunoassay (ThermoFisher, Hennigsdorf, Germany). Plasma levels of >0.5 ng/mL were
interpreted as abnormal and suggested a possible bacterial superinfection. The half-lifetime
of PCT was considered to be 22.3–28.9 h (25–50 percentiles) with no significant difference
due to gender, age, and renal dysfunction [6,19].
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Three sets of blood cultures (fill volume 10 mL/bottle) and a semiquantitative culture
from a lower respiratory tract specimen (such as distal protected aspirate) were drawn at
admission from every critical COVID-19 patient transferred to the ICU from the isolation
ward. Blood and respiratory tract specimen were also retaken for cultures if the patient
developed clinical signs of sepsis, had persistent fever, or deteriorated clinically, without
other plausible explanations.

Bacterial identification was performed by a matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) system (Bruker Daltonik GmbH,
Bremen, Germany).

The guidelines of the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) were used for the interpretations of isolate susceptibility. [20]

2.4. Definition

VAP was defined according to the criteria proposed by the European Center for Disease
Control [21]. Sepsis was defined according to SEPSIS-3 criteria and ARDS was identified
according to the 2012 Berlin criteria [22,23]. Single cultures positive for coagulase-negative
staphylococci were only considered as environmental contaminations and, therefore, con-
sidered as negative in terms of infectious events (BSI).

2.5. Statistical Analysis

Descriptive statistics were calculated using median and interquartile range (IQR)
for non-normal continuous variables and frequencies and proportions for dichotomous
and categorical variables. Normality of continuous variables was checked through the
Shapiro–Wilk test. To avoid any potential increase of PCT values that could occur during
a confirmed VAP/BSI, the seven days following a VAP/BSI diagnosis were excluded
from the analysis. At first, PCT values were considered positive for values greater than
0.5 ng/mL. Then, to take into account the repeated PCT measurements for each patient, a
multivariable generalized estimating equation (GEE) regression model with a logit link,
a binomial error structure, and exchangeable correlation structure (Model 1) was built to
explore the association of the exposure of interest (PCT positivity) to the outcome of interest
(positive blood culture) through the estimation of its adjusted odds ratio (aOR) and the
associated 95% confidence intervals (CI). Variables were included in the model based on
expert opinion. The final model included the following variables: sex (dichotomous); age
(continuous); comorbidity (dichotomous); and Simplified Acute Physiology Score (SAPS) II
(continuous). To also account for possible delays between the PCT blood peak and the blood
culture positivity, a second statistical model (Model 2) was built considering as positive
the PCT test in the 24 h preceding and following the identification of the PCT positivity
(PCT-72 h) (Figure 1). Sensitivity and specificity of PCT and PCT-72 h test in predicting
an underlying VAP/BSI were calculated using the GEE regression method for clustered
data [24]. In addition, we also estimated adjusted sensitivities and specificities for PCT and
PCT-72 h, accounting for the imperfect accuracy of hemoculture to detect micro-organisms
in the blood during sepsis as the gold standard [24–26]. Given that this adjustment method
is unable to account for repeated measures, the adjustment was performed on the standard
sensitivity and specificity of PCT, calculated without any further adjustment as a way to
study the effect of the imperfect accuracy of the gold standard.

Positive and negative predicted values were calculated using Bayes Theorem, consid-
ering the period prevalence of VAP/BSI that registered in our study sample (i.e., 36.41%).

Lastly, as a sensibility analysis, PPVs and NPVs were estimated for increasing PCT
and PCT-72 h cut-off values, using an interval of 0.1 ng/mL from 0.1 to 15.0 ng/mL.

All statistical analyses were performed using Stata (StataCorp LLC, 4905 Lakeway
Drive, College Station, TX, USA) version 17.0. A two-sided p-value < 0.05 was considered
statistically significant.
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2.6. Ethics Committee Approval

The Ethics Committee of Policlinico Umberto I approved the study with number
109/2020. This study follows the relevant EQUATOR network reporting guidelines and
STROBE reporting guidelines for observational studies.

3. Results

Demographic and clinical characteristics of the patients enrolled were reported in
Table 1.

Table 1. Characteristics of the COVID-19 patients who recovered in the ICU from March 2020 to
February 2021.

COVID-19 Patients n (%)

Patients 184
Gender

Female 48 (26.1)
Male 136 (73.9)

Age, years
Median (IQR) 66 (55.5, 73)

SAPS II (n = 162)
Median (IQR) 35 (27, 43)

Comorbidities (yes) 146 (79.4)
Diabetes mellitus (yes) 40 (21.7)
Obesity (yes) 22 (12.0)
Hypertension (yes) 86 (46.7)
Cardiopathy (yes) 35 (19.0)
Renal failure (yes) 12 (6.5)
COPD (yes) 26 (14.1)
Hepatopathy (yes) 4 (2.2)
Neurological disorders (yes) 28 (15.2)
Other disorders (yes) 63 (34.3)

Outcome
Discharge 115 (62.5)
Death 69 (37.5)

SAPS: Simplified Acute Physiology Score.

In the study period, 67 instances of VAP/BSI occurred, and an incidence rate of
21.82 episodes of VAP/BSI (95% CI: 17.18–27.73) per 1000 patient-days was observed among
patients enrolled. The most frequently isolated strain was Acinetobacter baumannii (55.2%),
followed by Klebsiella pneumoniae (20.9%), Enterococci (13.4%), Staphylococcus aureus (9.0%),
Enterobacteriaceae other than K.pneumoniae (7.5%), and other micro-organisms (4.5%).

Overall, 2044 determinations of PCT were collected over 3070 cumulative days of
hospitalization (66.6%): pathological values were reported in 21.7% of cases. In particular,
a median of 9 PCT determinations (IQR 5–15) and a median time of 13 days of follow-up
(IQR 8–22) was available for each patient enrolled. The average PCT level reported at the
moment of a positive culture was 1.25 ± 3.4 ng/mL. On the other hand, PCT was found
to be altered in 21.7% of the determinations in subjects without positive cultures, with an
average value of 1.04 ± 5.5 ng/mL. Finally, 19 of the 67 VAP/BSI (28.4%) occurred without
a PCT evaluation, 15 of which were not even in the previous and following 24 h.

3.1. Predictors of VAP/BSI

The multivariable GEE models showed that neither PCT nor PCT-72 h were associated
with a diagnosis of VAP/BSI in COVID-19 patients (aOR 1.13, 95% CI 0.51–2.52 for PCT;
aOR 1.32, 95% CI 0.66–2.64 for PCT-72 h) (Table 2). No other factor showed any association
with the outcome.
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Table 2. Multivariable models predicting VAP/BSI in COVID-19 patients hospitalized in the intensive
care unit from March 2020 to February 2021.

Model 1 a (n = 162, Observations = 1702) Model 2 b (n = 162, Observations = 1810)

aOR 95% CI p-Value aOR 95% CI p-Value

Positive PCT (yes) 1.13 0.51–2.52 0.764 -- -- --
Positive PCT-72 h (yes) -- -- -- 1.32 0.66–2.64 0.427

Age in years 1.02 1.00–1.05 0.099 1.02 1.00–1.05 0.099
Gender (male) 1.00 0.57–1.05 0.993 0.98 0.58–1.67 0.939

SAPS II 0.98 0.95–1.01 0.202 0.98 0.95–1.01 0.129
Comorbidity (yes) 1.13 0.55–2.39 0.623 1.25 0.62–2.51 0.536

a Multivariable generalized estimating equation regression model (logit link, binomial error structure, exchange-
able correlation structure) b Multivariable generalized estimating equation regression model (logit link, binomial
error structure, exchangeable correlation structure) considering the PCT as positive 24 h before and after the
PCR positive test. aOR: adjusted odds ratio; CI: confidence interval; PCT: procalcitonin; SAPS: Simplified Acute
Physiology Score.

3.2. Diagnostic Accuracy of PCT and PCT-72 h

The estimation of the accuracy of PCT in discriminating positive cultures had a sensi-
bility of 19.2% (95% CI: 10.1–33.3%) and a specificity of 81.6% (95% CI: 76.4–85.9%). Using
the less stringent PCT-72 h as a marker for positive cultures, the sensibility increased to
30.8% (95% CI: 19.7–44.7%), while the specificity remained high (77.0%; 95% CI: 71.3–82.0%).
Accordingly, PPVs and NPVs increased from 37.4% (95% CI: 25.9–51.8%) to 43.5% (95% CI:
33.3–54.2%) and from 63.8% (60.5–67.0%) to 66.0% (95% CI: 61.7–70.2%), respectively.

Given the high sensibility of hemocultures in triplicates (97%) and their virtually
perfect specificity [20], the adjusted sensitivity and specificity remained virtually identical
to the unadjusted ones for both PCT (18.7% and 79.0%, respectively; PPV: 33.9%; PNV:
62.9%) and PCT-72 h (35.7% and 69.3%, respectively; PPV: 30.7%; PNV: 70.2%).

3.3. Sensitivity Analysis

Supplementary Table S1 shows the diagnostic accuracy of PCT and PCT-72 h values in
predicting an underlying VAP/BSI, considering different cut-off values. For PCT, the high-
est sensibility was reached for a cut-off value of 0.10 ng/mL (82.5%; 95% CI: 69.5–90.7%),
whereas the highest specificity was reached using a cut-off value of 13.90 ng/mL (98.9%;
95% CI: 97.5–99.5); for PCT-72 h, the maximum sensitivity was 86.2% (95% CI: 69.5–90.7;
cut-off value: 0.10 ng/mL) and the maximum specificity was 98.0% (95% CI: 95.8–99.1;
cut-off value: 15.60 ng/mL).

Lastly, the highest PPVs were reached using cut-off values of PCT (67.9%, 95% CI: 34.0–89.7)
and PCT-72 h (58.8%, 95% CI: 31.5–81.6) of 13.90 ng/mL and 10.40 ng/mL, respectively, while
the highest NPVs values were obtained for cut-off values of PCT (66.6%; 95% CI: 60.8–71.9) and
PCT-72 h (69.4%; 95% CI: 58.1–78.8) of 0.30 ng/mL and 0.20 ng/mL, respectively.

4. Discussion

Bacterial superinfections, including VAP and BSI, are a dangerous complication in
COVID-19 patients admitted to the ICU [1–4,27–30]. The prompt recognition and appro-
priate treatment of superinfections are crucial in managing these cases effectively. The
diagnosis of superinfections in COVID-19 patients typically involves clinical evaluation,
microbiological tests, and imaging studies. In this context, a biomarker such as PCT, a
widely used clinical practice to rapidly detect severe bacterial infections in the period before
the pandemic, was thought to play a key role in early diagnosis and the modulation of
antibiotic therapy even in the superinfected COVID-19 patients [5–16,31].

In any case, the SARS-CoV-2 pandemic was a severe test for many of the diagnostic
resources designed for contexts other than COVID-19: our results showed that abnormal
procalcitonin levels in critically ill COVID-19 patients do not necessarily indicate the
presence of a bacterial coinfection or superinfection. In particular, the adjusted sensitivity
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and specificity for the PCT test in COVID-19 patients were 18.7% and 79.0%, respectively;
the PPV was 33.9% and PNV 62.9%. Similarly, also, PCT-72 h model analysis confirmed the
limits of PCT as a biomarker of superinfection in SARS-CoV-2-infected patients (35.7% and
69.3%, respectively; PPV: 30.7%; PNV: 70.2%).

Similarly to our experience, a recent review and meta-analysis on the topic that
encompassed five large studies involving a total of 2775 patients has shown that the
predictive ability of PCT for the diagnosis of coinfections in COVID-19 patients was limited,
with an AUC of 0.72, sensitivity of 0.60, and specificity of 0.71 [32]. Additionally, three
of the included studies indicated that PCT was an effective tool for ruling out bacterial
coinfections, boasting a negative predictive value of over 93% when its concentration was
below 0.50 μg/L [33–35].

As previously reported, PCT blood levels selectively increase in response to sys-
temic bacterial infections in COVID-19-negative patients and, for this reason, is used as
a biomarker for differentiating between bacterial and viral infections. Recently, however,
concerns about the appropriateness of PCT in the management of SARS-CoV-2-infected
patients arose. In fact, several studies observed that elevated PCT levels may not reflect bac-
terial coinfections or superinfections in a severe COVID-19 setting [36–38]. In this case, the
increase of PCT levels, even in the absence of bacterial coinfection, has been hypothesized
to be a part of the human immunological response to SARS-CoV-2 infection [39,40]. In
particular, a biological model has been proposed in which the increase in PCT production
could be related to SARS-CoV-2 ORF6 and NSP1. These SARS-CoV-2 proteins inhibit host
STAT1 phosphorylation and increase STAT3-dependent transcriptional pathways. The re-
sulting increase of STAT3 signaling enhances an unexpected PCT production in monocytes
in COVID-19 infection not linked to concomitant bacteremia [39].

This hypothesis was indirectly corroborated by a cohort study conducted in the pre-
pandemic period: the authors reported that PCT levels increased during pure non-COVID
viral infections in correlation with the severity of the disease, and severe respiratory viral in-
fection induces a PCT increase also in the absence of concomitant bacterial pneumonia [11].
Moreover, they demonstrated that PCT synthesis was not suppressed by interferon signal-
ing; PCT concentration was elevated despite bacteriologic sterility and its levels correlated
with markers of disease severity in murine and cellular models of influenza infection [11].

In the clinical practice, these pieces of evidence were recently confirmed in a retrospec-
tive study involving hospitalized patients with severe COVID-19 and designed to evaluate
the effectiveness of PCT in diagnosing respiratory superinfection. The results indicated that
PCT levels measured at the time of lower respiratory culture were not able to distinguish
patients with a bacterial infection and its diagnostic accuracy was not influenced by factors
such as the timing of the procalcitonin measurement, exposure to antibiotics, or treatment
with immunomodulatory agents [41].

Our research diverges from several previous reports supporting the utility of PCT and
does not endorse the extensive use of this biomarker in the setting of critically ill COVID-19
patients for the management of bacterial superinfections [42–44]. The multivariable GEE
models conducted on the cohort confirmed that neither PCT nor PCT-72 h were associated
with a diagnosis of VAP/BSI.

However, the results obtained from our study may be of support in identifying new
PCT operating values that can more precisely support the clinical diagnosis of superin-
fection even in the setting of critically ill COVID-19 patients. In fact, we observed that
the diagnostic accuracy of PCT in predicting an underlying VAP/BSI in COVID-19 was
recovered when considering different cut-off values. In particular, the highest sensibility
was reached for a cut-off value of 0.10 ng/mL whereas the highest specificity was reached
using a cut-off value of 13.90 ng/mL; similarly, for PCT-72 h, the maximum sensitivity
available was 86.2% with a cut-off value of 0.10 ng/mL, and the maximum specificity was
98.0% for a cut-off value of 15.60 ng/mL. These new cut-offs should be kept in mind by
clinicians when redesigning the risk management of superinfections and for developing
new antibiotic stewardship strategies in the context of COVID-19.
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Unlike many other studies on the topic, the main strength of the study is that it is
based on a homogeneous cohort for clinical severity: the feature significantly reduces
the risk of bias, minimizing the effect of this potential confounder. Notwithstanding this,
the study has several limitations. First of all, the retrospective nature of the data could
reduce the quality of the results and restrict their interpretation. Secondarily, the study was
restricted to critically ill patients managed in ICUs and supported with mechanical ventila-
tion. Moreover, the design of the study evaluates the PCT in relation to chronologically
synchronous superinfections marked by the simultaneous microbiological isolation of the
causal bacterial pathogen in blood or in BAL cultures. Consequently, the results obtained
can be related to the diagnostic accuracy of microbiological cultures. For this reason, we
performed an adjusted analysis. Moreover, we underline that the limitation of poor blood
culture sensitivity could also be overcome by increasing the number of blood culture sets
taken, ensuring a blood culture sensitivity of at least 95%. [25] Another important aspect to
consider is that our study was conducted in the early stages of the pandemic, before the
emergence of the Omicron variant and the availability of vaccines, both of which have led
to a change in the severity of the disease towards milder cases. Finally, in this study, we
evaluated PCT as a “static” value; in any case, it is used also as a “dynamic” marker and its
variation could possibly better describe a bacterial superinfection.

5. Conclusions

The validation of diagnostic tools in contexts other than those in which they were
previously tested and approved is one of the most significant concerns in clinical practice.
Monitoring procalcitonin levels could help healthcare providers to assess the likelihood of a
bacterial infection and guide decisions regarding the use of antibiotics in the pre-pandemic
period, but it can mislead clinicians in the setting of severe COVID-19. It is worth noting
that procalcitonin levels alone can be not sufficient for use in differentiating between viral
SARS-CoV-2 infection and bacterial infections. Additional clinical evaluations, including
other laboratory tests and imaging studies, are required in order to make an accurate
diagnosis of superinfection in critically ill COVID-19 patients.
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Abstract: Background: Lingering symptoms are frequently reported after acute SARS-CoV-2 infec-
tion, a condition known as post-COVID-19 condition (PCC). The duration and severity of PCC in
immunologically naïve persons remain unclear. Furthermore, the long-term consequences of these
chronic symptoms on work and mental health are poorly documented. Objective: To determine the
outcome, the risk factors, and the impact on work and mental health associated with post-COVID-19
symptoms. Methods: This prospective population-based study assessed acute COVID-19 symptoms
and their evolution for up to nine months following infection. Individuals aged 18 years and older
with COVID-19 in three Canadian regions between 1 November 2020 and 31 May 2021 were recruited.
Participants completed a questionnaire that was either administered by trained student investigators
over the phone or self-administered online. Results: A total of 1349 participants with a mean age of
46.6 ± 16.0 years completed the questionnaire. Participants were mostly unvaccinated at the time of
their COVID-19 episode (86.9%). Six hundred and twenty-two participants (48.0%) exhibited one
symptom or more, at least three months post-COVID-19. Among participants with PCC, 23.0% to
37.8% experienced fatigue at the time of survey. Moreover, 6.1% expressed psychological distress.
Risk factors for PCC and fatigue included female sex (OR = 1.996), higher number of symptoms
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(OR = 1.292), higher severity of episode (OR = 3.831), and having a mental health condition prior
to the COVID-19 episode (OR = 5.155). Conclusions: In this multicenter cohort study, almost half
(47%) of the participants reported persistent symptoms >3 months after acute infection. Baseline
risk factors for PCC include female sex, number and severity of symptoms during acute infection,
and a previous diagnosis of mental health disorder. Having PCC negatively impacted health-related
quality of life and these patients were more likely to exhibit psychological distress, as well as fatigue.

Keywords: COVID-19; post-acute COVID-19 syndrome; health-related quality of life; risk factors

1. Introduction

SARS-CoV-2 is a single-stranded RNA virus responsible for the coronavirus disease
(COVID-19). COVID-19 has caused over 4.3 million infections and 46 thousand deaths in
Canada thus far [1]. The disease was first thought to mainly affect the respiratory system.
However, various studies rapidly showed that it affects multiple other systems [2–4]. In
order to reduce mortality, healthcare resources were at first overwhelmingly focused on
acutely ill patients and those exhibiting greater severity in symptoms [5]. Growing evidence
suggests that a number of COVID-19 survivors exhibit long-term sequelae, also known as
post-COVID-19 conditions (PCC). Common symptoms associated with PCC include fatigue,
post-exertional fatigue, cognitive impairments, headaches, insomnia, and cardiopulmonary
problems [6]. Due to the heterogenous severity of lingering symptoms, these people do not
always seek medical attention [4,5]. Thus, a majority of experts agree that PCC should be
managed by an interdisciplinary team [7].

Multiple cohort studies have investigated PCC in various populations [8–10]. These
studies allowed for identifying common symptoms suffered through PCC and a number
of risk factors. However, many of these studies had limitations including small sample
size; inclusion of hospitalized individuals only, not limited to polymerase chain reaction
(PCR) proven infections; and inclusion of specific groups, such as only healthcare workers.
Moreover, few studies investigated the impact of PCC on quality of life. There remain
significant gaps in our understanding of PCC, and our healthcare systems are still struggling
to accommodate all of the specific needs of these patients [11]. Indeed, care trajectories
have yet to be completely established [11].

To help improve our understanding of PCC, we recruited participants with docu-
mented SARS-CoV-2 infection, irrespective of disease severity. The primary objective was
to document the prevalence of PCC after SARS-CoV-2 infection. Our secondary objectives
were (1) to compare characteristics of PCC between three Canadian regions, (2) to compare
characteristics of patients with PCC to those without PCC, and (3) to identify risk factors
of PCC.

2. Methods

2.1. Setting and Design

This prospective population-based study was conducted in close collaboration with
the Public Health Departments of three administrative regions in Canada: Estrie, Saguenay-
Lac-Saint-Jean, and New Brunswick. A stratified block randomization was used to select a
sample of individuals with SARS-CoV-2-proven infection from each of the study regions.
The random selection was completed in multiple steps. Briefly, all subjects with a positive
PCR test between 1 November 2020 and 31 May 2021 were first divided by region and age
range. The second step was to determine how many participants per region and age range
were needed. A number was assigned to every participant and randomly reorganized.
The first participants corresponding to the required number per region and age range
were selected. The details of sample size calculation and randomization are provided in
Supplementary S1. The questionnaires were either administered by a trained third-year
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medical student investigator over the phone or self-administered by the participant online.
This study was registered with ClinicalTrials (NCT03928509).

2.2. Participants and Ethics

Participants were randomly sampled among persons diagnosed with COVID-19
(SARS-CoV-2 PCR positive) residing in one of the study regions between November 2020
and May 2021. The study protocol was approved by the appropriate institutional research
ethics boards (MP-31-2019-3172). Public Health Departments of Saguenay-Lac-Saint-Jean
and New Brunswick provided a list of patients having consented to be contacted for re-
search purposes. The Public Health Department of Estrie, in its framework of population
monitoring, identified people that could be reached for the study purposes. Informed
consent was obtained from all study participants prior to study participation.

Eligibility criteria included (1) a COVID-19 diagnosis confirmed using a SARS-CoV-2
PCR test, with or without symptoms; (2) being reachable by phone or e-mail for the duration
of the study, and (3) being aged 18 years or older. Participants were excluded if they were
deceased at the time of study, if their health would not allow the questionnaire to be
completed, if they were unfit, or could not provide informed consent. All participants were
at least 12 weeks post-COVID-19.

2.3. Data Collection

Data collection was carried out by third-year students of the undergraduate medical
program at Université de Sherbrooke. Participants were invited to respond to the study
questionnaire over the phone or online, at their convenience. Student investigators were
trained and standardized to administer the survey questionnaire by the study principal
investigator (PF) and the study coordinator (JBP).

Data were collected during the months of August and September of 2021. All data
entry was carried out in REDCap (Research Electronic Data Capture, Vanderbilt University,
Nashville, TN, USA) by either student investigators or participants [12].

2.4. Questionnaires and Data

Participants’ sociodemographic profiles were established from responses to study
questions relating to language preference, year of birth, sex at birth, gender, education
level, socioeconomic level, occupation, time off occupation due to confinement, and time
off occupation due to COVID-19 episode.

Data collected on COVID-19 included self-reported information on episode severity
(asymptomatic, symptomatic, hospitalized), access to a physician or a nurse practitioner,
and vaccination status. The list of symptoms investigated was based on a 25-symptom list
established by the Quebec COVID-19 Biobank (“Biobanque Québécoise de la COVID-19”) [13].
Fatigue in adult participants was examined using the Fatigue Severity Scale (FSS) and the
Schedule of Fatigue and Anergia/General Practice (SOFA/GP) [14,15].

Participants were asked whether they had the following long-term health conditions:
cancer, pulmonary diseases, cardiovascular diseases, digestive, endocrine and urinary
diseases, musculoskeletal conditions, and mental health conditions. In addition, they were
asked about their cardiovascular capacities using selected questions from the Duke Activity
Scale Index (M-DASI-4Q) [16].

Participants’ lifestyle information addressed their fruit and vegetable consumption,
height, and weight. Participants 18 years and older were also asked about tobacco, alcohol,
and cannabis consumption [17].

Participants’ mental health status was evaluated using the 6-item Kessler Psychological
Distress Scale [18].

The World Health Organization (WHO) defines PCC as the persistence of at least one
symptom of COVID-19 three months after the initial episode, lasting for at least 2 months,
and not being better explained by another diagnosis [19]. This definition was used in the
current study. Since all participants were at least three months post-COVID-19, symptoms
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had been lingering for at least 2 months. The questions were designed in such a way that
the symptoms were asked in relation to their COVID-19 episode to ensure that they could
not be explained by another pathology. The clinical severity of the initial infection was
defined according to WHO severity scale [20].

The complete English and French questionnaires administered are available in
Supplementary S2.

2.5. Data Analysis

All analyses were performed using SPSS 28.0 (Statistical Package for the Social Sciences,
IBM, Armonk, NY, USA). Descriptive analyses were used to characterize participants. For
exploratory comparisons between regions, chi-squared tests and ANOVAs were used with
Bonferroni corrections. A classification tree analysis was also performed to identify what
combination of factors best differentiates between individuals with and without PCC.

3. Results

3.1. Participation Rate

During the study period, 9048 adults ≥ 18 years received a positive PCR COVID-19
result in Estrie. Of these, 4400 were randomly selected and prorated based on relative
population age group size. Out of the 5526 individuals diagnosed with COVID-19 in
Saguenay-Lac-Saint-Jean, 1200 agreed to be contacted for research purposes. Of these,
400 adults were randomly selected and prorated based on relative population age group
size. In New Brunswick, between November 2020 and May 2021, out of 1857 individuals
diagnosed with COVID-19, a total of 698 agreed to be contacted for research on COVID-19.

Figure 1 shows the participant flow chart. During the 2021 data collection, out of a total
of 6884 selected eligible individuals, we attempted to contact 6741 (97.9%) participants at
least once. Among the 4266 individuals reached, a total of 3318 (77.8%) agreed to participate.
A total of 592 (17.8%) responded to the survey questionnaire administered over the phone.
Of the 2398 who agreed to self-administer the questionnaire online, 969 (40.4%) eventually
completed it. Overall, 1349 respondents completed the questionnaire, yielding an overall
response rate of 43.8% (1367/3124).

Figure 1. PCC classification tree.
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3.2. Clinical Characteristics of the Study Cohort

As shown in Table 1, mean age was 46.7 ± 16.1 years old. Most participants were
women (58.2%), spoke French (91.9%), and were full-time workers (55.0%). Most partici-
pants had a college or university diploma (53.0%). Of 1376 participants, 311 (27.3%) were
healthcare workers. Most participants reported eating between two and four portions of
fruits or vegetables daily (62.5%), never smoked tobacco (58.2%), never participated in
binge drinking (49.0%), and never used recreational cannabis (86.0%).

Most common comorbidities included musculoskeletal conditions (22.4%), mental
health conditions (21.9%), and cardiovascular diseases (20.6%) (Table 1). Interestingly,
while 67.5% of participants reported having a stable mental health condition prior to their
COVID-19 episode, 22.7% reported that their mental health condition had worsened, 4.0%
reported that the condition had improved, and 5.8% had a new diagnosis of mental health
condition since their COVID-19 episode.

Table 1. Characteristics of COVID-19-positive study participants.

Total a

N = 1349
Estrie

N = 824
SLSJ

N = 434
New-Brunswick

N = 91
p-Value b

Anthropometry and demographics

Age in years (mean ± SD) 46.6 ± 16.0 46.6 ± 16.5 46.0 ± 15.1 49.5 ± 15.7 0.163

Sex (n of men (%)) 522 (41.9) 327 (43.7) 156 (38.0) 39 (44.3) 0.160

BMI in kg/m2 (mean ± SD) 27.8 ± 5.6 27.7 ± 5.7 27.7 ± 5.5 28.7 ± 5.8 0.515

Language (n (%))
French 1239 (91.8) 762 (92.7) 430 (99.1) 47 (51.6) <0.001
English 78 (5.8) 34 (4.1) 3 (0.7) † 41 (45.1) †

Others 30 (2.2) 26 (3.2) ‡ 1 (0.2) † 3 (3.3)

Environment (n (%))
Private household 1012 (75.1) 582 (70.6) † 362 (83.6) 68 (74.7)
Apartment 296 (22.0) 217 (26.3) 60 (13.9) † 19 (20.9) <0.001
Private residence for seniors

or CHSLD 24 (1.8) 17 (2.1) 5 (1.2) 2 (2.2)

Others 16 (1.2) 8 (1.0) 6 (1.4) 2 (2.2)

Main occupation (n (%))
Self-employed 111 (8.3) 69 (8.4) 36 (8.4) 6 (6.7)
Full-time worker 741 (55.2) 439 (53.5) 253 (58.7) 49 (54.4)
Part-time worker 82 (6.1) 52 (6.3) 23 (5.3) 7 (7.8) 0.452

Student 98 (7.3) 68 (8.3) 27 (6.3) 3 (3.3)
Retired 194 (14.5) 125 (15.2) 52 (12.1) 17 (18.9)
Others 116 (8.6) 68 (8.3) 40 (9.3) 8 (8.9)

Education (n (%))
No certificate 91 (7.4) 68 (9.2) 18 (4.4) † 5 (5.7)
High school diploma 278 (22.5) 196 (26.4) 60 (14.7) † 22 (25.3)
Apprenticeship or trade 209 (16.9) 115 (15.5) 80 (19.7) 14 (16.1)
school diploma or other
College diploma 349 (28.2) 189 (25.4) 142 (34.9) † 18 (20.7) <0.001
University diploma 310 (25.1) 175 (23.6) 107 (26.3) 28 (32.2)

Income (n (%))
<CAD 19,999 to CAD 29,999 151 (13.9) 100 (15.8) 42 (11.2) 9 (12.2)
CAD 30,000 to CAD 89,999 514 (47.5) 317 (50.0) 162 (43.2) 35 (47.3)
>CAD 90,000 418 (38.6) 217 (34.2) ‡ 171 (45.6) † 30 (40.5) ‡† 0.007

Health and social services worker (n (%)) 308 (27.3) 194 (28.6) 83 (22.3) 31 (39.7) 0.003

Lifestyle (in consumption)

Fruits and vegetables in portions (n (%))
Five or more 266 (21.4) 164 (21.9) 82 (20.1) 20 (23.3)
Between 2 and 4 778 (62.7) 467 (62.4) 259 (63.6) 52 (60.5) 0.948
Less than 2 197 (15.9) 117 (15.6) 66 (16.2) 14 (16.3)
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Table 1. Cont.

Total a

N = 1349
Estrie

N = 824
SLSJ

N = 434
New-Brunswick

N = 91
p-Value b

Tobacco in smoking (n (%))
Current 152 (12.2) 84 (11.2) 62 (15.0) 6 (6.9)
Former 370 (29.6) 214 (28.5) 126 (30.5) 30 (34.5) 0.091
Never 739 (58.3) 453 (60.3) 225 (54.5) 51 (58.6)

Alcohol in terms of binge drinking (n (%))
Less than once a month 217 (17.3) 128 (17.0) 75 (18.3) 14 (15.7)
At least once a month 239 (19.1) 138 (18.4) 86 (21.0) 15 (16.9) 0.011
At least once a week 185 (14.8) 94 (12.5) 79 (19.3) † 12 (13.5)
Never 610 (48.8) 392 (52.1) 170 (41.5) † 48 (53.9)

Recreational cannabis (n (%))
Less than once a month 86 (6.9) 50 (6.6) 26 (6.3) 10 (11.2)
At least once a month 26 (2.1) 15 (2.0) 11 (2.7) 0 (0.0) 0.389
At least once a week 65 (5.2) 36 (4.8) 23 (5.6) 6 (6.7)
Never 1077 (85.9) 653 (86.6) 351 (85.4) 73 (82.0)

Long-term health problems (n (%))

Cancers c 31 (2.4) 22 (2.9) 7 (1.7) 2 (2.2) 0.456

Pulmonary diseases d 177 (13.9) 94 (12.2) 70 (16.9) 13 (14.6) 0.082

Cardiovascular diseases e 261 (20.6) 150 (19.7) 85 (20.5) 26 (29.2) 0.108

Digestive, endocrine, and urinary diseases f 159 (12.6) 97 (12.8) 52 (12.7) 10 (11.2) 0.919

Musculoskeletal conditions g 264 (22.4) 157 (22.2) 82 (21.4) 25 (29.1) 0.293

Mental health conditions h 276 (21.9) 165 (21.7) 89 (21.5) 22 (24.7) 0.795

Abbreviations used: N/n = number; SD = standard deviation; SLSJ = Saguenay-Lac-Saint-Jean; BMI = body mass
index; CHSLD = Centre d’hébergement et de soins longue durée. a Proportion was calculated on available data for
each variable. b Post-hoc comparison: symbols (‡ and †) indicate a subset of categories whose column proportions
differ significantly from each other at the 0.5 level. c Includes all cancers and melanoma, excludes other types of
skin cancer in the last 5 years. d Includes asthma, chronic bronchitis, emphysema, chronic obstructive pulmonary
disease (COPD). e Includes stroke, angina, heart attack, auricular fibrillation, heart failure. f Includes bowel
disease, liver disease, diabetes, renal failure. g Includes musculoskeletal disorders, arthritis or rheumatoid arthritis.
h Includes mood and anxiety disorders.

3.3. Acute COVID-19 Characteristics

As shown in Table 2, most participants had a mild episode of COVID-19 (159 asymp-
tomatic (12.0%) and 1100 symptomatic (82.8%)). Few had moderate (4.0%) or severe (1.2%)
episodes based on WHO severity scale [20]. The most reported symptoms included con-
stitutional (73.6%), neurological (69.0%), and otorhinolaryngology manifestations (64.9%).
The majority of participants (86.9%) were immunonaive, that is, unvaccinated against
COVID-19, or had received one dose (11.0%), and only 2.1% were considered fully vacci-
nated (received at least two doses).

Participants showed very few functional disabilities three to nine months after their
COVID-19 episode. The majority returned to work within four weeks (87.8%). Other
participants returned to work one to three months after their episode (7.2%), more than
three months after their episode (2.9%) or did not return to work at all (1.9%). Regarding
access to healthcare professionals, 17.0% of participants did not have a practitioner or nurse
practitioner. Additionally, 17.3% had difficulties with the appointment system and 17.4%
had limited access due to the unavailability of professionals.

Table 2. COVID-19 episode.

At Onset
Total

N = 1349

Severity (n (%))
Mild 1259 (94.8)
Moderate 53 (4.0)
Severe 16 (1.2)
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Table 2. Cont.

At Onset
Total

N = 1349

Symptoms (n (%))
Asymptomatic 159 (12.0)
Respiratory a 718 (55.4)
Gastrointestinal b 592 (45.8)
Musculoskeletal c 568 (44.0)
Neurologic d 890 (69.0)
Constitutional e 946 (73.6)
ORL f 837 (64.9)
Other assessed g 285 (22.2)

Vaccination at episode (number of doses) (n (%))
None 1131 (86.9)
One 143 (11.0)
Two 27 (2.1)

At time of survey

Post-COVID-19 conditions 622 (48.0)

Fatigue
FSS (mean ± SD) 3.3 ± 1.6
FSS (n (%) of ≥5) 234 (19.6)
SOFA (mean ± SD) 1.6 ± 0.6
SOFA (n (%) of ≥2) 266 (22.6)
FSS ≥ 5 and SOFA ≥ 2 (n (%)) 158 (13.0)

Psychological distress (mean ± SD) 4.0 ± 4.0

Psychological distress (n (%) of ≥14) 44 (3.5)

Daily function (n (%) of no)
DASI1 134 (10.7)
DASI2 108 (8.6)
DASI3 97 (7.9)
DASI4 354 (33.3)

Function (EQ-5D) (n (%) of no or slight problems)
Ability to walk 1228 (95.0)
Ability to bathe and dress 1281 (99.0)
Ability to complete activities of daily life 1227 (94.9)
Having pain or discomfort 1151 (89.6)
Being anxious or depressive 1093 (85.0)
Being short of breath (n (%))
Out of breath with intense exercise 889 (71.2)
Out of breath when rushing or climbing a slight incline 265 (21.2)
Slower than most people of the same age on flat ground 55 (4.4)
Stop to breathe when walking 100 m on flat ground 34 (2.7)
Too out of breath to leave the house 5 (0.4)

Ceased occupation (n (%))
Two weeks 766 (62.0)
Three to four weeks 321 (26.0)
One to three months 89 (7.2)
More than three months 36 (2.9)
Ceased occupation 24 (1.9)

Changes to occupation (n (%))
Same occupation, more demanding 118 (10.7)
Same occupation, same conditions 863 (77.8)
Same occupation, less demanding 43 (3.9)
Different occupation, more demanding 24 (2.2)
Different occupation, same conditions 30 (2.7)
Different occupation, less demanding 31 (2.8)

Practitioner or nurse practitioner (n (%))
Practitioner 1047 (78.5)
Nurse practitioner 34 (2.6)
Both 24 (1.8)
None 228 (17.1)

Access to health professionals (n (%))
Difficulties with appointment system 122 (17.4)
Professionals not available 118 (17.6)
Transportation problems 20 (3.0)

Abbreviations used: N/n = number, SD = standard deviation, FSS = Fatigue Severity Scale, SOFA = Schedule
of Fatigue and Anergia/General Practice, DASI = Duke Activity Status Index, EQ-5D = EuroQol-5D. a Includes
cough, sibilance, hissing, stridor. b Includes nausea/vomiting, dysphagia, diarrhea, abdominal pain. c Includes
joint pain and lower limb edema. d Includes aphasia, dysarthria, confusion, convulsions, ageusia, dysgeusia,
anosmia, paresthesia of the lower or upper limbs. e Includes fever, dizziness, inappetence. f Includes earache, sore
throat, hemoptysis, nasal discharge or congestion. g Includes eye infection, chest pain, rash.
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3.4. Post-COVID-19 Conditions

As shown in Table 3, among participants with PCC (n = 622, 48.0%), symptoms at onset
were most often neurological (83.5%) or constitutional (80.9%). The symptoms most often
reported at the time of survey 3 to 9 months (median of 6 months) after their COVID-19
episode were neurological (59.3%) and musculoskeletal (43.9%). As for fatigue, there were
31.9% of participants who had a score higher or equal to five for the FSS and 37.8% who
had a score higher or equal to two for the SOFA. When combined, 23.0% of participants
met both criteria for fatigue. Psychological distress was reported by 6.1% of participants
with PCC compared to 1.2% by those without PCC.

As shown in Table 4, participants with PCC were older and had a higher BMI than
participants who did not have PCC (p ≤ 0.010). Moreover, they were predominantly female
(p < 0.001). They also showed a higher prevalence of comorbidities (p < 0.001) and number
of symptoms (p < 0.001), and a higher proportion of moderate or severe episode (p < 0.001).

Risk factors at baseline regarding the onset of PCC and PCC with fatigue are shown
in Table 5. Baseline risk factors for developing PCC included age (OR = 1.010), being a
female (OR = 1.383), and a higher BMI (OR = 1.029). All comorbidities were associated
with an increased risk of having PCC without fatigue (OR ≥ 1.340). The severity of episode
(OR = 1.764) and number of symptoms (OR = 1.136) were also risk factors of PCC. Being a
health professional also increased this likelihood (OR = 1.038). Risk factors were similar
for PCC with fatigue. Age (OR = 1.012), being a female (OR = 1.996), and higher BMI
(OR = 1.056) were risk factors. Again, all comorbidities were linked to a higher risk of PCC
(OR ≥ 2.421). The severity of episode (OR = 3.831) and number of symptoms at onset
(OR = 1.292) were also risk factors for PCC and fatigue. Being a health professional also
put participants at risk of PCC with fatigue (OR = 1.525).

Figure 1 presents the classification tree analysis showing that the number of symptoms
at the initial presentation (with a cutoff of 8) is the main discriminant factor to determine
who will have PCC or not. Other factors determined by the algorithm, but with less weight,
are number of comorbidities, sex, and BMI.

Table 3. Post-COVID-19 conditions.

At the Time of Survey

PCC
N = 622 (48.0%)

Symptoms at onset (n (%))
Respiratory a 389 (62.9)
Gastrointestinal b 353 (57.5)
Musculoskeletal c 319 (52.0)
Neurologic d 512 (83.5)
Constitutional e 494 (80.9)
ORL f 451 (73.7)
Other assessed g 189 (31.2)

Symptoms at time of survey (n (%))
Respiratory a 176 (28.6)
Gastrointestinal b 161 (26.2)
Musculoskeletal c 270 (43.9)
Neurologic d 366 (59.3)
Constitutional e 176 (28.6)
ORL f 195 (31.9)
Other assessed g 128 (21.1)

Fatigue at the time of survey
FSS (n (%) of ≥5) 181 (31.9)
SOFA (n (%) of ≥2) 205 (37.8)
FSS ≥ 5 and SOFA ≥ 2 (n (%)) 131 (23.0)

Psychological distress at the time of survey (n (%) of ≥14) 36 (6.1)

Abbreviations used: N/n = number, FSS = Fatigue Severity Scale, SOFA = Schedule of Fatigue and Aner-
gia/General Practice. a Includes cough, sibilance, hissing, stridor. b Includes nausea/vomiting, dysphagia,
diarrhea, abdominal pain. c Includes joint pain and lower limb edema. d Includes aphasia, dysarthria, confusion,
convulsions, ageusia, dysgeusia, anosmia, paresthesia of the lower or upper limbs. e Includes fever, dizziness,
inappetence. f Includes earache, sore throat, hemoptysis, nasal discharge or congestion. g Includes eye infection,
chest pain, rash.
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Table 4. Post-COVID-19 condition characteristics.

At Time of Onset

No PCC and FSS < 5
N = 571 (47.9)

PCC and FSS < 5
N = 387 (32.5)

No PCC and FSS ≥ 5
N = 53 (4.4)

PCC and FSS ≥ 5
N = 181 (15.2)

p-Value

Age 45.8 ± 15.1 48.2 ± 16.9 43.0 ± 16.3 48.7 ± 15.0 0.010

Sex (Female) 288 (51.8) 226 (59.8) 34 (66.7) 120 (68.2) <0.001

BMI 27.1 ± 5.5 28.1 ± 5.6 27.4 ± 5.4 29.0 ± 6.3 0.004

Pulmonary diseases 48 (8.5) 59 (15.4) 6 (11.8) 48 (26.8) <0.001

Cardiovascular diseases 92 (16.3) 79 (20.7) 13 (24.5) 57 (32.0) <0.001

Musculoskeletal conditions 74 (14.3) 94 (25.9) 12 (26.7) 69 (40.4) <0.001

Mental health conditions 77 (13.7) 82 (21.4) 21 (40.4) 80 (44.9) <0.001

Severity of episode
<0.001Mild 551 (96.7) 362 (94.3) 51 (98.1) 159 (88.3)

Moderate or severe 19 (3.3) 22 (5.7) 1 (1.9) 21 (11.7)

Number of symptoms at onset 4.9 ± 3.9 7.1 ± 4.3 6.5 ± 4.9 9.6 ± 4.2 <0.001

Table 5. Post-COVID-19 condition risk factors.

At Time of Onset

PCC and FSS < 5
N = 387 (32.5)

OR 95% CI p-Value

Age 1.010 1.002–1.018 0.020

Sex (Female) 1.383 1.062–1.802 0.016

BMI 1.029 1.003–1.058 0.028

Pulmonary diseases 1.965 1.308–2.941 0.001

Cardiovascular diseases 1.340 0.961–1.873 0.085

Musculoskeletal conditions 2.100 1.495–2.950 <0.001

Mental health conditions 1.715 1.218–2.415 0.002

Severity of episode 1.764 0.941–3.300 0.077

Number of symptoms 1.136 1.098–1.176 <0.001

Being a health professional 1.038 0.752–1.434 0.819

PCC and FSS ≥ 5
N = 181 (15.2)

OR 95% CI p-Value

Age 1.012 1.001–1.023 0.029

Sex (Female) 1.996 1.395–2.849 <0.001

BMI 1.056 1.024–1.090 <0.001

Pulmonary diseases 3.968 2.545–6.173 <0.001

Cardiovascular diseases 2.421 1.647–3.559 <0.001

Musculoskeletal conditions 4.065 2.747–6.024 <0.001

Mental health conditions 5.155 3.509–7.519 <0.001

Severity of episode 3.831 2.008–7.299 <0.001

Number of symptoms 1.292 1.234–1.352 <0.001

Being a health professional 1.525 1.024–2.270 0.038
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4. Discussion

4.1. Main Observations

To our knowledge, this study is the largest to date to describe long-term functional
impairments of COVID-19 in a Canadian population. Most patients included in our study
had a mild episode of COVID-19 and were not hospitalized. This is consistent with reported
distribution of symptom severity in the population [8,10]. Another strength of this study
is the high number of participants with functional data and extensive characterization of
fatigue. Also, all participants included in the study had a PCR test confirming the infection.

The prevalence of PCC in our study population was 48%. That proportion is congruent
with other studies [10,21–24]. Describing functional impacts in patients with PCC is
essential since it could affect the burden of their condition. Patients who experience
one minor symptom more than 3 months post-infection could be different than patients
experiencing PCC who also reported fatigue or other functional impairments. Fatigue was
reported by more than 30% of participants with PCC, making it a major manifestation of this
condition. Prevalence of post-COVID-19 fatigue has been reported for other countries [25].
This study adds to our understanding of the prevalence of fatigue post-COVID-19 in a
Canadian population. We also used a well-known fatigue score to identify the 15.2% of
patients with PCC who also experience fatigue.

Among participants with functional impairments, being slower than most people
of the same age on flat ground or being short of breath was described by only 7.6% of
participants with PCC. Although COVID-19 and PCC can severely affect cardiovascular
capacities for some people, the populational burden seems to be mild for that aspect. In
a similar way, in our study, very few patients (1.9%) completely ceased their occupation
in the long term. It should however be noted that 12.7% of patients who continued an
occupation found it more demanding. Among the symptoms reported by patients with
PCC at the time of the survey, the most frequently reported were neurological symptoms,
including fatigue and cognitive and functional impairments. These symptoms could be
linked to other long-term functional impacts of COVID-19 [26,27]. These symptoms could
limit functional capacities and aptitude to be active and work.

We also explored factors that can predict the occurrence of PCC. Consistent with
other studies, we found that the numbers of symptoms at onset is the main predictor of
PCC [22,23]. We also observed that participants with PCC without fatigue showed a higher
prevalence of comorbidities and higher number of symptoms at onset. When we look at
participants with PCC and fatigue, we see that the odds ratios were even higher for being
female and for the presence of comorbidities. Among them, mental health condition was
the comorbidity with the higher odds ratio. These patients showed a higher prevalence
of comorbidities that could be linked with less efficient coping mechanisms and lesser
physical reserves [28].

All lingering symptoms and functional impacts reported in the current study should
be interpreted considering the absence of a control group. The negative background effect
brought by the pandemic could be a confounder [29]. Indeed, studies have found that
psychological impacts were present in the overall population in the wake of the pandemic,
not only in people who were infected with COVID-19 [30]. Moreover, the pandemic has
had an impact on the workforce of the general population.

With regard to the timeframe of the study, patients included in this cohort were
mainly unvaccinated or partially vaccinated related to the prevalence of vaccination at
the time of recruitment. The exact proportion of COVID-19 variants among our study
population is unknown. However, based on epidemiological data, we know that there was
not a predominant variant at the beginning of our study period and that Alpha was the
predominant variant at the end of the study period [31]. These epidemiological observations
and the low vaccination coverage at the time of the study could explain the high rate of PCC
observed. The proportion of patients who will experience PCC and the burden of fatigue
as well as functional impacts with different variants and with the increased vaccination
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coverage is unknown. This will be documented in a follow-up study. This future study
will also describe the evolution of patients who suffered from PCC in the 2021 survey.

4.2. Limitations

This study has inherent selection and information biases in its design that were
considered in the data collection process by the application of preventive measures or in
the interpretation of the results that were carefully made.

With regard to the selection bias, the subjects were selected randomly among the
COVID-19-positive patients of the public health records, but only those who could be
reached by phone participated in this study. This, as well as the timing of call periods, may
have biased participants’ characteristics. We explored data about the COVID-19-positive
patients of the Estrie region who did not complete the survey. They have the same sex
distribution (women 56.4% for patients included in the study vs. 53.7% for patients who
did not complete the questionnaire), but less patients who participated in the study were
over 70 years old (9.0% of the sample vs. 20.0% of the COVID-19-positive patients). This
later finding can be explained by many of the screening tests for patients over 70 years
old occurring among patients residing in nursing homes with health conditions, making
participation in this kind of study difficult. We do not think that this difference interfered
significantly with our results.

In addition, the volunteer bias of the study sampling limits our generalization of
the results to the whole population. However, since we did not collect the reasons of
refusal to participate or the retrospective data on COVID-19 patients having died from
the disease or other causes, we cannot stipulate that our sample is representative of all
SARS-CoV-2-infected individuals. Since the primary objective of this study was to compile
data on PCC, absence of retrospective data from deceased COVID-19 patients should not
bias interpretation of the results.

Another limitation of this study may result from possible information biases. Firstly, a
chronological bias in recruitment of the subjects may have introduced a misclassification of
the PCC conditions. Indeed, some of the subjects were 3 months post-infection at the time
of recruitment while others were at 6 months post-infection. Such delay may underesti-
mate the PCC status (as per the WHO definition) in this sample. Moreover, it should be
considered that although questions were designed to identify lingering symptoms from
the participants’ COVID-19 episode, it cannot be entirely ruled out that symptoms may
be due to other causes. Secondly, the self-reported retrospective data are submitted to
the recall bias for which we have no way to verify the veracity (no data collected from
medical records). This bias may affect measured frequencies of the data such as symptoms
or other health conditions at COVID-19 diagnosis given the time lapse between diagno-
sis and questionnaire administration. To mitigate this, most questions were formulated
to gather information regarding symptoms in the week or month prior to the survey’s
administration. Thirdly, although the majority of participants were unvaccinated, some
were partially or fully vaccinated. This could have impacted the prevalence of PCC among
participants [24,32]. Finally, the large number of student investigator interviewers could
be viewed as an observer bias. However, all of those involved in data collection were
trained on and standardized to the questionnaire used in this study and trained on how to
record information.

5. Conclusions

This study describes the long-term functional impacts of the COVID-19 pandemic
among a Canadian population. It was found that having comorbidities prior to the COVID-
19 episode, particularly mental health conditions, is the main predictor of PCC. Participants
with PCC and fatigue were predominantly women and had more symptoms at onset and a
higher severity of episode. This research contributes to our understanding of the intricate
pathophysiology of PCC.
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Supplementary Materials: The following supplementary information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12185939/s1. Supplementary S1 details sample size cal-
culation and randomization. Supplementary S2 presents the complete questionnaires in English
and French.
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Abstract: Background: The COVID-19 pandemic, which affected the entire global population, had an
impact on our health and quality of life. Many people had complications, were hospitalised or even
died due to SARS-CoV-2 infection. The health systems of many countries had to radically change
their way of functioning and scientists around the world worked intensively to develop a vaccine
for the SARS-CoV-2 virus. Aim: The aim of this work is to assess the quality of life of patients who
were hospitalised for COVID-19, using the SF-36 questionnaire. Methods: Between May and August
2022, we conducted a telephone assessment of quality of life in patients who were hospitalised for
COVID-19 at the Temporary Hospital in Pyrzowice (Silesia, Poland), between November 2021 and
January 2022. Results: Quality of life was significantly lower in women (p = 0.040), those with DM2
(p = 0.013), CKD (p = 0.041) and the vaccinated (p = 0.015). Conclusions: People with chronic kidney
disease, diabetes mellitus and women had a lower quality of life after COVID-19 disease. However,
people who were vaccinated for SARS-CoV-2 had a lower quality of life than non-vaccinated people
did. This is possibly due to the higher mean age, and probably the higher disease burden, in the
vaccinated group.

Keywords: SARS-CoV-2 infection; COVID-19; quality of life; SF-36

1. Introduction

At the turn of 2019/2020, the COVID-19 pandemic, caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) became a global concern. As of 16 March 2023,
there have been 6,462,369 confirmed cases of the disease in Poland and 760,360,956 glob-
ally [1]. The predominant symptoms include shortness of breath, fever, fatigue, cough,
diarrhoea, loss of smell or headache, but in some cases the disease can lead to more serious
complications such as acute respiratory distress syndrome (ARDS), myocardial damage or
thrombotic symptoms [2–4]. Regardless of the severity of the course of infection, distant
consequences have also been observed with varying frequency, including long-COVID-19
syndrome [5,6]. Long COVID includes symptoms such as shortness of breath, fatigue and
cognitive impairment occurring continuously since the initial infection or appearing after
three months and lasting a minimum of two months [7]. All these factors significantly
affect the quality of life of patients who have experienced SARS-CoV-2 infection.
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The intensive work of scientists from all over the world has led to the invention
and introduction of vaccines with different mechanisms of action. Of these, the highest
efficacy of 94.29% is demonstrated by vaccines based on RNA [8]. In Poland, 57,935,715
distributed doses of vaccine and 22,643,631 fully vaccinated persons were registered by
21 March 2023. One dose was received by 22,871,721 persons, two doses were received by
19,757,415 persons, three doses were by 192,285 persons and a booster dose was received
by 15,114,294 persons [9].

In Poland, since the beginning of the pandemic, more than a dozen so-called ‘tem-
porary hospitals’ (COVID-19 hospitals) have been set up to receive only patients with
confirmed SARS-CoV-2 infection [10]. The majority of patients were in a severe general
condition, with increased dyspnoea and reduced saturation.

With the length of the pandemic and the emergence of new data, increasing attention
has been paid to the impact of surviving SARS-CoV-2 infection on patients’ quality of life.
Various forms can be used for this purpose, including The Medical Outcomes Study 36-item
Short-Form Health Survey (SF-36) in the Polish-language version. Interest in short-form
health questionnaires arose when the relatively frequent refusal to complete long forms
during the Health Insurance Experiment was noted, resulting in a loss of patients from
follow-up [11]. Through this, a method has been developed that should take a few minutes
of a telephone call. The form comprehensively assesses the patient’s perceived health status
across broad domains of physical and emotional health. It focuses on evaluating eight
quality of life indicators: physical functioning, role limitations due to physical health, pain
complaints, a general sense of health, vitality, social functioning, role limitations due to
emotional problems and a sense of mental health [12]. SF-36 has been used in a number
of studies published in prestigious scientific journals on a variety of conditions, including
rheumatoid arthritis, brain tumours, endometriosis and type 2 diabetes [13–16]. During the
COVID-19 pandemic, it has also become useful for assessing quality of life after surviving
this infection, examining, for example, the benefits of pulmonary rehabilitation [17]. The
majority of previous studies focused on the assessment of quality of life among COVID-19
patients using different questionnaires such as EQ-5D-5L or WHOQOL-BREF.

The aim of our single-centre study is to evaluate the quality of life of patients who
underwent SARS-CoV-2 infection and were hospitalised at the Pyrzowice Temporary
Hospital for patients with COVID-19 at the multi-profile unit. We focused on a later
period of time, 6 months after hospitalisation, to emphasise the long-term consequences
on patients’ overall well-being after this infection, specifically in the Polish population of
internal medicine patients.

2. Materials and Methods

2.1. Study Population

Between November 2021 and January 2022, 598 patients were hospitalised at the
Temporary Hospital in Katowice-Pyrzowice, Poland, due to SARS-CoV-2 infection and
required urgent hospitalisation in a specialised internal medicine unit for acute respiratory
failure. In total, 354 patients (159 women and 195 men) who survived the hospitalisation
were invited to participate in the study. Ultimately, 125 patients (54 women and 71 men)
who met all inclusion criteria and did not meet the exclusion criteria were included in the
study (Figure 1).

Telephone interviews were conducted between May and August 2022, during which
questions from the SF-36 questionnaire were asked to subjectively assess quality of life
6 months after hospitalisation for SARS-CoV-2 infection. At the beginning of the telephone
call, each patient was asked for consent to the survey. All procedures performed in the
studies were in accordance with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Respondents were also asked about receiving a SARS-CoV-2
vaccine before and after hospitalisation and the number of doses taken.
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Figure 1. Study flowchart.

The protocol for this study was approved by the Bioethics Committee of the Medical
University of Silesia in Katowice (consent nr. PCN/CBN/0052/KB/103/22). Inclusion and
exclusion criteria are presented in Table 1.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Patient age ≥ 18 years old
Death of a patient within 6 months from the end of

hospitalisation in the Temporary Hospital in
Katowice-Pyrzowice

Call duration ≥ 5 min Missing or incorrect contact telephone number of the patient

Verbal consent of the patient
to a telephone interview

Failure to answer the phone by the patient (after 3 attempts,
with an interval of 5 days between each attempt)

Obtaining answers to all
questions in the SF-36
questionnaire during a

telephone interview

Patient’s condition not allowing him/her to answer the SF-36
questionnaire on his/her own during the

telephone interview (dementia; mental disorder)
while there was no authorized person to provide information

on behalf of the patient

2.2. SF-36 Questionnaire and Score Calculations

The Polish version of the SF-36 (Short Form Health Survey) questionnaire [12], which
was based on the English version [18], was used to assess quality of life (QOL). In the Polish
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version, the wording of 4 from 36 items was changed in 4 different questions. The SF-36
questionnaire is a subjective tool that allows a simple and quick assessment of QOL. It was
designed so that the questions are understandable to the respondent and measure different
aspects of quality of life. It allows for the study of both the general population and different
groups of patients and is designed to meet the psychometric standards necessary for
group comparison [19]. The SF-36 questionnaire and its Polish version are well-researched
methods with proven reliability and validity [20–22].

The questionnaire consists of 11 questions with 36 statements that assess 8 quality of
life indicators: physical functioning (PF; 10 items), role—physical (RP; 4 items), bodily pain
(BP; 2 items), general health (GH; 5 items), vitality (VT; 4 items), social functioning (SF;
2 items), role—emotional (RE; 3 items), and mental health (MH; 5 items). The questionnaire
contains two subscales, one assessing physical health based on PF, RP, BP and GH, and a
subscale assessing mental health based on VT, SF, RE and PW. The respondent evaluates
the statements based on the last 4 weeks. In addition, question 2 assesses current health
status compared to that one year ago.

In the Polish version of the questionnaire, points are given when a dysfunction or
limitation is present when assessing a statement. Questions 4 and 5 are answered in a
dichotomous yes/no manner, and the remaining questions (1–3, 6–11) are rated on a 3-,
5-, or 6-point Likert scale. The Likert scale is a psychometric scale commonly used in
questionnaire studies and allows for the differentiation of respondents’ attitudes. The
respondent selects the answer on the scale that most closely matches how they feel. It is
usually an unpaired scale in which the extreme values correspond to the most positive and
negative responses and the middle response is neutral [23].

The total quality of life index is the sum of the scores for all 11 questions and ranges
from 0 to 171 in the Polish version of the questionnaire. This provides an overall assessment
of health status, where the highest scores indicate the lowest subjective level of quality
of life. Questionnaires, complete scoring instructions and differences between the Polish
SF-36 questionnaire and English SF-36 questionnaire are specified in the supplementary
(Supplementary File S1).

2.3. Statistical Analysis

Quantitative and qualitative data were collected using Excel (version 16.75.2, Mi-
crosoft, Redmond, WA, USA), and statistical analysis was performed in Statistica 13.3
(StatSoft, Kraków, Poland). An initial, automatic analysis was performed to search for
missing data and anomalous values. The assessment of the normality of the distribution
of quantitative variables was performed with the Shapiro–Wilk test. In the absence of a
normal distribution, the analysis of quantitative variables in relation to two-state grouping
variables was performed using the Mann–Whitney U test. An attempt was made to evalu-
ate the correlation of quantitative variables using the Spearman test and multi-parameter
evaluation using the stepwise regression method without obtaining reliable results. The
level of significance was p < 0.05.

3. Results

3.1. Characteristic of the Study Group

A total of 125 patients, including 71 men (56.8%), were qualified for the study on
the basis of criteria defined by the SF-36 questionnaire. Among the patients who were in
the study group, hospitalised at the Temporary Hospital in Katowice-Pyrzowice, many
had a positive medical history. Sixty patients were confirmed to have hypertension (HA),
which accounted for 48% of the study group. There was also a significant proportion of
patients with ischaemic heart disease (IHD), numbered at 26, accounting for 20.8% of the
total. A similar proportion comprised obese patients, with 27 patients (21.6%). There were
22 patients with chronic kidney disease (CKD), corresponding to 17.6% of patients in the
study group. There were 20 patients with diabetes mellitus (DM), representing 16% of the
study group. A positive oncological history was confirmed in 12 subjects (9.6%). Similarly, a
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history of stroke was frequently found in the study group, with 10 patients (8%). A smaller
group of patients consisted of those with a positive pulmonary history, i.e., 11 patients
with bronchial asthma, 4 patients with chronic obstructive pulmonary disease (COPD) and
3 patients with obstructive sleep apnoea (OBS), corresponding to 8.8%, 3.2% and 2.4% of
the study group, respectively. The number of post-pulmonary embolism (PE) patients was
4 (3.2%). Nicotinism was reported by 12 patients (9.6%). The full list of characteristics of
the study group is presented in the table below (Table 2).

Table 2. Characteristics of the study group.

Parameter Value

Females 54 (43.2%)

Males 71 (56.8%)

Age 62.22 ± 14.61

Body Mass Index (kg/m2) 29.64 ± 12.62

Obesity 27 (21.6%)

Smoking 12 (9.6%)

Chronic obstructive pulmonary disease 4 (3.2%)

Asthma 11 (8.8%)

Pulmonary embolism 4 (3.2%)

Organic brain syndrome 3 (2.4%)

Chronic kidney disease 22 (17.6%)

Diabetes mellitus 20 (16.0%)

Hypertension 60 (48.0%)

Ischaemic heart disease 26 (20.8%)

Ischaemic stroke 10 (8.0%)

Cancer 12 (9.6%)

Vaccinated 39 (31.2%)

Vaccinated—1 dose 3 (2.4%)

Vaccinated—2 doses 33 (26.4%)

Vaccinated—3 doses 3 (2.4%)

Among all patients included in the study, 39 patients were vaccinated against COVID-
19, representing 31.2% of the total, of whom 3 patients (2.4%) received a baseline dose
and 2 booster doses, 33 patients (26.4%) received a baseline dose and 1 booster dose, and
3 patients (2.4%) received only the baseline dose of the vaccine. No patients received a
third booster dose because there was still no opportunity to be vaccinated with a third
booster dose during the period before and during hospitalisation and during the follow-up
(Table 2).

The mean age of all patients vaccinated against COVID-19 was 67.15 ± 13.06 years.
The mean age of patients vaccinated against COVID-19 before hospitalisation was 68.60 ±
11.35 years, and that of patients vaccinated against COVID-19 after hospitalisation was
67.31 ± 12.92 years. In comparison, the mean age of all patients not vaccinated against
COVID-19 was 60.35 ± 14.62 years. The mean age of patients not vaccinated against
COVID-19 before hospitalisation was 64.57 ± 15.81 years, and that of patients vaccinated
against COVID-19 after hospitalisation was 66.85 ± 13.86 years.
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3.2. Main Findings

Statistical analysis was performed. The female:male gender ratio in the study group
was 1:1.31. The study showed that women had significantly higher SF-36 scores (p = 0.040)
compared to men, i.e., women received an average of 69.50 ± 35.63 points and men received
an average of 56.65 ± 32.02 points on the SF-36 questionnaire. The study also found that
patients with a history of CKD had significantly higher SF-36 scores (p = 0.041) compared to
those without a history of CKD. Patients with CKD had an average score of 74.18 ± 29.10,
while patients without CKD had an average score of 50.96 ± 34.66. This research indicated
that patients with DM had significantly higher SF-36 scores (p = 0.013) compared to patients
without known DM. Those with a history of DM had a mean score of 77.15 ± 26.68 and
those without a history of DM had a mean score of 59.35 ± 34.71. The study revealed that
COVID-19-vaccinated patients had significantly higher SF-36 values (p = 0.015) compared
to COVID-19-non-vaccinated patients. COVID-19-vaccinated patients had an average
score of 73.05 ± 30.92, and COVID-19-non-vaccinated patients had an average score of
56.23 ± 34.34. Median values for statistically significant variables are presented in the form
of diagrams in the supplementary (Supplementary File S2). While analysing the data, some
disease entities and burdens turned out not to be statistically significant. All independent
variables are presented below (Table 3).

Table 3. Analysed independent variables in the study group of patients.

Parameter p-Value

General

Sex 0.04

Obesity 0.838

Smoking 0.746

Vaccinated 0.015

Diseases

Chronic obstructive pulmonary disease 0.581

Asthma 0.8

Pulmonary embolism 0.555

Organic brain syndrome 0.162

Chronic kidney disease 0.041

Diabetes mellitus 0.013

Hypertension 0.429

Ischemic heart disease 0.098

Ischemic stroke 0.458

Cancer 0.11

4. Discussion

The study showed that COVID-19 vaccination does not improve quality of life after
SARS-CoV-2 virus infection compared to that of non-vaccinated individuals. The study
showed that people with CKD have significantly higher SF-36 scores, meaning that their
QOL scores are worse than those without CKD. The study also found that people with
DM have higher values on the questionnaire, which translates into a worse assessment of
quality of life than that of people without DM. In the study, women’s quality of life scores
are significantly lower than men’s.

Taboada et al. investigated quality of life in patients who underwent hospitalisation in
an intensive care unit for SARS-CoV-2 infection. Patients assessed their quality of life and
functional status 3–6 months before COVID-19 using the EuroQol Group Association’s five-
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domain, three-level questionnaire (EQ-5D-3L), which consists of two sections: a descriptive
system and a visual analogue scale. They obtained results showing that 67% of the patients
studied had a significantly lower quality of life after hospital discharge, mainly due to
reduced mobility and pain or discomfort [24]. In our study, we examined patients who were
hospitalised in the internal medicine ward and did not end up in the intensive care unit.
The difference in the study group (patients hospitalised in the ICU vs. patients hospitalised
in the internal medicine ward) may have influenced the difference in the patients’ quality
of life scores as we suspect a more severe course of the disease in those who had to go to the
ICU for this reason. In addition, these patients may have had an initially higher burden of
concomitant diseases and may have been of older age than those hospitalised in an internal
medicine ward. The EQ-5D-3L questionnaire was also used by Taboada et al. in their study,
comparing quality of life and persistent symptoms after hospitalisation for COVID-19
among patients who required hospitalisation in an intensive care unit for COVID-19 and
those who did not require intensive care hospitalisation. More ICU patients showed a
worsening of their QOL compared to patients who were not hospitalised in an ICU ward
(71.9% vs. 43.7%, p = 0.004). In total, 52.4% of all patients reported a worsening of at least
one of the five dimensions analysed in the EQ-5D-3L, and 24% of all patients reported a
worsening of two or more dimensions. More women than men reported problems with
usual activities (25.0% vs. 12.1%, p = 0.024), pain or discomfort (45.2% vs. 26.3%, p = 0.007)
and anxiety or depression (53.6% vs. 24.2%, p < 0.001) [25]. Similarly, in our study, women
had significantly higher scores on the SF-36 and therefore had a lower quality of life than
men did. As with the previous study, the differences in scores may have been due to the
different study groups.

The EQ-5D-5L questionnaire was used by Tarazona et al. to assess quality of life in
outpatients who had survived COVID-19. COVID-19 outpatients (n = 96) had significantly
lower health-related quality of life than controls (n = 81) did one year after SARS-CoV-
2 infection; the EQ-5D-5L index averaged 0.87 in examined cases and 0.95 in controls
(p = 0.002) [26]. This work compared outpatients who developed COVID-19 to patients
who were not diagnosed with COVID-19 disease. The difference in results between this
work and those of Tarazona et al. can also be explained by the different selection of the
study group—in our work, we only considered patients diagnosed with COVID-19 and
investigated the impact of the disease on their quality of life after the disease. We did
not compare this with a control group that had not contracted COVID-19 or had not been
hospitalised for COVID-19 disease. Qu et al. also used the SF-36 questionnaire to assess
the quality of life of patients after hospitalisation for COVID-19, in a version with scores
ranging from 0 to 100 points. Apart from the ‘general health’ category, in all other categories
included in the questionnaire, the study participants scored significantly lower (p < 0.001).
Quality of life was assessed 3 months after discharge and compared to norms for the
general Chinese population. In addition, men relative to women had a better quality of
physical and mental health after hospital discharge [27]. Despite the similar timing of the
QOL assessment in patients in this study, the QOL scores obtained were compared to the
overall norms for the general population and not to quality of life before the disease, as in
our study. This may have influenced the difference in results between the papers.

Navarro et al., who also used the EQ-5D-5L scale, observed a reduction in the quality
of life of up to 56% in patients hospitalised with moderate to severe SARS-CoV-2 infection.
In contrast to this work, Navarro et al. included patients as early as 30 days after the onset
of first symptoms, whereas in our study, patients were not interviewed until approximately
three months after hospitalisation at the earliest. Bearing in mind that COVID-19 disease
is an acute viraemic infection, this may have influenced the final results of the study, as
the severity of COVID-19 disease symptoms may be greater (and thus quality of life in
such individuals may be visibly lower) in those newly recovered from the disease com-
pared to those who have already undergone some convalescence [28]. Van der Sar-van der
Brugge et al. used the SF-36 to assess HRQoL in 101 patients with SARS-CoV-2 pneumonia,
classified as moderate or severe pneumonia according to WHO definitions. Six weeks
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after hospital discharge, significant deterioration was found in all SF-36 domains except
pain (p = 0.0001). The domains with the greatest reductions were physical role limitation,
physical functioning and vitality [29]. Similar to the work of Navarro et al. the timing
of the QOL assessment occurred earlier than that in our study (6 weeks after discharge
vs. 3 months after hospitalisation) which may have influenced the difference in results.
Howlader et al. used the WHOQOL-BREF questionnaire to assess quality of life in 3244
randomly selected patients in Bangladesh. The study found significantly lower QoL in
women, those with chronic concomitant diseases, the unemployed and the elderly. How-
ever, symptoms decreased each day after diagnosis [30]. Similarly, in our study, women and
people with chronic diseases (such as DM2 or CKD) had a lower quality of life. It can also be
hypothesised that the later the QOL assessment is carried out, the less it will be influenced
by COVID-19-related symptoms and more by the patient’s current illnesses and situation,
such as age, gender or chronic diseases. The EQ-5D-5L questionnaire was also used in
Giao et al.’s study, with the addition of the EuroQoL-Visual Analogue Scale (EQ-VAS) score
to determine self-assessed health status. Lower scores were reported among those aged
60 years and older, women, those with comorbidities, those with persistent symptoms,
those who were living alone and those who were experiencing stress (all p < 0.001) [31].
Ayuso Garcia et al. also used the EQ-5D in combination with the EQ-VAS and EQ-Health.
Both the EQ-VAS and EQ-Health Index were lower in women, patients older than 65 years,
patients with comorbidities and those who required hospitalisation during acute SARS-
CoV-2 infection [32]. In our study, similarly lower scores were obtained for people with
diabetes, chronic kidney disease, women and vaccinated people who initially had more
comorbidities and were older. In the study by d’Ettorre et al. using the EQ-5D-5L and
EQ-VAS scales, female gender, unemployment status and chronic comorbidities were the
most common predictors of having any problems in each EQ-5D-5L domain, and an older
age and higher body mass index (BMI) were also found to be associated with lower EQ-VAS
scores [33]. As in our study, lower quality of life was shown here among patients with
pre-existing chronic diseases, including type 2 diabetes.

It should be noted that the study analysed survivors of life-threatening conditions
associated with severe respiratory failure due to SARS-CoV-2 virus infection. A large
number of patients were ultimately not included in the study group due to death dur-
ing hospitalisation itself and after the hospitalisation period. The status of having been
vaccinated of this population was not assessed in this work.

Those vaccinated against COVID-19 who were included in the study described their
health status by assessing their quality of life as worse than those who were not vaccinated.

However, the mean age of the unvaccinated patients was visibly lower than that
of the vaccinated patients (60.35 ± 14.62 vs. 67.15 ± 13.06). Additionally, the number
of concomitant diseases was higher in the vaccinated than in the unvaccinated group
(2.44 ± 1733 vs. 1.13 ± 1170). We can therefore suspect that vaccinated persons present a
lower quality of life than unvaccinated persons do due to a higher burden of concomitant
diseases and an older age. In this study, the quality of life assessed by women was lower
compared to that of men, which is confirmed by other studies. In the work by Lee, K.H.
et al. and Badr, H.E. et al. that assessed quality of life, women also scored lower than men
did [34,35]. In this work, patients with CKD and DM reported worse quality of life than
did those who did not have the aforementioned disease entities.

In summary, other studies present similar findings of reduced quality of life after
SARS-CoV-2 infection; however, they used either a different questionnaire or focused on
another time point than those in our study. We concentrated on a specific period of time,
6 months after hospitalisation, to highlight the long-term implications on patients’ general
condition after this disease. Moreover, most of the existing studies presented the results
obtained from specific populations, such as the Chinese population in Qu et al.’s study
or the Bangladeshi population in Howlander et al.’s study. We strongly believe that our
results can be a valuable source of information about the QOL of COVID-19 survivors
6 months after hospitalisation in the Polish population.
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5. Limitations

Several limitations of this study should be highlighted. Firstly, the study involved a
small group of patients and all patients were treated at a single centre, so the results of
this study should not be generalised. There were more unvaccinated patients in the study
group than there were vaccinated patients, which may have influenced the QOL results
obtained. Another limitation is that the QOL of patients was examined only once after
6 months of hospitalisation, so the data obtained do not describe the long-term status of
patients and make it impossible to compare patients’ status over time. A very important
problem is the lack of SF-36 norms for the Polish population, which makes it impossible
to compare the results obtained to those of the general Polish population. In addition,
conducting the survey by telephone resulted in the elimination of many patients from
the study due to problems with correct contact details, availability or ability to respond.
Finally, a disadvantage of surveying by telephone questionnaire is the inability to verify the
veracity of patients’ answers and the lack of use of objective methods such as laboratory
tests. A multicentre study including more follow-ups over several years would allow a
more complete assessment of the QOL of patients after hospitalisation for COVID-19.

6. Conclusions

Our study showed that people with persistent diseases, such as chronic kidney disease
or diabetes mellitus, had lower quality of life after SARS-CoV-2 infection. Moreover, women
complained about a lower quality of life than that of men. However, people who were
vaccinated for COVID-19 had a lower quality of life than did non-vaccinated people. This
is possibly due to the higher mean age, and probably the higher disease burden, in the
vaccinated group. More research is needed to further investigate this matter.
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Abstract: The coronavirus disease 19 (COVID-19) emergency led to rearrangements of healthcare
systems with a significant impact on those internal medicine departments that had not been converted
to COVID-19 wards. A reduced number of departments, indeed, had to cope with the same number of
patients along with a lack of management of patients’ chronic diseases. We conducted a retrospective
study aimed at examiningthe consequences of the COVID-19 pandemic on internal medicine depart-
ments that were not directly managing COVID-19 patients. Data from 619 patients were collected:
247 subjects hospitalized in 2019 (pre-COVID-19 era), 178 in 2020 (COVID-19 outbreak era) and 194
in 2021 (COVID-19 ongoing era). We found that in 2020 in-hospital mortality was significantly higher
than in 2019 (17.4% vs. 5.3%, p = 0.009) as well as length of in-hospital stay (LOS) (12.7 ± 6.8 vs.
11 ± 6.2, p = 0.04). Finally, we performed a logistic regression analysis of the major determinants
of mortality in the entire study population, which highlighted an association between mortality,
being bedridden (β = 1.4, p = 0.004), respiratory failure (β = 1.5, p = 0.001), glomerular filtration rate
(β = −0.16, p = 0.03) and hospitalization in the COVID-19 outbreak era (β = 1.6, p = 0.005). Our study
highlights how the COVID-19 epidemic may have caused an increase in mortality and LOS even in
patients not directly suffering from this infection.

Keywords: COVID-19; internal medicine departments; in-hospital outcomes; length of in-hospital
stay; in-hospital mortality; sepsis

1. Introduction

The coronavirus disease 19 (COVID-19) pandemic has been an ongoing global emer-
gency since the first case was detected in December 2019; accordingly, from 1 January 2020
to 31 December 2021, a total of 5.94 million COVID-19 deaths were reported worldwide [1]
and seroprevalence studies showed that the real prevalence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection could be 10 times more than recorded [2,3].
This led many governments around the world to modify population lifestyle through social
distancing and lockdown measures to limit the spread of infection. The SARS-CoV-2 pan-
demic led to several devastating effects not only on directly affected patients, but also on
the general population in terms of healthcare, economic and social damage [4]. Regarding
mortality, a recent study published in The Lancet demonstrated that the global all-age rate
of excess deaths related to COVID-19 was 120.3 deaths per 100,000 people [5]. These data
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reflect not only deaths due to COVID-19 alone, but also the mortality indirectly caused
by the SARS-CoV-2 pandemic. Specifically, the COVID-19 emergency led to rearrange-
ments of healthcare systems including a reduction in outpatient visits, an increased use of
telemedicine, a redistribution of healthcare professionals and a different organization of
resources in an emergency setting [6–9]. Among the several arrangements implemented to
tackle this burden, hospital wards of almost all medical and surgical specialties were closed
or converted into wards for the sub-intensive care of COVID-19 patients, and in many
cases entire hospitals were converted into COVID-19 hospitals. Moreover, the number of
emergency hospital admissions significantly dropped during the COVID-19 epidemic, with
the exception of admissions for falls and fragility fractures that continued at comparable
rates [10]. These indirectly COVID-19-related changes were the result of a variety of factors,
including societal disruptions, psychological disorders in families of patients severely
affected by COVID-19, decreased social interaction, which mitigated the transmission of
endemic pathogens, and diminished air pollution [11]. The COVID-19 pandemic had signif-
icant indirect effects on the elderly population, including social isolation, malnutrition, and
physical inactivity, with a consequent negative impact on their mobility and respiratory
function, which provoked a frailty condition [12].

The above-mentioned changes had a significant impact on internal medicine depart-
ments that had not been converted to COVID-19 wards. A reduced number of departments
had to cope with the same number of patients as before the pandemic and also with a lack
of management of patients’ chronic diseases, which had a negative influence on the acute
events for which they were admitted. Furthermore, this situation led to increased pressure
on internal medicine departments from emergency departments (EDs) due to a lack of
beds [13,14].

Based on these considerations, we conducted a retrospective study, which aimed
to examine the indirect consequences of the COVID-19 pandemic on internal medicine
departments that were not directly managing SARS-CoV-2 patients. In particular, we
examined different clinical outcomes during these period to investigate whether COVID-19
influenced the morbidity and mortality of non-SARS-CoV-2 infected patients and whether,
after more than one year since the beginning of the pandemic, these data underwent
modifications.

2. Materials and Methods

2.1. Patients and Calculations

We collected clinical-pathological data from the medical records of patients hospital-
ized in two internal medicine departments of Catania (Azienda Ospedaliera di Alta Spe-
cializzazione Garibaldi Nesima, and Azienda Ospedaliera Universitaria—Policlinico/San
Marco Gaspare Rodolico) from September to November in the years 2019, 2020 and 2021.
These data were collected to obtain a retrospective evaluation of the clinical characteristics
of patients hospitalized in internal medicine departments in the pre-COVID-19 (2019),
COVID-19 outbreak (2020), and COVID-19 ongoing (2021) eras. According to hospital
protocol, all the patients underwent a double negative PCR swab test for SARS-CoV-2
before admission to exclude the possibility of SARS-CoV-2 infection. Moreover, in patients
with radiological or clinical elements suspected to be COVID-19, research using a PCR to
detect SARS-CoV-2 from a sample of bronchus alveolar lavage was performed.

The data included: (1) age, gender, comorbidities (hypertension, diabetes mellitus,
chronic heart failure, chronic kidney disease, previous myocardial infarction, previous
stroke, chronic obstructive pulmonary disease [COPD], chronic liver diseases, solid tu-
mors, onco-hematological diseases, and being bedridden), home-therapy drugs; (2) the
department from which the patient was transferred to the internal medicine department;
(3) clinical events that occurred during hospitalization (death, length of in-hospital stay
[LOS], diagnosis of sepsis, the need for blood transfusion, multidrug-resistant [MDR] germ
isolation, and respiratory failure); (3) clinical and biochemical characteristics of the patients
on admission to internal medicine departments (systolic, diastolic and mean blood pressure
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[SBP, DBP and MBP], fasting glucose, creatinine, estimated glomerular filtration rate [eGFR],
total cholesterol, high-density lipoprotein cholesterol [HDL], low-density lipoprotein choles-
terol [LDL], triglycerides, total proteins, albumin, aspartate aminotransferase [AST], alanine
aminotransferase [ALT], N-terminal pro-brain natriuretic peptide [NT-proBNP], procalci-
tonin, high-sensitivity C-reactive protein [hs-CRP], erythrocyte sedimentation rate [ESR],
complete blood count, hemoglobin, hematocrit, international normalized ratio [INR], and
venous thromboembolism [VTE] risk).

We considered the high/low cut-off of NT-proBNP, procalcitonin, AST, ALT and hs-
CRP according to upper laboratory limits as follows: NT-proBNP, 260 pg/mL; procalcitonin,
0.5 μg/L; AST, 34 UI/L; ALT, 55 UI/L; hs-CRP, 0.5 mg/dL.

eGFR was assessed using the chronic kidney disease epidemiology collaboration
(CKD-EPI) equation [15]; and VTE risk was estimated using the Padua score [16].

2.2. Statistical Analysis

Statistical comparisons of clinical and biomedical parameters were performed using
Stat View 6.0 for Windows. Data are given as means SD or median (IQR). Each variable’s
distributional characteristics including normality were assessed using the Kolmogorov–
Smirnov test. Statistical analysis included ANOVA for continuous variables and the
chi-square test for non-continuous variables. A p-value less than 0.05 was considered statis-
tically significant. When necessary, numerical variables were logarithmically transformed
to reduce skewness, and values are expressed as median and interquartile range.

Furthermore, a logistic regression analysis using a stepwise approach was performed
to investigate the association of clinical and biochemical variables with in-hospital mortality.
This analysis was performed for each group (pre-COVID-19 era, COVID-19 outbreak era
and post-COVID-19 era) separately and also considering the entire population.

2.3. Ethics

This retrospective study was approved by the Ethical Board of Catania 2 (N◦ prot.
370/2021). All procedures performed in studies involving human participants were in
accordance with the ethical standards of institutional and/or national research committees
and with the Declaration of Helsinki. The requirement for informed consent was waived
because of the retrospective design of the data collection.

3. Results

Data from 619 patients were collected: 247 subjects were hospitalized in 2019 (pre-
COVID-19 era), 178 in 2020 (COVID-19 outbreak era) and 194 in 2021 (COVID-19 ongoing
era).

The clinical characteristics of the subjects are presented in Table 1 and the biochemical
parameters at admission to the internal medicine departments are shown in Table 2.

3.1. Comparison between COVID-19 Outbreak Era, Pre-COVID-19 Era, and COVID-19
Ongoing Era

No differences were found regarding age, number of bedridden patients, number
of home-therapy drugs, SBP, DBP or MBP between the COVID-19 outbreak era (2020)
and the pre-COVID-19 era (2019) patients. In the COVID-19 outbreak era, patients were
mainly admitted from the ED short stay unit (SSU) (58.4%), whereas in 2019, patients were
admitted directly from the ED (60.7%). Furthermore, the number of elective admissions
was significantly lower in 2020 than in 2019 (1.7% vs. 9.3%, p = 0.001) and the number of
patients transferred from other departments was significantly higher (19.7% in 2020 vs.
0.8% in 2019, p < 0.001). The percentage of subjects with chronic kidney disease (CKD)
was significantly higher in 2020 than in 2019 (26.4% vs. 13.4% respectively; p < 0.001) and
the Padua score was higher in 2020 than in 2019 (3.74 ± 1.95 vs. 3.14 ± 1.8 respectively,
p = 0.006) (Table 1).
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In the COVID-19 outbreak era, patients showed a significantly lower eGFR than in the
pre-COVID-19 era (69.8 ± 34.6 vs. 82.7 ± 31.2 mL/min/1.63 m2, p = 0.001) and INR was
higher without reaching statistical significance (1.3 ± 0.5 vs. 1.2 ± 0.33, p = 0.12) (Table 2).

Table 1. Clinical characteristics of the study population.

Pre-COVID-19
Era (2019)
(n = 247)

COVID-19 Outbreak Era
(2020) (n = 178)

COVID-19
Ongoing Era (2021)

(n = 194)

Age—years 65 ± 18.3 67.6 ± 17.8 68.6 ± 16.2
Sex—female n. (%) 120 (48.6%) 58 (32.6%) * 82 (42.3%)
DEPARTMENT OF PROVENANCE—n. (%)

Emergency department 150 (60.7%) 36 (20.2%) * 35 (18.2%) *
ED SSU 72 (29.1%) 104 (58.4%) * 143 (73.7%) *
Elective admissions 23 (9.3%) 3 (1.7%) * 0 (0%) *
Transferred from other departments 2 (0.8%) 35 (19.7%) * 16 (8.1%)

Bedridden subjects—n. (%) 67 (27.3%) 65 (36.5%) 67 (34.5%)
COMORBIDITIES—n. (%)

Hypertension 138 (55.9%) 107 (60.1%) 114 (58.8%)
Myocardial infarction history 38 (15.4%) 27 (15.2%) 30 (15.4%)
Chronic heart failure 48 (19.4%) 31 (17.4%) 68 (35.1%) * †
COPD 56 (22.7%) 37 (20.8%) 41 (21.1%)
Chronic liver diseases 28 (11.3%) 27 (15.1%) 22 (11.3%)
Diabetes mellitus 86 (34.8%) 53 (29.8%) 57 (29.4%)
CKD 33 (13.4%) 47 (26.4%) * 43 (22.2%)
Solid tumors 67 (27.1%) 47 (26.4%) 43 (22.2%)
Onco-hematological diseases 28 (11.3%) 16 (9.0%) 21 (10.8%)

Number of drugs in home-therapy 5.7 ± 4 5.7 ± 4 5.8 ± 4
VTE risk (Padua Score) 3.14 ± 1.8 3.74 ± 1.95 * 3.53 ± 1.63
SBP—mmHg 122.9 ± 17.1 127.0 ± 21.3 128.3 ± 20.1 *
DBP—mmHg 70.1 ± 10.6 71.1 ± 10.9 74.7 ± 11.1 * †
MBP—mmHg 87.1 ± 13.4 89.9 ± 13.2 92.5 ± 12.6 *

Data are presented as percentage or mean ± SD. ED SSU: emergency department short stay unit; COPD: chronic
obstructive pulmonary disease; CKD: chronic kidney disease; VTE: venous thromboembolism; SBP: systolic blood
pressure; DBP: diastolic blood pressure; MBP: mean blood pressure. * p < 0.05 vs. 2019; † p < 0.05 vs. 2020.

Table 2. Blood test parameters at admission to internal medicine departments.

Pre-COVID-19 Era (2019)
(n = 247)

COVID-19 Outbreak Era
(2020)

(n = 178)

COVID-19 Ongoing Era
(2021)

(n = 194)

Fasting glucose—mg/dL 110.14 ± 47 114.87 ± 53.9 102.35 ± 53.4
Urea—mg/dL 47.83 ± 32.9 63 ± 53.5 * 49.73 ± 40.6 †
Creatinine—mg/dL 1 ± 1.05 1.43 ± 1.56 * 1.35 ± 1.78
eGFR—mL/min/1.73 m2 82.7 ± 31.2 69.8 ± 34.6 * 75.7 ± 33.5
Albumin—g/dL 3.15 ± 0.6 3.07 ± 0.6 3.4 ± 2.9
Total bilirubin—mg/dL 1.29 ± 2.14 1.26 ± 2.02 1.92 ± 4.02
AST > 34 UI/L—n. (%) 68 (27.5%) 52 (29.2%) 64 (33.0%)
ALT > 55 UI/L—n. (%) 30 (12.1%) 30 (16.8%) 41 (21.1%)
NT-proBNP > 260 pg/mL—n. (%) 35 (14.2%) 39 (21.9%) 68 (35.0%) *
ESR—mm 59.96 ± 34 55.53 ± 31.72 70.97 ± 115.94
hs-CRP > 0.5 mg/dL—n. (%) 212 (85.8%) 151 (84.8%) 161 (83.0%)
Procalcitonin > 0.5 μg/L—n. (%) 35 (14.2%) 44 (24.7%) * 51 (26.3%) *
HB—g/dL 11.14 ± 3.25 10.94 ± 2.06 10.62 ± 2.29
INR 1.2 ± 0.33 1.3 ± 0.5 * 1.27 ± 0.4

Data are presented as percentage or mean ± SD. eGFR: estimated glomerular filtration rate; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; NT-proBNP: N-terminal pro-brain natriuretic peptide; ESR:
erythrocyte sedimentation rate; hs-CRP: high-sensitivity C-reactive protein; HB: hemoglobin; INR: international
normalized ratio. * p < 0.05 vs. 2019; † p < 0.05 vs. 2020.
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In 2020, in-hospital mortality was significantly higher (17.4% vs. 5.3%, p = 0.009). In
particular, the major cause of death in 2020 was sepsis (47%). Moreover, the LOS was higher
in 2020 than in 2019 (respectively, 12.7 ± 6.8 vs. 11.0 ± 6.2, p = 0.04), as well as the number
of patients who underwent blood transfusion (respectively, 24.7% vs. 16.6%, p = 0.04) and
the number of sepsis diagnoses (respectively, 27.5% vs. 19.4%, p = 0.04). On the contrary,
no differences regarding multidrug-resistant germ isolations were found (Table 3).

Table 3. In-hospital outcomes.

Pre-COVID-19 Era (2019)
(n = 247)

COVID-19 Outbreak Era
(2020)

(n = 178)

COVID-19 Ongoing Era
(2021)

(n = 194)

TYPE OF DISCHARGE—n. (%)
Home discharge 196 (79.3%) 109 (61.2%) * 142 (73.2%) †
Nursing home discharge 16 (6.5%) 16 (9.0%) 16 (8.2%)
Death 13 (5.3%) 31 (17.4%) * 14 (7.2%) * †
Transfer to another department 22 (8.9%) 21 (11.8%) 20 (10.3%)
Voluntary discharge 0 (0%) 1 (0.6%) 2 (1.0%)

Length of in-hospital stay (days) 11 ± 6.2 12.7 ± 6.8 * 11.10 ± 6.64
Blood transfusions—n. (%) 41 (16.6%) 44 (24.7%) * 31 (16.0%) †
Diagnosis of sepsis—n. (%) 48 (19.4%) 49 (27.5%) * 54 (27.8%) *
MDR germs isolation—n. (%) 33 (13.4%) 33 (18.5%) 45 (23.2%) *
Respiratory failure—n. (%) 43 (17.4%) 44 (24.7%) 35 (18.0%)

Data are presented as percentage or mean ± SD. MDR: multidrug resistant. * p < 0.05 vs. 2019; † p < 0.05 vs. 2020.

In the comparison between the COVID 19 ongoing era (2021) and the COVID-19
outbreak (2020) and pre-COVID 19 eras (2019), we did not find differences regarding
age, bedridden patients, or the number of home-therapy drugs. As regards sex and
VTE risk data, 2021 was closer to 2020 (42.3% of female patients and a Padua score of
3.53 ± 1.63), but SBP was significantly higher in the post-COVID-19 era than in the pre-
COVID-19 era (128.3 ± 20.1 vs. 122.9 ±17.1 mmHg, p = 0.03) as well as MBP (92.5 ± 12.6
vs. 87.1 ± 13.4 mmHg, p = 0.002). The percentage of patients transferred from the ED SSU
was significantly higher in 2021 than in 2019 (73.7% vs. 29.1%, p < 0.001) and the number of
elective admissions was lower (0% vs. 9.3%, p < 0.001) (Table 1).

In 2021, eGFR and INR showed values closer to the pre-COVID-19 era (eGFR 75.7 ± 33.5
vs. 82.7 ± 31.2, INR 1.27 ± 0.4 vs. 1.2 ± 0.33). Furthermore, in 2021, the number of patients
with NT-proBNP > 260 pg/mL was significantly higher than in 2019 (35.0% vs. 14.2%,
p < 0.001) (Table 2).

Moreover, in 2021, we observed a significant reduction in in-hospital mortality and
blood transfusions in comparison to the COVID-19 outbreak era (respectively, 7.2% vs.
17.4%, p = 0.003 and 16.0% vs. 24.7%, p = 0.04), as well as a significant increase in home
discharges (73.2% vs. 61.2%, p = 0.01). However, sepsis was the first cause of death in 2021
(85.7%), with an increase in multidrug-resistant germ isolation (23.2% 2021 vs. 13.4% 2019,
p = 0.007). As regards LOS, there was a decrease in comparison to the COVID-19 outbreak
era; however, values did not reach statistical significance and values were closer to those in
2019 (Table 3).

3.2. Analysis of Major Determinants of In-Hospital Mortality in the Study Groups

Subsequently, we performed a logistic regression analysis, which highlighted an associ-
ation between in-hospital mortality, solid tumors (β = 4.5, p = 0.002) and eGFR (β = −0.094,
p = 0.003) in 2019. In 2020, in-hospital mortality was associated with solid tumors (β = 2.98,
p = 0.005) and respiratory failure (β = 3.23, p = 0.001). In 2021, we highlighted an association
between in-hospital mortality, respiratory failure (β = 3.1, p = 0.01) and serum albumin
(β = −2.8, p = 0.01) (Table 4).
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Table 4. Logistic regression analysis evaluating major determinants of in-hospital mortality in the
three different eras.

Coefficient β p

Pre-COVID-19 era (2019)
Solid tumors 4.5 0.002
eGFR −0.094 0.003

COVID-19 outbreak era (2020)
Solid tumors 2.98 0.005
Respiratory failure 3.23 0.001

COVID-19 ongoing era (2021)
Respiratory failure 3.1 0.01
Serum albumin −2.8 0.01

eGFR: estimated glomerular filtration rate.

Finally, when evaluating the entire study population (Table 5), we found an association
between in-hospital death, being bedridden (β = 1.4, p = 0.004), respiratory failure (β = 1.5,
p = 0.001), eGFR (β = −0.16, p = 0.03) and hospitalization in the COVID-19 outbreak era
(β = 1.6, p = 0.005).

Table 5. Logistic regression analysis evaluating major determinants of in-hospital mortality consider-
ing the entire population.

Coefficient β p

Being bedridden 1.4 0.004
Respiratory failure 1.5 0.001
eGFR −0.16 0.03
Hospitalization in COVID-19 outbreak era (2020) 1.6 0.005

eGFR: estimated glomerular filtration rate.

4. Discussion

In this study, we aimed to investigate the effects of the COVID-19 pandemic on internal
medicine departments not directly involved in the management of patients suffering from
SARS-CoV-2 infection. The principal findings were: (1) mortality and morbidity increased
among patients hospitalized in the COVID-19 era (2020), with a reverse trend the year after
the pandemic outbreak; (2) an increased number of diagnoses of sepsis and increased MDR
germ isolation in 2020 and 2021; (3) the length of in-hospital stay was significantly longer
during 2020. All these results are in line with other studies showing an increase in mortality
in patients admitted to the ED and other specialty units during the pandemic [17–23]. These
findings could be explained by a large decrease in hospitalizations during the pandemic
due to patients’ fear of hospital-acquired infection of COVID-19, especially among the
elderly, and the reduced capacity of healthcare services to provide timely diagnoses and
treatment. Indeed, during this period, the percentage of patients with a diagnosis of
acute coronary syndrome decreased by 40% compared to the same period in 2019 [24],
and hospitalizations for acute stroke decreased by 80% to 50% in some countries [25].
Furthermore, the number of newly diagnosed cancer patients decreased by 46.5% [26]. As
regards hospitalizations, the outpatient volume for all diseases decreased by approximately
60% across the United States [27]. The number of outpatient visits for bronchitis decreased
by 76.79%, pneumonia by 71.03%, and acute upper respiratory infection by 56.87% in 2020,
compared to the same data observed in 2019 [28]. In addition, Piccolo et al. found that
in Campania, Italy, the COVID-19 outbreak was linked to a reduction in percutaneous
coronary intervention, and the authors speculate that a possible explanation could be the
underestimation of chest pain by patients due to a fear of contracting SARS-CoV-2 infection
if they had been to hospital [29]. Furthermore, access to telemedicine was difficult for
elderly patients, who often have lower IT skills [30]. Consequently, a delay in seeking
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medical care led to more critically ill patients being admitted during the pandemic and
worse in-hospital outcomes. For instance, our study showed that patients hospitalized
during the pandemic had worse kidney function, which is an independent predictor of
all-cause mortality [31–33]. In addition, patients hospitalized in 2020 more frequently had
an altered coagulation state, with an increase in INR and higher Padua score, which are both
associated with higher in-hospital morbidity and mortality, as previously reported [34–37].
Moreover, among our patients, a significantly higher incidence of sepsis and chronic
renal failure emerged, and sepsis was associated with an increase in multidrug-resistant
germ infections [38,39]. In agreement with the literature, our study confirms a strong
association between in-hospital mortality, eGFR, being bedridden and the presence of
respiratory failure in the logistic regression analysis. Given the strong association between
mortality and respiratory failure, an increase in mortality due to unrecognized SARS-CoV-2
infections could be hypothesized; however, all patients examined had a double negative
SARS-CoV-2 nasopharyngeal molecular swab at the time of admission to the internal
medicine departments and in patients still suspected of having COVID-19 for radiological
and clinical reasons, research using a PCR for SARS-CoV-2 on a sample from bronchus
alveolar lavage was performed, according to hospital protocols (see Materials and Methods
section). Thus, this hypothesis appears unlikely. Analyzing the causes of death, it is
interesting to note that the main cause of in-hospital mortality in the COVID-19 outbreak
era was sepsis (47% of the causes of death).

Our study demonstrated an increase in LOS in internal medicine departments in
the COVID-19 outbreak era. These data are in disagreement with the findings of studies
conducted in ultra-specialized departments such as cardiology [20], neurology, and oncol-
ogy [22]. In these studies, a shorter LOS was found, assuming a more effective management
of patients thanks to a reduction in non-urgent services. However, internal medicine depart-
ments mainly manage ‘urgent hospitalizations’ and not ‘elective hospitalizations’, thus they
hardly benefit from a reduction in outpatient activities. On the contrary, internal medicine
patients are complex, suffering from multiple comorbidities and often malnourished [40].
The management of these patients failed due to a reduction in chronic disease assistance
during the COVID-19 outbreak era. This fact has a negative impact on internal medicine
specialists who often have to deal with both acute and chronic diseases with their home
therapies, which, whether properly managed or not, lead to early hospital readmission.
Indeed, our study found a higher prevalence of congestive heart failure and higher blood
pressure values among hospitalized patients during 2021 than in previous years.

In light of the differences reported between the three years considered in terms of
hospital outcomes, we do believe that some strategies could be embraced in order to
reduce healthcare-associated infections and avoid worse outcomes. We suggest using
web-based tools and learning from the scientific literature so that member hospitals can
compare their performance to the best performers and identify strategies for improvement.
Moreover, we recommend having multidisciplinary teams in order to ensure better medical
management. We should consider telemedicine to enhance the quality of medical services
and to coordinate emergency systems. Remote patient monitoring with the transmission of
physiological data from a home setting, could be particularly useful for chronic conditions
such as diabetes or hypertension [41]. Telehealth has a lot of advantages, especially during
an infectious disease outbreak. However, it requires a change in medical training across
all specialties [42]. Eventually, given that the leading cause of death in internal medicine
departments is sepsis, we could create our own sepsis protocol for identifying patients at
risk. This could allow clinicians to identify and treat patients early. This study has some
strengths. To the best of our knowledge, this is the first study to evaluate the impact of
the COVID-19 pandemic on clinical outcomes in a specific clinical setting such as internal
medicine departments not directly involved in the pandemic emergency. Our findings
provide a new perspective for targeting vulnerable patients and helping to make healthcare
decisions after the epidemic subsides or before the next wave hits. Lastly, this study is
one of the few that has evaluated the change in LOS over the pandemic period in patients
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with different medical conditions. However, there are some limitations. Firstly, this is an
observational study that might not deduce the causal effects of the COVID-19 pandemic in
different waves on in-hospital mortality and LOS. However, because of the small differences
in the prevalence of comorbidities among the three years, increased in-hospital mortality
and decreased LOS in the year 2020 are likely attributable to the COVID-19 pandemic.
Secondly, our data could show some heterogeneity due to dicentric collection.

5. Conclusions

In conclusion, our study highlights how the COVID-19 pandemic caused an increase
in mortality, incidence of sepsis and LOS even in patients not directly suffering from SARS-
CoV-2 infection. However, it seems reassuring to note that, just over a year after the onset
of the pandemic, the data regarding in-hospital mortality, renal function and coagulation
state showed a clear reverse trend. On the other hand, the data concerning an increased
prevalence and worse control of chronic diseases at a territorial level such as congestive
heart failure and hypertension should be considered as a warning sign. Thus, it could
be advisable to have a multidisciplinary approach integrated with telemedicine to ensure
better medical management of chronic diseases and avoid worse in-hospital outcomes.
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Abstract: Aim: Since beds are unavailable, we prospectively investigated whether early hospital
discharge will be safe and useful in patients hospitalized for COVID-19, regardless of their need for
home oxygen therapy. Population and Methods: Extending the initial inclusion criteria, 62 patients
were included and 51 benefited from home telemonitoring, mainly assessing clinical parameters
(blood pressure, heart rate, respiratory rate, dyspnea, temperature) and peripheral saturation (SpO2)
at follow-up. Results: 47% of the patients were older than 65 years; 63% needed home oxygen
therapy and/or presented with more than one comorbidity. At home, the mean time to dyspnea
and tachypnea resolutions ranged from 21 to 24 days. The mean oxygen-weaning duration was
13.3 ± 10.4 days, and the mean SpO2 was 95.7 ± 1.6%. The nurses and/or doctors managed 1238 alerts.
Two re-hospitalizations were required, related to transient chest pain or pulmonary embolism, but no
death occurred. Patient satisfaction was good, and 743 potential days of hospitalization were saved
for other patients. Conclusion: The remote monitoring of vital parameters and symptoms is safe,
allowing for early hospital discharge in patients hospitalized for COVID-19, whether or not home
oxygen therapy was required. Oxygen tapering outside the hospital allowed for a greater reduction
in hospital stay. Randomized controlled trials are necessary to confirm this beneficial effect.

Keywords: COVID-19; sanitary crisis; home-telemonitoring; artificial intelligence; remote monitoring;
early hospital discharge

1. Introduction

The COVID-19 pandemic affected many patients worldwide, leading to millions
of deaths and even more patients suffering greatly from long-COVID or post-COVID
conditions. Globally, at the beginning of May 2023, there were 765,222,932 confirmed
cases of COVID-19, including 6,921,614 deaths, reported to the WHO [1]. However, nearly
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20 million persons might have died worldwide due to COVID-19, 5–15% of whom needed
hospitalization. Further, approximately 10% of COVID-19 patients might demonstrate
long-lasting symptoms, some of them until two years after the initial viral infection, which
significantly limits both quality of life and ability to return to work [2–5]. This viral infection
is not yet totally under control and rebounds, likely related to other variants, might result in
care facilities becoming congested again, causing further harm to the population. Thus, even
if Omicrons variants are generally less severe than the first variant, healthcare systems may
be overwhelmed, particularly in countries with low population immunity [6]. Recently, in
France, we still observed 422,226 contaminations by COVID-19 in March and April 2023 [1].

In October 2020, we observed, for the second time in France, an accelerated deteri-
oration in COVID epidemic indicators, with many patients hospitalized for COVID-19
every day. The national 7-day incidence rate was above 430 per 100,000 inhabitants (Public
Health France). To limit viral transmission in all territories, and thus reduce the impact on
the hospital capacity as quickly as possible, the French government decided to take drastic
measures, including a population lock-down. Nevertheless, it was necessary to adapt our
healthcare system to avoid overflows in critical care hospitalization capacity and preserve
conventional hospitalization capacity. Indeed, this is a major issue in the case of severe
forms requiring hospitalization [7].

Spare hospital bed vacancies might be obtained by strengthening the link between
conventional hospitalization and community medicine, aiming to allow for selected patients
to be discharged from hospital earlier. Retrospectives studies have supported the potential
usefulness of telemonitoring and telemedicine in COVID-19 patients, allowing for an early
return home [8–10].

To this end, a national strategy for facilitated and adapted post-hospital care was
implemented within the framework of a coordinated care pathway. We regionally devel-
oped TELECOVID-RAD, which is an innovative telemonitoring system set up to favor
an early return home for patients hospitalized in the Strasbourg University Hospital for
SARS-CoV-2, whether or not oxygen therapy was required. This solution, part of the health-
care pathway, re-enforced the city–hospital link to facilitate the hospitalization/discharge
process. This offered healthcare providers the opportunity to closely monitor symptoms
and vital parameters of COVID-19 patients in their own homes.

The aim of this prospective and descriptive study was to evaluate a newly created
telemonitoring coordinated-care pathway in the setting of the COVID-19 pandemic’s resur-
gence. We investigated whether patients requiring home oxygen therapy might also safely
benefit from an early hospital discharge, as presumed in patients not requiring oxygen [11],
and whether this can reduce the duration of hospitalization without readmission, facil-
itating a faster turn-over of beds and thus providing the possibility of other patients
being hospitalized.

2. Population and Methods

2.1. Population and Study Design
2.1.1. Patients’ Inclusion and Exclusion Criteria

Patients presenting with COVID-19 RT-PCR-confirmed infection and oxygen satura-
tion below 93% on ambient air, whether or not this was associated with major dyspnea,
who were hospitalized in the University Strasbourg Hospital, France, from November 2020
to August 2021, were proposed for participation in this prospective study. All patients
gave their informed consent, and the study was approved by the ethics committee of the
University of Strasbourg (CE-2022-61, 2 October 2022).

For all patients, inclusion criteria related either to their environment or to their clinical
characteristics. Thus, a fixed and sanitary home less than 30 min from the referral health
care institution with a nearby emergency structure and the possibility to isolate in a single
room, together with the presence of a third party 24 h a day/7 days a week with reliable
telephone access, were mandatory. For patients still requiring oxygen at home, specific
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inclusion criteria were autonomy (Katz ADL > 3/6) and oxygen requirement < 4 L/min
(nasal cannula or mask) to maintain pulsed oxygen saturation (SpO2) > 92% at rest.

The French High Heath authority (HAS) initially stated that patients needing home
oxygen therapy and presenting with one major or more than one minor exclusion criteria
should not be included in home telemonitoring. The major exclusion criteria were refusal
of the patient, his entourage or his attending physician, absence of inclusion criteria, desta-
bilized chronic pathologies, cancer under chemotherapy, congenital or acquired immune-
depression, solid organ malignancy, hematopoietic stem cell transplantation related to
a hematological malignancy under treatment, decompensated cirrhosis, neurological or
neurovascular disease that may impair respiratory function, morbid obesity (body mass
index-BMI ≥ 40 kg/m2), suspicion of pulmonary embolism or pulmonary embolism not
excluded (positive clinical and D-dimer arguments), or confirmed pregnancy regardless
of term.

Minor exclusion criteria were numerous: >70 years old, severe cardiovascular patholo-
gies (arterial hypertension with polytherapy, history of stroke or coronary artery disease,
heart surgery, heart failure), balanced diabetes, chronic respiratory pathology, cancer con-
trolled under treatment including radiotherapy < 6 months, no decompensated cirrhosis,
moderate to severe obesity (body mass index (BMI) ≥ 30 and <40 kg/m2). These criteria
were designed to encourage patients with the highest risk of severe forms to stay in hospital
rather than return home early. Nevertheless, as part of a doctor–patient shared decision,
home oxygen therapy was considered regardless of age (HAS 9 November 2020). Further,
in view of the numerous comorbidities present in severe forms of COVID-19, we also
proposed home telemonitoring to stabilized patients with more than one minor exclusion
criteria, considering their specific health status and environmental context.

The medical team decided on early discharge based on significant clinical improve-
ments in patients, and the stability of this amelioration over time.

2.1.2. Telemonitoring Establishment

At least 24 h before the patient’s hospital discharge, after obtaining informed con-
sent, the attending hospital physician notified the family doctor and the regional care-
coordination platform (regional support platform (PRAG)). The platform was then respon-
sible for coordinating care at home with the patient’s healthcare professionals (general
practitioner (GP), nurses, physiotherapists, and pharmacists if oxygen therapy was re-
quired), as well as the provider of the remote monitoring equipment.

A technician from the remote monitoring solution came to the patient’s home on the
day of discharge from hospital to install remote monitoring devices (connected devices such
as an oximeter, blood pressure monitor and tablet, approved for medical use in Europe).
The patient, a caregiver, and the nurse were trained in their use and if there was no WIFI at
home, a substitute solution using a 4G key was provided (Figure 1).

Figure 1. Telemonitoring organization. GP: general practitioner; Healthcare profess.: healthcare
professional; PRAG: healthcare regional support platform.
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Home care of patients started in the immediate aftermath of hospitalization for 7 days
(extendable according to the advice of the attending physician). The nurse received alerts at
the patient’s bedside via the tablet present in the home, or remotely on his/her smartphone
when a relative took measurements. The nurse called the attending physician (GP) in case
of an alert.

The telemonitoring care pathway ended when patients no longer needed home moni-
toring because symptoms sufficiently improved or oxygen weaned, or if patients needed
admission to the hospital.

2.1.3. Parameters Determined and Alerts Settings

Patients on oxygen therapy measured the following parameters three times a day:
respiratory rate, heart rate, temperature, systolic and diastolic blood pressures, and SpO2.
Patients without oxygen therapy performed these measurements once a day. Connected
sensors allowed for the telemonitoring of blood pressure and oxygen saturation, and
questionnaires on symptoms (dyspnea using NYHA scale, presence or absence of chest
pain, shivers) were filled in daily on the tablet by the patient or his caregiver.

The artificial intelligence platform considered all the parameters to allow for an
analysis and trigger eventual alerts. Alerts were color-coded as green (low risk), orange
(intermediate risk) or red (high risk), and then automatically sent to the smartphone of the
patient’s doctor and nurse each day (Figure 2).

 
Figure 2. Clinical signs and SpO2 rating for the generation of alerts. One green alert combined with
one orange alert generates an orange global alert; two orange alerts generate a red global alert; one
red alert combined with one orange alert generates a red global alert; two red alerts generate a red
global alert.

2.1.4. Patient’s Satisfaction Evaluation

To further determine the usefulness of the remote monitoring of COVID-19 patients,
we evaluated patient satisfaction using a questionnaire with three simple key questions.
Patients quantified whether they found the device simple to use, whether they felt safe, and
whether the care coordination was satisfying on a scale ranging from 1 to 5, with 1 being
the lowest and 5 being the highest satisfaction. Data are presented as the mean value.

2.2. Statistical Analysis

Qualitative data were described with frequency (%) and quantitative data, with the
mean (SD) or median [Q1–Q3]. Kaplan–Meier estimators were used to evaluate time to
resolution of dyspnea and tachypnea. Categorical data were compared with the chi2 test
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with no continuity correction. Quantitative data were compared with t-test. The level of
significance was set at 0.05. All computations were carried out with R 4.2.2.

3. Results

3.1. Flow Chart of the Study

Of the 1834 patients hospitalized in our institution for COVID-19 from November 2020
to August 2021, 62 were included by the regional support platform (PRAG) and 51 were
home telemonitored after hospital discharge with My Predi® (Predimed Technology,
667300 Schiltigheim, France) solution. Eleven patients discontinued treatment, mainly
due to refusal to continue upon arriving home, or because caregivers were not sufficiently
available. Among these 51 patients, 32 (63%) were still receiving nasal oxygen at hospital
discharge (Figure 3).

Figure 3. Flow chart of the study.

3.2. Patients’ Clinical Characteristics, Main Risk Factors, Comorbidities and Symtoms

The mean age of the patients was 65 years, and 2 (4%), 25 (49%) and 24 (47%) of them
were below 45, between 45 and 65 and older than 65 years old, respectively. There were
slightly more men than women (55% versus 45%), and mean BMI was 28.6 kg/m2, ranging
from 16.9 to 41.7. Fourteen (27.5%) patients were obese with a BMI > 30 kg/m2.

The main risk factors and co-morbidities were hypertension (55%), diabetes mellitus
(29%), and obesity (27%). Ninety-eight percent of the patients presented with comorbidities,
and 63% of them presented with more than one minor comorbidity (Table 1). Charlson’s
indice of comorbidities was 4.2 (±2.7), despite the absence of active neoplasia in our popu-
lation (exclusion criteria). Thirty-three percent of the patients were transiently hospitalized
in a critical care unit upon their arrival at hospital.
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Table 1. COVID-19 patients’ clinical characteristics, risk factors, comorbidities and symptoms.

Total
Population

(n = 51)

Patients with
Oxygen
(n = 32)

Patients without
Oxygen
(n = 19)

p-Value

Clinical
characteristics

Age, years
Mean (±SD) 64.9 (±14) 65.5 (±15) 63.9 (±12) 0.677

Male, n (%) 28 (55%) 16 (50%) 12 (63%)
0.361

Female, n (%) 23 (45%) 16 (50%) 7 (37%)

BMI, kg/m2

Mean (±SD)
28.6 (±5) 27.2 (±5) 30.9 (±5) 0.009

Main risk factors
and comorbidities

Hypertension, n (%) 28 (55%) 17 (53%) 11 (58%) 0.741

Diabetes, n (%) 15 (29%) 7 (22%) 8 (42%) 0.125

Obesity, n (%) 14 (27%) 7 (22%) 7 (58%) 0.247

Coronaropathy, n (%) 9 (18%) 6 (19%) 3 (16%) 0.789 *

Active smoking, n (%) 8 (16%) 5 (16%) 3 (16%) 0.988 *

Asthma, n (%) 4 (8%) 1 (3%) 3 (16%) 0.190 *

Chronic obstructive
pulmonary disease, n (%) 1 (2%) 0 (0%) 1 (5%) 0.104 *

Symptoms

Dyspnea, n (%) 43 (84) 28 (88) 15 (79) 0.417

Weakness, n (%) 40 (78) 25 (78) 15 (79) 0.945

Cough n (%) 38 (75) 27 (84) 11 (58) 0.036

Digestive troubles, n (%) 20 (39) 14 (44) 6 (32) 0.389

Anorexia, n (%) 15 (29) 10 (31) 5 (26) 0.708

Myalgias, n (%) 12 (24) 8 (25) 4 (21) 0.748

Headache, n (%) 9 (18) 7 (22) 2 (11) 0.304

Anosmia/dysgeusia, n (%) 6 (12) 3 (9) 3 (16) 0.492

Thoracic pain, n (%) 4 (8) 2 (6) 2 (11) 0.583

All tests: chi2 test with no continuity correction. *: Fisher exact test gave the same conclusion as to significance.

3.3. Patients’ Evolution at Home
3.3.1. Need for Re-Hospitalization

In our cohort, two patients (4%) were re-admitted to the hospital on day 15 after
discharge. One, related to chest pain occurrence, resumed spontaneously, and no cause
was found. This patient was discharged from hospital on the same day as readmission.
The second patient presented with a pulmonary embolism detected by the platform during
home telemonitoring and was re-hospitalized with a favorable clinical evolution. No
other significant deleterious situations occurred and no death occurred within 30 days of
hospital discharge.

3.3.2. Evolution of Clinical Parameters during Home Telemonitoring

As presented in Table 2, temperature and systemic blood pressure, collected in
51 patients, were in the normal range and stable during home telemonitoring. Very few
chests pain or shivering episodes occurred.
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Table 2. Telemonitored clinical and functional signs and alerts.

Temperature and Systemic Blood Pressure First Day Last Day

Temperatures (◦C), mean (±SD) 36.6 (±0.4) 36.6 (±0.5)
BP (mmHg), mean (±SD) Systolic 122 (±15) 125.2 (±17)

Diastolic 76.1 (±13) 79.8 (±14)
Mean 83.5 (±15) 80.9 (±16)

Functional Signs (n = 41)
Chest pain: no/increasing/decreasing, n (%) 36 (88)/2 (5)/2 (5)
Shivers: no/yes, n (%) 40 (98)/1 (2)

Alerts, n (%)
Cumulative: Total/Red/Orange 1238 (100)/722 (58)/505 (41)
Mean per patient: Total/Red/Orange 24.1/14.2/9.9

Cpm: cycle per minute; ◦C: Celsius, mmHg: millimeters of mercury, BP: blood pressure.

The platform raised a total of 1238 alerts, including 722 (58%) red and 505 (41%) orange
alerts. No at-home life-threatening emergencies occurred.

The longest symptoms were dyspnea and tachypnea. The mean time to dyspnea
resolution was 21 ± 1 days and 24 ± 1 days in the entire population and in the patients
discharged with oxygen, respectively (Figure 4A). The mean time to tachypnea resolution
was 23 ± 1 and 24 ± 1 days in the entire population and in the patients discharged with
oxygen, respectively (Figure 4B). Among the 19 patients discharged without oxygen therapy,
no patients needed new oxygen during the home telemonitoring period.
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Figure 4. Kaplan–Meier curves showing the time-course of dyspnea (Panel A) and tachypnea
(Panel B) resolutions in patients requiring home oxygen therapy. Blue lines show the fraction of
patients still presenting dyspnea (A) and/or tachypnea (B) over time and the black lines indicates the
95% confidence interval of time to symptom resolution.

3.3.3. Oxygen Therapy Evolution during Home Telemonitoring

The data concerning oxygen therapy are presented in Table 3.
Mean oxygen output at hospital discharge and during home telemonitoring was below

2 L/min. Mean SpO2 during home telemonitoring was 95.7 ± 1.6%.
For all patients weaned from oxygen at home, mean and median oxygen weaning

durations were 13.3 ± 10.4 days and 9.5 (1–41) respectively. The cumulative total of days
required for oxygen weaning (duration +1 day) was 430 days.
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Table 3. Oxygen therapy evolution during home telemonitoring.

Patients with Oxygen
n = 32

Oxygen output (L/min) at hospital discharge
mean (±SD) 1.9 (±0.7)

Mean oxygen output (L/min) during home
telemonitoring

mean (±SD)
1.6 (±0.7)

Oxygen weaning achievement
n (%) 32 (100%)

Oxygen weaning duration, in days
mean (±SD) 13.3 (±10.4)

Oxygen weaning cumulative days 430

3.3.4. Patients Satisfaction Evaluation

Thirty-six patients filled out the questionnaire and their assessment of the device’s
simplicity to use, their feeling of safety and their satisfaction with the care coordination
team was 3.7, 3.6, and 3.8/5.

3.3.5. Number of Saved Hospital Days Due to Telemonitoring

The mean duration of telemonitoring was 9.2 ± 3.5 and 17.8 ± 13.7 in patients without
and with home oxygen therapy, respectively. This corresponds to 743 hospital days being
saved due to telemonitoring; with most of these (568 days) being related to patients needing
oxygen therapy.

4. Discussion

The main results of this prospective study demonstrate the safety of an early return
home of patients hospitalized for COVID-19. Although patients older than 65 years, those
presenting with comorbidities, and/or those requiring oxygen therapy were included,
no deaths and only two readmissions occurred within the 30 days following hospital
discharge. Further, 743 potential days of hospitalization were saved for other patients, with
the majority being related to the early return home of patients still under oxygen.

4.1. Feasibility of Early Return Home in Patients Hospitalized for COVID-19

At the time of the study, doubts were raised concerning the feasibility of an early
return home in patients hospitalized for COVID-19. Fears of aggravation were particularly
strong when oxygen therapy was mandatory. Accordingly, although the need for beds
was high in view of the exploding pandemic, restrictive inclusion criteria were proposed
to select patients for whom early hospital discharge might be proposed. The aim was to
limit the risk of re-admission to hospital, potentially due to an emergency. Thus, initially,
the inclusion criteria set by the high health authority (HAS) were quite strict, and a single
major criterion or more than one minor criteria excluded patients from this early return
home protocol.

These HAS recommendations define good practices, whose purpose is to guide health-
care professionals in designing and implementing the most appropriate preventive, diag-
nostic or therapeutic care strategies on the basis of proven medical knowledge at the date
of their publication [12]. Accordingly, these recommendations evolve with improvements
in knowledge.

Although comorbidities likely aggravate COVID-19 patiens’ prognosis [13], in view of
our population characteristics, we decided to include patients who presented with more
than one minor exclusion criteria in cases of clinical stabilization. Indeed, strictly following
these exclusion criteria or simply waiting for their official implementation would have
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excluded many patients from the potential benefits of an early return home. This shared de-
cision greatly improved the clinical feasibility of the study, without any deleterious effects.

Home localization and the need for a rigorous follow-up for patients at home may
also reduce the feasibility of such a protocol. Indeed, not all patients live near a hospital or
emergency structure, and these patients could benefit from the daily attentions of a relative
or available caregivers.

Nevertheless, despite these potential limitations, previous studies reported that an
early return home could be proposed for patients suffering from severe forms of COVID-19.
Indeed, an overflow of critical care hospitalization capacity occurred in many coun-
tries [7]. Retrospective analyses were, therefore, conducted to investigate the feasibility of
telemedicine. TELEA in Galicia, a proactive at-home monitoring of patients considered to
be high-risk, was associated with lower rates of hospitalization, shorter hospital stays, a
lower mortality rate in the first hospitalization, and no at-home life-threatening emergen-
cies [10]. In a primary healthcare center in Barcelona within the context of the first wave of
the pandemic—when no rapid diagnostic tests were available—telephone follow-up by
healthcare professionals was effective in detecting progression to severe COVID-19 and
pneumonia, diagnosing more than 80% of the cases of pneumonia in non-severe COVID-19
patients [14].

In March 2020 in Wisconsin, Annis et al. reported, in 2255 patients, the quick imple-
mentation of a remote patient-monitoring program as an effective approach for managing
COVID-19 symptoms at home [15]. In France, Covidom was a large telemonitoring so-
lution that was rapidly deployed in the greater Paris area in 70,914 patients during the
first wave of the pandemic to monitor patients with COVID-19 at home [16]. This early
large-scale solution combined a free web application allowing for patients to fill out short
daily questionnaires on their health status with a regional control center that monitored
and managed the alerts triggered by questionnaire responses. This solution efficiently
alleviated the burden on health care systems’ capacities, and cumulatively mobilized more
than 2000 volunteers, mostly specialists with decreased activity due to the first lockdown.
In contrast, during this wave of the pandemic in France, when hospital activity dramatically
increased due due to the preservation of surgery activity while COVID-19 cases progressed,
our home system did not require hospital staff and allowed for patients to be efficiently
cared for and monitored remotely by their regular GP and nurses at home.

4.2. Safety of Early Return Home in Patients Hospitalized for COVID-19

In the early stages of COVID-19, the safety of this measure has been questioned in view
of the gravity of the COVID-19 disease and patients’ potential aggravation, particularly
when oxygen therapy is needed. In our study, importantly, safety was good in patients,
regardless of the requirement for oxygen therapy. Thus, the only two re-admissions at
hospital were not directly due to virus-related aggravations. Rather, telemonitoring likely
allowed for an earlier diagnosis of pulmonary embolism, detected by the platform during
home telemonitoring. Our data are in line with previous studies supporting the safety of
an early return home in patients suffering from COVID-19 [10,14–16].

Of particular interest, the need for oxygen therapy, and the increasing length of hos-
pitalization until oxygen weaning, suggests that patients are more vulnerable. However,
our results are in line with Covidom in the subgroup of patients requiring nasal oxygen
therapy [17] and with Banerjee et al.’s study in the USA, which showed that patients dis-
charged with home oxygen had low rates of mortality and re-hospitalization within 30 days
of discharge, preserving safe access to acute care during the COVID-19 pandemic [18]. In
the Netherlands, Grutters et al. showed, using retrospective data, that early discharge
was possible in severe COVID-19 patients if home telemonitoring included the use of
pulse oximetry [19]. Further, van Herwerden et al. showed in 49 patients, that, although
6 patients required readmission, home telemonitoring and oxygen administration can be
safely applied in COVID-19 patients [20]. Very interestingly, another study comparing
home telemonitoring and oxygen therapy started directly after emergency department (ED)
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vs. hospital admission, concluded that starting home telemonitoring and oxygen therapy
directly after ED assessment was safe [21], with a total home telemonitoring duration of
14 days in both groups.

Thus, early returns home in patients hospitalized for COVID-19, whether or not
oxygen is required, appears to be quite safe.

4.3. Usefulness of Early Return Home in Patients Hospitalized for COVID-19

Besides allowing for more personalized care to be delivered to patients, early returns
home aimed to avoid hospital overflow, and thus to allow for other patients, whether or
not they were suffering from COVID-19, to be hospitalized as needed. Indeed, numerous
patients may not have always benefited from an adapted and timely therapy because of the
unavailability of the hospital structure during the COVID-19 pandemic. This pitfall will
probably also apply in future pandemics, whatever their origin.

Importantly, in our study we observed 17.8 days and 568 days, respectively, of median
duration and cumulative days of home telemonitoring in our oxygen sub-group. This is
similar to van Herwerden MC’s data, showing a potential reduction in hospitalization
of 616 days [11]. Similarly, Grutters LA et al. observed that the greatest reduction in
hospitalization duration was seen in patients needing home oxygen therapy [10]. Taken
together, our clinical protocol appeared efficient; the 743 cumulative days of home mon-
itoring (of which 430 days were needed for oxygen weaning for 32 patients), saved a
minimum of 49 hospital beds (based on a COVID-19-related mean hospitalization length
of 15.2 days in our hospital). This is consistent with the results of Hanninen (in press)
and Suárez-Gil et al., who found shorter hospital stays and lower readmission rates in
COVID-19 patients followed at home by telemonitoring [22].

A usefulness assessment including questionnaires on patient’s satisfaction and assess-
ments of mental stress and anxiety as an outcome measure would have been interesting.
Indeed, patients might experience higher anxiety when managing significant equipment
at home without the presence of a doctor, compared to being in the hospital with readily
available healthcare professionals. Although not mental stress and anxiety were not specifi-
cally investigated, we observed a fair level of satisfaction in our patients. Indeed, a majority
found the device simple to use and the organization to be efficient, and accordingly felt
safe with at-home monitoring. Our results are consistent with previous data showing high
satisfaction levels in telemonitored COVID-19 patients [20].

4.4. Study Limitations and Perspectives

COVID-19 patients’ duration of hospitalization was not compared to that of a control
group without telemonitoring. A case-control design with a comparison group match-
ing the characteristics of patients still admitted in the hospital would have strengthened
the study. While patients on oxygen might fare better at home compared to those dis-
charged without oxygen, this cannot be guaranteed by our design, supporting the need for
complementary studies.

Nevertheless, when the length of stay in our hospital of 1756 patients discharged
without telemonitoring during the same period was noted, we inferred an important
reduction in days spent in a hospital bed (49 days). With the current decline in the number
of hospital healthcare professionals, this study shows that this home telemonitoring system
is suitable and applicable in the event of hospital tensions linked to strong epidemic periods,
such as seasonal flu, which would necessitate increased hospitalization facilities for patients
requiring oxygen therapy.

A prospective study including a dedicated nurse coordination unit receiving alerts
directly from the homecare remote monitoring system, who could contact patients and
their healthcare professionals in return, could further improve the efficiency and safety
of homecare. This future study would also allow for a comprehensive implementation
analysis, including interviews with doctors, teleproviders, and caregivers, in order to
improve the design of this useful help in patient care.
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5. Conclusions

This prospective study demonstrates that the remote monitoring of vital parameters
and symptoms allows for early hospital discharge in patients hospitalized for COVID-19,
whether or not home oxygen therapy is required. Extending these criteria to include
patients presenting with more than one comorbidity did not reduce safety.

Interestingly, patients requiring home oxygen therapy likely benefitted more from
TELECOVID-RAD, since it allowed for oxygen tapering to occur outside the hospital,
and thus a greater reduction in hospital stay compared to patients who did not require
oxygen therapy.

Nevertheless, even if our data support the idea that home monitoring reduces the
hospital stay of patients with COVID-19, randomized controlled trials are necessary to
confirm these beneficial effect [23] and demonstrate that more beds are thus available for
other patients. Indeed, this important parameter during sanitary crises also depends on the
medical and paramedical team’s capacity to take care of more patients.
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Abstract: Introduction: The COVID-19 pandemic has brought many adverse phenomena, particularly
in the area of health for both individuals and society as a whole. Healthcare staff also suffered dire
consequences. Aim: The aim of this study was to assess whether the COVID-19 pandemic increased
the risk of post-traumatic stress disorder among healthcare professionals in Poland. Material and
method: The survey was conducted between 4 April 2022 and 4 May 2022. The study applied the
Computer Assisted Web Interview (CAWI) technique using the standardised Peritraumatic Distress
Inventory (PDI) questionnaire. Results: The average score obtained by the respondents on the PDI
was 21.24 ± 8.97. There was a statistically significant difference between the average PDI score
obtained based on the gender of the subject (Z = 3.873, p = 0.0001.) The score obtained amongst nurses
was statistically significantly higher compared to the paramedic group (H = 6.998, p = 0.030). There
was no statistically significant difference between the average PDI score obtained based on the age of
the participants (F = 1.282, p = 0.281), nor with their length of service (F = 0.934, p = 0.424). A total of
82.44% of the respondents received 14 PDI points, the cut-off point indicating the risk of PTSD that
was adopted in the study. It was concluded that 6.12% of respondents did not require intervention
(<7 PDI score); 74.28% of respondents needed further follow-up for PTSD and a reassessment of
the PDI approximately 6 weeks after the initial testing; and 19.59% required coverage for PTSD
prevention and mitigation (>28 PDI score). Conclusions: The study has shown a high risk of post-
traumatic stress disorder among healthcare professionals in Poland. This risk is related to the gender
of the respondents, with an indication of a higher risk of PTSD among women. The results have
also shown a correlation between increased risk of post-traumatic stress disorder and occupation,
with nurses being the most affected group. In contrast, no association has been found in terms of age
and length of service for an increase in the risk of PTSD, following exposure to trauma in relation to
healthcare services during the COVID-19 pandemic.

Keywords: post-traumatic stress disorder; COVID-19 pandemic; healthcare system

1. Introduction

Post-traumatic stress disorder, or PTSD, is a psychiatric disorder classified in DSM-5
under the number 309.81, ICD-10 F43.10, characterised by devastating psychological symp-
toms following the experience of severe trauma [1,2]. Trauma is interpreted as an extremely
stressful event that has occurred in a person’s life, often described as the ‘worst,’ such as the
experience of war, terror, violence, rape, sexual abuse, kidnapping, disaster, or catastrophe.
A traumatic event is also defined as one being directly involved in or witnessing an imme-
diate life-threatening event, such as, but not limited to, a traffic accident, serious illness,
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suffering or death of a loved one, miscarriage of a child, childbirth under traumatising
prolonged exposure to death, suffering and human misfortunes, etc. [3,4].

PTSD can be triggered both by a one-off experience of trauma, as well as by prolonged
or repeated exposure to a traumatic event. It can become active a few weeks after exposure
to the trauma, as well as remain latent for months or even years [5]. A factor predisposing
one to the onset of PTSD is primarily the experience of long-term trauma [6]. Further-
more, according to available analyses, the most frequently mentioned predictor of this
phenomenon is the female gender [7,8].

Symptoms manifested by the person affected by PTSD can vary in form and severity,
most commonly appearing several weeks after exposure to a severely stressful event and
persisting for at least one month, according to the DSM classification, causing significant
dysfunction in everyday functioning and widespread psychological suffering. PTSD symp-
toms in the literature are divided into three categories: intrusion (reliving the trauma
in the form of dreams or memories), avoidance (activities related to reliving the event,
such as conversations, stimuli and feelings) and arousal (strong emotional reactions, gen-
eral irritability, difficulty concentrating and falling asleep) [9,10]. The most frequently
described symptoms experienced by people affected by post-traumatic stress disorder are
an exaggerated avoidance of thoughts and emotions related to the traumatic event expe-
rienced, an aversion to adult conversations and discussions, and even a lack of memory
about the trauma experience. It is also characteristic that, despite attempts to displace the
trauma experienced, it is typical to re-experience it through recurrent, persistent memories,
dissociative episodes of re-experiencing the trauma (called “flashbacks”), and numerous
nightmares [11,12]. Symptoms of PTSD often include suicidal thoughts, anxiety, panic
attacks, outbursts of aggression, and depressive disorders triggered by memories and
re-experiencing the trauma. It is also characteristic of people with PTSD to present features
of alienation, nihilism, dullness, anhedonia, and avoidance of all activities and situations
that might resemble the trauma experienced [13–15].

Determining the magnitude of the prevalence of PTSD in the global and local pop-
ulation is difficult to estimate, despite many diagnostic research tools for post-traumatic
stress disorder. This difficulty occurs due to the numerous diagnostic criteria for PTSD
requiring the subject to, among other things, identify the exposure of an identifiable trau-
matic event and the fact that most of the tools refer to an analysis of the subject’s entire life
and an attempt to identify the most traumatic event in the participant’s life. Nevertheless,
several studies highlight the fact that PTSD can occur as a result of multiple experiences of
challenging trauma, exemplified by those in the medical profession [16]. The WHO Global
Mental Health Survey 2014–2020 uncovers that the prevalence of PTSD in the population
averages around 4% globally [17–19].

Post-traumatic stress disorder (PTSD) has serious social consequences. Low public
awareness of the risk, difficulties in diagnosis, lack of effective methods of preventing
PTSD after traumatic experiences, and difficulties in treatment mean that many people
who have experienced trauma do not receive help in the early stages of the development
of peritraumatic disorders, with serious consequences for mental health. Among these
individuals, a large proportion are health system staff, experiencing repeated and chronic
exposure to trauma during their working lives. On 11 March 2020, the World Health Organi-
sation declared a SARS-CoV-2 coronavirus-induced COVID-19 pandemic of unprecedented
magnitude, involving many countries around the world, claiming more than 6.5 million
lives by the end of 2022, which, for health system workers, has become a repeated and
chronic exposure to the trauma of experiencing death and human suffering [20–23].

In Poland, the first SARS-CoV-2 infection was detected on 4 March 2020, and by
30 April 2020, there were approximately 12.9 thousand diagnosed cases of COVID-19 [24].
The reality faced by the employees of the Polish healthcare system was unprecedented.
The constantly increasing number of patients in serious condition, the lack of places in
hospitals, a large number of deaths among patients, including co-workers, working over-
time, shortages in personal protective equipment, or the discomfort of long working hours
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in protective suits caused exhaustion and discouragement. The new realities forced the
introduction of novel solutions in the healthcare system, transforming hospitals into the
so-called single-name institutions—intended only for patients with COVID-19. Temporary
hospitals were created in sports halls, stadiums and multi-surface facilities previously
intended for other purposes—such as sales halls. Hospital wards transformed into wards
for patients with COVID-19, suspended admissions, procedures and planned operations
were limited to emergencies only. Doctors, nurses, and paramedics were delegated by
the authorities to forced labour in indicated hospitals providing care for patients with
COVID-19. Standard tests for SARS-CoV-2 infection were introduced, where the number
of people tested exceeded quantitative capabilities. Numerous infections among healthcare
workers (HCWs) resulted in a significant reduction in the availability of employees and
medical services. For this reason, many hospital wards, and often hospitals, were temporar-
ily closed due to a lack of staff. There were also situations when, due to staff shortages,
patients with COVID-19 were cared for by staff with positive SARS-CoV-2 tests—such as
in social care homes. This study aimed to assess whether the COVID-19 pandemic has
increased the risk of post-traumatic stress disorder among healthcare staff in Poland.

Leading this research was imperative in displaying the perspective concerning the
shifts caused by the new reality of the Polish healthcare system to affect the mental health
of HCWs. Furthermore, this study was to show the importance of providing adequate psy-
chological care and support after exposure to trauma that should be ensured to healthcare
system employees in Poland to diagnose early and prevent PTSD promptly.

2. Materials and Methods

2.1. Participants and Study Characteristics

The research was conducted between 4 April 2022 and 4 May 2022, among 245 health-
care professionals. The survey used the Computer Assisted Web Interview (CAWI) tech-
nique [25–27] using the Microsoft Forms software. The sample selection was based on a
search for participants among members of thematic groups of forums and online groups
for employees of the Polish healthcare system. The inclusion criteria for the study were:

1. Provides medical services as an employee or collaborator as a healthcare provider in
a healthcare facility during the COVID-19 pandemic;

2. The occurrence of a traumatic event related to the provision of medical services during
the COVID-19 pandemic.

2.2. Method

The study used a standardised questionnaire, Peritraumatic Distress Inventory (PDI),
by A. Brunet et al., 2001 [28] as a screening tool to assess the risk of PTSD. The PDI evaluates
the level of physiological and emotional suffering experienced by an individual in relation
to exposure to trauma [6,29,30].

The study used a Polish adaptation of the PDI by Rybojad and Aftyka, 2018 [31].
The questionnaire in the Polish adaptation consists of 12 items for self-assessment of
perceived discomfort in relation to the experience of the traumatic event, both during
and/or after the traumatic event, using a 5-point Likert scale (0–4). Due to the low factor
value obtained during the validation, the original PDI scale was rejected—the 5-item “I
felt guilty” scale [28,32,33]. A respondent in the Polish adaptation of the PDI can score a
maximum of 48 points, and the higher the score obtained, the most prominent the exposure
to distress [34].

The study analysis adopted the approach proposed by Guardia et al., 2013 [35] at
the parallel most commonly recommended cut-off point of 14, which is an interpretation
of the PDI score as a prediction of the occurrence of PTSD after exposure to trauma. In
addition, the authors suggested that immediate care and follow-up should be implemented
for patients with a PDI score >28; for those with 7–28 points, a follow-up a few weeks after
the test; for those with <7 points, no further monitoring [35].
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2.3. Statistical Analysis

Statistical analyses were performed using Statistica 9.1 software (StatSoft, Kraków, Poland).
The results obtained in terms of the analysis of quantitative variables are presented

using the mean, median and standard deviation, and in terms of qualitative variables using
the number and percentage.

The qualitative characteristics between the analysed variables were investigated with
the Chi2 test. In addition, the normality of the distribution was tested using the Shapiro–
Wilk test. Finally, the differences between groups were assessed with the Mann–Whitney
test for two groups; an ANOVA analysis of variance for three or more groups (with Tukey’s
RIR post hoc test), or, if the requirements for ANOVA use were not fulfilled, the Kruskal–
Wallis test was employed.

p < 0.05 was set as a significance level to determine the presence of statistically signifi-
cant correlations or differences.

2.4. Ethical Statement

The research was conducted based on the requirements of the Declaration of Helsinki.
All participants were informed of the purpose of the study and took part voluntarily
and consciously.

3. Results

3.1. Sociodemographic Analysis of the Study Group

The characteristics of the study group are shown in Table 1. A total of 245 healthcare
providers participated in the study; the majority were female (77.14%). The average age of
participants was 40.2 years (SD = 10.1). The most numerous professional group were nurses
(67.76%) and the average length of service of the respondents was 15.4 years (SD = 11.1).

Table 1. Sociodemographic analysis of the study group.

Variable Category Number (N) Percentage (%)

Gender
Woman 189 77.14

Man 56 22.86

Age

Up to 30 years of age 54 22.04
31–40 years of age 76 31.02
41–50 years of age 78 31.84

over 50 years of age 37 15.10

Occupation

Nurse 166 67.76
Paramedic 46 18.78

Healthcare worker 4 1.63
Medical Registrar 1 0.41

Administrative Officer 7 2.86
Physician 7 2.86
Midwife 10 4.08

Electroradiology technician 1 0.41
Psychologist 2 0.82

Sanitarian 1 0.41

Length of service

up to 5 years 67 27.35
6–15 years 69 28.16
16–25 years 54 22.04

over 25 years 55 22.45

3.2. PDI Questionnaire

The study results showed that the average score obtained on the PDI by the subjects
was 21.24 ± 8.97 (presented in Table 2). There was a statistically significant difference
between the mean PDI score obtained based on the participants’ gender. Female partic-
ipants (n = 189) obtained a statistically significantly (Z = 3.873, p = 0.0001) higher score
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(M = 22.52, SD = 8.18) compared to the male population (n = 56, M = 16.91, SD = 10.18). In
the analysed PDI result, there were statistically significant differences between occupational
groups (H = 6.998, p = 0.030). Similarly, nurses obtained a statistically significantly higher
score when compared to paramedics. Due to the variety of occupations of the respondents,
other, less numerous occupations were grouped into a single category, ‘other occupations’,
creating the following division into three groups: nurses (n = 166), paramedics (n = 46)
and other professions (n = 33). An ANOVA analysis of variance resulted in no statistically
significant difference between the average PDI score obtained based on the age of the
subjects (F = 1.282, p = 0.281), as well as in terms of the average PDI score obtained and the
length of service (F = 0.934, p = 0.424).

Table 2. Differences in PDI score in relation to the sociodemographic characteristics of the subjects.

Variable Category M Me SD Statistical Analysis

Gender
Woman 22.52 23.00 8.18 Z = 3.873

p = 0.0001Man 16.91 16.50 10.19

Age

Up to 30 years of age 21.76 20.50 10.74
F = 1.282
p = 0.281

31–40 years of age 19.57 19.00 8.70
41–50 years of age 22.08 22.00 7.59

over 50 years of age 22.11 25.00 9.30

Length of service

up to 5 years 21.88 21.00 10.27
F = 0.934
p = 0.425

6–15 years 19.83 20.00 9.09
16–25 years 22.30 22.00 7.26

over 25 years 21.20 21.00 8.64

Occupation
Nurse (I) 22.30 22.00 8.49 H = 6.998

p = 0.030
I > II

Paramedic (II) 18.32 17.00 9.95
Other occupation (III) 19.97 21.00 9.13

M—average, Me—median, SD—standard deviation, H—Kruskal–Wallis test, F—ANOVA analysis of variance,
Z—Mann–Whitney test, p—statistical significance.

A total of 82.44% of participants obtained the cut-off point of 14 PDI scores indicating the
risk of PTSD (Table 3). The result of ≥14 PDI scores was analysed in relation to sociodemo-
graphic characteristics; there was a statistical relationship between gender and high PTSD risk
(Chi2 = 23.698, p = 0.000). Similarly, analysis with Pearson’s chi-square test showed a statistical
relationship (Chi2 = 15.453, p = 0.001) in terms of the 14 PDI cut-off score achieved and the
represented occupation. The analysis of the results shows that the majority of the respondents
(>63%) in all the professional groups represented are at high risk of PTSD, with the highest
percentage characterized by a score ≥14 points among nurses—87.95%. Additionally, each age
group was dominated by individuals (>75%) at increased risk of post-traumatic stress disorder
(age up to 30 years—79.63%; 31–40 years—78.95%; 41–50 years—88.46%; over 50 years—
81.08%). However, the Pearson chi-square test showed no statistical relationship (Chi2 = 2.937,
p = 0.401) between the age of the participants and the PDI cut-off point. Moreover, in terms of
work experience and a score of ≥14 points on PDI, the vast majority of respondents (>80%) in
each group were at increased risk of PTSD (up to 5 years of service—80.60%; 6–15 years 76.81%;
16–25 years 90.74%; over 25 years of service—83.64%). Analysis with Pearson chi-square test
showed no statistical relationship (Chi2 = 4.293, p = 0.231) of work experience in relation to
reaching the cut-off point.

Further analyses included any need for therapeutic intervention in relation to the
respondents’ PDI scores (Table 4), as recommended by Guardia et al., 2013 [35]. A total of
6.12% of participants did not require intervention (<7 PDI score); 74.28% of respondents
required further follow-up for PTSD and reassessment of PDI approximately 6 weeks
after the previous survey; and 19.59% required steps concerning PTSD prevention and
mitigation (>28 PDI score). Pearson’s chi-square test analysis showed that there was
statistical significance in the relationship between gender and the level of PDI requiring
therapeutic action (Chi2 = 12.507, p = 0.002), Pearson’s chi-square test analysis showed
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that there was statical significance in the relationship between gender and the level of PDI
requiring therapeutic action (Chi2 = 12.507, p = 0.002), in both groups, the highest number
of subjects were those who required further monitoring for PTSD (PDI scores of 7–28 were
obtained by 76.72% of women and 66.07% of men). Similarly, relevance was shown for the
age of respondents (Chi2 = 13.01, p = 0.043), where the majority (>59%) required follow-
up for PTSD (age up to 30 years—66.67%; 31–40 years—80.26%; 41–50 years—80.77%;
over 50 years—59.46%). There was also evidence of statistical significance (Chi2 = 11.110,
p = 0.025) in terms of occupation and type of intervention. In all groups (>69%) there was
a need for further follow-up for PTSD warnings (nurses—75.30%; paramedics—69.57%;
other occupations—75.76%). In all job tenure groups, most people (>70%) achieved a score
(7–28 on the PDI) qualifying them for further follow-up (up to 5 years of service—70.15%;
6–15 years—75.36%; 16–25 years—81.48%; over 25 years of service—70.91%). However,
there was no statistical significance found in this respect (Chi2 = 4.649, p = 0.590).

Table 3. Relationship of PDI cut-off score and sociodemographic characteristics of respondents.

Variable Category

Cut-Off ≥14 Points PDI -
PTSD Risk Chi2

p≤13 pt ≥14 pt
N % N %

Gender
Woman 21 11.11 168 88.89 Chi2 = 23.698

p = 0.000Man 22 39.29 34 60.71

Age

Up to 30 years of age 11 20.37 43 79.63
Chi2 = 2.937

p = 0.401
31–40 years of age 16 21.05 60 78.95
41–50 years of age 9 11.54 69 88.46

over 50 years of age 7 18.92 30 81.08

Length of service

Up to 5 years 13 19.40 54 80.60
Chi2 = 4.293

p = 0.231
6–15 years 16 23.19 53 76.81

16–25 years 5 9.26 49 90.74
over 25 years 9 16.36 46 83.64

Occupation
Nurse 20 12.05 146 87.95

Chi2 = 15.453
p = 0.001

Paramedic 17 36.96 29 63.04
Other occupation 6 18.18 27 81.82

Total 43 17.55 202 82.44 -

Table 4. Relationship between the need for intervention concerning PTSD and sociodemographic
characteristics of respondents.

Variable Category

PDI Result—Need for Intervention
<7 pt. PDI—Lack of Intervention

7–28 PDI—Further Observation for PTSD
>28 PDI—Urgent Intervention

Chi2

p
<7 pt 7–28 pt >28 pt

n % n % n %

Gender
Woman 6 3.17 145 76.62 38 20.11 Chi2 = 12.507

p = 0.002Man 9 16.07 37 66.07 10 17.86

Age

Up to 30 years of age 5 9.26 36 66.67 13 24.07
Chi2 = 13.012

p = 0.043
31–40 6 7.89 61 80.26 9 11.84
41–50 2 2.56 63 80.77 13 16.67

over 50 years of age 2 5.41 22 59.46 13 35.14

Length of service

Up to 5 years 5 7.46 47 70.15 15 22.39
Chi2 = 4.649

p = 0.589
6–15 years 6 8.70 52 75.36 11 15.94
16–25 years 1 1.85 44 81.48 9 16.67

over 25 years 3 5.45 39 70.91 13 23.64
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Table 4. Cont.

Variable Category

PDI Result—Need for Intervention
<7 pt. PDI—Lack of Intervention

7–28 PDI—Further Observation for PTSD
>28 PDI—Urgent Intervention

Chi2

p
<7 pt 7–28 pt >28 pt

n % n % n %

Occupation
Nurse 5 3.01 125 75.30 36 21.69

Chi2 = 11.110
p = 0.025

Paramedic 5 10.87 32 69.57 9 19.57
Other occupation 5 15.15 25 75.76 3 9.09

Total 15 6.12 182 74.28 48 19.59 -

4. Discussion

The COVID-19 pandemic, despite the fact it does not constitute a typical factor that can
be identified as a direct cause of PTSD, has placed a significant traumatic burden on health
professionals. There is a growing trend of anxiety and stress triggers that can lead to the
development of PTSD among healthcare professionals as a consequence of experiencing the
COVID-19 pandemic [30,36,37]. A review of studies confirms that healthcare professionals
worldwide experienced psychological strain during the COVID-19 pandemic and, conse-
quently, an increased risk of PTSD (Kang et al., 2020 [38]; Chen et al., 2020 [39]; Chidiebere
Okechukwu et al., 2020 [40]; Shahrour and Dardas, 2020 [41]; Greenberg et al., 2020 [42];
Lamb et al., 2020 [43]). A review of the literature presents the high risk of PTSD among
medical aid personnel during the COVID-19 pandemic, particularly affecting the North
American region (Norman et al., 2020 [44]; Sagherian et al., 2020 [45]; Ayotte et al., 2020 [46];
Rodriguez et al., 2020 [47]; Shechter et al., 2020 [48]; Mehta et al., 2020 [49]; Crowe et al.,
2020 [50]). Similarly, the analysis of studies also portrays a high level of exposure to
PTSD among healthcare professionals in Europe (Vlah Tomičević and Lang, 2020 [51];
Alonso et al., 2020 [52]; Marco et al., 2020 [53]; Martínez-Caballeroi et al., 2020 [54]; Blanco-
Daza et al., 2020 [55]; Luceño-Moreno et al., 2020 [56], Steudte-Schmiedgen et al., 2020 [57]),
with a particular focus on the high risks in the Italian region: (Di Tella et al., 2020 [58];
Bassi et al., 2020 [59]; Marcomini et al., 2020 [60], Lasalvia et al., 2020 [61]). Polish stud-
ies also confirm that caring for patients during the COVID-19 pandemic resulted in an
increased risk of PTSD (Nowicki et al., 2020 [62]; Kosydar-Bochenek et al., 2021 [63]). In
the Asian region, the findings varied widely from an extremely low 2.3% of healthcare
professionals at risk of developing PTSD in the study by Chinvararak et al., 2021 [64] to an
extremely high 54.6% in the study by Jiang et al., 2020 [65].

The authors’ research has demonstrated that the risk level for PTSD among the population
surveyed (N = 245) was very high, 82.44%. Similarly, Mirzaei et al., 2020 [66], and Kabunga
and Okalo, 2021 [67] also obtained a high risk for PTSD amongst their respondents, 86%
and 65.7% respectively. The average score in our study was 21.24 ± 8.97 PDI, similar results
were obtained in studies conducted in Korea—Yoon et al., 2021 [30], PDI: 19.75 ± 8.82—and
Italy—Carmassi et al., 2020 [32], PDI: 19.11 ± 8.29—which indicates a similar level of exposure
to experiencing PTSD among the Polish population of healthcare professionals as in the Italian
and Korean populations.

The conducted study uncovered a relationship between the sociodemographic char-
acteristics and the risk of post-traumatic stress disorder. In terms of gender, females were
shown to have a higher exposure to PTSD with a rate of 88.89%. Similar conclusions based
on the study were shown by Blekas et al., 2020 [68]; Di Tella et al., 2020 [58]; Işik et al.,
2020 [69] and Steudte-Schmiedgen et al., 2020 [57]. Similar conclusions were presented in
Polish research by Kosydar-Bochenek et al., 2021 [63]; Bidzan et al., 2020 [70] and Rachu-
bińska et al., 2022 [71]. However, Qutishat et al., 2020 [72], in a study conducted among
Jordanian nurses, and Alanazi et al., 2020 [73], in a literature review concerning emergency
healthcare professionals during the COVID-19 pandemic, showed that men were charac-
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terized by a higher incidence of PTSD. In contrast, no association between gender and the
occurrence of increased risk of PTSD was found in studies by Zhou et al., 2020 [74] and
Blanco-Daza et al., 2020 [55].

The authors’ research also presented a correlation between occupation and the risk of
post-traumatic stress disorder among healthcare professionals, demonstrating that nurses
are an occupational group particularly vulnerable to PTSD after experiencing trauma
related to the COVID-19 pandemic. The above relationship was also found by Bulut et al.,
2020 [75]; Geng et al., 2020 [76]; Shechter et al., 2020 [48]; and Song et al., 2020 [77],
indicating that nurses are the most-burdened occupational group in terms of the occurrence
of PTSD. A study by Lasalvia et al., 2020 [61] amongst 2195 Italian healthcare professionals
concludes that being a nurse at least doubles the risk of developing posttraumatic stress
symptoms. Research conducted in Poland by Szwamel et al., 2022 [78]; Haor et al., 2023 [79];
and Dymecka et al., 2022 [80] indicated that nurses were the group most exposed to stress
in the face of the COVID-19 pandemic. This is mainly due to close contact with COVID-19
patients, the risk of infection, and overwork. In contrast, a different conclusion was drawn
by Martínez-Caballero et al. on the basis of their study, 2020 [54], indicating a higher trauma
burden for paramedics than for nurses. In contrast, Bahadirli and Sagaltici, 2020/2021 [81]
conclude that the risk of PTSD is the highest in the group of doctors. Das et al., 2020 [82]
presented no association between occupation and the risk of PTSD after experiencing
trauma suffered during the COVID-19 pandemic.

Further, young age was enumerated as a risk factor for PTSD (Geng et al.,
2020 [76]; Lamb et al., 2020 [43]; Shahrour and Dardas, 2020 [41]; Alonso et al., 2020 [52];
Chatzittofis et al., 2020 [83]). However, that was not confirmed in authors’ research. Other
studies also showed that older people were at a greater risk of developing PTSD, such as
Di Tella et al. 2020 [58].

The results of our study showed a partial correlation between the age of the respon-
dents and the need for intervention in relation to PTSD risk. There is a relationship between
the age and the PDI score, demanding further follow-up or immediate therapeutic support.

The current global research trends (Sanghera et al., 2019/2020 [84]; Luceño-Moreno
et al., 2020 [56]; Nowicki et al., 2020 [62]) highlighted the tendency for a shorter length of
service to influence the increased risk of PTSD after experiencing COVID-19-related trauma;
however, the authors’ results showed no association with greater exposure to PTSD due to
shorter work experience.

The trends shown in our research and global studies clearly show that the COVID-19
pandemic, although it had similar effects on the mental health of healthcare system employ-
ees, did not affect the world similarly. It certainly contributed to the risk burden of PTSD,
but the strength of this risk varies across continents, regions, and countries. As shown in
the US–Poland comparative study by Szaflarski, 2022 [85], US healthcare workers reported
a stronger feeling of being overwhelmed by the COVID-19 pandemic. The geopolitical
situation, cultural conditions, experiences of previous epidemic threats, or psychological
support provided to healthcare system employees significantly affect the feeling of stress
due to the COVID-19 pandemic and the risk of PTSD. In many studies, women and nurses
are a group particularly vulnerable to PTSD as a result of the COVID-19 pandemic. It is dif-
ficult to determine whether these two characteristics are related, and which is dominant in
the influence on the increased risk of PTSD. This is because the female gender predominates
in the professional population of nurses. The analysis of the authors’ original research also
does not give a clear answer to which trait is a predictor of PTSD. In the future, it would be
required to conduct research on a representative sample of nurses in terms of a balanced
gender division. Indeed, being a nurse and the resulting increased risk of PTSD in the
COVID-19 pandemic can be explained by the tasks set for this professional group. The time
of exposure to traumatic events in the case of nurses is also of great importance, because
this professional group provided prolonged health services to patients with COVID-19.
In Poland, nurses in many hospitals were on duty with patients, equipped with personal
protective equipment, in a rotational system for several hours, and doctors carried out
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tasks depending on the needs of patients. The tasks of Polish nurses were based on nursing,
continuous health monitoring, support, and the implementation of medical orders for
patients, which resulted in heavy time, physical, and mental burden. Each occupational
group carrying out tasks during the COVID-19 pandemic was significantly physically and
mentally strained, which increased the risk of PTSD. The experience of trauma and the
occurrence of PTSD symptoms for healthcare system employees is hazardous because,
during this challenging time of the COVID-19 pandemic, they were expected to be fully
dedicated, available, physically and mentally resilient, and fully professional in providing
medical services. Awareness of this kind of responsibility further increases the risk of PTSD,
preventing them from admitting their mental health weaknesses and actively seeking help.

5. Limitations

The authors’ study does not take into account all the possible correlations of the
characteristics of the subjects with the occurrence of PTSD, nor does it answer the question
of whether the next wave of the COVID-19 pandemic in Poland would cause a strong
psychological burden on the healthcare system workers, causing long-term consequences
in the form of PTSD. Therefore, it seems justified to continue systematic screening for
mental stress among employees of the Polish healthcare system. Action must be taken to
support those at risk of developing PTSD after experiencing trauma related to healthcare
services. The issue of the incidence of PTSD as a result of trauma related to the COVID-19
pandemic is a rather recent topic, and requires further knowledge in this area, and the
study presented in this thesis should be repeated in the near future.

In designing the study, it was assumed that the best research tool to assess the risk of
PTSD in the long term after the trauma was the Peritraumatic Stress Scale, as opposed to
the IES-R Event Impact Scale tool. The PDI has the advantage of being accessible in terms
of understanding the questions posed to respondents, and the possibility of deepening
the analysis of the results obtained in terms of taking action in response to the result
obtained, increasing its sensitivity and reliability. However, the study is not without its
limitations, inter alia, because of the risk of respondents referring to a distant past event
unrelated to the COVID-19 pandemic, while distorting the overall average PDI scores. A
limitation of this study is the way we reached study participants. The selection criterion
may inadvertently overestimate the results obtained in the context of high exposure to
PTSD by self-selecting for participation in the study. The form of data collection is also an
important issue; Internet research has its challenges. The researchers are still determining
whether a person participating in the study meets the assumed selection criteria. It is also
not possible to observe the response of the examined person to the questions asked, which
means that the answers given may not be valid. Another issue is the limited search range
of target groups, due to the limited availability in Internet groups and forums. Due to
numerous cyberattacks aimed at stealing data, trust in online research is severely limited.
People are afraid to open unknown links from unknown addresses, due to the possibility of
phishing, malware, ransomware, etc. In addition, the researcher can never be sure whether
the person participating in the study is not trying to falsify the results by filling out the
questionnaires many times by giving random answers.

6. Conclusions

The conducted study confirmed a high risk of post-traumatic stress disorder among
healthcare professionals in Poland who experienced trauma related to the provision of
healthcare during the COVID-19 pandemic. This risk is related to the gender of the subjects,
with an indication of a higher risk of PTSD among women. The results have further shown
a correlation between the increased risk of post-traumatic stress disorder and occupation,
with nurses being the most affected group. The findings have demonstrated a partial
relationship in relation to the age of the respondents, and the need for intervention in
relation to the presence of PTSD hazards.
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authors have read and agreed to the published version of the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commercial,
or not-for-profit sectors.

Institutional Review Board Statement: Bioethics Committe of Lublin Medical University, Approval
Code: KE - 0254/290/2018 Approval Date: 29 November 2018.

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

Data Availability Statement: Data is available on request from the authors.

Conflicts of Interest: The authors have no conflict to declare.

References

1. American Psychiatric Association (Ed.) Diagnostic and Statistical Manual of Mental Disorders: DSM-5, 5th ed.; American Psychiatric
Association: Washington, DC, USA, 2013; ISBN 978-0-89042-554-1.

2. Möller, H.-J. Possibilities and Limitations of DSM-5 in Improving the Classification and Diagnosis of Mental Disorders. Psychiatr.
Pol. 2018, 52, 611–628. [CrossRef] [PubMed]

3. Kessler, R.C.; Aguilar-Gaxiola, S.; Alonso, J.; Benjet, C.; Bromet, E.J.; Cardoso, G.; Degenhardt, L.; de Girolamo, G.; Dinolova,
R.V.; Ferry, F.; et al. Trauma and PTSD in the WHO World Mental Health Surveys. Eur. J. Psychotraumatology 2017, 8, 1353383.
[CrossRef] [PubMed]

4. Zhou, Y.-G.; Shang, Z.-L.; Zhang, F.; Wu, L.-L.; Sun, L.-N.; Jia, Y.-P.; Yu, H.-B.; Liu, W.-Z. PTSD: Past, Present and Future
Implications for China. Chin. J. Traumatol. Zhonghua Chuang Shang Za Zhi 2021, 24, 187–208. [CrossRef] [PubMed]

5. Charnsil, C.; Narkpongphun, A.; Chailangkarn, K. Posttraumatic Stress Disorder and Related Factors in Students Whose School
Burned down: Cohort Study. Asian J. Psychiatry 2020, 51, 102004. [CrossRef] [PubMed]

6. Bunnell, B.E.; Davidson, T.M.; Ruggiero, K.J. The Peritraumatic Distress Inventory: Factor Structure and Predictive Validity in
Traumatically Injured Patients Admitted through a Level I Trauma Center. J. Anxiety Disord. 2018, 55, 8–13. [CrossRef]

7. Atwoli, L.; Stein, D.J.; Koenen, K.C.; McLaughlin, K.A. Epidemiology of Posttraumatic Stress Disorder: Prevalence, Correlates
and Consequences. Curr. Opin. Psychiatry 2015, 28, 307–311. [CrossRef]

8. Kawakami, N.; Tsuchiya, M.; Umeda, M.; Koenen, K.C.; Kessler, R.C. World Mental Health Survey Japan Trauma and Post-
traumatic Stress Disorder in Japan: Results from the World Mental Health Japan Survey. J. Psychiatr. Res. 2014, 53, 157–165.
[CrossRef]
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Abstract: Background and aim: Physical activity (PA) can modulate the immune response, but its
impact on infectious disease severity is unknown. We assess if the PA level impacts the severity of
COVID-19. Methods: Prospective, cohort study for adults hospitalized due to COVID-19, who filled
out the International Physical Activity Questionnaire (IPAQ). Disease severity was expressed as death,
transfer to intensive care unit (ICU), oxygen therapy (OxTh), hospitalization length, complications,
C-reactive protein, and procalcitonin level. Results: Out of 326 individuals, 131 (57; 43.51% women)
were analyzed: age: median—70; range: 20–95; BMI: mean—27.18 kg/m2; and SD: ±4.77. During
hospitalization: 117 (83.31%) individuals recovered, nine (6.87%) were transferred to ICU, five (3.82%)
died, and 83 (63.36%) needed OxTh. The median for the hospital stay was 11 (range: 3–49) for
discharged patients, and mean hospitalization length was 14 (SD: ±5.8312) for deaths and 14.22 days
(SD: ±6.92) for ICU-transferred patients. The median for MET-min/week was 660 (range: 0–19,200).
Sufficient or high PA was found in recovered patients but insufficient PA was observed in dead
or ICU-transferred patients (p = 0.03). The individuals with poor PA had a higher risk of death
(HR = 2.63; ±95%CI 0.58–11.93; p = 0.037). OxTh was used more often in the less active individuals
(p = 0.03). The principal component analysis confirmed a relationship between insufficient PA and
an unfavorable course of the disease. Conclusion: A higher level of PA is associated with a milder
course of COVID-19.

Keywords: COVID-19; IPAQ; disease severity; physical activity level; infection

1. Introduction

The course of coronavirus disease 2019 (COVID-19) was often surprising and some-
times independent of variables previously considered poor prognostic factors [1]. One of
the unfavorable prognosis factors was age; however, diabetes and, most of all, obesity were
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also detected [2–4]. These factors have a common denominator: low physical activity (PA).
However, healthy young people also show different levels of PA [5,6]. Thus, also in this
group, different disease courses could be observed [7]. This directs our attention to the
possible relationship between the course of the disease and PA.

There are a lot of data confirming the impact of physical exercise on human health.
Posadzki et al. published in 2020 the systematic Cochrane review [8] which analyzed
data from 27,671 participants in the context of the effects of physical activity on health
outcomes. One of the most important conclusions was that individuals can significantly
modify their physical and mental health by exercising more. The reduction of mortality was
also reported, mainly in studies with a longer follow-up, and can reach up to 35% when
comparing active people with those characterized by a sedentary lifestyle [9]. Physical
activity also improves mental well-being and quality of life (QoL), the very important
factors of human life that are involved in the physical status of individuals [10,11].

The balance between the infection and innate as well as adaptive immune response
seems to play a crucial role in the course of the infectious disease. The severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) can effectively evade early innate immune
responses, and thus multiply more efficiently before the most effective adaptive immune
response is ready. In young, lean, healthy, and active individuals, the first step in the im-
mune response works more effectively and adequately mobilizes T cells from the adaptive
immune system to reduce the viral load. In the individuals characterized by a dysfunctional
T-cell population (e.g., older, obese people), excessive inflammation with tissue damage is
observed as a “response” to diminished adaptive immunity [12–14]. Thus, the impairment
in one immune response is compensated by the other. Physical activity can modulate the
level of inflammation in pathological states [15–18] so it is also possible that it can modify
the cytokine storm, the main cause behind many organ failures and, finally, patient death
during severe acute respiratory syndrome coronavirus-2 infection [19,20]. The proposed
mechanisms of action of PA in the course of COVID-19 involve irisin production, AMPK
pathway activation [21], macrophage activity regulation, and many others [20,22]. The
wide aspect of how PA can keep the immune system in a good condition (including im-
munometabolism) was excellently described in D.C. Nieman and B.D. Pence’s review [23].
Regular PA can also provide many “macro“ benefits (not only those connected with im-
mune system), such as better cardiovascular and lung health [24,25], which is affected
primarily during infection.

Still, their clinical effect on the severity of a disease such as COVID-19 was not part of a
prospective study. The main problem which can be detected is the difficulty in assessing the
level of PA based on time-consuming questionnaires. The International Physical Activity
Questionnaire (IPAQ) is a useful tool for measuring health-related PA in populations [26],
and also in its short form (SF). The pandemic provided opportunities to investigate expected
relationships between daily PA and disease severity. However, patients hospitalized due to
COVID-19 varied in health status, not always having the strength to fill out a questionnaire.
In addition, healthcare professionals’ PPE clothing (special masks and suits) significantly
limited their ability to interview patients. All of these probably made it difficult to assess
the above dependencies for healthcare professionals.

Aim

This prospective cohort study aims to investigate whether the level of physical activity
measured with the IPAQ-SF modifies the severity of COVID-19. Taking into account the
above mention reports, we hypothesized that people who are more physically active have
a milder course of the infection.

2. Materials and Methods

All the patients were asked to give their written consent to participate in the study. Patient
data and results were analyzed anonymously. The Bioethics Committee of the Wroclaw Medical
University approval number is: KB 1081/2021. Trial Registration number: NCT05200767.
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2.1. Place

The study was conducted in two hospitals dedicated temporarily to COVID-19 pa-
tients: one in Wroclaw, Lower Silesia, and the other in Bytom, Upper Silesia. Initially,
the Wroclaw hospital participated in the project, and information from this hospital was
collected from 3 January 2022 to March 2022. After obtaining the required approvals, the
Bytom hospital joined the project, and data from this hospital covered the period from
31 January to 11 February 2022. After the mentioned periods, both hospitals were no longer
COVID-19 treatment centers.

2.2. Participants

Adults (aged 18 at the least) of any sex and race hospitalized for SARS-CoV-2 infection
(confirmed by the polymerase chain reaction (PCR) method or equivalent diagnostic tech-
nique) at COVID-19 units were asked to give written consent to participate. The exclusion
criteria were as follows:

- pregnancy;
- inability to complete the questionnaire during hospitalization or up to a week after dis-

charge;
- history of a significant cardiovascular event in the last 6 months (acute coronary syndrome,

stroke, amputation, revascularization of peripheral vessels, and pulmonary or peripheral
embolism of any etiology) if the patient did not complete the rehabilitation process;

- symptomatic chronic respiratory disease not responding to therapy before hospitaliza-
tion for COVID-19 (or no therapy);

- any dyspnea at rest in the last month before COVID-19;
- injury to the locomotor system in the last month before contracting COVID-19;
- hospitalization in the last month before contracting COVID-19.

We proposed these exclusion criteria believing that they could influence the patient’s
recent PA level and thus not properly reflect its impact on the course of COVID-19. On the
contrary, some conditions, such as a cardiovascular incident or stable chronic pulmonary or
locomotor system disease, were accepted for evaluation and did not constitute the exclusion
criteria. This is because the patient can fully or almost fully recover after rehabilitation or
compensate for disability with some form of activity (e.g., wheelchair use after amputation).
In addition, because rehabilitation is time-consuming, we tried to account for it with the
proposed periods (e.g., 6 months for cardiovascular incidents).

2.3. Methods

The patients were asked to complete the IPAQ during their hospital stay or up to
7 days after discharge. If they were unable to fill out the questionnaire themselves, the
patient’s next of kin could also do it on their behalf.

IPAQ expresses PA in metabolic equivalent of task (MET)-min/week units. Based on it,
the respondents were assigned one of three categories of activity: insufficient (less than 600),
sufficient (600–1500 or 600–3000), or high (more than 1500 or 3000 MET-min/week) [27,28].
Example of IPAQ interpretation: two criteria for high activity: a) vigorous-intensity activity
on at least 3 days achieving a minimum of at least 1500 MET-min/week OR b) 7 or more
days of any combination of walking, moderate-intensity, or vigorous-intensity activities
achieving a minimum of at least 3000 MET-min/week.

Due to the expected poor condition of some patients, the short form of the question-
naire was used. It consists of 7 items on all types of PA related to everyday life, work, and
leisure. According to the suggestion of adaptation of the IPAQ for the Polish population
(IPAQ-PL), the interviewer helped complete the form [27].

The primary outcome measures were death, worsening of the disease (transfer to ICU),
or recovery (discharge home). The secondary outcome measure was hospitalization length.

Information on complications, comorbidities, chronic medications, and basic param-
eters concerning the patient’s status and the disease course was obtained from hospital
databases. The following parameters determined the severity of the disease (critical data):
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death or transfer to ICU, need for oxygen therapy, length of hospitalization, complications
other than respiratory failure, and C-reactive protein (CRP) and procalcitonin (PCT) levels
on admission.

The funding sources (Wroclaw Medical University-WMU and Medical University of
Silesia-MUS, Wroclaw, Poland) had no impact on the study design, data collection, analysis
and interpretation; they also had no role in the writing of the manuscript, but agreed to
submit the manuscript for publication and gave financial support for proofreading of the
translation (WMU) and article processing charge (both universities). The corresponding
author had full access to all of the data and the final responsibility to submit for publication.

2.4. Statistical Analysis

Both nominal and ratio variables were analyzed. Basic descriptive statistics were
calculated for ratio scale variables: size, mean value—SR, median, 95% confidence interval
for the mean value (SR ± 95%CI), and range. Next, size and percentage information was
tabulated for nominal variables (including dichotomous ones).

The normality of data distribution was tested with a Shapiro–Wilk test. We used means
and standard deviations (SDs) for normally distributed data and medians and ranges for
not normally distributed data.

Relationships between variables of nominal scales (including dichotomous ones) were
assessed using Pearson’s chi-squared test.

Pearson correlation coefficient matrices were calculated to determine correlations
between variables of ratio scales. Their statistical significance was determined with a t-test.

Principal component analysis (PCA) was used to assess global relationships between
the key variables analyzed regardless of scale. The developed PCA model was estimated us-
ing the NIPALS algorithm. The convergence criterion was set at 0.00001, and the maximum
number of iterations was 100. The number of components was determined by establishing
the maximum predictive ability of Q2 using V-fold cross-validation, adopting Vmax = 7.
The resulting optimal PCA model was reduced to 2 principal components (PC 1 and PC 2).
The results are presented in a graph, including the contribution of each component to the
overall percentage of explained variance and information on their statistical significance.

In addition, survival analysis was performed based on a nonparametric Cox propor-
tional hazards model.

A significance level of α = 0·05 was assumed for all statistical analyses carried out.
Statistical analysis was performed using StatSoft’s Statistica 13·3 PL.

3. Results

3.1. Basic Information

In the mentioned periods, 326 patients (294 in Wroclaw and 32 in Bytom) were hos-
pitalized due to COVID-19, and 140 gave their written consent to participate in the study
(124 from Wroclaw and 16 from Bytom) (Supplements Figure S1). However, the final
analysis covered 131 cases (57; 43.51% women) because three patients did not fill out the
questionnaire, and hospital data on six participants proved insufficient for analysis. The
patient age was: median—70; range: 20–95 (N = 131), mean BMI was 27.18 kg/m2 (SD:
±4.77; data available for 97 cases); 18 (13.74%) patients were smokers (data available for
125 patients) and 53 (42.06%) were fully vaccinated (data available for 126 individuals) with
at least two doses of the vaccine.

A broad characterization of the population is included in the additional documents.
They contain information about comorbidities (Supplements Table S1), chronic medications
(Supplements Table S2), and laboratory results (Supplements Table S3). Not all of these
data were available for the whole group, and the number of analyzed cases is indicated in
the tables.

The analysis of the course of hospitalization showed that 117 (83.31%) individuals
recovered and were discharged home, nine (6.87%) were transferred to the ICU—their fate
is unknown to the researchers, and five (3.82%) died. In 83 (63.36%) individuals, some
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form of OxTh was necessary. The median for the hospital stay was 11 (range: 3–49) for
discharged patients, and mean hospitalization length was 14 days (SD: ±5.8312) for deaths
and 14.22 days (SD: ±6.92) for patients transferred to ICU.

3.2. Relationship between IPAQ Score and Severity of the Disease

To analyze the relationship between IPAQ score and survival, the group was divided
into two subgroups: recovered patients and patients with unfavorable hospitalization
outcomes (death or transfer to ICU; N = 14; 10.69%). None of the patients used the help
of a family member to complete the questionnaire, but the interviewers helped them to
understand it and marked the correct information for all of them to some extent. The
median for energy expenditure was 660 MET-min/week (range: 0–19,200), representing
the sufficient level of PA regarding the IPAQ. The results of IPAQ are in Table 1.

Table 1. The IPAQ level and its correlation with recovery or unfavorable hospitalization outcomes
(death or transfer to ICU) and need for oxygen therapy.

Variable
IPAQ Level

Chi2 p-Level
0 1 2

Recovery
(N = 117)

Death or transfer to ICU
(N = 5 + 9)

49 40 28
(37.40%) (30.53%) (21.37%)

7.15 0.03
11 1 2

(8.40%) (0.76%) (1.53%)

Does the patient need
oxygen therapy?

No

6.78 0.03
(N = 48)

19 12 17
(14.50%) (9.16%) (12.98%)

Yes
(N = 83)

41 29 13
(31.30%) (22.14%) (9.92%)

Note: IPAQ—International Physical Activity Questionnaire; and ICU—Intensive Care Unit.

Sufficient or high PA was found in patients who recovered, while insufficient activity
was more common in patients with unfavorable hospitalization outcomes (death or transfer
to ICU) (p = 0.03) (Table 1). In addition, the individuals with insufficient PA (IPAQ = 0)
had a higher risk of death (HR = 2.63; ±95%CI 0.58–11.93; p = 0.037), while patients with
sufficient or high PA (IPAQ = 1 or 2) were more likely to recover (HR = 0.39; ±95%CI
0.04–4.39; p = 0.19). Survival analysis for the participants is presented in Figure 1.

Oxygen therapy was used more often in the less active individuals (IPAQ = 0 and 1)
compared to the more active ones (IPAQ = 2) (p = 0.03) (Table 1).

There was no difference in hospitalization length between IPAQ = 0 patients (insuf-
ficient activity) (median: 12; range: 5–49) and individuals reporting sufficient or high PA
(IPAQ = 1 or 2) (median: 11; range: 3–30) (p = 0.35).

In 30 (22.90%) individuals, complications other than respiratory failure were observed:
for IPAQ = 0, N= 6 for IPAQ = 1 or 2, N = 26. There was no difference between groups
regarding the development of complications (p = 0.94) and IPAQ score.

The values for CRP and PCT are in Supplements (Table S3). We observed a negative
correlation between PA and CRP level on admission (the higher the PA, the lower the CRP,
but with no statistical significance) and a positive correlation for PCT level on admission
(the lower the PA, the lower the PCT, but also with no significance).

The PCA (Figure 2) orders the variables according to how close they are together and
thus informs about their relationship. The analysis confirmed a relationship between high
PA and no need for OxTh. It also corroborated the relationship between insufficient PA and
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complications, the need for oxygen therapy, a longer hospital stay, unfavorable hospitaliza-
tion outcome (death or transfer to ICU), and low PCT but higher CRP on admission.

 
Figure 1. Survival analysis for patients whose physical activity was insufficient (IPAQ = 0) or at least
sufficient (IPAQ = 1 or 2).

 

Figure 2. Relationship between physical activity level and selected variables: need for oxygen
therapy, complications, duration of hospitalization, and unfavorable hospitalization outcomes (death
or transfer to ICU).

4. Discussion

The exercises build muscle mass and produce benefits such as better glucose control
or lipid metabolism [29]. Even though the two are connected with a longer life and better
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life quality, people, especially younger ones, find it difficult to focus on the long-term
benefits and take up regular PA. Thus, information on short-term benefits, such as lower
incidence of various infections or their milder course, could encourage it in people of all
ages. In addition, the much more severe consequences of COVID-19 (compared to other,
more trivial respiratory system infectious diseases) and the significantly higher frequency
of serious complications (including high death rate) may also reveal potential protective
factors. Therefore, the disclosure of factors that help improve the prognosis could more
strongly appeal to the public imagination and mobilize people to take action to improve
the course of infection or the occurrence of these diseases in general.

Our study confirms with no doubt that people hospitalized due to COVID-19 who
had regular PA before getting sick had a better prognosis, with an about 60% higher
chance of recovery, for example, due to a reduced hyper-inflammation response [22], as we
observed the relationship between PA level and the main marker of inflammation, CRP
(higher PA was characterized by lower CRP), but with no statistical significance. In recent
decades, a role for muscle as an endocrine organ producing myokines that can contribute to
cross-talk between different organs and thus modify the body’s response to inflammation
has been proposed [30]. Therefore, even minimal PA (referred to as sufficient in IPAQ)
protects against death or ICU transfer in our study. This level means one of the following:
(a) 3 or more days of vigorous activity for at least 20 min per day, OR (b) 5 or more days of
moderate-intensity activity or walking for at least 30 min per day, OR (c) 5 or more days of
any combination of walking, moderate-intensity, or vigorous-intensity activities achieving
a minimum of at least 600 MET-min/week [31].

It is known that PA improves lung function [32]. We also confirmed that being more
active reduces the chances of additional procedures such as oxygen therapy. This gives
a smoother disease course and indirectly also proves the efficiency of the patient’s respi-
ratory system. Low PA was found by our team to be associated with adverse prognostic
factors that appeared during the course of COVID-19, such as the need for oxygen therapy,
complications, and, consequently, longer hospital stay, as well as unfavorable hospitaliza-
tion outcomes (death or transfer to ICU) also in PCA. Thus, our study confirms that, for
every person, regardless of fitness and ability, being more active reduces the risk of the
adverse, acute consequences of COVID-19 disease. Although we have no information on
the long-term complications of COVID-19 up to now, avoiding first-line ones seems to be
enough reason to explain to patients the need for minimal but regular PA at least.

In the previous study, we presented patients with type 2 diabetes who declared lower
PA levels (mean: 1198•1 MET-min/week) compared to the result of this study, where we
focused on the general population [33]. Nonetheless, we are aware that patients with more
comorbidities may be less active due to disability [34,35]. The IPAQ analysis combines
not only the dynamics of activity but also its regularity and duration as mentioned above.
Patients can also pursue a less strenuous PA, such as regular walks, to obtain a higher IPAQ
level and reap its benefits. Exercising was found to modulate the AMP-activated protein
kinase (AMPK) pathway and decrease cytokine production depending on its intensity,
duration, and status [21]. Interestingly, a high-intensity approach is not preferred as it can
even be harmful [24,36].

The mean BMI of the studied population was 27 kg/m2, and less than 20% of the
individuals had BMI ≥ 30 kg/m2. As was found in previous studies, obesity was an
independent predictor for severity and death in patients suffering from COVID-19 and
other infectious diseases [37]. The two hospitals covered in our study were not dedicated
to treating the most severe cases; therefore, we cannot exclude that the BMI of the ICU
patients was higher [38] as obese individuals are more severely ill and more likely to
need mechanical ventilation [39]. Thus, we suggest that the results of our study may be
representative of a non-obese population. Due to the independent influence of high BMI
mentioned above in the literature on the severity of infection, the analysis of PA’s role on
the disease course in the obese population should be an element of a separate investigation.
Some studies indicate the independent role of muscle mass, volume, and density in the
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severity of the disease [40,41], so it could be interesting to check if obese but physically
active people enjoy the same benefits of regular PA as slim ones.

Just before the COVID-19 pandemic, information on the impact of exercise on the
human immune defense was published [42]. Unfortunately, the general impact of PA on
infectious disease morbidity and severity was not analyzed as a pure variable but in the
context of body composition (reduction of excess body mass) up to now. Our study explored
and indicated the connection between PA and the severity of SARS-CoV-2 infection not
related to weight loss through exercise. This information seems important not only for
individuals but also for health authorities regarding healthcare direction. Although the
potential biological mechanism of how PA affects our immunity at the system or cell levels,
or how it modulates the release of different substances is explained in a comprehensive
review by Jakobsson et al. [43]; our study complements this knowledge with clinical
trial results.

5. Limitations

1. IPAQ-PL is dedicated to people aged 15–69. However, for the purpose of the EUPASS
(European Physical Activity Surveillance System), residents who had just turned 18
were recruited [28].

2. Respondents were asked to analyze their “usual PA before COVID-19” instead of the
recommended “describe your PA during the last 7 days.” In our opinion, the disease
with mild symptoms/signs probably started a few days before hospitalization, and PA
may have been limited. Therefore, “the last 7 days” may not adequately describe the
individual’s usual status. Although the use of “the last 7 days recall” is recommended,
both formulae are available [26].

3. Only patients who were not critically ill during admission were surveyed, which
depends on the hospital profile and obvious reasons (patient condition).

4. The analysis of the PA during the COVID period (but not lockdown) cannot be
sufficient to properly describe the long-term relationship between analyzed variables
in general.

5. The correlation for CRP and PCT and physical activity level was not found as statisti-
cally significant.

6. Conclusions

Physical activity importantly modified the course of COVID-19 in a hospitalized
population. Regular physical activity before becoming sick gives hospitalized patients
about a 60% higher chance of recovery. A higher level of daily PA is associated with a
milder course of SARS-CoV-2 infection.
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Abstract: Our objective is to evaluate the correlation between ENT symptom occurrence and antibody
titer in convalescent plasma, as well as the influence of age and gender on ENT manifestations of
COVID-19. We measured the levels of antibodies in 346 blood donors, who had PCR-confirmed
previous infection and met the study inclusion criteria. We recorded otolaryngological symptoms
during infection: dry cough, dyspnea, sore throat, smell/taste disturbances, vertigo, dizziness, nausea
and vomiting, sudden unilateral loss of hearing, progressive loss of hearing, and tinnitus. In addition,
we statistically analyzed the correlation between patients’ antibody levels, symptoms, age, and
gender using a chi-square test or Fisher exact test. A p-value less than 0.05 determined statistical
significance. The mean age of the convalescents was 39.8 ± 9.56 SD and the median of the measured
anti-SARS-CoV2 plasma antibodies was 1:368.5. The most common ENT symptoms were smell/taste
disturbances (62.43%), dry cough (40.46%), sore throat (24.86%), and dyspnea (23.7%). Smell and
taste disturbances were more frequent in younger patients and the marked antibody titer was lower,
which was contrary to a higher antibody titer associated with dry cough, dyspnea, and dizziness.
Occurrence of sore throat was not correlated with age, sex, or antibody level. There were no significant
differences in otological symptoms in female patients. Gender does not affect the occurrence of ENT
symptoms. The symptomatic course of SARS-CoV-2 infection is not always associated with higher
levels of antibodies in the blood. The age of the infected patients, unlike gender, affects the occurrence
of some ENT symptoms.

Keywords: COVID-19; convalescent plasma; SARS-CoV-2; ENT symptoms

1. Introduction

Coronavirus disease 2019 (COVID-19) is an ongoing problem caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Initial infection appeared in Wuhan
(China) in December 2019 and was declared a pandemic by the World Health Organization
(WHO) in March 2020. According to the WHO, COVID-19 has infected over 600 million
people and caused over 6.5 million deaths worldwide [1].

Symptoms of the disease are varied; besides general manifestations such as fever or
chills, ear, nose, and throat (ENT) symptoms are also prevalent [2]. According to various
authors, ENT symptoms associated with COVID-19 could include sore throat, headache,
cough, dyspnea, pharyngeal erythema, nasal congestion and obstruction, rhinorrhea, nasal
itching, upper respiratory tract infection, tonsil enlargement, sneezing, dysphagia, voice
impairment, olfactory and taste dysfunction, dizziness, vertigo, tinnitus, and hearing
impairment [2–5].
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However, their frequencies differ in patients, as do anti-SARS-CoV-2 antibody levels in
their plasma [6]. Treatment with convalescent plasma rich in anti-SARS-CoV-2 antibodies
has proven effective in reducing the severe course and mortality of COVID-19 [7]. The
correlation of demographic factors and the level of antibodies in relation to their effects on
disease symptomatology has been evaluated previously [8–11]. However, only correlation
with the severity of the disease was tested, without stratification by each symptom. Fur-
thermore, it was investigated only for the general symptoms of COVID-19 infection, and
not with a specific focus on otorhinolaryngological symptoms.

As has been shown by other authors, the severity of the disease affects anti-SARS-CoV2
antibody levels [12–14]. We aimed to analyze if particular otolaryngological symptoms
could have a similar predictive value. Investigating the relationship between ENT symp-
toms and the level of antibodies may facilitate the prediction of the severity, duration and
complications of COVID-19 based on the presence or absence of respective symptoms. This
research may help otolaryngologists identify patients with COVID-19 infection, and, after
further research, predict the course of infection. This could have both scientific and clinical
significance.

This study aimed to show the frequency of ENT symptoms among COVID-19 patients,
their occurrence depending on sex and age, and the correlation with IgG anti-SARS-CoV-2
antibody titers in convalescent plasma.

2. Materials and Methods

COVID-19 convalescents (n = 346) who donated blood at the Regional Center of Blood
Donation and Treatment in Gdańsk (Poland) were enrolled in the study. The objective
of blood donation was to acquire plasma rich in anti-SARS-CoV-2 antibodies to be used
for the treatment of severe COVID-19 cases. SARS-CoV-2 infection was confirmed by
polymerase chain reaction (PCR) testing of nasopharyngeal swabs. The convalescents’
blood was donated from 10 to 120 days after a fourteen-day isolation period. None of
the donors were vaccinated or hospitalized due to COVID-19. Patients were asked about
otolaryngological symptoms of the disease: dry cough, dyspnea, sore throat, smell/taste
disturbances, vertigo, dizziness, nausea and vomiting, sudden unilateral loss of hearing,
progressive loss of hearing, and tinnitus. The inclusion criteria were confirmed SARS-
CoV-2 infection, 18–64 years of age, and normal complete blood count, blood pressure,
pulse, and body temperature. The exclusion criteria were autoimmune diseases, anti-HLA
antibodies in the blood, active infection (including Treponema pallidum) or oncological
illness, history of HIV, Hepatitis B or Hepatitis C infection, and being under the influence
of psychoactive substances. The testing methodology of a study by Skorek et al. was
replicated [11]. Blood tests were performed using the SARS-CoV-2 S-RBD IgG test of a
MAGLUMI 800 device (Snibe Co., Shenzhen, China). Serological tests were performed
using the in vitro chemiluminescent kit (Cat. No. SARS-CoV-2 S-RBD IgG122, Mindray,
China) for the quantification of S-RBD IgG neutralizing antibodies (nAbs) against SARS-
CoV-2. After collecting blood from the examined person, it was placed in test tubes with
a separating gel or clot activator. After centrifugation (>10,000 RCF for 10 min), a sample
(10 μL volume) containing no fibrin or other solids was collected. Subsequently, the sample,
along with the buffer and magnetic particles coated with the recombinant S-RBD antigen,
were mixed and incubated, resulting in the formation of immune complexes. After magnetic
field precipitation, the supernatant was removed and washed. After the addition of ABEI-
labeled anti-human IgG antibodies, the sample was subjected to another incubation and
precipitation followed by washing to remove unbound proteins from the sample. Finally,
the chemiluminescence reaction was initiated and the light signals were measured with
a photomultiplier for 3 s in relative light units (RLUs), which are proportional to the
SARS-CoV-2 S-RBD IgG concentration. In the case of a test performed 15 days after the
onset of symptoms, the sensitivity of the test (according to the manufacturer) is 100.0%
and its specificity is 99.6% (CE REF 30219017 M) [15]. Participation in the study was
voluntary and written consent was obtained. The data collected were statistically analyzed
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using the chi-square test or Fisher exact test when the chi-square test assumption was
not fulfilled (theoretical values in each cell of the contingency table equal to at least 5) to
derive p-values. A post hoc Bonferroni correction was applied. A p-value less than 0.05
(typically ≤ 0.05) determined statistical significance. Cohen’s h effect size was calculated
and classified as small (h = 0.20), medium (h = 0.50) or large (h = 0.80). These calculations
were prepared using the Statistica 13.3 StatSoft PL software (Collegium Medicum, Nicolaus
Copernicus University, Bydgoszcz, Poland) and the R statistical package version 4.0.2.
(Biostat, Warsaw, Poland).

The study was approved by the Regional Independent Bioethics Committee, Gdansk
Medical University, Poland (NKBBN 199/2021).

3. Results

The study included 302 males and 44 females, whose mean age was 39.8 ± 9.56 SD
(age range 18–64) (Table 1). The median of the measured plasma IgG anti-SASR-CoV2
antibody titers was 1:368.5. Median rather than mean antibody titer levels were calculated
to minimize outlier values and for a more accurate predictive value. The FDA recommends
1:160–1:640 as the standard antibody level, which coincides with our work (the mean in the
standard range is 1:400). Patients were divided into groups depending on sex and plasma
antibody level.

Table 1. Demographic data.

Index N

Mean age (95% CI) 39.80 (38.79–40.81)
Gender

Male 302
Female 44

Antibody titer
<1:368.5 (male:female ratio) 6:1
>1:368.5 (male:female ratio) 9:1

Clinical information
Hypertension 9 (only males)

Familial hypercholesterolemia 1 (only females)
No comorbidities (male:female ratio) 7:1

Ethnicity
Polish (%) 346 (100%)

The most common ENT manifestations of COVID-19 infection were smell/taste distur-
bances (62.43% of patients), dry cough (40.46%), sore throat (24.86%), and dyspnea (23.7%).
Others included in the study were vertigo (11.85%), dizziness (8.09%), tinnitus (6.07%),
nausea and vomiting (3.76%), sudden unilateral loss of hearing (1.73%), and progressive
loss of hearing (0.58%).

We noted a statistically significant correlation between otolaryngological symptoms
manifested during COVID-19 infection and measured antibody levels. The occurrence of
dry cough, dyspnea, and dizziness was associated with higher antibody titers (Figure 1;
Table 2). Additionally, in male patients there was a positive correlation between dry cough,
dyspnea, dizziness, vertigo, and higher antibody titers (p < 0.05). Interestingly, smell/taste
disturbances were correlated with lower antibody titers (Figures 2 and 3; Table 2).

Our study showed no statistically significant differences between sex and occurrence
of any ENT symptom of COVID-19 (Table 2). An exception was seen in patients with lower
antibody titers, whereby nausea and vomiting were more common in women than in men.
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Figure 1. Anti-SARS-CoV-2 antibody titers depending on the symptoms of dizziness, dyspnea, and
dry cough. Spots may represent more than one symptom. The chi-square test was used to derive
the p-values.

Figure 2. Anti-SARS-CoV-2 antibodies among patients depend on smell/taste disturbances. The
chi-square test was used to derive the p-values.
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Figure 3. Antibody titer by reported ear, nose, and throat (ENT) symptom. Values for individuals
with multiple symptoms are shown for each symptom individually. The center line denotes the
median value (50th percentile), the box contains the 25th to 75th percentiles of the dataset, the
whiskers mark the 5th and 95th percentiles, and values beyond these upper and lower bounds are
considered outliers.

Patients were divided into younger and older groups based on mean age (under and
above the age of 38.9). Smell/taste disturbances were more common in younger conva-
lescents (statistically significant difference, p < 0.05) (Table 2). Likewise, this difference
was maintained both within the male and female patient distributions (p < 0.05). There
were no statistically significant correlations between sore throat and age, sex, or antibody
level. In addition, there was no correlation between antibody titers and ENT symptoms in
women (p > 0.05). Furthermore, there were no differences (p > 0.05) in otological symptoms
(tinnitus, sudden unilateral loss of hearing, progressive loss of hearing) in female patients.
Unfortunately, the proportion of female patients was too small to facilitate statistically
significant results. According to Cohen’s classification, the effect sizes observed in the
statistically significant comparisons can be considered small effect sizes, which results from
large disparity between group sizes.
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4. Discussion

ENT symptoms were frequently observed in COVID-19 infection; however, much
variability has been reported in the literature. El-Anwar et al. reported the most common
manifestations to be cough (63.3%), dyspnea, (45%) sore throat (30%), nasal congestion
(28.3%), nasal obstruction (26.7%), sneezing (26.6%), headache (25%) and smell/taste
dysfunction (25%) [3]. However, another study by the same author presented sore throat
(11.3%) and headache (10.7%) as the most frequently occurring symptoms [2]. Zięba et al.
pointed out olfactory disorders (72%), taste disturbance (68%), and vertigo and dizziness
(34%) [4]. Korkmaz et al. mentioned sore throat and smell/taste disturbances as prevailing
symptoms [5]. We assume that results differed substantially between studies due to various
factors influencing the tested groups. Possible factors might be age, comorbidities, research
unit (blood donation center or ENT clinic), and geographical region, which could be
associated with non-specific mutations of SARS-CoV-2. Furthermore, the ENT symptoms
that the authors considered influenced the study results.

Our study showed no significant differences in ENT symptom manifestation in
younger patients as compared with older patients, except for smell/taste disturbance,
which occurred more often in patients under 39.8 years of age (Table 2). Elibol et al. report
that otolaryngological symptoms are more frequent in the 18–30 age group, which is consis-
tent with our smell/taste disturbance results . The authors noted that ENT manifestations
of COVID-19 occurred more often in women [16]. Moreover, Takahashi et al. found gender
differences in immune responses to SARS-CoV-2 and in prognostic factors for disease
progression [17]. However, in our research, symptoms had different frequencies, e.g., sore
throat occurred more often in women (31.82%) than men (23.84%), yet statistical significance
was not achieved. As such, we are unable to conclude from our data that gender affects
otolaryngological symptoms (Table 2). Furthermore, the female patient group in our study
was small, probably caused by the exclusion criteria, as HLA antibodies in the blood appear
after pregnancy. Therefore, statistical significance could be underestimated.

This study assessed otolaryngological symptom correlation with the level of anti-
SARS-CoV-2 antibody titers; to the authors’ knowledge, this is the first study to investigate
this. This work may give rise to new considerations if ENT symptom occurrence could
become a predictor of immune response; however, this requires further research with larger
groups of people.

Plasma substance concentration could have a significant impact on the body’s func-
tioning; e.g., potassium disorders can lead to life-threatening conditions [18]. Zheng
et al. measured serum albumin levels in patients with sudden sensorineural hearing loss
(SSNHL) and proved low albumin levels to be associated with the worse SSNHL functional
outcome [19]. We expect that plasma anti-SARS-CoV-2 antibody titer could contribute as a
predictive factor for disease severity, duration, and complications.

Convalescent plasma is an accepted method of severe SARS-CoV-2 treatment [20,21].
Song et al. noted that the month after SARS-CoV-2 infection was the time of highest im-
munoglobulin titer [6]. Another study showed that the persistence of antibodies in plasma
after COVID-19 infection was a minimum of 39 weeks [22]. Research has shown that ad-
ministering convalescent plasma reduced mortality, the need for intubation, and the length
of hospitalization [7,23]. However, complications of convalescent plasma immunotherapy,
such as transfusion-related acute lung injury (TRALI), were reported [24]. After COVID-19
vaccination was introduced, it became the main method of prevention and thus also of
fighting the virus. However, it did not completely eliminate the symptomatic course of the
disease. Higher antibody titers post-vaccination were associated with worsening COVID-19
symptoms, which is likely due to an excessive immune response [25]. Every treatment has
its side effects and possible complications, thus requiring an individualized approach and
patient observation.
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5. Conclusions

The most common ENT symptoms of SARS-CoV2 infection are smell/taste distur-
bances, dry cough, sore throat, and dyspnea. Smell or taste disturbances more often
occur in younger patients and are related to lower anti-SARS-CoV-2 antibody titers in
convalescent plasma. This study showed a statistically significant correlation between the
occurrence of some otolaryngological symptoms and anti-SARS-CoV-2 antibody levels in
convalescent plasma. Gender does not affect the occurrence of ENT symptoms during
COVID-19 infection.
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Abstract: Background: The main objective of this study was to evaluate the evolution of physical
and daily routine, dietary habits, and mental and social health in individuals with recent COVID-19
infection. Methods: A qualitative prospective cross-sectional study was conducted from 01 October
2021 to 01 March 2022, which included 80 working-age adults from the territory of Central Serbia
who had PCR-confirmed SARS-CoV-2 infection in the previous six months. Two structured pre-coded
closed-ended questionnaires were submitted to the participants: a questionnaire about post-COVID-
19 status (pCOVq) and a shortened version of the World Health Organization’s Quality of Life Scale
(WHOQOL-BREF). Results: The presence of the COVID-19 disease in the previous period of 6 months
among the working-age participants significantly affected the duration of aerobic, anaerobic, and
high-intensity physical activities, but also the possibility of performing certain activities such as
walking, which represents basic aerobic activity and a measure of general health among middle-aged
participants. In the majority of cases (78%), in the post-COVID-19 period, participants indicated a
decline in educational and productive activities. Conclusion: Post-COVID status in working-aged
participants consists of reduced physical activity, lower quality of life, and similar nutritional habits.
Health policies should be more focused on these findings.

Keywords: post-COVID-19 status; physical activities; nutritional habits; social activity; working-age
adults

1. Introduction

After the December outbreak of COVID-19 in Wuhan, China, the infection spread
rapidly to other parts of the world, and the increasing number of cases suggests that the
disease continues to spread steadily [1]. Initially, it was thought that people who had been
to the seafood market or consumed food prepared with infected animals had been infected
with COVID-19. However, it was later found that a number of people who had not traveled
to the seafood market were also infected, i.e., tested positive for COVID-19 [2,3]. This
showed that human-to-human transmission of the virus was possible, which was later
confirmed in many countries around the world [1–4]. Thanks to the interventions and
control measures taken by governments around the world, the number of newly confirmed
cases is decreasing worldwide [5]. Although all important measures are being implemented,
the risk of transmission has not yet been eliminated, and the epidemic remains a major
challenge for clinicians. A large proportion of patients have a mild or moderate course
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of disease, but a number of patients have a severe and even life-threatening course of
disease [6,7].

Social distancing and confinement have been very important in the fight against the
spread of the virus [8]. However, all these restrictions affect the health and well-being of
the general population. In these circumstances, some sudden and stressful situation after
a long stay at home can greatly affect the change of lifestyle, i.e.: physical activity, eating
habits, alcohol consumption, mental health, quality of sleep, etc. [9,10].

Further, recommended travel restrictions and regulations against participation in
outdoor activities, which includes physical activity and exercise, have greatly affected the
routine daily activities of a wide variety of people [11].

Post-COVID syndrome was described as a clinical entity for the first time in the
spring of 2020 when patients with COVID-19 still had symptoms several weeks after acute
infection [12]. Currently, this syndrome is one of the challenges for health systems, which
is becoming more common as the pandemic develops. Recent studies suggest that 10 to
20% of patients with SARS-CoV-2 who go through the acute symptomatic phase have
disease sequelae in the form of unexplained, persistent signs or symptoms for 12 weeks
after SARS-CoV-2 infection, called “post-COVID syndrome”. In general, patients with this
syndrome had experience fatigue, extreme tiredness, and symptoms that persist beyond
the active phase of the disease [13–15].

Although many patients recover without sequelae, many patients may have symp-
toms for a long time after recovering from the infection, and others may develop new
symptoms. The most common persistent symptoms in the post-infection period (more than
4 weeks from onset) are shortness of breath, cognitive impairment, fatigue, anxiety, and
depression [13–15].

The cause of this post-viral syndrome remains unknown, although it resembles chronic
fatigue syndrome, which is now referred to as post-viral fatigue syndrome. If these symp-
toms are simply due to critical illness or hypoxia in ventilator-dependent patients, this
would not explain the reason why they occur in non-hospitalized patients and why they
are not clearly related to the severity of the original infection [14].

Future research is very important to explain the pathogenesis, clinical spectrum, and
prognosis of post-COVID syndrome. In addition, markers that allow for the rapid diagnosis
of this syndrome and monitoring of its associated morbidity and prognosis are needed.

The main objective of this study was to assess the evolution of physical and daily
routine, as well as mental and social health in individuals with a recent COVID-19 infection
over a six-month period after infection and to identify factors associated with (unfavorable)
evolution. Secondary objectives were to assess general health and vital energy in working-
age individuals, social functioning, and dietary behaviors in the period after COVID.

2. Materials and Methods

2.1. Ethics Approval and Consent to Participate

This study protocol was approved by the Institutional Ethics Committee of the Faculty
of Medical Sciences of the University of Kragujevac (No. 147/20) and is in accordance with
the principles of the Declaration of Helsinki (2013 revision). Participation in this study was
voluntary and anonymous.

2.2. Protocol of the Study

A qualitative prospective cross-sectional study was conducted from 1 October 2021 to
1 March 2022, involving 80 working-age adults from the area of central Serbia who had
PCR-confirmed SARS-CoV-2 infection in the previous six months.

2.3. Recruitment of Participants

The inclusion criteria were the presence of SARS-CoV-2 infection in the previous
6 months from inclusion in the study (positive PCR test), ambulatory treatment during
COVID-19 disease, an absence of other chronical diseases/treatments, place of residence
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in the cities of central Serbia, and a positive answer to the question from the first part
of the questionnaire (voluntary consent to the study). Exclusion criteria were age less
than 18 years and more than 50 years old, place of residence in other countries/regions of
the world, as well as an incompletely completed survey and previous hospital treatment
regarding COVID-19 disease.

2.4. Instruments

Two structured pre-coded closed-ended questionnaires were submitted to the partici-
pants: a questionnaire about post-COVID-19 status (pCOVq) and a shortened version of
the World Health Organization’s Quality of Life Scale (WHOQOL-BREF).

2.5. A Questionnaire about the Post-COVID-19 Status (pCOVq)

The questionnaire on the post-COVID-19 status of adults in the territory of the mu-
nicipality of Kragujevac is a standardized tool constructed by the author Kang-Hyun Park
and associated and validated on the population of adult respondents during 2020 [16]. The
pCOVq is an anonymous questionnaire that consists of 26 questions; each question has up
to 6 sub-questions related to the period before and after the infection, and the time allotted
for filling it is less than 60 min. The questionnaire consisted of domains, each of which
separately analyzed one aspect of life related to the patient, i.e., the respondent (1) physical
activity, (2) participation in activities, and (3) nutrition. In previous studies, the pCOVq
questionnaire showed high internal reliability, with a Cronbach alpha of 0.83. The intraclass
correlation coefficient was 0.97 for the total score of the questionnaire in terms of test–retest
reliability [16].

2.6. Physical Activity as a Lifestyle Indicator in Post-COVID Period

A total of six physical activity items were assessed using a five-point Likert scale to
measure respondents’ frequency of participation in six different physical activities and
their satisfaction with participating in these physical activities. The six physical activities
included aerobic physical activity; anaerobic physical activity; low-intensity physical activ-
ity equivalent to 2–2.9 metabolic equivalents of the task (MET), including gardening, house
cleaning, etc.; moderate-intensity physical activity equivalent to 3–5.9 METs, including
swimming, doubles tennis, etc.; high-intensity physical activity equivalent to 6–9.9 MET,
such as running, climbing, etc.; and walking exercises. According to the American College
of Sports Medicine (ACSM), physical activity can be divided into three types, based on
intensity. To assess the impact of the COVID-19 pandemic on physical activity, questions
were asked about the frequency and satisfaction of participating in physical activity weekly
before and after the onset of COVID-19. The higher the score, the higher the level of
participation and satisfaction with physical activity.

2.7. Daily Activity as a Lifestyle Indicator in POSt-COVID Period

Six items about the daily activity were also assessed using a five-point Likert scale to
measure the frequency of and satisfaction with the variety of present daily activities, such as
activities of daily living (ADL), leisure, social activities, work, education, and sleep during
the week before and after COVID-19. A higher score indicates more frequent participation
in various activities as well as greater satisfaction with participation in activities.

2.8. Nutrition as a Lifestyle Indicator in Post-COVID Period

Finally, nine items on diet were assessed using a five-point Likert scale to assess diet
in the week before and after COVID-19 and to measure participants’ nutritional status.
The amounts of carbohydrates, proteins, fats, vitamins, minerals, water, and alcohol that
participants consumed, as well as the frequency of drinking and smoking, were measured.
For example, participants were asked, “Before the COVID-19 pandemic, how often did
you consume carbohydrate-rich foods such as rice, bread, and flour in the last week?”
Participants responded to these questions by selecting one of the five-point Likert scale
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options: (1) never, (2) 1–2 times a week, (3) 3–4 times a week, (4) 5–6 times a week, and
(5) every day. A higher score indicates a higher consumption of each type of food.

2.9. A Shortened Version of the World Health Organization’s Quality of Life Scale
(WHOQOL-BREF)

A shortened version of the World Health Organization’s Quality of Life Scale (WHOQOL-
BREF) was used to assess quality of life [17,18]. It contains 26 items rated on a five-point
Likert scale and measures four domains: physical, psychological, social and environmental.
Raw domain scores were converted to a scale ranging from 0 to 100 to facilitate comparison
with other instruments, with higher scores indicating higher quality of life. Cronbach’s
alpha was 0.91 and 0.94 before and after COVID-19, respectively. Each question has
7 possible answers scored on a Likert scale from 0 to 6, with 0 corresponding to the feeling
that it “never” happens and 6 indicating that it happens “every day”. Quality of life
was assessed only six months after COVID-19, since we could not predict who will be
infected [17,18].

2.10. Data Management and Statistical Analysis

This cross-sectional prospective study included the participants who satisfied the
inclusion criteria mentioned before. According to the results of the previous study, the
sample size was arrived at using the margin of error approach as seen in the equation
below: n = Z2P(1−P)/d2. The sample size was set at 80 participants. In the evaluation
of the quality of life and clinical status, 4 (5%) participants were excluded because of
an incompletely filled survey, which is permissible exclusion. Statistical analyses were
performed in the SPSS program version 26 using descriptive and statistical analytical tests.
Results are presented as frequencies in percent (%) or as arithmetic means and standard
deviations (X; SD). A Chi-square test was used to estimate the statistical differences in the
distributions of categorical variables. The statistical threshold was set at the level of 0.05.

3. Results

3.1. Basic Demographic Characteristics of Study Population

Table 1 shows the basic demographic characteristics of the study population. Most
participants were female, with a mean age of 30.64 ± 1.54 years. In addition, most partic-
ipants were under 30 years of age, single, employed, and living in a medium-sized city
(Table 1).

Table 1. Basic socio-economic characteristics of the study population (n = 80). Results are presented
as distributions [%]/mean ± stand. deviation.

Variables
Categories

(n = 80)
Distribution [%]/Mean ± SD

Gender [%]
Male 20 [25%]

Female 60 [75%]

Age category [%]

20–29 years old 54 [68%]

30–39 years old 9 [12%]

40–49 years old 17 [20%]

Age [years; X ± SD] 30.64 ± 1.54

Education level [%]

Elementary school 25 [32.9%]

High school 6 [2.6%]

Faculty 21 [27.6%]

Student 28 [36.8%]

110



J. Clin. Med. 2022, 11, 6668

Table 1. Cont.

Variables
Categories

(n = 80)
Distribution [%]/Mean ± SD

Marital status [%]

Single 33 [43.4%]

Married 23 [30.3%]

Bisexual/homosexual
relationship 21 [22.4%]

Divorced 2 [2.6%]

Widow/er 1 [1.3%]

Place of living [%]

Big city (above 500,000
inhabitants) 10 [7.9%]

Middle city (100,000–500,000
inhabitants) 70 [82.1%]

Occupation level [%] Employed 80 [100%]

3.2. Clinical Status of the Working-Age Study Population

In the form of Table 2, the clinical symptoms among the study population during
the period after COVID-19 are shown. During COVID-19, most patients had many cur-
rent symptoms such as sleep problems, bowel and bladder dysfunction, and respiratory
problems. Some of the participants had joint movement restrictions, odor disturbances,
circulatory problems, and pain. Interestingly, in the period after COVID, many of these
complaints were still present, such as limitations in the sense of smell (17.1%) and taste
(15.8%) and breathing problems (14.5%), and most participants had persistent increased
fatigue (23.7%). Further, there was a not insignificant number of participants with other
persistent symptoms six months after COVID-19 (Table 2).

Table 2. Post-COVID-19 clinical status of participants (n = 76). Results are presented as frequency of
responses [%]. Statistical significance was obtained using the Chi-square test (X2). Single or double
asterisks represents the statistically significant difference (* p < 0.05; ** p < 0.01) in distribution of
responses among study population.

Health Problems
Severity of Clinical

Problem
Frequency [%]

Do the Above Problems Still
Exist? p Values

Yes (%) No (%)

Sleep problems (this includes problems falling
asleep, sleeping through the night, and

waking up early)

None 52 (68.4%)

11 (14.5%) 65 (85.5%) 0.021 *

Mild problem 8 (10.5%)

Moderate problem 11 (14.5%)

Big problem 5 (6.6%)

Extreme problem 0 (0%)

Bowel dysfunction (e.g., diarrhea and
constipation)

None 56 (73.7%)

4 (5.3%) 72 (94.7%) 0.688

Mild problem 13 (17.1%)

Moderate problem 6 (7.9%)

Big problem 1 (1.3)

Extreme problem 0 (0%)

Bladder dysfunction (e.g., incontinence,
kidney or bladder stones, kidney problem,

urine leakage, and reflux)

None 68 (89.5%)

3 (3.9%) 71 (96.1%) 0.216

Mild problem 4 (5.3%)

Moderate problem 3 (3.9%)

Big problem 0 (0%)

Extreme problem 1 (1.3%)
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Table 2. Cont.

Health Problems
Severity of Clinical

Problem
Frequency [%]

Do the Above Problems Still
Exist? p Values

Yes (%) No (%)

Limitation of movement (restricted range of
motion of the joints)

None 45 (59.2%)

6 (7.9%) 70 (92.1%) 0.275

Mild problem 16 (21.1%)

Moderate problem 11 (14.5%)

Big problem 2 (2.6%)

Extreme problem 2 (2.6%)

Muscle problems (uncontrolled, spasmodic
muscle movements, such as uncontrollable

twitching or spasm)

None 48 (63.2%)

8 (10.5%) 68 (89.5%) 0.216

Mild problem 16 (21.1%)

Moderate problem 10 (13.2%)

Big problem 1 (1.3%)

Extreme problem 1 (1.3%)

Respiratory problems (difficulty breathing and
increased secretion)

None 32 (42.1%)

11 (14.5%) 65 (85.5%) 0.005 **

Mild problem 21 (27.6%)

Moderate problem 13 (17.1%)

Big problem 8 (10.5%)

Extreme problem 2 (2.6%)

Limitation of the sense of smell (e.g., reduced
or increased perception of smell)

None 33 (43.4%)

13 (17.1%) 63 (82.9%) 0.021 *

Mild problem 16 (21.1%)

Moderate problem 8 (10.5%)

Big problem 9 (11.8%)

Extreme problem 10 (13.2%)

Limitations of the sense of taste (e.g., reduced
or increased perception of taste)

None 38 (50%)

12 (15.8%) 64 (84.2%) 0.026 *

Mild problem 14 (18.4%)

Moderate problem 8 (10.5%)

Big problem 7 (9.2%)

Extreme problem 9 (11.8%)

Circulation problems or circulatory disorders
(including swelling of veins, feet, hands, legs)

None 62 (81.6%)

4 (5.3%) 72 (94.7%) 0.125

Mild problem 10 (13.2%)

Moderate problem 3 (3.9%)

Big problem 1 (1.3%)

Extreme problem 0 (0%)

Malaise (e.g., increased fatigue)

None 19 (25%)

18 (23.7%) 58 (76.3%) 0.003 **

Mild problem 16 (21.1%)

Moderate problem 16 (21.1%)

Big problem 13 (17.1%)

Extreme problem 12 (15.8%)

Fears and anxiety

None 50 (65.8%)

9 (11.8%) 67 (88.2%) 0.043 *

Mild problem 14 (18.4%)

Moderate problem 5 (6.6%)

Big problem 5 (6.6%)

Extreme problem 2 (2.6%)

Pain

None 40 (52.6%)

6 (7.9%) 70 (82.1%) 0.162

Mild problem 18 (23.7%)

Moderate problem 10 (13.2%)

Big problem 4 (5.3%)

Extreme problem 4 (5.3%)
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3.3. Changes in Different Types and Intensities of Physical Activity in the Working-Age Study
Population after SARS-CoV-2 Infection

In this study, we examined the effects of SARS-CoV-2 infection on the different types
and intensities of physical activity six months after the onset of the disease (Table 3).
We asked participants about the frequency of aerobic, anaerobic, daily, light, and high-
intensity physical activity. Interestingly, both aerobic and anaerobic activity changed, and a
greater number of participants reduced these physical activities in the period after COVID.
Similarly, the number of participants who engaged in high-intensity physical activity
decreased, whereas the consumption of low- and moderate-intensity physical activity did
not decrease (Table 3).

Table 3. Differences in the frequency of aerobic and anaerobic physical activity, as well as in low-,
middle-, and high-intensity activity before and six months after COVID-19. Results are presented as
frequency in percent from total number of participants [%]. Statistical significance was obtained using
Chi-square test (X2) as follows: a = statistically significantly higher number of participants compared
to activity before and after COVID-19, b = statistically significantly lower number of participants
compared to activity before and after COVID-19.

Type of Activity
Aerobic
Activity

Anaerobic
Activity

Low-
Intensity
Physical
Activity

Middle-
Intensity
Physical
Activity

High-Intensity
Physical
Activity

Period Frequency
Percent

[%]
Percent

[%]
Percent [%] Percent [%] Percent [%]

Exercise before
COVID-19

Neither day 48.8 56.3 20.0 51.2 50.0

1–2 days per week 32.5 22.5 23.8 28.7 33.8

3–4 days per week 11.3 15.0 30.0 15.0 10.0

5–6 days per week 2.5 5.0 6.3 1.3 5.0

Every day 5.0 1.3 20.0 3.8 1.3

Exercise after
COVID-19

Neither day 60.0 a 62.5 a 16.3 53.8 56.3 a

1–2 days per week 22.5 b 22.5 36.3 a 32.5 30.0 b

3–4 days per week 12.5 10.0 b 25.0 75.0 a 6.3

5–6 days per week 2.5 2.5 8.8 3.8 6.3 a

Every day 2.5 b 2.5 13.8 b 2.5 1.3

Duration of
physical

exercise before
COVID-19

None 46.3 53.8 12.5 51.2 46.3

10–20 min 22.5 18.8 16.3 15.0 11.3

21–40 min 16.3 17.5 25.0 16.3 23.8

41–60 min 7.5 6.3 18.8 6.3 10.0

Above 60 min 7.5 3.8 27.5 11.3 8.8

Duration of
physical

exercise after
COVID-19

None 55 a 61.3 a 16.3 a 51.2 57.5 a

10–20 min 23.8 22.5 20.0 25.0 17.5

21–40 min 11.3 b 7.5 b 25.0 11.3 b 11.3

41–60 min 2.5 b 5.0 17.3 6.3 10.0 b

Above 60 min 7.5 3.8 21.3 6.3 3.8
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Table 3. Cont.

Type of Activity
Aerobic
Activity

Anaerobic
Activity

Low-
Intensity
Physical
Activity

Middle-
Intensity
Physical
Activity

High-Intensity
Physical
Activity

Period Frequency
Percent

[%]
Percent

[%]
Percent [%] Percent [%] Percent [%]

Possibility of
doing exercises
before infection

Always less than I wanted 51.2 51.2 25.0 45.0 42.5

Sometimes less than I
wanted 12.5 12.5 6.3 10.0 10.0

As much as I could 31.3 33.8 46.3 37.5 42.5

Sometimes more than I
wanted 2.5 0 13.8 1.3 1.3

Always more than I wanted 2.5 2.5 8.8 6.3 3.8

Possibility of
doing exercises
after infection

Always less than I wanted 57.5 a 52.5 26.3 46.3 52.5 a

Sometimes less than I
wanted 8.8 b 12.5 10.0 b 15.0 b 10.0

As much as I could 27.5 b 30.0 b 43.8 35.0 b 31.3 b

Sometimes more than I
wanted 1.3 1.3 13.8 1.3 2.5

Always more than I wanted 5.0 3.8 6.3 2.5 3.8

In terms of duration, there was an increase in the number of participants who did not
engage in physical activity during the period after COVID. The opportunity to engage in
physical activity after SARS-CoV-2 infection was also reduced, especially for aerobic and
high-intensity activities (Table 3).

Regarding the other activities, Table 4 shows the statistical differences in the period
before and six months after COVID-19 in the study population. Statistically significant
reductions were observed in the frequency and duration of daily and social activities and
in the duration of productive and educational activities. As expected, social activities were
most reduced in our working-age population (Table 4).

Table 4. Participation in different activities in the period before and six months after COVID-19
among the study population. Statistical significance was obtained using the Chi-square test (X2).
Asterisks (*) represent the statistically significant difference in selected characteristic of activity before
and six months after COVID-19, and the double asterisk (**) represents high significance (<0.001).

Activity and Its Characteristics
(n = 80)

p Values

Daily activity

Frequency [days per week] 0.000 **

Duration of activity [hours] 0.000 **

Ability to perform [yes/no] 0.345

Other free-daily activity

Frequency [days per week] 0.013 *

Duration of activity [hours] 0.040 *

Ability to perform [yes/no] 0.987

Social activities

Frequency [days per week] 0.016 *

Duration of activity [hours] 0.001 **

Ability to perform [yes/no] 0.012 *
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Table 4. Cont.

Activity and Its Characteristics
(n = 80)

p Values

Productive activities

Frequency [days per week] 0.081

Duration of activity [hours] 0.000 **

Ability to perform [yes/no] 0.670

Educational activities

Frequency [days per week] 0.023 *

Duration of activity [hours] 0.222

Ability to perform [yes/no] 0.035 *

Sleeping/Resting
Duration of activity [hours] 0.662

Ability to perform [yes/no] 1.000

3.4. Nutrition Habits in the Post-COVID Period among Study Population

From Figure 1 and Table 5, we can see that dietary habits changed significantly in
the period after COVID, although most of the changes were not statistically significant.
Interestingly, the frequency of water consumption changed in the period after COVID,
with a large number of participants consuming water five to six times per week or daily
(Figure 1; Table 5). In general, the National Academies of Sciences, Engineering, and
Medicine suggests that each day, women drink a total of about 2.7 L (L) or 11 cups of fluid
and men consume about 3.7 L (16 cups). Every additional cup is recognized as additional
water consumption (Figure 1; Table 5).

Table 5. Change in dietary habits in relation to frequency of consumption per week in the study
population. Results were obtained using the Chi-square test. Single asterisks represent the statistically
significant difference (* p < 0.05) in distribution of responses among study population.

Weekly Intake [Times Per Week] p Values

Carbohydrates 0.827

Proteins 0.564

Lipids 0.251

Vitamins 0.128

Minerals 0.157

Water 0.049 *

Cigarettes 0.987

Alcohol 0.788

3.5. Quality of Life of Working-Age Participants after SARS-CoV-2 Infection

Table 6 shows the frequency of responses related to self-satisfaction and quality of
life. Most participants were satisfied in many ways, but there are still a large number
of participants who were generally not satisfied. All questions refer to post-infection
symptoms (COVID), so we found that a statistically significant number of participants were
only dissatisfied to very dissatisfied with life, health status, daily activities, and personal
relationships, which can be considered as decreased satisfaction (Table 6).
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Figure 1. Assessment of weekly food intake and dietary habits of participants before and 6 months
after COVID-19. Results are presented as number of patients out of total (n = 80).
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Table 6. Quality of life of participants six months after COVID-19. Results are presented as frequency
of responses [%]. Statistical significance was obtained using the Chi-square test (X2). Asterisks (*)
represent the statistically significant difference in distribution of responses among study population
(p < 0.05).

Item Graded Responses Frequency [%] p Values

How would you rate
the quality of your

life?

Very satisfied 18 (23,7%)

0.045 *

Satisfied 52 (68,4%)

Neither satisfied nor
dissatisfied 6 (7,9%)

Dissatisfied 0 (0%)

Very dissatisfied 0 (0%)

How satisfied are you
with your health?

Very satisfied 15 (19.7%)

0.035 *

Satisfied 53 (69.7%)

Neither satisfied nor
dissatisfied 8 (10.5%)

Dissatisfied 0 (0%)

Very dissatisfied 0 (0%)

How satisfied are you
with your ability to
perform daily life

activities?

Very satisfied 26 (34.2%)

0.039 *

Satisfied 42 (55.3%)

Neither satisfied nor
dissatisfied 8 (10.5%)

Dissatisfied 0 (0%)

Very dissatisfied 0 (0%)

How satisfied are you
with yourself?

Very satisfied 29 (38.2%)

0.055

Satisfied 40 (52.6%)

Neither satisfied nor
dissatisfied 7 (9.2%)

Dissatisfied 0 (0%)

Very dissatisfied 0 (0%)

How satisfied are you
with your personal

relationships?

Very satisfied 24 (31.6%)

0.028 *

Satisfied 44 (57.9%)

Neither satisfied nor
dissatisfied 8 (10.5%)

Dissatisfied 0 (0%)

Very dissatisfied 0 (0%)

How satisfied are you
with the conditions of

your housing?

Very satisfied 34 (44.7%)

0.571

Satisfied 37 (48.7%)

Neither satisfied nor
dissatisfied 5 (6.6%)

Dissatisfied 0 (0%)

Very dissatisfied 0 (0%)

4. Discussion

The primary objective of this study was to assess the evolution of physical and daily
routine, as well as mental and social health in individuals with recent COVID-19 infection
over a six-month period after infection and the factors associated with (un)favorable
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evolution. Secondary objectives were to assess general health and vital energy in working-
age individuals, social functioning, and dietary behaviors in the post-COVID period.

For the first time, a study addresses the assessment of the impact of acute infection
on the range of other vital activities in young people of working age [19,20]. A variety of
questionnaires were used to assess behavior, satisfaction, and objective interference with
physical activities. The identification of risk factors for prolonged disease progression
is necessary, and early identification and monitoring of patients at increased risk for
developing post-syndromal COVID must be a priority.

It has been proven that more than 60% of patients who had COVID-19 have many
persistent symptoms and syndromes in the period after COVID [21]. This information
could be important not only for healthcare professionals, but also for the economy and
people in general, because protracted illness is a global problem, not just an individual
disability.

Post-COVID syndrome is a serious condition that includes a variety of new, recurrent,
or persistent symptoms that people usually experience at least four weeks after a positive
SARS-CoV-2 test [22]. In some cases, symptoms persist for more than 3 months when this
syndrome begins as a chronic form of the disease [23].

The results of our study show that there is a statistically significant difference in
certain segments before and after infection. Regarding aerobic and anaerobic exercise, the
number of subjects who performed these activities decreased significantly after infection. A
statistically significant difference was found in the performance of low- and high-intensity
physical activities before and after infection.

The duration of low-intensity physical activity decreased sharply, and for high-
intensity physical activity, the duration, frequency, and opportunity to engage in it de-
creased after infection (Tables 2–4). There was also a difference in the duration and op-
portunity to walk before and after infection, with a decrease in the length of walking and
an increase in the number of respondents who reported walking as much as possible. Re-
sponses on activities of daily living and leisure showed a statistically significant difference
in the performance of these activities before and after infection. The frequency with which
daily activities were performed decreased, as did the duration of leisure activities. There
was a difference in the frequency with which social and educational activities were per-
formed and in the opportunity to perform them (Table 4). The questions about productive
and social activities showed a difference in the duration of these activities, with a significant
decrease in the number of respondents who engaged in sports activities for more than
one hour. Regarding dietary habits before and after infection in terms of carbohydrates,
proteins, vitamins, minerals, and fatty foods, statistical analysis showed that there was no
statistically significant difference in the consumption of these nutrients (Figure 1, Table 4).

Regular physical activity is one of the most effective ways to prevent morbidity and
early death. The World Health Organization recommends at least 150 min of moderate
physical activity per week [24,25]. Individual factors such as gender, age, and health status
influence the physical activity that people engage in. During the COVID-19 pandemic, a
large proportion of the population remained confined to their homes [24,25]. To prevent
physical inactivity, experts recommended getting up, walking around the house, and
exercising online. During the pandemic, there were negative effects on physical activity
intensity and an increase in the consumption of less healthy foods, as well as an increase in
sedentary lifestyle. A decrease in physical activity was also observed in college students,
but an increase in anxiety was also observed in individuals aged 18–34 years [26,27].

A study by Bakhsh et al. [24] was conducted with the aim of determining whether
the dietary and physical activity patterns of the adult Saudi population changed during
the COVID-19 quarantine. The methodology of the study was based on an electronic
questionnaire that assessed changes in body weight, eating habits, and physical activity
among the adult population of Saudi Arabia (n = 2255) during the COVID-19 quarantine
and was disseminated through social networks during the period between June and July
2020. The results of this study showed that over 45% of participants reported consuming
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larger amounts of food and snacks, which led to weight gain in approximately 28% of
subjects. Feeling bored and empty, as well as the availability of time to prepare meals,
were the main reasons for changing eating habits. Honey and vitamin C were the most
commonly consumed foods to boost immunity. COVID-19 negatively affected physical
activity in 52% of respondents, which was associated with a significant increase in body
weight (p < 0.001) [21]. The aforementioned study examined the changes in dietary habits
of the adult population of Saudi Arabia from the aspect of respondents’ weight gain,
whereas our study examined the difference in micro- and macronutrient intake before
and after Corona virus infection. However, our results did not show that there was a
statistically significant difference in the intake of macro- and micronutrients analyzed in
our questionnaire.

A study by the author Ferreira Rodrigues et al. [25] was conducted with the aim of
showing changes in food consumption and food product choices during the pandemic
COVID-19 in the Brazilian population. Consumer perceptions of food safety and marketing
issues were also studied. An online survey was conducted, and the data were analyzed
using descriptive analysis. The results of the study show that the COVID-19 pandemic
has affected the consumption and purchase of food. Respondents reported eating and
buying larger quantities of food, indicating an increased tendency to eat less healthy food,
especially among women. On the other hand, homemade preparations and fresh foods
were preferred [25].

Theis et al.’s [26] cross-sectional study was conducted to examine the impact of
COVD-19 pandemic-related limitations on physical activity and mental health in children
and adolescents. The electronic survey was conducted from June to July 2020. Respondents
reported negative effects of isolation, with 61% reporting a decline in physical activity levels
and over 90% reporting a negative impact on mental health, including poorer behavior,
mood, fitness, and regression in social activities and learning [26].

Since most studies on COVID-19 virus infection have focused on transmission, mor-
bidity, and mortality, a study by Poudel was conducted with the aim of assessing the impact
of the virus on health-related quality of life (HRQoL) [27]. The results of this study suggest
that a greater impact on HRQoL was achieved in acute infections, women, elderly patients,
patients with more severe disease, and patients from low-income countries [27].

COVID-19 can lead to many permanent symptoms such as fatigue, shortness of breath,
and decreased ability to perform activities of daily living [28,29]. Clearly, recovery or reha-
bilitation is necessary to return to a normal state after infection. Pulmonary rehabilitation
is an evidence-based intervention that addresses many of the symptoms experienced by
long-term infected individuals of COVID-19 (defined as symptoms that persist ≥ 3 months
after infection), such as shortness of breath, low energy, impaired ability to perform daily
tasks, sleep disturbances, and lower self-confidence. At the molecular level, fatigue and
fatigue after COVID-19 could be related to persistent inflammation [28–31]. Pandemic
lockdowns have been thought to lead to inactivity and an increase in sedentary behavior,
and all necessary measures should be taken to prevent these effects. During isolation,
people change their lifestyle habits, increasing the time spent sitting and decreasing the
time spent exercising [29–33].

In a study conducted in Spain [34] related to students, it was confirmed that the time
spent sitting increased, but surprisingly, the time spent in physical activity also increased,
as well as the number of days participants were active. It was found that students who
ate a Mediterranean diet exercised more, whereas there was little change in their physical
activity behavior. This only goes to show that those who lead a healthy lifestyle also pay
attention to their diet and exercise and maintain their habits regardless of the environment.
Although the results are positive in terms of physical activity, it should be noted that this
population could experience health problems in the future due to the increase in sitting.
The most likely reason for the increase in physical activity among young people is that they
have realized that their time spent sitting has increased (not going to school, shopping, etc.)
and have compensated for this by exercising [34,35]. Another reason could be that students
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are primarily studying in the health sciences, so they were more inclined to exercise during
the pandemic than students in other majors, such as engineering [35].

The limitation of this study is the lack of objective methods of measurement, such as
laboratory tests before and after COVID-19, but because infection as well as prolongation
of symptoms could not be predicted, this limitation must be justified. Further, the measure-
ment of the costs in case of work loss of these individuals affected by the COVID syndrome
could be of importance and interesting to evaluate.

5. Conclusions

The presence of the disease of COVID-19 in the previous 6 months in working-age
participants significantly affected the duration of aerobic, anaerobic, and high-intensity
physical activities, but also the ability to perform certain activities such as walking, which
is a basic aerobic activity and a measure of overall health in middle-aged participants. In
the majority of cases (78%), participants reported a decrease in educational and productive
activities after COVID-19 compared with the period before COVID-19. Statistical analysis
of dietary habits, such as consumption of carbohydrates, proteins, vitamins, minerals, and
fatty foods, showed that there was no statistically significant difference in the consumption
of these nutrients before and after infection. Health policies should be further guided by
these findings.
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Abstract: Background: The long-term issues faced by COVID-19 survivors remain unclear. Symptoms
may persist for several months, even in non-hospitalized patients, probably impacting the quality of
life. Objective: To assess the health-related quality of life of outpatients one year after SARS-CoV-2
infection. Design, Settings, and Participants: This prospective multicentre study, conducted in France
from February 2020 to February 2022, compared 150 COVID-19 cases (PCR+ and/or CT scan+) and
260 controls (PCR-) selected from a database of four COVID centres. Main outcomes: Health-related
quality of life assessed using the EQ-5D-5L scale. Results: COVID-19 outpatients (n = 96) had
significantly lower health-related quality of life than controls (n = 81) one year after SARS-CoV-2
infection: the EQ-5D-5L index averaged 0.87 in cases and 0.95 in controls (p = 0.002); the EQ- VAS
averaged 78 in cases and 86.7 in controls (p < 0.001). This alteration in quality of life was more intense
in the areas of pain or discomfort and daily activities. Conclusions: This study is the first to show
an alteration in the quality of life of COVID-19 outpatients after one year. Appropriate guidance
and community rehabilitation programs are required for outpatients with persistent symptoms of
COVID-19. Research must continue to confirm these results in larger cohorts.

Keywords: COVID-19; long COVID outpatients; quality of life

1. Introduction

The coronavirus disease (COVID-19) pandemic has changed humanity’s way of life.
Since the spring of 2020, there have been more than 30 million confirmed cases in France,
causing more than 150,000 deaths [1]. However, death is not the only outcome to measure.
Many patients had a slow and painful return to their former state of health [2]. Of specific
concern, this finding was not limited to patients recovering from severe COVID-19 (requir-
ing admittance to intensive care unit [ICU]), but also to patients with mild or moderate
COVID-19. The sharing of personal experiences of patients and medical professionals [3–5]
led to the emergence of the term “long COVID”, used to describe the disease in people who
report lasting effects of the infection [6].

The persistence of symptoms has been reported in survivors of SARS-CoV-1, with a
deficiency in the pulmonary diffusion capacity of carbon monoxide (DLCO) accompanied
by significantly lower quality of life and exercise capacities [7]. Recent publications tend to
confirm the persistence of symptoms several months after the end of the acute phase of
the infection in a considerable number of patients [8,9], and non-hospitalised patients in
particular [10]. These patients’ feelings of hopelessness are compounded by uncertainty
expressed by medical professionals [11]. They feel ignored [12], suggesting that the opinion
of the public, the media, and health professionals on COVID is focused only on one of two
extremes: mild or severe. These individuals ask their general practionner to validate their
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symptoms and show empathy [13]. Patients often attempted to “manage” their symptoms
independently, without seeking medical advice.

A few studies focusing on hospitalised patients have shown a significant impairment
in the quality of life assessed by the EQ-5D-5L scale, up to approximately three months of
follow-up [14,15]. However, the impact of persistent COVID-19 symptoms on quality of life
in non-hospitalised patients may be underestimated: the consequences of viral infections
remain poorly understood. This assessment also helps healthcare professionals to identify
risk factors and recognise areas that can be improved to relieve patient symptoms [16].

This study aimed to assess the health-related quality of life of outpatients one year
after SARS-CoV-2 infection.

2. Methods

2.1. Design, Settings, and Population

This prospective, multicentre, community-based study, conducted in France from
February 2020 to February 2022, used a database created by the Department of General
Medicine of Simone Veil University. This database combines the demographic and clinical
data of patients who consulted one of the four main COVID outpatient centres in the
territory of the Yvelines (78) during the first wave of the epidemic: Les Mureaux, Mantes-La
-Jolie, Trappes, and Triel-sur-Seine.

This database included 522 patients who underwent polymerase chain reaction test
(PCR), of whom approximately 30% were positive. In addition, out of 116 chest computed
tomography (CT) scans performed, approximately 75% were positive for COVID-19.

The inclusion criteria included all the adult patients who consulted in one of these four
centres between February and September 2020. COVID patients were included based on
positive PCR and/or positive CT scan results. Controls were included based on negative
PCR results and without positive CT scan results. All the patients hospitalised during the
initial phase were excluded from the outpatient population analysis. Thus, we started this
study with 410 outpatients (150 cases and 260 controls).

The patients were contacted by phone after November 2021: the time range between
the infection and the follow-up was 14 to 20 months. Initial questions were established
on the symptoms presented on the day of call and vaccination status. Quality of life was
assessed using the EQ-5D-5L scale with a telephone version validated by the EuroQol
group [17]. Data collection by phone was more relevant for this multicentre research during
the COVID time because of several lockdowns and travel restrictions.

Secondary exclusion criteria were unreachable patients and those with communication
problems. Among the control population, we also asked and excluded patients who
presented a positive test for COVID-19 (PCR, antigen, and/or serology) between the initial
consultation and telephone call.

2.2. Main Outcomes

We considered the health-related quality of life assessed using the EQ-5D-5L scale
as the main outcome. The EQ-5D-5L is a generic questionnaire that is not specific to a
particular pathology. This scale is simple and quick to administer and includes five dimen-
sions: mobility, autonomy, daily activities, pain or discomfort, and anxiety or depression.
Each dimension was evaluated on a scale of 1 to 5 (1: no problems, 2: slight problems,
3: moderate problems, 4: severe problems, and 5: extreme problems/unable to). This scale
is supplemented by a subjective quality of life score (EQ-EVA) from 0 (“the worst possible
health”) to 100 (“the best possible health”).

The EQ-5D-5L is one of the most commonly used instruments for measuring the
health-related quality of life in clinical research. This instrument was translated into French
and confirmed by the EuroQol group [17].
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2.3. Statistical Analysis

Using the EQ-5D-5L scale, we evaluated the health status of the patients from 1 to
5 in five domains and from 0 to 100 with the EQ-EVA. This health state classifier can
describe health states that are often reported as vectors ranging from 11111 (full health) to
55555 (worst health). Numerous societal value sets have been derived from population-
based valuation studies of a country, when applied to the health state vector, result in a
preference-based score that typically ranges from states worse than dead (<0) to 1 (full
health), anchoring dead at 0. For example, “11112” meaning slight problems in the anxiety
or depression dimension and no problems in any of the other dimensions, is associated
with a EQ-5D-5L score of 0.929 in France.

The number of subjects required was calculated assuming a mean score of 0.86 with a
variance of 0.22 and tolerance of 0.04 to the mean. It was estimated to be 49 individuals per
group, or 98 individuals in total. This hypothesis was based on a French study comparing
the post-COVID quality of life in two groups [15].

We estimated the proportion of people lost to follow-up to be between 25% and 55%,
according to studies evaluating quality of life by phone call [15,18].

Continuous variables are presented as means and standard deviations, and categorical
variables are presented as numbers and proportions.

To compare categorical variables between the two groups, a Chi2 test was used, or a
Fisher’s exact test was used when the former was not applicable (theoretical numbers less
than five). For continuous variables, we performed Student’s t-test in the case of a normal
distribution or Wilcoxon rank-sum test.

All statistical tests were two-sided, and statistical significance was set at p < 0.05. Data
were analysed using Statistical Analysis System.

2.4. Regulatory Procedures

This was a non-interventional study involving a human patient (RIPH). Procedures
regulated by the “Jarde law” are required to guarantee the protection of people partic-
ipating in research. The agreement of the French Data Protection Authority (National
Commission on Informatics and Liberty) was obtained for reference methodology MR-003.
This methodology governs research including health data with a character of public interest,
and patients consented to participation after being informed. This study was approved by
the French Institutional Review Board.

3. Results

3.1. Sample Characteristics

The study population included 177 patients (96 cases and 81 controls; Figure 1).
We were able to reach 73% of the patients via phone call and obtained 43% complete

responses to the questionnaire. Epidemiological and clinical characteristics of the study
population are shown in Table 1.

The two groups were comparable in terms of age and sex (no statistically significant
difference, p > 0.05). There was no significant difference in COVID vaccination between the
two groups. Hwever, there was a significant difference in cardiological history (p = 0.005)
and obesity (p = 0.013).

COVID-19 outpatients had significantly higher fatigue (39.6%), dyspnoea (24%), chest
pain (8.3%), and ageusia (5.21%) one year after SARS-CoV-2 infection.
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Figure 1. Flowchart.

Table 1. Symptoms and quality of life of 177 patients at 1 year after their visit in a COVID ambula-
tory center.

Cases Controls p Value

n = 96 n = 81
Age (years) 45.8 (14.9) 43.2 (14.5) 0.242
Sex (male) 39 (40.6) 30 (37.0) 0.625
Vaccination 87 (90.6) 77 (95.0) 0.260
Comorbidities

Cardiological 22 (23.1) 5 (6.94) 0.005
Respiratory 9 (9.5) 11 (15.3) 0.253
Diabetes 4 (4.2) 4 (5.6) 0.727
Obesity 11 (11.8) 1 (1.4) 0.013
Tobacco 7 (7.9) 8 (11.2) 0.463
Immune deficiency 8 (8.4) 5 (6.9) 0.724

Symptoms
Fatigue 38 (39.6) 17 (21) 0.008
Cough 11 (11.5) 8 (9.9) 0.734
Dyspnea 23 (24) 3 (3.7) <0.001
Chest pain 8 (8.3) 1 (1.2) 0.032
Anosmia 9 (9.4) 2 (2.5) 0.058
Ageusia 5 (5.21) 0 (0) 0.037
Throat sore 4 (4.2) 2 (2.5) 0.534
Headaches 12 (12.5) 4 (4.9) 0.081

Quality of life
EQ-5D-5L index 0.87 (0.19) 0.95 (0.11) 0.002
EQ-EVA 78 (17.6) 86.7 (9.7) <0.001

Results are expressed as count (%) for categorical variables and as mean (standard derivation) for continuous variables.

3.2. Quality of Life

Regarding our main outcome, the EQ-5D-5L index mean (SD), which evaluates quality
of life in five domains, was at 0.87 (0.19) in cases and 0.95 (0.11) in controls (p = 0.002). The
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EQ-VAS mean (SD), which subjectively evaluates quality of life, was at 78 (17.6) in cases
and 86.7 (9.7) in controls (p < 0.001).

Thus, outpatient cases had a significantly lower health-related quality of life than
controls one year after SARS-CoV-2 infection.

3.3. The 5 Domains of EQ-5D-5L Score

Of the COVID-19 cases, 47.9% reported problems in at least one of the EQ-5D-5L
dimensions compared with 35.8% of the controls, with 6.3% and 2.5% reporting severe or
extreme problems, respectively.

The distribution of the EQ-5D-5L scores in the five domains showed a significant
difference in pain or discomfort (p < 0.001) and daily activities (p = 0.01) (Figure 2).

 

1

1.2

1.4

1.6

1.8
Mobility

Autonomy

Daily activitiesPain or Discomfort

Anxiety or Depression

Cases Controls

Figure 2. Each domain of EQ-5D-5L score.

Approximately 43% of the cases complained of a problem in the area of pain or
discomfort compared to 21% of the controls. Regarding daily activities, approximately 23%
of the cases complained of a problem compared to 6% of the controls.

However, there were no significant differences in autonomy, mobility, and anxiety or
depression between the two groups. More than 20% of the patients in the two groups were
complained of anxiety or depression.

4. Discussion

4.1. Main Outcome

The main objective of this study was to assess the long-term health-related quality of
life in outpatients with COVID-19. One year after SARS-CoV-2 infection, outpatients cases
had significantly lower health-related quality of life than controls with an EQ-5D-5L index
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mean of 0.87 and an EQ-EVA mean of 78; alteration was more intense in pain or discomfort
and daily activities.

4.2. Comparison with Literature

These COVID-19 ambulatory patients may have an impaired quality of life after
SARS-CoV-2 infection compared like initially hospitalised patients. In 2020, in France, the
EQ-5D-5L index mean was 0.86, and the EQ-EVA mean was 70.3 among 120 patients more
than 100 days after hospitalization [15]. However, this study included a few severe patients
because those hospitalised directly in the ICU were excluded. Thus, the alteration in the
quality of life post-COVID does not only concern hospitalised patients, but also ambulatory
patients who should not be neglected.

Lower values are found in other countries, such as the United Kingdom [19], Nor-
way [20], and Iran [14] with EQ-5D-5L index of 0.72, 0.69, and 0.61, respectively. However,
the post-COVID evaluation period was much shorter (between 1 and 3 months), which
could have influenced the quality of life. In the United Kingdom and Norway, these lower
values can also be explained by the characteristics of patients who initially present with
severity criteria (ICU admission). The lower EQ-5D-5L index value in Iran (middle-income
country) compared to the UK and Norway (high-income country) may be due to better
health services of rich countries rather than patient characteristics, such as age (average
58.4 years in Iran vs. 70.5 years in the UK) or disease severity (18% of patients in Iran vs.
32% in the UK in the ICU).

In ambulatory care, we also found lower values in Belgium [21]: the EQ-5D-5L index
mean was 0.63 and the EQ-VAS mean was 51.3 less than 3 months after confirmed SARS-
CoV-2 infection. These low values can be explained by the method of selection made from a
Facebook group that included 1200 patients with persistent symptoms following an episode
of COVID-19, which underestimates the quality of life in an ambulatory population. We
also noted that the most affected areas were pain or discomfort, and daily activities, as
we found in our study. This is more valuable as this “long COVID” population, which
complains of persistent symptoms, is overrepresented here. Management of these patients
should focus on the assessment of pain or discomfort, and daily activities.

4.3. Persistent Symptoms

The most frequently reported symptoms were fatigue (39.6%) and dyspnoea (24%),
which was also found in other studies [15,19], and the presence of these symptoms one
year after SARS-CoV-2 infection in outpatients was notable.

The prevalence of fatigue is consistent with previous outbreaks of SARS, H1N1, and
Ebola, in which a large proportion of patients with fatigue were found eligible for a
diagnosis of chronic fatigue syndrome/myalgic encephalomyelitis [22]. The prevalence of
dyspnoea is comparable to that reported in a meta-analysis, in which 11% to 45% of SARS
and MERS survivors suffered from dyspnoea for up to 12 months [23].

Fatigue and dyspnoea are likely to contribute to the reduced ability to perform daily
activities observed in this cohort of COVID-19 outpatients.

4.4. Anxiety or Depression

Our results showed that more than one-fifth of the patients complained of anxiety or
depression in both cases and controls, with no significant difference. Anxiety or depression
probably do not explain the deterioration in quality of life observed in these cases. The
presence of this problem in cases and controls can be explained by the impact of the
COVID-19 pandemic on the mental health of the general population [24,25].

Therefore, caution is needed before categorising all patient’s post-COVID complaints
as “functional”.
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4.5. Determinants

Regarding the characteristics of the two groups, a significant difference was found in
the cardiological history and obesity. All others characteristics didn’t show a significant
difference between the two groups. The statistical comparison with a control group rule
out the influence of external factors on quality of life.

Biological tests were not available during the initial phase of the epidemic. According
to the recommendations in force, they are mainly used in high-risk cases. This may explain
the predominance of certain comorbidities among cases compared to controls.

This factors alone (cardiological history and obesity) probably do not explain the
difference of quality of life between the two groups. Indeed, the previous SARS and
MERS outbreaks, which used the SF-36 to measure health-related quality of life, showed
significantly poor quality of life at 1 year, which is lower than the quality of life of those
affected by chronic diseases (using normative data) [26]. The previous publications in 2020
and 2021 also showed a lower post-COVID quality of life in different populations of several
countries. Thus, the impaired quality of life observed in outpatient cases likely reflects the
impact of COVID-19.

5. Strengths and Limitations

There are many retrospective studies on the consequences of COVID-19, but few
prospective cohorts and even fewer comparative prospective cohorts with long-term follow-
ups. To our knowledge, this study is the first to show an alteration in the quality of life one
year after infection with SARS-CoV-2 in an ambulatory population through a statistical
comparison with an uninfected control group. This statistical comparison with a control
group is fundamental to rule out the influence of external factors on quality of life, as
our way of life has been upset by this pandemic (confinement, wearing a mask, social
distancing, etc.).

The strength of our study lies in its multicentre and prospective nature. Cases were
selected during the first wave based on a positive COVID test (PCR or CT scan) and not on
suspicion of COVID, which limits the risk of selection bias. We used a reliable scale (EQ-
5D-5L score) to assess quality of life because it is a commonly used instrument, validated in
clinical research, and translated into French with reference values, allowing us to compare
our results with other studies. This questionnaire is standardised and administered by a
single contact, which limits measurement bias.

Our study had several limitations. We obtained a little less than half (43%) of the
answers to the questionnaire, although corresponding to our initial estimate, which repre-
sents a high rate of inaccessible patients. Phone calls as a method of contact limited the
ability to contact some participants such as people with dementia, speech difficulties, and
non-French speakers. Our sample was not representative of the original population. In
addition, the case population had more comorbidities (cardiological history and obesity)
than the controls because of an initial sorting of the use of a PCR test according to the
severity criteria. Thus, our results must be confirmed in larger cohorts to be able to be
extrapolated to the general population.

This outpatient study only included patients over 18 years of age, while persistent
symptoms were also described in the paediatric population [27].

Patients were infected during the first wave of the epidemic in 2020, but the virus is
constantly gaining mutations, which can lead to changes in its internal characteristics, such
as virulence or contagiousness [28], as well as in its clinical expression [29]: therefore, we
can question the reproducibility of the results with the new variants.

6. Conclusions

This study is the first to show an alteration in the quality of life of COVID-19 outpa-
tients after one year. This study suggests an impact of COVID-19 on the long-term quality
of life of outpatients and hope to improve the management of long COVID. Appropri-
ate guidance and community rehabilitation programs are required for outpatients with
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persistent symptoms of COVID-19. Research must continue to confirm these results in
larger cohorts.
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Abstract: Background: Mutations in spike glycoprotein, a critical protein of SARS-CoV-2, could
directly impact pathogenicity and virulence. The D614G mutation, a non-synonymous mutation
at position 614 of the spike glycoprotein, is a predominant variant circulating worldwide. This
study investigated the occurrence of mutations in the crucial zone of the spike gene and the as-
sociation of clinical symptoms with spike mutations in isolated viruses from Iranian patients in-
fected with SARS-CoV-2 during the second and third waves of the COVID-19 epidemic in Isfahan,
the third-largest city in Iran. Methods: The extracted RNA from 60 nasopharyngeal samples of
COVID-19 patients were subjected to cDNA synthesis and RT-PCR (in three overlapping fragments).
Each patient’s reverse transcriptase polymerase chain reaction (RT-PCR) products were assembled
and sequenced. Information and clinical features of all sixty patients were collected, summarized,
and analyzed using the GENMOD procedure of SAS 9.4. Results: Analysis of 60 assembled sequences
identified nine nonsynonymous mutations. The D614G mutation has the highest frequency among
the amino acid changes. In our study, in 31 patients (51.66%), D614G mutation was determined. For
all the studied symptoms, no significant relationship was observed with the incidence of D614G
mutation. Conclusions: D614G, a common mutation among several of the variants of SARS-CoV-2,
had the highest frequency among the studied sequences and its frequency increased significantly in
the samples of the third wave compared to the samples of the second wave of the disease.

Keywords: COVID-19; clinical symptoms; spike glycoprotein; mutation; D614G

1. Introduction

A novel strain of coronavirus, SARS-CoV-2, suddenly appeared in Wuhan (China)
in December 2019 and has outspread swiftly to the world. On 11 March 2020, WHO
announced the rapidly spreading coronavirus disease as COVID-19, the fifth pandemic
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since the 1918 flu pandemic [1]. SARS-CoV-2 belongs to the betacoronavirus, and its
genome encodes four structural proteins by four structural genes, spike (S), envelope (E),
membrane (M), and nucleocapsid (N) genes [2]. The host range is controlled by multiple
molecular interactions, including receptor interaction. Despite amino acid mutation in
some key regions, the structure of the envelope spike (S) protein receptor-binding domain
of SARS-CoV-2 is similar to that of SARS-CoV [3]. Immense structural investigations
powerfully demonstrate that SARS-CoV-2 may use host receptor angiotensin-converting
enzyme 2 (ACE2) to enter the cells [4], the same receptor that helps SARS-CoV to infect
the airway epithelium and alveolar type 2 (AT2) pneumocytes, which are pulmonary
cells that synthesize pulmonary surfactant [5]. In general, coronavirus’s spike protein
comprises two subunits: S1 and S2. The S1 subunit contains the N-terminal domain (NTD),
receptor-binding domain (RBD), and subdomain 1 and 2 (SD1/2), which is responsible
for binding to ACE2 receptor in target cells, and the S2 domain is responsible for cell
membrane fusion during viral infection [6]. Consequently, this protein has an indispensable
role in antigen-inducing potent immune response and is the main target for designing
and developing vaccines and therapeutics [7]. Moreover, information on SARS-CoV-2
mutations, particularly mutations in surface proteins, such as spike proteins, is essential
for estimating virus behavior in drug resistance, immune escape, and pathogenesis [8,9].
The D614G mutation, a non-synonymous mutation at position 614 of Spike glycoprotein,
is a predominant variant circulating worldwide [10,11]. Many studies showed that this
mutation is associated with higher infectivity [12], higher level of viral load in the upper
respiratory tract [13], and higher fatality [14].

Clinical manifestations of 2019-nCoV infection are similar to SARS-CoV. At the onset
of the disease, the most prevalent symptoms include fever, dry cough, dyspnea, chest
pain, fatigue, and myalgia. Uncommon symptoms include headache, nasal congestion,
dizziness, abdominal pain, diarrhea, nausea, and vomiting [15,16]. As the number of
patients rises, there are concerns about accumulation of more severe and toxic viral variants.
Drug and vaccine therapies can also cause specific and new mutations; therefore, tracing
the characteristics of these variants, phylogeny, and at the same time, the demographic
characteristics of the disease in different waves of COVID-19, are critical. This study
investigated the occurrence and prevalence of mutation models in the crucial zone of the
spike gene and the association of clinical symptoms with spike glycoprotein mutations in
isolated viruses from Iranian patients infected with SARS-CoV-2 during the second and
third waves of the COVID-19 epidemic in Isfahan, the third-largest city in Iran and the
eighteenth most populous metropolis in the Middle East.

2. Material and Methods

2.1. Study Design and Participants

A total of 60 COVID-19 patients (30 samples belonged to the second wave and 30 to
the third wave of the COVID-19 pandemic in the specialized clinics in Isfahan (Iran)) were
considered to participate in this monocentric study from August to November 2020 in a
prospective study. We chose RNA samples based on previous information of laboratory
criteria (real-time PCR). SARS-CoV-2 infection was confirmed by reverse transcriptase real-
time PCR. Then we contacted the patient and asked questions according to the questionnaire
prepared for the symptoms of the disease. Clinical manifestations such as the presence or
absence of fever or chills, shortness of breath, cough and sneezing, sore throat, runny nose,
and nausea and vomiting are considered. Figure 1 presents the demographic and clinical
characteristics of all study subjects. Also, to evaluate the relationship between the patient’s
sex with COVID-19 symptoms, patients were divided in two group: men and women. To
investigate the relationship between age and COVID-19 symptoms, patients were divided
into two groups according to age: ≤40 years and >40 years.
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Figure 1. Frequency of clinical symptoms among 60 studied patients.

2.2. Reverse Transcription and RT-PCR

Five ng of each RNA sample, confirmed by a real-time PCR test, was used to syn-
thesize the complementary DNA (with random hexamer primer) using the RevertAid
First Strand cDNA Synthesis Kit (Biotechrabbit, Hennigsdorf, Germany), according to
the manufacturer’s protocol. Three pairs of primers were used to amplify three con-
secutive fragments of the spike gene sequence. The first fragment was amplified with
F1 (TATCTTGGCAAACCACGCGA) and R1 (ACCAGCTGTCCAACCTGAAG) primers;
the second fragment was amplified with F2 (CCCTCAGGGTTTTTCGGCTT), and R2
(CTGTGGATCACGGACAGCAT) primers, and the last fragment was amplified with
F3 (CCAGCAACTGTTTGTGGACC) and R3 (GTGGCAAAACAGTAAGGCCG) primers.
PCR reaction was performed in an Applied Biosystems ® GeneAmp ® PCR System accord-
ing to the cycling program: 94 ◦C for 3.5 min, 94 ◦C for 40 s, 58/59/59.5 ◦C, respectively,
for each fragment’s primer for 45 s, and 72 ◦C for 2 min, 39 cycles, and a final extension
step of 72 ◦C for 10 min.

2.3. Sequencing and Analysis

The final amplified fragments were prepared for sequencing using standard Sanger
sequencing technology (GenFanavan Co., Tehran, Iran). To demonstrate and check the
sequencing quality, we took advantage of Finch TV and Bioedit software (Geospiza Inc.,
Seattle, WA, USA). Final sequences were assembled from three overlapping sequence
reads of each sample, and the authors submitted 100 assembled sequences (partial S gene
sequences) to NCBI GenBank (Supplementary Table S1).

2.4. Mutation Detection

A multiple sequence alignment of all 100 sequences was performed to define the single
nucleotide polymorphism (SNP) using CLUSTALW and the reference S gene sequence.
Mutation at nucleotide and amino acid levels was analyzed using MEGA (Molecular
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Evolutionary Genetics Analysis Platform) version X software [17]. Finally, the statistical
analysis determined the relationship between clinical findings and genetic mutations.

2.5. Statistical Analysis

For statistical analysis, each patient’s information was entered into SAS 9.4 (SAS
Institute Inc., Cary, NC, USA) and analyzed using the GENMOD procedure. The data were
analyzed using descriptive statistics, chi-square tests, independent t-tests, and one-way
analysis of variance. A p-value < 0.05 was accepted as significant.

3. Results

3.1. Clinical Symptoms

The frequency of clinical features among all sixty patients was summarized. All
patients participating in this study exhibited moderate to mild symptoms. As shown in
Figure 1, symptoms such as loss of sense of smell, muscular pain, and fever were the most
common among the patients.

3.2. Identified Single Nucleotide Mutations

Our sequencing results identified nine nonsynonymous mutations in at least five
patients, resulting in amino acid changes in spike glycoprotein (Supplementary Table S1).
Among these amino acid replacements, D111N, Q115H, E224K, and D228N were located
in the NTD. Two mutations, D614G and Q675R, were in subdomains 1 and 2, and D820N,
V826G, and D830N were on the S2 domain.

The most representative amino acid change was D614G. Its frequency was dramatically
increased in patients selected from the third wave of the disease compared to patients
chosen from the second wave (Figure 2).

Figure 2. Frequency of amino acid replacements in sequences of spike glycoprotein among 60 sample
sequences.

3.3. Statistical Analysis

Among the nine identified nonsynonymous mutations in this study, D614G is a vital
mutation that causes structural and functional changes in the SARS-CoV-2 spike protein.
First, the relationship between the D614G mutation and the incidence of COVID-19 symp-
toms in a total population of 60 people was investigated (Table 1). Then, the relationships
between sex, age, and underlying disease history with the incidence of COVID-19 clinical
symptoms were assessed.
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Table 1. Statistical correlation between incidences of the clinical sings of the COVID-19 and mutation
in D614G gene and their relevant p values.

Incidence Rate D614G Mutation Wild Type p Value

Total Number of Cases 60 51.66% (31/60) 48.33% (29/60) NS

Fever 56.66% (34/60) 64.51% (20/31) 48.27% (14/29) NS

Cough 43.33% (26/60) 51.61% (16/31) 34.48% (10/29) NS

Muscular pain 65% (39/60) 74.19% (23/31) 55.17% (16/29) NS

Respiratory distress 35% (21/60) 35.48% (11/31) 34.48% (10/29) NS

Loss of consciousness 10% (6/60) 9.67% (3/31) 10.34% (3/29) NS

Loss or less sense of smell 41.66% (25/60) 38.7% (12/31) 44.82% (13/29) NS

Loss or less sense of taste 40% (24/60) 38.7% (12/31) 41.37% (12/29) NS

Abdominal pain 10% (6/60) 9.67% (3/31) 10.34% (3/29) NS

Nausea 13.33% (8/60) 19.34% (6/31) 6.89% (2/29) NS

Vomiting 3.33% (2/60) 6.45% (2/31) 0% (0/29) NS

Diarrhea 13.33% (8/60) 12.9% (4/31) 13.79% (4/29) NS

Anorexia 40% (24/60) 45.16% (14/31) 34.48% (10/29) NS

Headache 33.3% (20/60) 38.7% (12/31) 27.58% (8/29) NS

Dizziness 26.6% (16/60) 29.03% (9/31) 24.13% (7/29) NS

Chest pain 16.66% (10/60) 12.9% (4/31) 20.68% (6/29) NS

Inflammation or skin lesion 5% (3/60) 3.22% (1/31) 6.89% (2/29) NS

p < 0.05 = significant difference; NS = Non-significant (p > 0.05); 0.05 > p > 0.10 = tendency.

Our study revealed D614G mutation in 31 patients (51.66%). The percentage of
mutated and non-mutated individuals for each clinical sign was determined and then
all data were compared statistically. No significant relationship was observed for all the
studied symptoms with the incidence of D614G mutation.

It has been shown that 70% (42/60) of the studied patients were male, and 30% (18/60)
were female at the time of sampling. Since, in this study, the collection of samples was
random, the results showed that the prevalence of COVID-19 was statistically higher in
men than women. There was no significant relationship between patients’ sex and the
incidence of symptoms in the study population (Supplementary Table S2).

Patients were divided into two groups according to age: ≤40 years and >40 years.
After examining the relationship between symptoms and age, we found that in the stud-
ied patients, symptoms such as loss of sense of smell, headache, and chest pain were
significantly higher in people ≤40 years (Supplementary Table S3).

4. Discussion

With the emergence of new varieties of SARS-CoV-2, controlling and combating this
disease has become a global challenge [18]. The importance of the spike protein in the
virulence and pathogenesis of the virus has been well identified in various studies [19].
Therefore, identifying and monitoring spike mutations and their effects on the function of
the virus is essential for drug and vaccine design. Spike mutation could also directly impact
spike interaction with neutralizing antibodies, leading to reinfection and even infection of
fully vaccinated people [20,21].

Gender is one of the known factors in the severity of the SARS-CoV-2 disease, and
men are more susceptible to the virus [22].

Different independent research has revealed that mutations in spike and other proteins
of SARS-CoV-2 can potentially impact the clinical outcomes of affected patients [23–25].
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Meta-analyses and observational studies have shown that mutations increase the risk of
disease severity and death [24,25].

Therefore, different clinical outcomes may be associated with genetic mutations in
SARS-CoV-2 spike glycoprotein. However, it is necessary to adjust for individual risk
factors to establish such an association reliably. The most severe outcomes are expected
to be associated with pre-existing diseases in affected persons. Age and comorbidities
such as hypertension, obesity, cardiovascular disorders, immune suppression, smoking,
and diabetes are more important predictors of severity, hospitalization, and mortality than
SARS-CoV-2 mutations [26].

Some genome information of SARS-CoV-2 revealed that the mutation rate of SARS-
CoV-2 is about 1∼2 nucleotides/month [26]. A similar study in Jiangsu Province of China
showed that more men were infected with the SARS-CoV-2 compared to women and
its tendency was to younger ages. Also, the number of asymptomatic infected patients
was more (predominantly in Alpha and Beta variants), but patients infected with Delta
(17%) variant presented more severe clinical features. A total of 935 SNPs were detected in
165 SARS-CoV-2 samples, and missense mutation was the dominant mutation. They found
that 20% of SNP changes occurred in the spike glycoprotein (S) gene as well as nine SNPs
loci in S gene were significantly correlated with the severity of disease in patients [26,27].
It is worth mentioning that amino acid substitution of p.Asp614Gly was significantly
positively correlated with the clinical severity of patients. In Jiangsu Province of China,
the amino acid substitution of p.Ser316Thr and p.Lu484Lys were significantly negatively
correlated with the course of the disease [27].

In Turkey, results clearly showed concordance between the variant distributions, the
number of cases, and the timelines of different variant accumulations [28].

D614G is a vital mutation that causes structural changes, increasing the affinity of
ACE2 and leading to functional changes in SARS-CoV-2 spike protein [29]. This mutation
may affect the binding activity of the S1 domain and change the secondary structure of the
protein [21,27]. Zhang and colleagues [12] showed that the D614G mutation can increase
the infectivity of the virus by increasing virion spike density. Becerra-Flores et al. have
reported that this mutation is associated with a higher fatality rate [14]. Vanderheiden et al.
computationally simulated and analyzed the functional effects of mutation D614G and
found that the D614 position has a critical role in transitions of spike glycoprotein between
an open and closed state [30].

In our study, D614G was the most abundant mutation in Iranian samples (Supplementary
Table S1). There was no significant relationship between disease symptoms and D614G mutation
in this study. D614G also is common among several of the variants of SARS-CoV-2 and increases
transmissibility and viral load [13,31]. Also, in India, the spike D614G mutation has become
the most common variant since December 2019. Similarly, detected in Europe and the United
States, it has dramatically increased the transmission ability of SARS-CoV-2 [32]. A study has
reported that high prevalence of variant D614G in the spike in Costa Rica is similar to the rest
of the world. This study also showed an increased detection of a spike T1117I mutation from
March to November 2020 [33]. In another study by Molina-Mora in Costa Rica, the analysis of
the mutation T1117I in spike showed a polyphyletic pattern along with the emergence of local
lineages around the world. This mutation seems to have a significant role in higher affinity to
molecules and scarce immunity changes [34].

Our study achieved important molecular epidemiological results on the correlation of
clinical features (history) with mutation of SARS-CoV-2 in the center of Iran (Isfahan province).
Also, there were limitations to our study. First, this is a monocentric study. Second, some
of the samples had some errors and no complete history behind them, so larger numbers of
samples are further needed to minimize the errors. Also, we excluded those samples with
ambiguous history. Third, the correlation of mutation with the potential biological function of
variants and demographic characteristics is required for further investigations.
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Abstract: Objective: Conventional immunosuppressive and advanced targeted therapies, including
biological medications and small molecules, are a mainstay in the treatment of immune-mediated
inflammatory diseases (IMID). However, the COVID-19 pandemic caused concerns over these drugs’
safety regarding the risk and severity of SARS-CoV-2 infection. Thus, we aimed to assess the
impact of the COVID-19 pandemic on the initiation of these treatments in 2020. Study Design and
Setting: We conducted a population-based retrospective analysis of real-world data of the Austrian
health insurance funds on the initiation of conventional immunosuppressive and advanced targeted
therapies. The primary objective was to compare the initiation of these medications in the year 2020
with the period 2017 to 2019. Initiation rates of medication were calculated by comparing a certain
unit of time with an average of the previous ones. Results: 95,573 patients were included. During
the first lockdown in Austria in April 2020, there was a significant decrease in the initiations of
conventional immunosuppressives and advanced targeted therapies compared to previous years
(p < 0.0001). From May 2020 onwards, numbers rapidly re-achieved pre-lockdown levels despite
higher SARS-CoV-2 infection rates and subsequent lockdown periods at the end of 2020. Independent
from the impact of the COVID-19 pandemic, a continuous increase of starts of advanced targeted
therapies and a continuous decrease of conventional immunosuppressants during the observation
period were observed. Conclusions: In IMID patients, the COVID-19 pandemic led to a significant
decrease of newly started conventional immunosuppressive and advanced targeted therapies only
during the first lockdown in Austria.

Keywords: Immune-mediated inflammatory diseases; conventional immunosuppressive treatment;
advanced targeted therapy; inflammatory bowel disease; rheumatoid arthritis; psoriasis

1. Introduction

In December 2019, the Coronavirus Disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus type 2 (SARS-CoV-2), was first reported in Wuhan,
China [1–3] from where it rapidly spread throughout the world, leading to a pandemic [4].
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As of 30 June 2022, SARS-CoV-2 has affected around 560 million identified cases, with over
six million confirmed deaths [5].

While most cases of COVID-19 are mild and have a favorable course, the disease can
become severe, resulting in hospitalization, respiratory failure, or even death [6]. The most
important reported risk factors for a severe course of COVID-19 are older age, cardiovascu-
lar and chronic pulmonary diseases, obesity, diabetes, and immune deficiency [7–9].

Conventional immunosuppressive and especially advanced targeted therapies (ADT),
including biological medications and small molecules, are a mainstay in the medical
treatment of immune-mediated inflammatory diseases (IMID), such as inflammatory bowel
diseases (IBD), rheumatic diseases, and psoriasis, as well as less common dermatological
inflammatory diseases [10–14]. These medications may be associated with a generally
increased risk of infections, such as serious and opportunistic infections described in IBD
patients treated with immune-suppressive regimens [15,16] Thus, the COVID-19 pandemic
and the speed of its spread caused concerns over the safety of these drugs owing to the
lack of evidence respective of risk and severity of infection with SARS-CoV-2. However,
early expert consensus balanced out a potentially increased risk of severe COVID-19 by
the benefits of continuation of an effective biological treatment, and it was recommended
not to stop effective medication [17–20]. This management of continuation of effective
maintenance therapy has also been described in the real-world setting [21].

Little is known about the initiation of conventional immunosuppressive therapies and
ADT in IMID during the COVID-19 pandemic. Studies on IBD patients revealed that around
80% to 90% of patients needing to start any biological therapy received their treatment start
regularly during the first lockdown [22,23]. On the one hand, pandemic mitigation strate-
gies might have led to the cancelation or postponement of face-to-face meetings with new
patients [22,23]. On the other hand, concerns about a potentially increased risk for severe
COVID-19 might have contributed to a delay in initiating immunosuppressive and biolog-
ical drugs. In particular, corticosteroids, methotrexate, azathioprine/6-mercaptopurine,
JAK-inhibitors, and rituximab have been mentioned to be associated with an increased
risk of severe COVID-19 outcomes [24–26]. However, this has not been described at the
beginning of the pandemic. A survey among the European Alliance of Associations for
Rheumatology countries revealed a delay between symptom onset and a first rheumato-
logical visit as well as the postponement of treatment decisions during the first wave of
the COVID-19 pandemic, which negatively impacted early treatment and treat-to-target
strategies requiring tight control [27]. Such undertreatment could lead to flares and compli-
cations of the underlying inflammatory disease with subsequent hospitalizations. From
a macro-level perspective, especially the initiation of new ADT could be an indicator for
estimating undertreatment in patients with IMID.

Therefore, our nationwide study aimed to assess the number of newly started con-
ventional immunosuppressive and advanced targeted therapies during the first waves of
the COVID-19 pandemic in the year 2020 in Austria and to compare these data with the
respective timeframe of previous years.

2. Materials and Methods

2.1. Design

Based on dispensing data from Austrian health insurance funds, we conducted a
population-based retrospective analysis with a four-year observation period from 2017
to 2020. Dispensing data means that all data on prescribed medications picked up at the
pharmacy and covered by the Austrian health insurance funds can be retrieved. Aus-
trian health insurance funds cover 98% of all residents in Austria (8,755,124 persons in
December 2020).

2.2. Participants and Data Extraction

Data from all patients with initiations of conventional immunosuppressive therapy,
ADT, including biological medications and small molecules, and other disease-specific
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medications were included. The initiation of treatment was defined as all first prescriptions
from 2017 to 2020. To fulfill this definition, no previous prescription of the same drug
among the listed medications was allowed from the beginning of the previous year (in
2016) (for timeline of the study see Supplemental Figure S1). However, due to Austrian
regulations, only patients who received their medications outside of a hospital could be
included since treatment data of hospitalized patients were not available for our analysis.
The diagnosis of the IMID could only be recorded in case of hospitalization during the
observation period, so we examined new prescriptions of drugs approved and reimbursed
for IMID in Austria, despite being unaware of the patients’ exact diagnosis. To increase
the number of known diagnoses, we assigned medications to a diagnosis of an IMID if the
medication was approved only for that indication.

2.3. Objectives

The primary objective was to evaluate the impact of the COVID-19 pandemic on the
initiation of conventional immunosuppressive therapy and ADT in the year 2020 compared
to the period 2017 to 2019 in IMID in Austria. The secondary objective was to evaluate the
course of initiation of these treatments in IMID in Austria during the observation period
regardless of the COVID-19 pandemic.

The primary endpoint was the first prescription of conventional immunosuppressive
therapy, ADT, and other medications for immune-mediated inflammatory diseases.

2.4. Data Analysis

The frequency of newly started conventional immunosuppressive therapy, ADT, and
other specific medications was calculated for every month of 2020 and compared with
monthly prescription rates of the three previous years (2017–2019). The medications used
for this analysis were categorized and are listed in Table 1. Other specific medications
without immunosuppressive effects were included as a possible sign of hindered contact
between patients and physicians due to pandemic mitigation strategies.

Table 1. Advanced targeted therapies (biologics and small molecules) and conventional immunosup-
pressive medications, and other specific medications included in the analysis.

Biologics TNF-Alpha Inhibitors
Adalimumab, Certolizumab Pegol,
Etanercept, Golimumab, Infliximab

Anti C5 eculizumab

IL-1 inhibitors anakinra, canakinumab

IL-4 inhibitors dupilumab

IL-6 inhibitors sarilumab, tocilizumab

IL-17 Inhibitors brodalumab, ixekizumab, secukinumab

IL-23 inhibitors guselkumab, risankizumab,
tildrakizumab

IL12/23 inhibitor ustekinumab

Anti-BAFF belimumab

B-cell depletion rituximab

integrin α4β7 inhibitor vedolizumab

Co-Stimulation inhibitor abatacept

Small molecules PDE4 inhibitors apremilast

JAK-inhibitors baricitinib, tofacitinib, upadacitinib

Conventional immunosuppressive medications azathioprine, cyclosporine, leflunomide,
mycophenolate mofetil, methotrexate

Others sulfalazine, mesalazine
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Re-identifying subjects by the Medical University of Vienna was impossible as only
birth year, high-level region of residence (one of the nine Austrian counties), gender, and, if
applicable, death year were included. Moreover, ethical approval was given by the ethics
committee and internal review board of Vienna (EC No. 1330/2021).

2.5. Statistical Analysis

Data sets from 13 different health insurances were combined. Within this step, we
adjusted for multiply insured individuals by combining their data. For categorical data,
absolute and relative frequencies were calculated and depicted using bar charts. Metric
variables were summarized by calculating the mean and standard deviation. This was
done for the entire study sample and separately for subgroups.

Differences between groups were tested using Chi-2 tests (categorical data), t-tests,
or Wilcoxon–Mann–Whitney tests (metric data). To balance the potential effects of over-
sampling, we assessed the clinical meaningfulness of significant differences. Medication
categories were summarized where appropriate. Initiation rates of medication were cal-
culated by comparing a certain unit of time (month, year) with an average of the pre-
vious ones. p-values below 0.05 were considered statistically significant. We used R
(https://www.r-project.org, R version 4.2.1, accessed on 23 June 2022)) to perform the
statistical analysis.

3. Results

3.1. Patients’ Characteristics

We identified 95,573 patients with the start of at least one conventional immunosup-
pressive and/or advanced targeted therapy and/or other disease-specific medication from
2017 to 2020. Of these, 43,402 were male (45%; mean age 50.6 years; SD ± 18.1 years),
and 52,171 were female (55%; mean age 53.4 years; SD ± 18.7 years). The diagnosis of
IMID recorded in case of hospitalization was available in 9.7% of the patients (Table 2). In
addition, in a total of 59.5% patients, we could assign diagnoses by using medications that
were only approved for a single indication during the observation period (Supplementary
Table S1). In the entire data set, 122,213 medications were started in the years 2017 to
2020. The number of starts of every medication is given in the supplemental material
(Supplemental Table S2). The majority of the patients had only one treatment start (90,021;
94.2%), 3822 patients (4.0%) had two, 1500 patients (1.6%) had three, and 230 patients (0.2%)
had four or more treatment starts with different medications.

Table 2. Diagnoses of immune-mediated inflammatory diseases in 9234 patients.

Diagnosis n (%)

Crohn’s disease; n (%) 3488 (37.8)

Ulcerative colitis; n (%) 2805 (30.4)

Rheumatoid arthritis; n (%) 1543 (16.7)

Plaque psoriasis; n (%) 629 (6.8)

Ankylosing spondylitis; n (%) 259 (2.8)

Hidradenitis suppurativa; n (%) 179 (1.9)

Childhood arthritis; n (%) 151 (1.6)

Uveitis; n (%) 112 (1.2)

Psoriatic arthritis; n (%) 35 (0.4)

Behçet–Krankheit; n (%) 33 (0.4)
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3.2. Impact of the COVID-19 Pandemic on the Initiation of Conventional Immunosuppressive and
Advanced Targeted Therapies

During the first lockdown in Austria in spring 2020 (week 12–week 20), there was a
significant decrease in the overall initiation of conventional immunosuppressive therapies
and ADT in April 2020 compared to previous years (all p < 0.0001, one sample Chi-2 tests)
(Figure 1, Supplemental Figure S2). After the first lockdown, initial prescriptions of con-
ventional immunosuppressive therapies and ADT re-achieved pre-lockdown levels despite
higher infection rates with SARS-CoV-2 in the total population. In addition, in subsequent
lockdown periods (second lockdown in Austria week 45–week 48; third lockdown week
53; Figure 2, the frequency of initiation of conventional immunosuppressive therapies and
ADT did not decrease again (Figures 1 and 3). This was mainly observed for the starts for
biologics which even exceeded the number of starts in the corresponding months of the
previous years (Figure 1, Supplemental Figure S2).

 

Figure 1. Starts of biological medications, small molecules, and conventional immunosuppressive
medications in the period 2017–2020. The red rectangles mark the timeframe of a significant decrease
of the initiation of biologics, small molecules as well as conventional immunosuppressants during
the first lockdown (April 2020 compared to the corresponding timeframe of previous years). The
scaling of the y-axis differs for the presentation of the three medication groups to demonstrate at best
the decrease of the medication starts in April 2020.

We also investigated the initiation of mesalazine (Supplemental Figure S3), which
was also significantly reduced in April 2020 during the first lockdown compared to the
corresponding months of the previous years (both p < 0.0001). No mesalazine initiation
changes occurred during subsequent lockdowns at the end of 2020.

3.3. Changes in the Initiation of Therapies during the Observation Period Independent from
COVID-19

Independent from the COVID-19 pandemic, the number of initiations of different
medication groups significantly changed during the observation period (2017–2020). We
detected a continuous rise in the initiation of biological medications of 6.7% per year as
well as of small molecules of 6.1% per year, respectively (calculated as compound annual
growth rate, both p < 0.0001) (Figure 2). The starts of small molecules increased from
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2017 to 2018 by 22.8% and stayed stable in the following years. In contrast, the start of
immunosuppressive medications significantly decreased by 5.9% per year (p < 0.0001)
(Figure 2), and mesalazine even by 6.1% per year (p < 0.0001) (Supplemental Figure S4).

Figure 2. Positive COVID-19 cases by week in 2020 in Austria (first positive laboratory diagnosis).

 

Figure 3. Annual starts for biological medications, small molecules, and conventional immunosup-
pressive medications in the period 2017–2020.

4. Discussion

Our nationwide study revealed that the COVID-19 pandemic led to a significant
decrease in the initiation of conventional immunosuppressive and advanced targeted ther-
apies in patients with immune-mediated inflammatory diseases, including inflammatory
bowel diseases, during the first lockdown in 2020 in Austria. However, after that, the
initiation of these substances rapidly re-achieved pre-lockdown levels despite much higher
infection rates with SARS-CoV-2 and subsequent lockdown periods at the end of 2020.

Little has been reported about the initiation of conventional immunosuppressive
medications and ADT during lockdown periods. An Italian web-based survey revealed that
79% to 92% of patients needing to start any intravenous or subcutaneous biological therapy,
respectively, received their first administration regularly during the first lockdown [22].
Another study reported that biological therapy started as planned in 21 patients out of 25
(86%) [23]. However, as far as we are aware, no data have been published about either the
initiation of other IMID-specific medications during the first lockdown period or about the
initiation during subsequent lockdowns resulting from even higher infection rates.
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That decrease in the initiation of therapy during the first lockdown seemed to be
caused by the concern that conventional immunosuppressive medications and ADT could
increase the risk of infection with SARS-CoV-2 and a more severe course of COVID 19
in case of an infection. However, for patients with immune-mediated inflammatory dis-
eases, an increased risk of infection with SARS-CoV-2 and a more aggressive course has
not been demonstrated in several later publications [28–32], though the literature also
revealed partially conflicting results [33–36]. Some medications have been associated with
an enhanced risk of severe COVID-19 outcomes. This has been described for corticos-
teroids, methotrexate, azathioprine/6-mercaptopurine, JAK-inhibitors, and rituximab, but
not for the other in IMID broadly used biologics [20,37–40]. This gain in knowledge and
subsequent recommendations of national and international scientific societies is likely to
be mainly responsible for the lack of impact of high infection rates with SARS-CoV-2 and
subsequent lockdowns on start of immunosuppressive and biological medications at the
end of 2020 [41].

Another probable reason for the reduced initiations of immunosuppressive and biolog-
ical medications might have been reduced contact between patients and physicians due to
pandemic mitigation strategies, which might have led to the cancellation or postponement
of face-to-face meetings [22,23]. This assumption might be confirmed by the fact that the
number of starts with mesalazine, which does not seem to have any immunosuppressive
effect, was also significantly reduced during the first lockdown, which might be a sign of
reduced patient visits during the lockdown. Consistent with this observation, effects in
other fields of patient care have been described. For example, it was reported that back
in the spring of 2020, the pandemic led to a marked reduction in the number of people
referred, diagnosed, and treated for colorectal cancer [20,42]. In addition, other countries
also observed a significant decrease in IBD-related procedures during the first lockdown,
especially in April 2020 [43].

We did not observe a decrease in immunosuppressive and biological treatments in
the entire year 2020. This means that the start of the immunosuppressive and biological
medications was only delayed for a short period.

Independent of any impact of the COVID-19 pandemic, our study revealed a continu-
ous increase of starts of biological medications and small molecules during the observation
period from 2017 to 2020. Other publications have reported similar findings over the
last years [43–47]. Biosimilars led to overall reductions in health care expenses. On the
other hand, the start of conventional immunosuppressive drugs decreased continuously
during the same period. The increase in biological medications and small molecules could
also be due to an increasing incidence and prevalence of immune-mediated inflammatory
diseases. Still, corresponding data are not available for Austria. However, the decreasing
number of starts of immunosuppressive medications that are already longer on the market
suggests that it is more likely to shift to a more progressive treatment attitude according to
recommendations of scientific organizations [48–51].

Interestingly, there was also a significant annual decrease in the start of mesalazine
during the observation period. Mesalazine is only approved for inflammatory bowel
diseases. It is a mainstay in treating mild to moderate ulcerative colitis but has low
effectiveness in Crohn’s disease. As we do not have any reason to believe that the prevalence
of ulcerative colitis decreased within the last years in Austria, this finding is likely due
to diminishing prescriptions for Crohn’s disease [52]. As there has been a report that the
usage of mesalazine could be associated with an increased risk of severe COVID-19 [25],
this was still unknown at the time of the first wave of the pandemic and could not be
confirmed later on [37]. Therefore, we assume that this had no influence on the prescription
of mesalazine during the first wave of COVID-19.

The study has its strengths but also limitations. The data of the Austrian health insur-
ance funds cover the majority (98%) of the Austrian population. Furthermore, we included
all starts for immunosuppressive and biological treatments and small molecules, mainly
in IBD, rheumatologic diseases, and psoriasis. However, only medications prescribed
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on an outpatient basis could be recorded since treatment data of hospitalized patients
were not available for our analysis. This might have affected medications that are given
intravenously, e.g., infliximab. Nevertheless, as some of these drugs were used off-label
in patients with COVID-19, the presence of inpatient treatments might have been a bias
and therefore, in the absence of inpatient treatment, there can be no prescriptions due to
COVID-19 disease. However, we assume that the overall results are barely affected as
the vast majority of patients are being prescribed ADT during ambulatory visits. In this
analysis, we focused on prescribed first courses of ADT only. To determine the pattern
of use of other medications, including for example corticosteroids or other medications
such as budesonide and beclomethasone, would be an interesting further analysis. It
would require a different dataset extracted also from the electronic health records with
information on discontinuation, changes in dosing, patients not taking medications, etc.
A further limitation is that we could not assign our findings to specific diagnoses since
the diagnosis recorded in case of hospitalization was only available in around 10% of the
patients. However, if we assigned medications to only approved indications, the percent-
age of available diagnoses would rise to approximately 60%. We considered comparing
the number of initial courses of a drug to other substances to assess whether drugs with
greater a priori safety, such as ustekinumab or vedolizumab, were prescribed more often
compared to drugs which were considered to have a slightly higher risk of infection, such
as TNF-alpha inhibitors. However, as the number of cases for each drug was too small, we
could not provide for a reliable statement.

5. Conclusions

In summary, our study revealed a significant decrease in initiations of conventional
immunosuppressive and advanced targeted therapies, including biological treatments and
small molecules, during the first COVID-19 pandemic lockdown in April 2020. Concerns
over an increased risk of infection with SARS-CoV-2 and a more severe course of COVID-19
in case of an infection and pandemic mitigation strategies with subsequent cancellation or
postponement of face-to-face meetings appear to be the most important reasons for that
finding. However, that decrease in initiations of medications was not observed during
subsequent lockdown periods despite much higher infection rates. One can guess that
this was also true in later periods with high infection rates in 2021 and at the beginning
of 2022, encouraged by the availability of vaccinations against SARS-CoV-2 as the most
effective option to prevent severe COVID-19. Independent of the impact of the COVID-19
pandemic, we observed a continuous increase in the start of biological medications and
small molecules and a continuous decrease of conventional immunosuppressants during
the observation period from 2017 to 2020.
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Abstract: Since the advent of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic, an increased incidence of several endocrinological anomalies in acute-phase and/or
long-term complications has been described. The aim of this review is to provide a broad overview
of the available literature regarding changes in the worldwide epidemiology of endocrinological
involvement in children since December 2019 and to report the evidence supporting its association
with coronavirus disease 2019 (COVID-19). Although little is known regarding the involvement of
endocrine organs during COVID-19 in children, the current evidence in adults and epidemiological
studies on the pediatric population suggest the presence of a causal association between the virus and
endocrinopathies. Untreated transient thyroid dysfunction, sick euthyroid syndrome, nonthyroidal
illness syndrome, and hypothalamic–pituitary–adrenal (HPA) axis and central precocious puberty
have been observed in children in acute infection and/or during multisystem inflammatory syndrome
development. Furthermore, a higher frequency of ketoacidosis at onset in children with a new
diagnosis of type 1 diabetes is reported in the literature. Although the direct association between
COVID-19 and endocrinological involvement has not been confirmed yet, data on the development
of different endocrinopathies in children, both during acute infection and as a result of its long-
term complications, have been reported. This information is of primary importance to guide the
management of patients with previous or current COVID-19.

Keywords: SARS-CoV-2; COVID-19; thyroid disease; adrenal glands; hypothalamus; hypophysis;
precocious puberty; gonad; diabetes; children; adolescents

1. Introduction

Early after the first description of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), there was strong evidence of a milder clinical presentation of the infection
in most children, with 90% of cases being asymptomatic, mild, or moderate [1]. The
prevalence of severe coronavirus disease 2019 (COVID-19) in children also remained low
after the spread of new variants with greater transmissibility, like delta and omicron [2].
These findings have been attributed to several immunological mechanisms distinguishing
children from adults, including a higher production of interferons at the mucosal surface,
which rapidly alert the immune system at the first sign of infection [3]; a faster innate
immune response due to their mostly untrained T cells, which are more likely to respond
to novel viruses; and expression of acquired specific antibodies or memory cells through
previous exposure to the endemic coronaviruses that commonly circulate among infants [4].
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Despite their less severe manifestations in the acute phase, two main long-term compli-
cations of COVID-19 have been reported in children: multisystem inflammatory syndrome
in children (MIS-C) and long COVID.

MIS-C is a serious and potentially fatal complication involving the cardiovascular
system and other organs such as the stomach, liver, and intestines, with an estimated
incidence of 316 every 1,000,000 children infected with SARS-CoV-2 before the availability of
vaccines [5]. Since the symptoms typically begin four to six weeks after the initial infection,
it has been hypothesized that the virus remains in children’s gut, causing an irritation in
its mucosa. For this reason, viral antigens manage to pass through the gut’s barrier to
circulation, reaching other organs and triggering a major inflammatory response [6].

Long COVID is a heterogeneous multisystemic condition characterized by the persis-
tence of signs and symptoms that occur three months from the onset of COVID-19 and last
at least two months and cannot be explained by an alternative diagnosis [7]

Lopez-Leon et al. [8] conducted a systematic review, showing a prevalence of long
COVID in pediatric patients of 25.24%. The most frequently reported symptoms were
mood alterations (16.50%), fatigue (9.66%), sleep disorders (8.42%), headache (7.84%),
and respiratory symptoms (7.62%). Similar to adults, the detected risk factors for the
development of long COVID in children are older age, female sex, severe COVID-19,
overweight/obesity, comorbid allergic diseases, and other long-term comorbidities [8].
No guidelines exist to address long COVID diagnosis and management. The underlying
pathogenetic mechanisms and correct management of these patients have not yet been
defined [8].

SARS-CoV-2 is known to interact with the host cells through its spike protein by
binding to the membrane enzyme angiotensin converting enzyme 2 (ACE2). Once the
virus enters the cells, the STAT3/NF-kB pathway is activated, causing the production of
proinflammatory cytokines and chemokines, which leads to a systemic hyperinflammation
known as “cytokine storm” [9].

ACE2 is not expressed only by the lung cells: it is ubiquitarian, which explains the
multiorgan impairment typically observed in COVID-19 [10].

Endocrine tissues express ACE2 as well, especially at the level of the thyroid, ovaries
and testis, and this may be responsible for the endocrinological involvement during SARS-
CoV-2 infection [11,12]. Since the advent of the pandemic, there has been increases in the
incidence of several endocrinological anomalies and in the severity of their manifestations
in both adults and children [13].

The aim of this narrative review is to provide an overview of the available literature re-
garding the epidemiology of the endocrinological involvement in children since December
2019 and to report the evidence supporting its association with COVID-19. To revise data
on the endocrine disorders during SARS-CoV-2 infection, it is useful to define adequate
pediatric long-term monitoring.

2. Materials and Methods

A narrative review on the potential connections between SARS-CoV-2 infection and
endocrinological impairment in children was performed. We conducted an extensive
literature search on PubMed and Embase, with language restricted to English only and
publication dates between 2019 and present time (1 May 2023), divided by different organs
or systems. We included in our review all types of articles (original article, review, met-
analysis, case report, case series, and clinical practice guideline) regarding children aged
1–18 years with a proven ongoing or previous SARS-CoV-2 infection or diagnosis of MIS-C
who experienced an impairment of one or more of the main endocrine organs or systems
involved in children with COVID19: thyroid, adrenal glands, hypothalamus–pituitary
system, gonads and pancreas. Articles focusing only on adults were excluded from our
review. The list of keywords used for each analyzed endocrine system or organ and the
respective type and number of articles found are summarized in Table 1. Starting from a
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total of 424 papers screened by title/abstract, the authors reviewed the full texts of relevant
articles (n = 190).

Table 1. List of keywords used in our literature search categorized by endocrine system or organ and
respective type and number of articles found.

Endocrine System or Organ Keywords
Number of Suitable

Articles
(Total Number)

Type of Article

Thyroid

“thyroid” OR “hyperthyroidism”
OR “hypothyroidism” OR
“thyroiditis” AND “coronavirus
disease 2019” OR “COVID-19” OR
“SARS-CoV-2” OR “MIS-C” OR
“multisystem inflammatory
syndrome” AND “children”
OR “adolescents”

12
(33)

1 cross-sectional study
3 cohort studies
1 case control study
1 retrospective case note review
1 cross-sectional chart review
2 narrative reviews
3 case reports

Adrenal glands

“adrenal insufficiency” OR
“hypercortisolism” AND
“coronavirus disease 2019” OR
“COVID-19” OR “SARS-CoV-2” OR
“MIS-C” OR “multisystem
inflammatory syndrome” AND
“children” OR “adolescents”

10
(10)

2 narrative reviews
2 single-center or multicenter
cohort studies
1 cross-sectional study
1 clinical practice guideline
4 case reports

Hypothalamus-pituitary system

“hypothalamus” OR “pituitary” OR
“Hypopituitarism” OR
“hypophysitis” OR “growth
hormone” OR “central precocious
puberty” AND “coronavirus
disease 2019” OR “COVID-19” OR
“SARS-CoV-2” OR “MIS-C” OR
“multisystem inflammatory
syndrome” AND “children”
OR “adolescents”

34
(96)

4 cross-sectional studies
1 case control study
17 retrospective studies
9 reviews
3 case reports

Gonads

“puberty” OR “central precocious
puberty” AND “coronavirus
disease 2019” OR “COVID-19” OR
“SARS-CoV-2” OR “MIS-C” OR
“multisystem inflammatory
syndrome” AND “children”
OR “adolescents”

32
(32)

5 narrative reviews
1 cohort study
6 cross-sectional studies
20 case-control studies

Pancreas

“type 1 diabetes” OR “juvenile
onset diabetes” OR
“insulin-dependent diabetes” OR
“T1D” AND “coronavirus disease
2019” OR “COVID-19” OR
“SARS-CoV-2” OR “MIS-C” OR
“multisystem inflammatory
syndrome” AND “children”
OR “adolescents”

102
(253)

2 meta-analyses
6 narrative reviews
72 cohort studies
9 cross-sectional studies
2 case-control studies 11 case
reports or case series

3. Thyroid

Very limited studies and reports describe the association between SARS-CoV-2 in-
fection and thyroid disease in pediatric subjects [14,15]. McCowan et al. [14] conducted
a study on 244 children with anomalies in thyroid function, either hypothyroidism or
hyperthyroidism, in a tertiary pediatric endocrine center in the United Kingdom before
and after COVID-19 to identify any change in their presentation. Despite an unchanged
rate of thyroid dysfunction before and after the pandemic, they observed an increase in
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the number of cases of untreated transient thyroid dysfunction. They speculated that this
finding may be due to the development of thyroiditis secondary to SARS-CoV-2 infection,
which regressed before requiring treatment [14].

A retrospective chart analysis on 233 children screened for TSH level in New York did
not find any significant difference in the frequency of TSH abnormalities prior and after the
pandemic started. However, it is unknown who had a prior COVID-19 infection or who
received anti-SARS-CoV-2 vaccination among them [16].

A cross-sectional analytical study assessed the levels of free thyroxine (fT4), fT3, TSH
and inflammatory markers, especially interleukin-6 (IL-6), in hospitalized children and
adults with moderate-to-severe COVID-19 infection [17]. In total, 67.7% of all patients
and 78% of the pediatric population had an abnormal thyroid profile, with sick euthyroid
syndrome, which is characterized by low fT3 levels with normal TSH levels, associated with
a systemic illness, being the most frequent. This status was associated with a significantly
higher risk of death and severe inflammation (detected using high IL-6 levels), highlighting
the importance of monitoring thyroid function test results in patients with severe COVID-
19 infection [17]. The higher reported incidence of thyroid dysfunction in comparison to
other studies, where most analyzed patients presented with mild COVID-19, suggests a
correlation of the severity of the disease with thyroid gland impairment [15,18]. In line
with these data, a retrospective study on pediatric patients referred to our center and
diagnosed with MIS-C revealed that more than 90% of patients exhibited nonthyroidal
illness syndrome (NTIS), defined as any abnormality in thyroid function (TF) tests (FT3,
FT4, and TSH) in the presence of critical illness and absence of a pre-existing hormonal
abnormality [19]. Among the NTIS laboratory profile variants, an isolated decrease in the
level of fT3 was the most common [19]. Concordant data were obtained from a subsequent
prospective cohort study on a population of 43 children and adolescents with MIS-C, where
79% of patients presented low FT3 levels, which, in 10 cases, was associated with abnormal
values of fT4 and/or TSH. Twenty months later, a restoration of TH balance was observed
in 100% of patients [20].

The association of MIS-C with thyroid disfunction was also studied in another cohort
of 46 children and an aged-matched control group. Also in this case, NTIS was reported in
97.2% of MIS-C cases. Moreover, the FT3 levels were lower in patients with MIS-C who
were admitted to the ICU with worse clinical presentations [21].

Although the available data regarding the involvement of thyroid function during
COVID-19 infection in childhood are still limited, the current evidence supports the theory
that the virus plays a certain role in thyroid dysfunction, which is transitory in most cases.
Therefore, given the heterogeneity of dysthyroid manifestations, it would be useful to
routinely assess thyroid function indices in patients with a COVID-19 infection, especially
if they present with moderate to severe disease signs and MIS-C in order to start, when
needed, the appropriate treatment as soon as possible [13].

It has been hypothesized that SARS-CoV-2 may enter the thyroid cells via ACE2 and
transmembrane serine protease (2TMPRSS2), which is highly expressed in this gland [22,23].
It is well known that viral-infections-related thyroiditis causes preformed colloid release
and consequently impairs raised thyroid hormone concentrations. Furthermore, COVID-19
may destroy follicular cells through an autoimmune mechanism [24]. Indeed, virus-induced
cytokine storm is characterized by hyperactivity of the Th1/Th17 immune response with
overexpression of proinflammatory cytokines, such as IL-6, which has been demonstrated to
be strongly associated with thyroiditis [25]. The latter has been tested in adult populations,
assessing patients’ thyroid antibody status. A study conducted in India revealed positivity
of anti-TPO antibodies in 13.6% of the participants [26]. A similar frequency was observed in
a large group of European patients, 23.6% of whom were seropositive for at least one thyroid
autoantibody [27]. Regarding this hypothesis, Flokas et al. [28] reported an interesting case
of a 14-year-old girl with vitiligo who was hospitalized for hypotensive shock following
COVID-19 infection, initially treated as MIS-C and afterward discovered to be autoimmune
thyroiditis and primary adrenal insufficiency. The concomitance of these autoimmune
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conditions led to the diagnosis of autoimmune polyglandular syndrome 2 (APS2) [28]. The
role of COVID-19 in the ethiopathogenesis of APS2 is unclear, but it might be the trigger of
the rapid progression of both adrenal insufficiency and hypothyroidism [28].

A third potential mechanism is a selective transient pituitary dysregulation, secondary
either to the direct cytotoxic effect of the virus on the hypophysis and an indirect effect of
the cytokine storm that would induce NTIS [29–32].

It must be also taken into account that the COVID-19 pandemic reduced the general
population’s access to health services worldwide, and this could have had an impact on the
severity of thyroid disease at diagnosis in adults [33], as also suggested by a study conducted
in the United Kingdom, where nearly 1/3 of children with trisomy 21 did not receive the
recommended annual TSH screening in 2020, in comparison with 3% in 2015 [34].

4. Adrenal Glands

COVID-19 infection in children has been associated with adrenal gland involvement.
As reported, the infection can cause primary adrenal insufficiency, mediated by the activa-
tion of cytokines, such as IL-6 and toll-like receptors (TLR), and secondary failure due to
glucocorticoids, one of the main treatments for children affected by MIS-C. A retrospective
study conducted in a tertiary pediatric hospital in the U.K. collected data from a popu-
lation of more than 100 children with MIS-C; prolonged and high-dose steroid therapy
is often used in severe MIS-C and it can cause hypothalamic–pituitary–adrenal (HPA)
axis suppression [35]. A case of an 11-year-old Turkish boy with adrenal insufficiency
during MIS-C is reported in the literature; adrenal function was still impaired at a 4-month
follow-up [36]. Flokas et al. [28] reported the case of a 14-year-old girl with vitiligo, with
new-onset of autoimmune polyglandular syndrome type 2 (hypothyroidism and primary
adrenal insufficiency) shortly after SARS-CoV-2 infection. The authors concluded that it
would be prudent to monitor autoimmune conditions triggered by SARS-CoV-2 infection,
especially in patients with previous autoimmune diseases [28].

On the other hand, patients who already suffer from primary or secondary adrenal
insufficiency have an increased vulnerability to infections, including to COVID-19; SARS-
CoV-2 infection could trigger a potential life-threatening condition such as an adrenal
crisis due to an increased demand of glucocorticoids, both in adults and children. Close
monitoring of these patients is then recommended. In particular, in cases of mild to mod-
erate infection, clinical practice guidelines recommend to double or triple the usual daily
hydrocortisone dose; in cases of severe infection or profuse vomiting, medical evaluation is
mandatory to initiate parenteral administration of glucocorticoids. Only close monitoring is
recommended in asymptomatic patients [37]. A multicentric study, conducted in 12 centers
in 8 European countries between January 2020 and December 2021, reported data from 64
patients (13 of those children) with adrenal insufficiency and acute SARS-CoV-2 infection;
the clinical outcome in this population appeared good with appropriate glucocorticoid
dose adjustments [38].

Even if there is evidence in the literature that the population with adrenal insufficiency
is at higher risk of SARS-CoV-2 infection, which can lead to adrenal crisis, data are still con-
flicting regarding the more severe clinical course of the COVID-19 disease in these patients.
Banull et at. [39] conducted a retrospective study, collecting data of 390 pediatric patients,
concluding that children with a pre-existing endocrine condition, such as diabetes mellitus,
adrenal insufficiency, or hypothyroidism, can have a more severe clinical presentation in
case of SARS-CoV-2 infection, with a higher risk of hospitalization and/or intensive care
unit admission. Chien et al. [40] reported a case of a 17-year-old boy with a positive test for
SARS-CoV-2, fever, and neurological symptoms (altered mental status, seizures), with a
history of surgical resection of a craniopharyngioma; a prompt hydrocortisone dose rapidly
resolved neurological symptoms. The authors concluded that early recognition and treat-
ment with corticosteroids can prevent long-term consequences, especially in patients with
brain tumors or Addison’s disease. An Italian study also reported the case of a 9-year-old
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child infected with SARS-CoV-2 with a history of suprasellar nongerminomatous germ cell
tumor, diabetes insipidus, and hypothalamic-pituitary failure [41].

Also, children may suffer from tertiary adrenal insufficiency due to chronic treatment
with corticosteroids for other medical conditions and subsequent iatrogenic immune impair-
ment, with an increased risk of SARS-CoV-2 infection and more severe clinical course [37].
So, endogenous conditions leading to hypercortisolism, such as Cushing syndrome, may also
represent a risk factor for SARS-CoV-2 infection and a severe course of the disease. There are
no available data in the literature on the association between COVID-19 and hypercortisolism
in children. Furthermore, it is important to consider that chronic cortisol excess leads not only
to immune impairment but also to comorbidities (hypertension, obesity, and hyperglycemia),
which are associated with a higher risk of severe COVID-19 disease.

To summarize, SARS-CoV-2 infection may be responsible, in children, for both direct
and indirect HPA axis alteration due to glucocorticoids treatment in case of MIS-C. On the
other hand, children who already have an impairment of adrenal function, insufficiency or
hypercortisolism need careful monitoring in case of COVID-19 disease.

5. Hypothalamic–Pituitary Involvement

In the literature, there are very limited data about the association between SARS-CoV-2
and the hypothalamic–pituitary axis in children and adolescents.

As with its predecessors, SARS-CoV-2 may enter the central nervous system through
the olfactory bulb, reaching hypothalamus and hypophysis [41], which constitute putative
targets for this virus due to the expression of ACE-2 receptors and TMPRSS2 on the surfaces
of hypothalamic and pituitary cells [42–44].

Different injury mechanisms regarding COVID-19 infection and the hypothalamic–
pituitary axis have been hypothesized in the literature: direct hypothalamic injury induced
by the virus itself, reversible immune-mediated hypophysitis, molecular mimicry between
specific virus sequences and ACTH with subsequent cross-reaction, massive cytokine
production that reduces ACTH release, decreasing its effect on adrenal tissue [44–50].

5.1. Pituitary Gland Involvement of SARS-CoV-2 Virus

One of the few cases reported in the literature of a potential involvement of hypoph-
ysis by SARS-CoV-2 in children is for a 4-year-old girl with a rapid-onset obesity with
hypothalamic dysfunction, hypoventilation, and autonomic dysregulation (ROHHAD)-
syndrome-like phenotype after COVID-19 infection: she developed electrolyte alterations
(hypernatremia and hyperchloremia), hypocorticism and hypothyroidism, central hypoven-
tilation, bulimia, and progressive obesity with metabolic disimpairment. The MRI of the
brain showed mild posthypoxic changes, and the condition was resolved with nonsteroidal
anti-inflammatory drugs and monthly courses of intravenous immunoglobulin [51].

The second case of the involvement of hypophysis of the virus concerns an 18-year-old
previously healthy girl who presented with symptomatic lymphocytic hypophysitis three
weeks after COVID-19 (the first ever reported in the literature). She complained of acute
onset headache and dizziness for 5 days. This condition was documented with a brain
MRI and treated with methylprednisolone 250 mg IV every 6 h on days 1–3; on day 3, they
observed symptomatic clinical improvement with a significant decrease in the intensity of
the headaches [52].

5.2. SARS-CoV-2 Infection in Children with Pre-Existing Hypothalamic–Pituitary
Axis Dysfunction

There is no evidence that children affected by hypopituitarism present a higher risk of
contracting COVID-19 infection or experiencing a severe disease course, not even patients
affected by secondary adrenal insufficiency [40,53].

As evidence of this, R. Gaudino et al. [40] reported the case of a 9-year-old boy with
SARS-CoV-2 and a recent diagnosis of suprasellar nongerminomatous germ cell tumor,
also suffering from diabetes insipidus and hypothalamic–pituitary failure, who remained
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asymptomatic for the duration of the infection without requiring any change in his habitual
replacement therapy.

What has emerged in these years, however, is that patients affected by hypopituitarism
and secondary adrenal insufficiency potentially have a higher risk of undergoing adrenal
crisis during the SARS-CoV-2 infection, as with any other infection [13].

5.3. Growth Hormone (GH) Release and Precocious Puberty during SARS-CoV-2 Pandemic

During COVID-19, we have also witnessed two opposing phenomena: a reduction in
pediatric GH deficiency and an increase in central precocious puberty (CPP) diagnoses [54].

Regarding tests investigating pediatric GH deficiency, Peinkhofer et al. [54] detected a
striking reduction (−35%) in tests performed in 2020 compared with 2019, in contrast with the
trend of previous years, which consisted of an in increase in referrals for growth issues. Some
hypotheses postulated to explain this phenomenon are that both pediatricians and families had
less opportunity to detect short stature and delayed growth because of fewer well-child visits
and fewer chances to compare their children with classmates; moreover, some appointments
were probably cancelled during pandemic due to the tendency to avoid hospitals [54].

Regarding CPP diagnoses, COVID-19 infection in children has been associated with
several endocrine disorders.

Many retrospective and cross-sectional studies have reported a significant increase
during the pandemic in central CPP diagnoses and in pubertal progression rate in patients
already diagnosed with CPP compared with the prepandemic period [54–80].

The first retrospective study reporting an increase in CPP diagnoses and a faster rate of
pubertal progression during the first lockdown (March–July 2020), compared with the same
period in the previous five years, was conducted by Stagi et al. [76]. The first hypothesis
was that BMI increase and electronic device overuse were both significantly higher in the
pandemic group [76]. In following retrospective Italian studies, no significant differences in
BMI increase were found in patients diagnosed with CPP during the pandemic [54,79,80],
but Umano et al. reported sleep disturbances as a frequent comorbidity [80].

The same trend was reported all over the world. In a retrospective study by Fu et al.,
the data from 22 medical institutions in China showed that 4281 female patients were
diagnosed with new-onset precocious puberty between February and May 2020, five times
more than observed in the same period in 2018 and three times more than observed in
the same period in 2019; the authors also reported weight and BMI were significantly
higher in the 2020 group [70]. All the studies cited above reported the same increase in CPP
diagnoses, especially in women, and a faster rate of pubertal progression, but a correlation
with a BMI increase during the pandemic was not always found.

Many authors then tried to explain this new trend. SARS-CoV-2 infection may have
direct and indirect effects on puberty. Focusing on direct effects, three main possible mech-
anisms have been considered, but they need to be investigated further as they are still
poorly understood: direct inflammation of the olfactory bulb, which shares a common
embryogenic origin with the hypothalamic GnRH neurons; blood–brain barrier disruption;
and cytokine storm [81]. The indirect effects of SARS-CoV-2 probably played a more signif-
icant role in this outbreak of CPP diagnoses, and they consist of physical and psychosocial
changes due to lockdown and social distancing during the pandemic. Among the social
effects, stress fear and anxiety linked to social distancing and lack of physical activity,
family mourning, and the worldwide burden of pandemic might have played a funda-
mental role. In fact, these psychological conditions may activate GABA A receptors and
consequently the stress pathways responsible for puberty onset [82]. Regarding physical
changes, reductions in physical activity, increased BMI, and glucose and insulin metabolism
alterations have been widely reported in children and adolescents during the pandemic,
and obesity has been associated with the secular trend in puberty anticipation [83]. Also,
even hyperinsulinemia not associated with obesity has been correlated with precocious
puberty, since insulin resistance may be responsible for an increased bioavailability of sex
hormones [84]. Other factors that may be associated with this trend include increased
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screen time due to online school classes and a reduction in outdoor activities, vitamin D
deficiency [85] (which has already been associated with precocious puberty, especially in
girls), and sleep disorders [86].

Two recent retrospective studies help us to better understand the correlation between
CPP and SARS-CoV-2 infection. The first one, conducted by Goffredo et al., showed that
children with precocious puberty presented lower bone age advancement and higher levels of
17-hydroxyprogesterone than those observed prelockdown. These findings strongly suggest
the influence of newly emerged environmental factors on pubertal development, although no
study has been able to demonstrate a single cause–effect association until now [58].

The second one [68] registered the number of girls with suspected precocious puberty
and the relative percentage of rapidly progressive CPP from 2019 to 2022. The authors
found a significant increase in both of these diagnoses during 2020 compared with 2019
and a gradual decrease in the same diagnoses in 2021 and 2022, concurrent with the
progressive resumption of daily activities. These findings suggest, once again, that radical
lifestyle changes and the consequent stress due to the COVID-19 lockdown that children
and adolescents underwent might have been crucial in regulating pubertal timing during
the pandemic [68].

To summarize, the direct effect of SARS-CoV-2 infection on CPP onset remains unclear,
but physical and psychological aspects related to the pandemic may have triggered a GnRH
pulsatile secretion, leading to CPP.

6. Diabetes

The association between COVID-19 infection and type 1 diabetes (T1D) in children
has been extensively studied in the last three years. However, the available data regard-
ing the trend of incidence of newly diagnosed T1D during the COVID-19 pandemic are
conflicting [87,88].

Several studies report a clear increase in the incidence of T1D since the beginning of
the worldwide spread of the SARS-CoV-2 virus [89–113]. According to a meta-analysis
by Rahmati et al. [114], the global new-onset of childhood T1D rate in 2020 was 32.39 per
100,000 children, clearly higher in comparison with 2019 (19.73 per 100,000 children) [114].
In a cohort study in seven U.S. centers, T1D was reported in 781,419 children and ado-
lescents aged 0–17 years with laboratory-confirmed COVID-19 [115]. However, most of
the above-mentioned studies did not find a direct cause–effect link between COVID-19
infection and T1D onset [89–111].

A case–control study conducted on children and adults with and without T1D in
Colorado, USA, showed no difference in the prevalence of SARS-CoV-2 antibodies in the
two groups during 2020 [116]. Similar results were reported in a study conducted on
subjects aged <16 years in Belgium, in whom SARS-CoV-2 serology was tested within the
first month from diabetes onset [117]. Conversely, other centers have reported a previous
coronavirus infection or precise exposure to the virus in most of their patients newly
diagnosed with T1DM [112,113].

In agreement with these studies, the CDC analyzed IQVIA healthcare data from
March 2020 to February 2021 and estimated diabetes incidence among patients aged
<18 years with proven COVID-19 infection. This incidence was found to be significantly
higher than the incidence of T1D in children without COVID-19 (hazard ratio = 2.66,
95% CI = 1.98–3.56) [118,119].

Given the present data, it has been also hypothesized that SARS-CoV-2 might stimulate
the autoimmune system, especially for pancreatic autoimmunity, therefore triggering the
onset of T1D [113,114].

Other authors did not find any change in the incidence of T1D during the pan-
demic [119–124], but rather a change in the seasonal pattern, as suggested by the data
from the Worldwide SWEET Registry [122]. In fact, in 2020, a shift in the seasonality of
T1D incidence, with more cases in the summer months, was observed [122]. This may have
been due to the hygiene measures and social distancing adopted during the lockdown,
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which may have further reduced the prevalence of viral infections in the winter/spring
season, decreasing the impact of viral triggers for T1D onset in potentially susceptible
subjects [122].

Some studies describe a decreased incidence of T1D after the beginning of the pan-
demic [125,126]. A possible explanation for this finding, in addition to the increased
protection measures against COVID-19, which reduced the risk of contracting the most
common viral forms, is the increased expression of CD8 + lymphocytes in T1D, which may
protect these patients against infections [125,127].

Data about the prevalence of diabetic ketoacidosis (DKA) are much more concor-
dant in the literature. Several cohort studies [91,93,98,102,106,123,126–163] and two meta-
analyses [114,164] report increases in DKA frequency and DKA severity at diagnosis among
newly diagnosed T1D patients. A multicenter study, involving 13 national diabetes reg-
istries (Australia, Austria, Czechia, Denmark, Germany, Italy, Luxembourg, New Zealand,
Norway, Slovenia, Sweden, the USA (Colorado), and Wales) compared the observed DKA
prevalence in children and adolescents in 2020 and 2021 to predictions based on trends
over the prepandemic years 2006–2019. The pre-existing increase in the prevalence of DKA
at diagnosis of T1D in children and adolescents from 2006 to 2019 was exacerbated in 2020
and 2021 [165].

To better study the association between SARS-CoV-2 and DKA prevalence at T1D
onset, Kamrath et al. [166] calculated the relative risk (RR) of DKA at diagnosis of T1D
during the year 2020 to assess whether it was associated with the regional incidence of
COVID-19 cases and deaths. The applied multivariable mixed-effects log-binomial model
revealed a significant association between the regional weekly incidences of COVID-19
cases and COVID-19-related deaths and the corresponding rates of ketoacidosis at diagnosis
of T1D during the first half of the year 2020 [166].

Only a few centers did not observe a significant difference between the prepandemic
and postpandemic era [94,105,108,167]. This finding has been attributed to increased
parental supervision during the pandemic, which might have prevented severe disease
decompensation in some cases [167].

Some authors have attributed the higher frequency of DKA to delayed diagnosis and
initiation of insulin replacement therapy [168,169]. It has been suggested that elevated
HbA1c at diagnosis of T1D, beyond an increase in the prevalence of DKA at onset, may be
the consequence of a delay in diagnosis and insulin treatment initiation secondary to the
pandemic difficulties [136]. Moreover, a retrospective cohort study on seven U.S. centers
observed the highest frequency of DKA among T1D diabetes during COVID-19 surges in
non-Hispanic Black patients, bringing attention to the problem of reduced access to health
care during the pandemic by patients who are victims of health inequities [115].

To better understand the association between SARS-CoV-2 infection and DKA, a
retrospective study compared insulin-mediated tissue glucose disposal (TGD) during
standardized therapy for DKA in all children with pre-existing T1D with or without
COVID-19. The median TGD was 46% lower among patients with COVID-19 infection
in comparison with those without the infection. These results suggest that SARS-CoV-2
is associated with greater insulin resistance in DKA among patients affected by T1D,
leading to the hypothesis that COVID-19 causes a metabolic impairment beyond factors
that typically contribute to pediatric DKA [170].

To summarize, although the literature is discordant, the evidence of a potential role
of SARS-CoV-2 in T1D onset and DKA frequency in newly diagnosed and known T1D
diabetes is quite consistent, which deserves further investigation to understand the un-
derlying responsible mechanisms. It is well known that some viral infections, especially
rubella, Coxsackie, mumps, enterovirus, and the Epstein–Barr virus, represent important
environmental risk factors for the development of T1D [171,172]. Since the start of the
SARS-CoV-2 pandemic, attention has been paid on this novel virus as a further infective
cause in the development and progression of T1D [173]. In fact, beyond the organizational
problems related to the lockdown and the decreased access to health services during the
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pandemic [174], some biological mechanisms have been hypothesized to contribute to its
pathogenesis [175].

Two main mechanisms are known to be responsible for the damage caused to pan-
creatic cells by different viruses. The first one is the direct cytolysis of virally infected
cells; the second one is an autoimmune reaction [176]. The role of COVID-19 still needs to
be clarified; however, pancreatic cell damage seems to occur, especially in patients with
severe SARS-CoV-2 infection [174,177–180]. Nevertheless, the presence of the virus has
been demonstrated only in the pancreas of deceased patients [181,182]. Rubino et al. [177]
suggested that SARS-CoV-2 may bind to its cellular entry ACE-2 receptors, even in the
pancreatic beta cells, where these cells are abundant, leading to pancreatic beta cell de-
struction. Another theory that could explain the association between SARS-CoV-2 and
T1D development and the worse presentation at onset is virus-induced aberrant immune
response, which may attack the pancreatic islet cells, mimicking the pathogenesis of insulin-
dependent diabetes mellitus [183]. Indeed, cytokine storm, commonly found in COVID-19,
may impair β-cell insulin secretion and glucose control [184]. However, the latter hypoth-
esis was tested by Rewers et al. [185] by measuring autoantibodies to insulin, glutamic
acid decarboxylase, islet antigen 2, and zinc transporter 8 autoantibodies in children both
with and without previous COVID-19 infection, defined by the presence of antibodies to
both SARS-CoV-2 receptor binding domain and nucleocapsid proteins. No association of
SARS-CoV-2 infection with autoimmunity related to the development of T1D was observed
in 50.000 youths from different populations in Colorado and Bavaria [185].

Another recently advanced hypothesis is that SARS-CoV-2 may cause T1D through the
interferon-α-activated latent ribonuclease (RNAseL) signaling pathway [186]. Excessive
RNaseL activity may lead to the degradation of both pathogen and host RNA, leading to
cellular damage. This activity is regulated by phosphodiesterases such as PDE12. PDE12
expression has been shown to be decreased in individuals with recently diagnosed T1D.
This seems to have a protective effect against viral infections, upregulating RNaseL activity;
however, a potential side effect is a trigger of beta-cell damage [186].

MIS-C, as a severe complication of SARS-CoV-2 in children, may also be responsible
for the pathogenesis of insulin resistance (IR). An exploratory study analyzed the glycemic
patterns of 30 normal-weight children affected by MIS-C, showing a high prevalence of IR
and glycemic fluctuation [187]. Data on the persistence of IR have been also described [188].
These evidence suggest that regular glucose monitoring of both fasting and postprandial
glucose levels should be performed in patients with MIS-C.

7. Limits in the Scope of the Study

As mentioned in the Materials and Methods, our narrative review has some limits due
to the selection method of the articles. Language was restricted to English only to ensure
authors’ complete understanding of the articles analyzed. Furthermore, to standardize the
search, it was decided to use PubMed and Embase as databases. We are aware that this
selection may have resulted in the exclusion of some documents reporting different results
from those shown. The above-mentioned factors, together with the relatively small number
of available articles in the literature, represent a limit in the scope of our study.

8. Conclusions

Although little is known regarding the involvement of the endocrine system during
COVID-19 in children; the current evidence in adults and epidemiological studies on the
pediatric population suggest the presence of a causal association between the virus and
endocrinopathies.

The available data support the hypothesis that SARS-CoV-2 is responsible for tran-
sitory thyroid dysfunction. Thus, it would be a good practice to assess thyroid function
markers in children affected with COVID-19 infection, especially if with moderate or severe
manifestations and MIS-C.
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Furthermore, the virus might affect the HPA axis in both direct and indirect ways
due to glucocorticoids treatment in case of MIS-C. Also, it is recommended to pay spe-
cial attention to children with known impairment of adrenal function who experience
SARS-CoV-2 infection, because they may present with a more severe clinical picture than
healthy children.

The hypothalamic–pituitary axis may also be affected in different ways: a case of
ROHHAD-syndrome-like presentation and a case of hypohysitis after COVID-19 infection
have been reported in children. Moreover, an increase in CPP incidence has been observed
since the advent of the COVID-19 pandemic. The direct effect of the virus in the patho-
genesis of CPP is still unclear; however, it has been suggested that its related physical and
psychological aspects may act as triggers of GnRH pulsatile secretion.

Regarding T1D, despite some discordant evidence, many cohort studies support the
role of SARS-CoV-2 in T1D onset and DKA frequency in newly diagnosed and known T1D
diabetes. It has been suggested that this association is due to the combined direct effects
of the virus on pancreatic cells, the indirect effects of the virus through its consequent
inflammatory response, and delayed diagnoses secondary to the healthcare difficulties
encountered worldwide. An association between IR and MIS-C should be also considered.

In conclusion, although data regarding the relationship between COVID-19 and en-
docrinological involvement in pediatric patients are limited, they suggest the correlation
between SARS-CoV-2 infection and impairment in different organs in this population, as
more extensively reported in adults Therefore, further studies are needed to clarify the
role of SARS-CoV-2 infection in the development of different endocrinopathies in children,
both during acute infection and as a result of its long-term complications. Moreover, health
institutions should be aware of this likely association and highlight endocrine involvement
in this population of interest. This information is of primary importance to guide the
management of patients with previous or current COVID-19.
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COVID-19 predispose patients to type 1 diabetes mellitus? Clin. Pediatr. Endocrinol. 2022, 31, 33–37.

124. Tittel, S.R.; Rosenbauer, J.; Kamrath, C.; Ziegler, J.; Reschke, F.; Hammersen, J.; Mönkemöller, K.; Pappa, A.; Kapellen, T.; Holl,
R.W. Did the COVID-19 lockdown affect the incidence of pediatric type 1 diabetes in Germany? Diabetes Care 2020, 43, e172–e173.

125. Pitocco, D.; Tartaglione, L.; Viti, L.; Di Leo, M.; Manto, A.; Caputo, S.; Pontecorvi, A. Lack of type 1 diabetes involvement in
SARS-COV-2 population: Only a particular coincidence? Diabetes Res. Clin. Pract. 2020, 164, 108220.

126. Alassaf, A.; Gharaibeh, L.; Ibrahim, S.; Daher, A.; Irsheid, A.; Albaramki, J.; Odeh, R. Effect of COVID-19 pandemic on presentation
and referral patterns of newly diagnosed children with type 1 diabetes in a developing country. J. Pediatr. Endocrinol. Metab. 2022,
35, 859–866.

127. Bombaci, B.; Passanisi, S.; Sorrenti, L.; Salzano, G.; Lombardo, F. Examining the associations between COVID-19 infection and
pediatric type 1 diabetes. Expert. Rev. Clin. Immunol. 2023, 19, 489–497.

128. d’Annunzio, G.; Bassi, M.; De Rose, E.L.; Lezzi, M.; Minuto, N.; Calevo, M.G.; Gaiero, A.; Fichera, G.; Borea, R.; Maghnie, M.
Increased Frequency of Diabetic Ketoacidosis: The Link With COVID-19 Pandemic. Front. Clin. Diabetes Healthc. 2022, 3, 846827.

129. Rivero-Martín, M.J.; Rivas-Mercado, C.M.; Ceñal-González-Fierro, M.J.; López-Barrena, N.; Lara-Orejas, E.; Alonso-Martín, D.;
Alfaro-Iznaola, C.; Alcázar-Villar, M.J.; Sánchez-Escudero, V.; González-Vergaz, A. Severity of new-onset type 1 diabetes in
children and adolescents during the coronavirus-19 disease pandemic. Endocrinol. Diabetes. Nutr. 2022, 69, 810–815.

130. Varol, F.; Ozyilmaz, L.G.B.; Sahin, E.G.; Can, Y.Y.; Altas, U.; Cam, H. Does the severity of diabetic ketoacidosis in children with
type 1 diabetes change during the COVID-19 pandemic? A single-center experience from a pediatric intensive care unit. N. Clin.
Istanb. 2022, 9, 429–435.

131. Leiva-Gea, I.; Fernández, C.A.; Cardona-Hernandez, R.; Lozano, M.F.; Bahíllo-Curieses, P.; Arroyo-Díez, J.; León, M.C.; Martín-Frías,
M.; Barreiro, S.C.; Delgado, A.M.; et al. Increased Presentation of Diabetic Ketoacidosis and Changes in Age and Month of Type 1
Diabetes at Onset during the COVID-19 Pandemic in Spain. J. Clin. Med. 2022, 11, 4338.

132. Kiral, E.; Kirel, B.; Havan, M.; Keskin, M.; Karaoglan, M.; Yildirim, A.; Kangin, M.; Talay, M.N.; Urun, T.; Altug, U.; et al. Increased
Severe Cases and New-Onset Type 1 Diabetes Among Children Presenting with Diabetic Ketoacidosis During First Year of
COVID-19 Pandemic in Turkey. Front. Pediatr. 2022, 10, 926013.

133. Cherubini, V.; Marino, M.; Scaramuzza, A.E.; Tiberi, V.; Bobbio, A.; Delvecchio, M.; Piccinno, E.; Ortolani, F.; Innaurato, S.; Felappi,
B.; et al. The Silent Epidemic of Diabetic Ketoacidosis at Diagnosis of Type 1 Diabetes in Children and Adolescents in Italy During
the COVID-19 Pandemic in 2020. Front. Endocrinol. 2022, 13, 878634.

168



J. Clin. Med. 2023, 12, 5248
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Abstract: Long COVID is a clinical syndrome characterized by profound fatigue, neurocognitive dif-
ficulties, muscle pain, weakness, and depression, lasting beyond the 3–12 weeks following infection
with SARS-CoV-2. Among the symptoms, neurocognitive and psychiatric sequelae, including atten-
tion and memory alterations, as well as anxiety and depression symptoms, have become major targets
of current healthcare providers given the significant public health impact. In this context, assessment
tools play a crucial role in the early screening of cognitive alterations due to Long COVID. Among
others, the general cognitive assessment tools, such as the Montreal Cognitive assessment, and more
specific ones, including the State Trait Inventory of Cognitive Fatigue and the Digit Span, may be of
help in investigating the main neurocognitive alterations. Moreover, appropriate neurorehabilitative
programs using specific methods and techniques (conventional and/or advanced) through a multi-
disciplinary team are required to treat COVID-19-related cognitive and behavioral abnormalities. In
this narrative review, we sought to describe the main neurocognitive and psychiatric symptoms as
well as to provide some clinical advice for the assessment and treatment of Long COVID.

Keywords: Long COVID syndrome; psychometric assessment; behavioral alterations; cognitive
rehabilitation; conventional and advanced approaches

1. Introduction

Because of the COVID-19 pandemic, caused by SARS-CoV-2, many individuals ex-
perience post-infection long-lasting symptoms, namely post-COVID syndrome or Long
COVID [1,2]. Long COVID is characterized by the persistence of exhausting fatigue,
neurocognitive difficulties such as mental fog, muscle pain, and weakness, as well as
depression, lasting beyond the 3–12 weeks following SARS-CoV-2 infection [3]. According
to Naik et al., the most common symptoms are myalgia (10.9%), fatigue (5.5%), shortness
of breath (6.1%), cough (2.1%), insomnia (1.4%), mood disturbances (0.48%), and anxiety
(0.6%) [4,5]. The persistence of the symptoms seems to be linked to immune dysregulation
due to harmful inflammation, although the exact causes are still unknown [6,7]. Recently,
a huge number of studies have reported immune abnormalities, such as an increase in
the innate immune system activity, chronic fatigue/myalgic syndrome, encephalomyeli-
tis [8], fibromyalgia [9], cognitive dysfunction [10], depression, and other mental health
disorders [11–13]. Concerning the latter disorders, neuroinflammation may play a key
role in the onset of symptoms, through either an activation of microglia or auto-immune
reactions [14,15]. Indeed, Long COVID often presents with “brain fog”, which is charac-
terized by low energy, concentration problems, disorientation, and difficulty finding the
right words [16,17]. However, long-term psychological, cognitive, or adverse mental health
consequences of COVID-19 have recently begun to be recognized. Hampshire et al. [18]
showed that COVID-19 could have a multi-domain impact on human cognition, as assessed
using psychometric subtests. In particular, people who had recovered from the infectious
disease, including those no longer reporting symptoms, may exhibit significant cognitive
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deficits as compared to controls, when controlled for age, gender, education level, income,
racial–ethnic group, pre-existing medical disorders, tiredness, depression, and anxiety.
Moreover, Ocsovszky et al. [19] found a positive correlation between the level of depressive
symptoms and anxiety in a Long COVID non-hospitalized cohort. Depression and anxiety
have been shown to have a negative impact on symptom perception and also contribute to
a higher number of symptoms in a non-hospitalized sample, suggesting a bi-directional
interconnection between the clinical and psychological factors [20–23]. Therefore, multi-
disciplinary rehabilitation interventions are necessary to better manage individuals with
Long COVID. In fact, cognitive rehabilitation, including compensatory and metacognitive
strategies, which are usually administered to patients with brain injury, can be also applied
to the Long COVID population [24,25].

The aim of this narrative review is to describe Long COVID’s neurological, cognitive
and psychiatric sequelae and to give some clinical advice for assessment and cognitive
rehabilitation of this long-lasting syndrome.

2. Search Methodology

The data were collected by searching on the following databases: Cochrane Library, PE-
Dro, PubMed, and Google Scholar, using the following keywords: “long COVID symptoms”
AND “long COVID cognitive manifestations” OR “long COVID neurological sequelae”
AND “neuropsychiatric symptoms in long COVID” OR “depressive symptoms in long
COVID” OR “anxiety symptoms in long COVID”, AND “cognitive rehabilitation in long
COVID” OR “rehabilitation in long COVID”. Moreover, we also analyzed the references of
the selected articles, including only English papers, in order to obtain a complete search.
The articles were evaluated according to title, abstracts, and text, and selected based on
their scientific validity, as per the authors’ assessment. We include systematic and narrative
reviews, randomized clinical trials (RCT), and pilot studies published between July 2020
and September 2022 which deal with the Long COVID psychological and cognitive symp-
toms in adult patients. Two reviewers (RDL and MB) screened 616 studies, of which 276
were selected, and after removing duplicates, we finally included 54 papers that addressed
the main psychometric assessment tools and the neurorehabilitative approaches.

3. Neurological Manifestations of Long COVID

The neurological manifestations (NMs) of Long COVID remain an outstanding issue
since the pathogenic mechanisms are poorly understood despite the high prevalence of the
symptoms. The most commonly reported NMs are fatigue (72%), muscle aches/myalgia
(57%), and headache (53%) [26]. Orrù G. et al. [27] also included loss of smell and loss
of concentration, as well as insomnia and reduced quality of life. However, it has been
pointed out that anosmia and dysgeusia are more commonly related to the acute COVID-19
infection as these specific symptoms generally resolve [28]. Conversely, symptoms such
as headaches, anxiety, depression, brain fog, fatigue, and insomnia are more likely to
belong to the post-infection syndrome. NM onset may be due to an association between
biological and psychological factors. In fact, SARS-CoV-2 could remain in brain tissue
long-term, affecting neuronal loss over time, in association with systemic inflammation
and cerebrovascular changes, as recently demonstrated by Desai et al. [29]. Notably,
inflammation may induce neuron injury/damage through the release of the cytotoxic and
chemotactic mediators, activating the surrounding microglial cells and intensifying the
microglia-mediated neuroinflammation [30]. This cytotoxins release causes neuronal loss
and neurodegeneration, accounting for the cross-talk between the neurons and glial cells
in the neuroinflammation status [31]. To overcome these negative implications, steroids
have been successfully used, especially in the acute phase and in the most severely affected
patients [32]. Moreover, to counteract prostaglandin-mediated inflammation, non- steroidal
anti-inflammatory drugs may be used in different stages of the disease [33]. Some authors
considered the use of Palmitoylethanolamide (PEA) in the treatment of Long COVID,
showing that the compound could resolve these inflammatory processes, reducing the
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progression of chronic inflammation and promoting positive effects on the neurological
system [34]. It has been highlighted that the peripheral activation of the trigemino-vascular
system, through the inflammatory cytokine storm, is strictly involved in the development
of headaches [35]. Headache, from continuous mild pain to severe migraine, seems to be
one of the most common and persistent COVID-19 sequelae, and it is often accompanied
with trigeminal neuralgia. Neuropathic pain due to Long COVID is underestimated
compared to the other symptoms, although the main clinical features of neuropathic pain
in COVID-19 patients, i.e., a prickling sensation (defined as a sensation of electric shock,
burns, paresthesia, and hyperalgesia), have been well described [36,37].

Many patients complained of subtle cognitive impairment and behavioral changes
that may be difficult for them to describe. These symptoms are often collectively referred
to as “brain fog” or “mental clouding” [38]. However, the correlation between these self-
reported symptoms and objective dysfunctions remains an unclear question. Di Stadio
et al. [39] investigated the possible correlation between mental clouding and olfactory
dysfunction: they found that the former might interfere with the capacity of the individual
to identify odors, indirectly affecting olfactory function. In addition, subjects who suffered
from mental clouding, headache, or both presented a more severe olfactory dysfunction
compared to those patients without neurological complaints.

4. Cognitive Dysfunctions, Psychiatric Symptoms, and Behavioral Alterations

Cognitive dysfunctions are becoming the most popular symptoms in the research
of Long COVID. In fact, cognitive symptoms have been reported in around 70% of the
subjects [40,41]. Davis et al. [42] showed a high impact of post-COVID-19 cognitive dys-
function and/or memory impairment in daily working abilities, accounting for 86% of
the sample affected. Guo et al. found a similar prevalence of cognitive symptoms: 77.8%
of the patients presented difficulty in concentrating, 69% brain fog, 67.5% forgetfulness,
59.5% tip-of-the-tongue word-finding problems, and 43.7% semantic disfluency (saying
or typing the wrong word) [43]. In addition, it has been shown that cognitive symptoms
are more likely to develop in subjects affected by fatigue, cardiopulmonary, neurological,
and autoimmune symptoms. However, in current clinical practice, it is very difficult to
understand and define the “type and severity of the self-reported cognitive deficits”, such
as brain fog and difficulty concentrating, and consequently to more objectively measure
cognitive performance. Indeed, most studies focused on the prevalence of cognitive alter-
ations due to Long COVID, but not on the psychometric tools to measure the cognitive
domains affected by the post-SARS-CoV-2 infection [44]. To overcome this issue, Alemanno
et al. measured the cognitive abilities of patients in the COVID-19 post-acute phase that
had experienced severe disease, using the Montreal Cognitive Assessment (MoCA). They
have observed that 80% of patients reported cognitive alterations, especially in memory
abilities, executive functioning, and language skills [45]. It has been observed that 33%
of individuals in an intensive care unit showed a dysexecutive syndrome associated with
inattention, disorientation, and reduced planning movements in response to the verbal in-
dications [46]. Hosp et al. found a possible correlation between the cognitive dysfunctions
and neurological abnormalities revealed with positron emission tomography, showing a
predominant frontoparietal hypometabolism that correlated with poor MoCA scores [47],
with lower scores in verbal memory and executive functions. However, these studies are
limited to severely ill and old-age patients, and it is very challenging for clinicians to deter-
mine the nature of these dysfunctions and whether they are specific to COVID-19 or are
more a-specific, such as a general consequence of acute respiratory distress. Indeed, some
survivors of critical disease are recognized as experiencing long-term cognitive loss [48],
particularly if they experience delirium [49,50].

In this context, it is important to know whether these deficits may also involve younger
populations, as demonstrated by Almeria et al. in patients aged 24–60. This study reported
that patients with neurological sequelae had lower performance in attention, memory,
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and executive function, suggesting an association between symptomatology and cognitive
deficits [51].

Recent literature regarding the long-term neuropsychiatric sequelae of COVID-19
focused on self-reported symptoms through questionnaires administered either in-person
or by telephone interviews [52–54]. Notably, Long COVID has been found to cause anxiety
and depression symptoms as well as other neuropsychiatric and cognitive sequelae [55–59].
Indeed, the incidence of anxiety, depression, and post-traumatic stress was 42%, 31%, and
28%, respectively, in an Italian sample [60]. Considering the alarming impact of COVID-19
on mental health, Clemente et al. investigated the correlation between the psychological
status of patients who had recovered from the SARS-CoV-2 infection and their inflammatory
status, showing that survivors are at risk of developing psychiatric sequelae, such as
anxiety, depression, and somatization symptoms, as well as sleep disorders [61–63]. An
interesting association has also been demonstrated between high ferritin blood levels and
sleep disturbances, stress, depression, and suicidal ideation [64,65].

To summarize, the SARS-CoV-2 epidemic was associated with psychiatric and cogni-
tive complications, as confirmed by several researchers [66–69], and patients with preex-
isting psychiatric disorders reported the worsening of previous symptoms [70–73]. These
findings could support the idea that those who have experienced the COVID-19 infection
may be at a higher risk for neurodegeneration and dementia. In fact, COVID-19-related
cardiovascular and cerebrovascular disease may also contribute to a higher long-term risk
of cognitive decline and dementia in recovered individuals [74].

Moreover, a vast number of studies showed that obesity and diabetes have been associ-
ated with worse outcomes during the COVID-19 infection. In fact, people with obesity have
an increased prevalence of diseases such as renal insufficiency, cardiovascular diseases,
Type 2 diabetes mellitus, certain types of cancers, and a significant degree of endothelial
dysfunction. These conditions are major risk factors for the disease severity and mortality
associated with COVID-19 [75,76]. In particular, Vimercate et al. (2021) have shown that
obesity is associated also with worse Long COVID symptoms such as respiratory diseases
and hypertension, suggesting that being affected by overweight or obesity is associated
with prolonged symptoms after resolution [77]. Today, limited evidence has shown that
the clinical and socio-demographical features of the patients (such as the number of symp-
toms in the first week, age, and sex) before the COVID-19 infection play a key role in the
prediction of Long COVID’s duration [78]. Notably, Bellou et al. have investigated the
association of 91 unique prognostic factors, divided into seven different categories, includ-
ing demographic and anthropometric individual characteristics, biomarkers, symptoms,
clinical signs, medical history and comorbid diseases, and medications, thus facilitating the
selection of candidate predictors for a prognostic model [79]. In this context, Wang et al.
found that psychological distress before the COVID-19 infection, including depression,
anxiety, worry, perceived stress, and loneliness, was associated with a 32–46% increased
risk of Long COVID [80]. For all these reasons, urgent in-person neuropsychological and
neuropsychiatric assessments on Long COVID individuals are needed.

5. Psychometric Assessment and Neurorehabilitative Approach

In the rehabilitation of cognitive dysfunctions, assessment plays a crucial role, and
even more so in patients with Long COVID. Few of the aforementioned studies have
explored the long-term psychological, behavioral, and cognitive sequelae of this potentially
disabling syndrome. In fact, only recently have researchers begun to more objectively
address the specific cognitive domains affected by this disease through the use of proper
clinical scales and psychometric batteries [81]. In this context, Holdsworth et al. demon-
strated that systematic cognitive testing may offer a tool to ‘rule in’ objective neurocognitive
insult in the wake of this prevalent disease [54]. However, administering psychometric
tests overtime to the same subjects is useful to detect changes that may confirm either
persistence or resolution of cognitive symptoms and deficits [82]. Specifically, some au-
thors used the Montreal Cognitive Assessment (MoCA) to test general cognitive status in
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COVID-19 patients at discharge [83]. Neuropsychological and cognitive symptoms due to
Long COVID were evaluated by a complete psychometric battery to assess verbal fluency,
nonverbal skills, memory abilities, executive functions, and reasoning [84–86]. In particular,
researchers noticed that both Long COVID patients and healthy participants completed the
tasks, but only the “No COVID” group completed a specific cognitive task referred to as
the Test of 2D mental rotation, indicating a deficit in reasoning in the Long COVID patients’
group [87].

O’Connor et al. have developed the COVID-19 Yorkshire Rehabilitation Scale (C19-
YRS), a useful measure for examining an LCS’s sample. C19-YRS is a 22-item patient-
reported outcome measure designed to evaluate the long-term impact of COVID-19 across
the domains of the activities and participation of the International Classification of Func-
tioning, Disability, and Health and to evaluate the impact of LCS rehabilitation, including
clinician-completed, self-report, and digital versions [88,89].

On the other hand, post-COVID-19 psychological and psychiatric symptoms have
been investigated using numerous standardized questionnaires: the Hospital Anxiety and
Depression Scale (HADS) [90] and the Generalized Anxiety Disorder-7 (GAD-7) [84], for
anxiety and related symptoms. In detail, Monterrosa-Blanco recommended the use of GAD-
7 during the COVID-19 pandemic; it is a widely used screening tool for anxiety with a cut-off
score of 10, and it has been standardized in a sample of Colombian general practitioners [91],
while the Patient Health Questionnaire-9 (PHQ-9) is for depression. The PHQ-9 is a
commonly used screening tool for depression with a cut-off of 10 to consider the diagnosis.
The bivariate meta-analysis of 18 validation studies identified cut-off scores between 8
and 11 as optimal means for detecting major depressive disorder [92], and the Zung Self-
Rating Depression Scale (ZSDS) was used to investigate the depression symptoms in the
COVID-19 pandemic among Colombian university workers [93]. Moreover, considering
the high frequency of sleep alterations due to COVID-19, some authors have investigated
sleep quality and insomnia using ad hoc clinical scales such as the Medical Outcomes Study
Sleep Scale (MOS-SS) [94] and the Pittsburgh Sleep Quality Index (PSQI) [95]. In post-acute
COVID-19 syndrome, the quality of life was investigated using the EuroQol-5 Dimension
(EQ-5D) [96], while fatigue symptoms were evaluated through the FACIT-Fatigue scale, a
self-report questionnaire to investigate symptoms on a five-point Likert-scale, with a sum
score ranging from 0 (worst fatigue) to 52 (no fatigue) [97], as well as post-traumatic stress
disorder checklist for DSM 5 (PCL-5) for post-traumatic stress symptoms [98,99].

Most of the preexisting tools to investigate mood, behavioral, and cognitive problems
in other patient populations have been adapted to individuals with Long COVID, whilst
only a few scales have been specifically developed to test this syndrome (Table 1). In
particular, Klok et al. proposed the post-COVID-19 Functional Status Scale (PCFS) to
measure the full spectrum of functional outcomes following COVID-19 [100]. Hughes et al.
have validated a novel outcome measure for patients after COVID-19: the symptom burden
questionnaire for Long COVID (SBQ-LC). The SBQ-LC includes 16 symptom scales, each
measuring a different symptom domain and a single scale measuring symptom interference.
Each scale measures a different symptom domain (e.g., breathing and circulation) and an
“interference” scale measures the impact of a person’s symptoms on everyday life. This was
developed as a comprehensive measure of the symptom burden from Long COVID [101].

High-quality instruments to measure patients’ reported outcomes are required to
better understand the signs, symptoms, and underlying pathophysiology of Long COVID,
to develop safe and effective interventions, and to meet the day-to-day needs of this
growing patient group. There is at this time a lack of information in literature about the
current effectiveness of motor and psychological repair in Long COVID subjects. However,
growing evidence is demonstrating the importance of a targeted rehabilitation intervention
of psychological sequelae and cognitive dysfunctions, using different techniques and
systems focused on various methodological approaches, in addition to an early screening.
Indeed, the treatment of Long COVID is not well defined, given that, until today, no drug
therapy has been shown to improve the symptomatology.
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Only a paper [102] by our group has demonstrated the potential efficacy of Palmi-
toylethanolamide (PEA), an endogenous lipid mediator that has an entourage effect on the
endocannabinoid system mitigating the cytokine storm, in improving COVID-19-associated
symptoms, as evaluated by the PCFS (a specific tool that investigates the physical and
psychological symptoms following SARS Cov-2 infection). In fact, the anti-inflammatory
properties of PEA are related to its ability to regulate several genes involved in the anti-
inflammatory response, such as pro-inflammatory cytokines (tumor necrosis factor [TNF]-α
and inter-leucine-1β), and also to counteract in the chronic inflammation status. Although
some authors attempted to give indications on treating and managing this syndrome, no
agreement has been reached about the best therapeutic strategy [103].

Compagno et al. reported the use of a multidisciplinary rehabilitation (MDR) program,
including both physical training and psychological treatment, to stimulate psycho-motor
parameters in patients with Long COVID. These authors suggested that the MDR program
is safe and feasible in these patients and could reduce residual symptoms and promote
physical and psychological recovery [104]. Fine et al. described the guidelines statement
about the Long-COVID-related cognitive symptom assessment coupled with the specific
cognitive disease, as well as the specific treatment recommendations [105].

Table 1. The neuropsychological and psychological measures used to assess cognitive and behavioral
alterations in Long COVID, including the non-specific “adapted” tools and newly “designed” Long
COVID ones.

Neuropsychological Measures Domain Short Description

Adapted assessment tools for Long COVID

Mini Mental State Examination—MMSE
(Fine et al., 2022) [105]

Global Cognitive Status in Long
COVID subjects with moderate

and severe cognitive
deterioration.

MMSE is a psychometric test commonly used for
screening global cognitive functioning. It
consists of eleven questions and takes only 5–10
min to administer. It is a 30-point test used to
measure some specific cognitive domains:

− orientation to time and place (knowing where
you are and the season or day of the week)
− short-term memory (recall)
− attention and ability to solve problems (such
as spelling a simple word backwards)
− language (identifying common objects by
name)
− comprehension and motor skills (drawing a
slightly complicated shape such as two
pentagons intersecting)

Montreal Cognitive Assessment—MoCA
(Lynch et al., 2022) [83]

Global cognitive functioning in
Long COVID subjects with
mild–moderate and severe

neuropsychological sequelae

The Montreal Cognitive Assessment (MoCA) is a
widely used screening assessment for detecting
cognitive impairment. It was validated as a
highly sensitive tool for early detection of mild
cognitive impairment (MCI) in 2000. MoCA
accurately and quickly assesses:

− Short-term memory
− Visuo-spatial abilities
− Executive functions
− Attention, concentration, and working
memory
− Language
− Orientation to time and place
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Neuropsychological Measures Domain Short Description

Trail Making Test Part A and Part
B—TMT A and B

(Becker et al., 2021) [86]

Processing speed
Executive functioning

TMT consists of 25 circles distributed over a
sheet of paper. In Part A, the circles are

numbered 1–25, and the patient should draw
lines to connect the numbers in ascending order.
In Part B, the circles include both numbers (1–13)
and letters (A–L); as in Part A, the patient draws

lines to connect the circles in an ascending
pattern but with the added task of alternating

between the numbers and letters (i.e.,
1-A-2-B-3-C, etc.). The patient should be

instructed to connect the circles as quickly as
possible without lifting the pen or pencil from

the paper. The patient is timed as he or she
connects the “trail”. Results for both TMT A and
B are reported as the number of seconds required

to complete the task; therefore, higher scores
reveal greater impairment.

Saint Louis University Mental—SLUMS
(Fine et al., 2022) [105] Cognitive impairment

SLUMS measures diverse aspects of cognition. It
consists of 11 questions that help a healthcare
provider evaluate:

− Orientation
− Short-term memory
− Calculations
− Naming of animals
− Clock drawing test
− Recognition of geometric figures
− Final scores range from 0 to 30.

Mini-Cog—MC
(Fine et al., 2022) [105] Short-term memory learning

The Mini-Cog is a 3 min instrument that can
increase detection of cognitive impairment in
older adults. It combines a short memory test
with a simple clock-drawing test to enable fast

screening for short-term memory problems,
learning disabilities, and other cognitive

functions that are reduced in dementia patients.

Short Test of Mental Status—STMS
(Fine et al., 2022) [105] Global cognition

The Short Test of Mental Status can be
administered to patients in approximately 5 min,

and it contains items that test orientation,
attention, immediate recall, arithmetic,

abstraction, construction, information, and
delayed (approximately 3 min) recall.

Digit Span—DGS
(Fine et al., 2022) [105]

Number span forward and backward
(Becker et al., 2021) [86]

Attention and working memory

Digit Span (DGS) is a measure of verbal
short-term and working memory. DGS can be
used in two formats, Forward Digit Span and

Reverse Digit Span.
This is a verbal task, with stimuli presented

auditorily, and responses spoken by the
participant and scored automatically by the
software. Participants are presented with a

random series of digits and are asked to repeat
them in either the order presented (forward
span) or in reverse order (backwards span).
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Neuropsychological Measures Domain Short Description

Digit Vigilance Test—DVT
(Fine et al., 2022) [105] Sustained attention

The DVT is a simple task designed to measure
vigilance during rapid visual tracking and

accurate selection of target stimuli. It focuses on
alertness and vigilance, while placing minimal

demands on two other components of attention:
selectivity and capacity.

Cancellation test (Albert’s Test)—CT-AT
(Fine et al., 2022) [105]

Unilateral spatial neglect (USN)
visuo-spatial research

Albert’s Test is commonly a visual neglect screen
that requires patients to cross out lines on a

single piece of paper.

Letter Fluency Test—LFT
adapted tool (Fine et al., 2022) [105] Phonemic verbal fluency

Verbal fluency tests are brief assessment tools
with relatively simple administration and scoring
procedures. Semantic and phonemic fluency are

measures of non-motor processing speed,
language production, and executive functions. In
particular, the Phonemic Verbal Fluency Test was

shown to be sensitive for assessment of
functional communication skills, commonly

used for aphasic patients. Letter fluency is also
referred to as phonemic test fluency.

Category Fluency Test—CFT
(Guo et al., 2022) [87] Semantic/Category fluency

Verbal fluency tests are a kind of psychological
test in which participants have to produce as
many words as possible from a category in a

given time (usually 60 s). This category can be
semantic, including objects such as animals or

fruits, or phonemic, including words beginning
with a specified letter, such as p, for example.

The semantic fluency test is sometimes described
as the category fluency test or simply as “free

listing”.

Boston Naming Test—BNT
(Fine et al., 2022) [105] Denomination language abilities

The Boston Naming Test (BNT) is a widely used
neuropsychological assessment tool to measure

confrontational word retrieval in individuals
with aphasia or other language disturbances

caused by stroke, Alzheimer’s disease, or other
dementing disorders. The BNT contains 60 line

drawings graded in difficulty. Patients with
anomia often have greater difficulties with the
naming of not only difficult and low-frequency

objects but also easy and high-frequency objects.

Brief Visual Memory Test—BVMT
(Fine et al., 2022) [105]

Visuo-spatial learning and
memory

The brief visuo-spatial memory test-revised
(BVMT-R) assesses visuo-spatial learning and
memory in adults. It has equivalent forms that

allow reassessing of patients.

Rey–Osterrieth Complex Figure
Test—R-OCFT

(Fine et al., 2022) [105]

Visuo-spatial abilities, memory,
attention, planning, working

memory, and executive functions

The Rey–Osterrieth complex figure (ROCF) is a
neuropsychological assessment in which

examinees are asked to reproduce a complicated
line drawing, first by copying it freehand

(recognition), and then drawing from memory
(recall).
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Neuropsychological Measures Domain Short Description

Wechsler Memory Scale-IV—WMS-IV
(Fine et al., 2022) [105] Memory functions

The Wechsler Memory Scale (WMS) is a
neuropsychological test designed to measure

different memory functions. A person’s
performance is reported as five index scores:
Auditory Memory, Visual Memory, Visual

Working Memory, Immediate Memory, and
Delayed Memory.

State Trait Inventory of Cognitive Fatigue
(STI-CF)

(Fine et al., 2022) [105]
Cognitive fatigue

The STI-CF is a 32-item subjective measure of
cognitive fatigue. It refers to low alertness and

cognitive impairment.

Stroop Color Word—SCW
(Fine et al., 2022) [105] Executive functions

The Stroop Color and Word Test (SCWT) is a
neuropsychological test extensively used to

assess the ability to inhibit cognitive interference
that occurs when the processing of a specific
stimulus feature impedes the simultaneous

processing of a second stimulus attribute, known
well as the Stroop Effect.

Tower of London—TOL
(Fine et al., 2022) [105] Executive functions

The Tower of London test is a test used in
applied clinical neuropsychology for the

assessment of executive functioning, specifically
to detect deficits in planning, which may occur

due to a variety of medical and neuropsychiatric
conditions.

Wisconsin Card Sorting Test—WCST
(Guo et al., 2022) [87] Executive functions

The Wisconsin Card Sorting Test (WCST) is a
neuropsychological test that is frequently used to
measure such higher-level cognitive processes as

attention, perseverance, working memory,
abstract thinking, category fluency, and set

shifting. The WCST consists of two card packs
with four stimulus cards and 64 response cards

in each.

Word List Recognition Memory
Test—WLRMT

(Guo et al., 2022) [87]
Verbal memory learning

Wordlist memory tests are commonly used for
cognitive assessment, particularly in

Alzheimer’s disease research and screening.
Commonly used tests employ a variety of

inherent features, such as list length, number of
learning trials, order of presentation across trials,

and inclusion of semantic categories.

Pictorial Associative Memory
Test—PAMT

(Guo et al., 2022) [87]
Visual associative memory

Picture Memory Impairment Screen for People
with Intellectual Disability (PMIS-ID). The

PMIS-ID consists of four-color photographs
semantically unrelated in each quadrant. It

includes four distinct parts: Identification (I),
Learning (L), Immediate Recall (IR), and Delayed

Recall (DR)

Mental Rotation Test—MRT
(Guo et al., 2022) [87] Spatial abilities/Mental rotation

The Mental Rotations Test is a test of spatial
ability. Mental rotation time is defined as the
time it takes someone to find out if a stimulus

matches another stimulus through mental
rotation.
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Neuropsychological Measures Domain Short Description

Hospital Anxiety and Depression Scale
(HADS)

(Herrmann-Lingen et al., 2011) [90]

Depression and anxiety
symptoms

HADS-A consists of 7 items assessing anxiety
symptoms, whereas HADS-D consists of 7 items
evaluating depressive symptoms. Each item is

scored on a 4-point Likert scale (0–3), providing
a maximum of 21 points for each subscale. It is a
patient-reported outcome measure for evaluating
the emotional consequences of SARS-CoV-2 in
hospitalized COVID-19 survivors with Long

COVID.

Generalized Anxiety Disorder-7 (GAD-7)
(Spitzer et al. 2006; Monterrosa-Blanco

et al., 2021) [84,91]
Anxiety and related symptoms

GAD-7 is a screening and monitoring test for
Generalized Anxiety Disorder. It is not a

replacement for a diagnosis from a doctor. The
answers to each question are given a value from

0 to 3 depending on severity.

Patient Health Questionnaire-9, (PHQ-9)
(Olanipekun et al., 2022) [92] Depression symptoms

The PHQ-9 is the depression module, which
scores each of the nine DSM-IV criteria as “0”

(not at all) to “3” (nearly every day). It has been
validated for use in primary care. It is not a

screening tool for depression, but it is used to
monitor the severity of depression and the

response to treatment.

Zung Self-Rating Depression Scale
(ZSDS)

(García-Garro et al., 2022) [93]
Depression symptoms

Depression was assessed using the Zung
Self-Rating Depression Scale (ZSDS). This

instrument consists of 20 questions split into 10
positive and 10 negative questions related to the

frequency of depressive symptoms (DS). Each
question receives a score between 1 and 4 (a little
of the time = 1; some of the time = 2; good part of
the time = 3; most of the time = 4), which means
that the total score can range between 20 and 80

points, where higher scores are related to the
presence of DS. For dichotomization, a global

score of 55 points was taken as the cut-off point,
resulting in two categories: with DS (>55) and

without DS (≤55).

Medical Outcomes Study Sleep Scale
(MOS-SS)

(Scarpelli et al., 2021) [94]
Insomnia—Sleeping difficulty

The Medical Outcomes Study-Sleep Scale is a
self-administered questionnaire with 12 items to
assess sleep quality and quantity within 4 weeks

(details in the online supporting information).
Three variables were extracted from the MOS-SS

for further analyses: (a) the Sleep Index II or
sleep problem index, an aggregate measure of

responses concerning four sleep domains (sleep
disturbance, awakening with shortness of breath

or with headache, sleep adequacy, and
somnolence), as a synthetic measure of sleep

quality; (b) sleep duration (item 2); and (c)
self-reported evaluation of intrasleep

wakefulness (item 8), dichotomized as follows:
“high intrasleep wakefulness” (answer 3, 4, or 5)

and “low intrasleep wakefulness” (answer 1
or 2).
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Pittsburgh Sleep Quality Index (PSQI)
(Taporoski et al., 2022) [95] Sleep quality

The Pittsburgh Sleep Quality Index (PSQI) was
used to assess the participants’ sleep quality. The
PSQI is composed of 24 questions and measures

seven different domains: (i) sleep latency, (ii)
subjective sleep quality, (iii) daytime

dysfunctions, (iv) sleep duration, (v) sleep
disturbances, (vi) habitual sleep efficiency, and

(vii) use of sleep medications, generating a global
score. Each domain can be scored between 0 and
3 points, resulting in a global score ranging from
0 to 21, where higher scores are related to worse

sleep quality.

EuroQol-5 Dimension (EQ-5D)
(Tabacof et al., 2022) [96] Health-related quality of life

EQ-5D is an instrument which evaluates the
generic quality of life developed in Europe and is
widely used. The EQ-5D descriptive system is a

preference-based HRQL measure with one
question for each of the five dimensions, which

include mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression.

FACIT-Fatigue scale
(Sanchez-Ramirez et al., 2021) [97] Fatigue

Fatigue was assessed using the 13-item FACIT
fatigue scale, a widely used and validated

self-report questionnaire to assess symptoms on
a five-point Likert-scale with a sum score

ranging from 0 (worst fatigue) to 52 (no fatigue).
Clinically relevant fatigue was defined by scores
≤ 30, as suggested by the creators of the scale,

based on general population data.

Checklist for DSM 5 (PCL-5)
(Liyanage-Don et al., 2022; Bovin et al.,

2016) [98,99]

Post-traumatic stress symptoms
(PTSD)

The PCL-5 is a 20-item self-report measure of the
20 DSM-5 symptoms of Post-Traumatic Stress

Disorder (PTSD). Included in the scale are four
domains consistent with the four criteria of

PTSD in DSM-5: Re-experiencing (criterion B)
Avoidance (criterion C); Negative alterations in
cognition and mood (criterion D); Hyper-arousal

(criterion E).
The PCL-5 can be used to monitor symptom

change, to screen for PTSD, or to make a
provisional PTSD diagnosis.

“Newly” Designed tools for Long COVID

COVID-19 Yorkshire Rehabilitation Scale
(C19-YRS)

(O’Connor et al., 2022; Sivan et al., 2021)
[88,89]

Persistent COVID-19 symptoms

The C19-YRS outcome measure is a clinically
validated screening tool recommended for use,

consisting of 22 items with each item rated on an
11-point numerical rating scale from 0 (none of
this symptom) to 10 (extremely severe level or

impact). The C19-YRS is divided into four
subscales (range of total score for each subscale):

symptom severity score (0–100), functional
disability score (0–50), additional symptoms

(0–60), and overall health (0–10).
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Post-COVID-19 Functional Status scale
(PCFS)

(Klok et al., 2020) [100]

Post-COVID-19 functional
symptoms

PCFS is a tool to measure functional status over
time after COVID-19. The PCFS scale

stratification is composed of five scale grades:
grade 0 (No functional limitations); grade 1
(Negligible functional limitations); grade 2

(Slight functional limitations); grade 3 (Moderate
functional limitations) and grade 4 (Severe

functional limitations). The final scale grade 5 is
‘death’, which is required to be able to use the

scale as an outcome measure in clinical trials, but
was left out for this self-administered

questionnaire.

Symptom burden questionnaire for Long
COVID (SBQ-LC)

(Hughes et al., 2021) [101]
Long COVID burden

The SBQ-LC includes 16 symptom scales, each
measuring a different symptom domain and a

single-scale measuring symptom interference. It
is a patient-reported outcome (PRO) measure
and a multi-domain item bank that has been

developed according to international
best-practice and regulatory guidance. The

SBQ™-LC system measures symptom burden in
adults (18+ years) with post-acute sequelae of

COVID-19 (PASC), also known as “post
COVID-19 condition” or “Long COVID”.

Legend: MMSE (Mini Mental State Examination), MoCA (Montreal Cognitive Assessment), SLUMS (Saint Louis
University Mental Status), MC (Mini-Cog), STMS (Short Test of Mental Status), DS (Digit Span), DVT (Digit
Vigilance Test), CT–AT (Cancellation Test–Albert’s Test), LFT (Letter Fluency Test), CFT (Category Fluency Test),
BNT (Boston Naming Test), BVMT (Brief Visual Memory Test), R-OCFT (Rey–Osterrieth Complex Figure Test),
WMS -IV (Wechsler Memory Scale-IV), STI-CF (State Trait Inventory of Cognitive Fatigue), SCW (Stroop Color
Word), TOL (Tower of London), WCST (Wisconsin Card Sorting Test),WLRMT (Word List Recognition Memory
Test), PAMT (Pictorial Associative Memory Test), MRT (Mental Rotation Test), GAD-7 (Generalized Anxiety
Disorder-7), HADS (Hospital Anxiety and Depression Scale), ZSDS (Zung Self-Rating Depression Scale), MOS-SS
(Medical Outcomes Study Sleep Scale), PSQI (Pittsburgh Sleep Quality Index), EQ-5D (EuroQol-5 Dimension),
FACIT (Fatigue Scale), PCL-5 (Checklist for DSM 5), SBQ-LC (Symptom burden questionnaire for Long COVID).

Moreover, these authors reported an interesting classification of the main traditional
therapeutic interventions or tasks to stimulate specific neuropsychological sub-domains,
such as attention, processing speed, motor function/speed, language, memory, mental
fatigue, executive function, and visuo-spatial or visuo-construction skills [105].

The main cognitive tasks and treatments, as reported in the current literature for Long
COVID subjects, concerned attention process training, structured tasks for speech-language
alterations, recording talks and lectures, semantic feature analysis, training in metacognitive
strategies to promote self-awareness and self-monitoring, application of compensatory
strategies/aids for writing and organization, use of language-mediated strategies such
as self-talk or verbalization to solve problems or remember information, and cognitive
behavioral therapy [106,107]. Recent evidence has shown that Long COVID patients at
home will benefit from mindfulness-based cognitive therapy using different strategies that
include prescribing memory-strengthening homework to address lack of concentration,
inability to remember common words, and trouble recalling the events from the previous
day, such as taking notes, using a planner to record information, and dividing a task into
smaller increments to prevent brain fatigue, which are common strategies that can be used
with pacing, endurance, and memory [108,109] (see Table 2).

These approaches are those commonly used to train patients with severe acquired brain
injury (SABI) and play a role in cognitive rehabilitation following COVID-19, including the
Long COVID condition.

In line with this rehabilitative prospective, Mathern et al. have emphasized the im-
portance of a multidisciplinary team to realize some specific neurocognitive rehabilitation

184



J. Clin. Med. 2022, 11, 6554

programs [109], such as physiatrists, neurologists, neuropsychologists, therapists of psychi-
atric rehabilitation, and speech therapists who can help COVID-19 patients (see Figure 1).

Figure 1. This represents the necessary healthcare figures for the cognitive diagnosis and rehabilita-
tion of Long COVID patients. Created with BioRender.com https://biorender.com/ (accessed on 13
September 2022) [110].

In fact, according to our opinion, a multidisciplinary approach to both assess and treat
the sequelae of COVID-19 is essential; this also confirmed by García-Molina et al. [111].
In addition, rehabilitation programs should also focus on developing an outpatient mul-
tidisciplinary programmatic approach to improve functional outcome and facilitate re-
covery [112,113]. In particular, rehabilitation programs based on endurance and balance
training have yielded improvements in cognition [114], as have the use of virtual reality
or PC-based tasks; VR gaming was perceived as a positive and motivating rehabilitation
treatment after Long COVID, with benefits regarding stress reduction and cognitive func-
tioning [115–117]. In this context, a plan for discharge should also be included to follow
patients in the long-term, using psychological services. In fact, tele-rehabilitation allows us
to perform home-based exercises tailored to the patients’ needs, which can be implemented
based on specific areas of cognitive deficit [118].

Patients could benefit from tele-therapy or tele-counseling to address emotional and
mood disturbances [119], and some studies [120–123] have demonstrated improvement
with on-line intervention for older adults with neurodegenerative disease and for caregivers
of patients affected by severe acquired brain injury during the COVID-19 era.

Other technologies are available and approved for clinical use but have not been
extensively studied in the treatment of the cytokine storm in COVID-19 patients [124].
Indeed, brain and immune response are bidirectionally correlated, acting throughout the
body as potential targets for noninvasive neuromodulatory approaches [125]. In particular,
an emergent and advanced approach to improve visual and cognitive impairments due to
Long COVID is represented by neuromodulation, namely non-invasive brain stimulation
(NIBS) using microcurrent. Considering that visual and cognitive symptoms in Long
COVID may also be a neuro-vascular problem caused by a reduced blood flow (vascular
dysregulation and deoxygenation) associated with neural hypometabolism, Sabel et al.
hypothesized that the transorbital alternating current stimulation (tACS) might be able
to reduce Long COVID symptoms [126]. However, there is no substantial evidence of
treatment for this novel neuromodulatory approach to these impairments, except for
that of Thams F. et al., who elaborated an innovative protocol about the combined use
of transcranial direct current stimulation (tDCS) with concurrent cognitive training in
post-COVID-19 infection, without publishing their results yet [127].
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Table 2. The main conventional and advanced techniques used in the Long COVID treatment of
psychological and cognitive sequelae, reporting major findings according to current evidence.

Task
Domain–Specific

Conventional Approach
Face to Face with Therapist

Paper/Pencil Tasks

Advanced Approach
PC-Based/Virtual Setting/Assistent

Software Dedicated/Virtual Task

Attention processes
Well-being

Reference Training and Major Findings Reference Training and Major Findings

(Fine et al., 2022) [105]

Attention Process
Training—APT

(For verbal and nonverbal
tasks, metacognitive

strategies, timed structured
activities, minimized

distractions) was mentioned
in the treatment

recommendations, as possible
therapeutic intervention

strategy.

(Kolbe et al., 2021) [116]

Virtual Reality Rehabilitation
The authors implemented a VR
program for COVID-19 subjects.

The rehabilitation unit for patients
and healthcare providers was

rated as highly satisfactory with
perceived benefit for enhancing
patient treatment and healthcare

staff well-being, improving
outcomes, such as mood, anxiety,

sleep, pain, and feelings of
isolation.

Coping, Cognition, and
Mental Health

(Antonova et al., 2022) [106]

Mindfulness-based cognitive
therapy

These authors recommended
the provision of

mindfulness-based support
during the COVID-19

pandemic to promote a more
positive effect on well-being,

as avoidance-type coping
with stress and anxiety in

COVID-19 context.

(O’Bryan et al., 2022) [107]

Mindfulness-based cognitive
therapy

via telehealth—MBCT
According to these authors, MBCT

(as an adjunctive treatment for
anxiety via telehealth) can be

considered a feasible and
acceptable treatment and a

promising treatment for reducing
anxiety symptoms.

(Sabel et al., 2022) [126]

Non-invasive brain stimulation
using microcurrent (NIBS)

NIBS can improve sensory and
cognitive deficits in individuals

suffering from Long COVID.
Controlled trials are now needed

to confirm these observations.

(Czurra et al., 2022) [124]

Non invasive—Neuromodulation
Strategies

The authors have supported
studies of NIBS in the current

coronavirus pandemic.
Neuromodulatory techniques
provide a rationale for testing

non-invasive neuromodulation to
reduce an acute systemic

inflammation and respiratory
dysfunction caused by

SARS-CoV-2, with beneficial role
for psychological symptoms such

as depression and anxiety.

Visuo-Research/Visuo-
construction Skills

Satisfaction
Working Memory

(Fine et al., 2022) [105]

Visuo-spatial exercise
programs

(i.e., the use of visual
cancellation tasks and

strategies for visual
organization, such as

scanning from left to right,
top to bottom, for symbols,
shapes, numbers, etc.) were
mentioned in the treatment

recommendations, as
therapeutic intervention

strategies.

(Kolbe et al., 2021) [116]

Virtual Reality Rehabilitation
The authors considered the use of

VR that could be implemented
within the context of clinical care
for COVID-19 patients and both

patients and staff members
reported overall positive

satisfaction and perceived benefit
with VR as part of a

comprehensive rehabilitation
model.

(Thams et al., 2022) [127]

Study protocol for a
PROBE—phase IIb trial on brain

stimulation-assisted cognitive
training.

Cognitive training group will
additionally receive anodal tDCS,

all other patients will receive sham
tDCS (double-blinded, secondary

intervention).
Primary outcome: to improve

working memory performance at
the post-intervention assessment.
Secondary outcomes: to increase

health-related quality of life at
post-assessment and follow-up
Assessments (1 month after the

end of the training).
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Task
Domain–Specific

Conventional Approach
Face to Face with Therapist

Paper/Pencil Tasks

Advanced Approach
PC-Based/Virtual Setting/Assistent

Software Dedicated/Virtual Task

Executive
Functions

Social Functioning
(Fine et al., 2022) [105]

Metacognitive strategies
Problem-solving training

(examples of metacognitive
strategies:

Goal–Plan–Do–Review,
Self-talk, Goal Management
Training (Stop– Think–Plan),
Predict–Perform Technique).

These therapeutic
interventions strategies are

reported as treatment
recommendations by the

authors.

(Maggio et al., 2020) [117]

Cognitive tele-rehabilitation
home-based exercises

The authors analyzed the role of
cognitive tele-rehabilitation

following the journalistic ‘5W’
(what, where, who, when, why),
taking into account the growing

interest in this matter in the
‘COVID Era’, and also promoting

the practice of the
human–technology interaction to
improve social functioning and

psychological well-being by also
avoiding isolation.

(Bernini et al., 2021) [119]

Tele-rehabilitation
Home Cognitive Rehabilitation

software (HomeCoRe).
Authors suggested that

HomeCoRe software could be
incorporated as a valid support

into clinical routine protocols as a
complementary

non-pharmacological therapy to
support the continuum of care

from the hospital to the patient’s
home.

Communication
Pragmatic Language

skills
(Fine et al., 2022) [105]

Compensatory
strategies/aids; writing and

organization, use of
language-mediated strategies

such as self-talk or
verbalization to solve

problems or remember
information (i.e., structured

tasks to address various
domains, such as

comprehension, recall, word
finding, thought

organization), were described
as therapeutic intervention

strategies, reported in
treatment recommendations.

(De Luca et al., 2020) [118]

Tele-counseling
In Italy, psychological

tele-counseling has been an
effective method of supporting the
physical and psychosocial needs
of all patients, regardless of their

geographical locations. In this
commentary, the authors

promoted the use of telehealth as
an effective tool for treating

patients with mental health illness,
specifically, as a growing need

during the COVID era.

Emotions/Mood
Quality of Life

Caregiver Distress
(Skilbeck et al., 2022) [108]

Cognitive behavioral therapy
(CBT)

This study illustrated the use
of patient-led CBT for

managing symptoms of Long
COVID with comorbid

depression and anxiety in
primary care, showing

reliable change in somatic,
depression, and anxiety

symptoms and quality of life.

(Woodall et al., 2020) [120]

Telemedicine Service/Online
therapy during COVID-19.

This commentary explored the use
of telemedicine in reaching

under-served COVID-19 patients.
The authors recommended the use

of telemedicine that may be
helpful to limit transportation,

distance, or mobility challenges,
reducing physical and

psychological distances.

(Liu et al., 2020) [123]

Online therapy
The authors illustrated how the

main online mental health services
(including online mental health
education with communication

programmes and online
psychological counseling services)

being used for the COVID-19
epidemic are facilitating the

development of Chinese public
emergency interventions and
eventually could improve the
quality and effectiveness of
emergency interventions.

(De Luca et al., 2021) [121]

Skype therapy (OLST)
The authors showed that OLST
may be of support in favoring

global cognitive and
sensory-motorrecovery in Severe

Acquired Brain Injury (SABI)
patients and reducing caregiver
distress during COVID-19 era.
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Table 2. Cont.

Task
Domain–Specific

Conventional Approach
Face to Face with Therapist

Paper/Pencil Tasks

Advanced Approach
PC-Based/Virtual Setting/Assistent

Software Dedicated/Virtual Task

Neuropsychiatric
sequelae (Rolin et al., 2022) [112]

Rehabilitation Strategies
Neuropsychiatric

manifestation
(psychoeducation, anxiety
modulation psychotherapy,
psychopharmacology, and

peer support).
These authors supported the
idea that multidisciplinary

rehabilitation of the cognitive
and neuropsychiatric

manifestations of COVID-19
during all levels of care is

essential. An approach
combining general medical,

neurological, and
neuropsychological

intervention is recommended.

(Ghazanfarpour, et al., 2021)
[122]

Tele-counseling
The authors suggested that a
systematic monitoring of the

negative psychological impacts on
medical staff is needed, as well as
the implementation of appropriate

tele-interventions to improve
medical staff mental health of

those working in hospitals and
COVID-19 clinics.

Physical Function
Cognition (Daynes et al., 2021) [114]

Endurance and balance
training

The authors developed an
adapted rehabilitation

programme for individuals
following COVID-19 that has
demonstrated feasibility and
promising improvements in

clinical outcomes, with
significant improvements in
walking capacity, symptoms

of fatigue, cognition, and
respiratory symptoms.

(Groenveld et al., 2022) [115]

Virtual reality exercise at home
The authors have investigated the
feasibility of self-administered VR

exercises at home for the
post-COVID-19 condition,

demonstrating that the use of VR
for physical and self-administered
mental exercising at home is well

tolerated and appreciated in
patients with a post–COVID-19

condition. Physical function
outcomes registered positive

health, and quality of life
improved in time, whereas
cognitive function seemed

unaltered.

6. Discussion

Cognitive impairment in patients with Long COVID is an under-reported and chal-
lenging issue. Indeed, most patients suffer from subjective or subclinical deficits which may
be under/misdiagnosed, negatively affecting patients’ quality of life. Therefore, clinicians
dealing with these “fragile” patients should be aware of their cognitive and behavioral
symptoms and ask for them even when they are not spontaneously reported by the patients.
Indeed, we found that psychological and cognitive alterations are common concerns of indi-
viduals with Long COVID and seem to be related to different causes as well as pre-existing
conditions. The activation of the inflammation and immune response with the increase in
cytokines and procoagulant molecules may account for either the acute or chronic conse-
quences of the infection [102], especially fatigue and myalgia. Neuroinflammation and the
related neural loss with the reduction in microcirculation are instead believed to subtend
the neuropathological basis of the Long COVID-related cognitive impairment. Conversely,
most of the behavioral and psychological alterations seem to not have a biological basis
but are related to the reaction to the disease. In this sense, traits of personality, coping
strategies, and premorbid conditions may worsen psychiatric symptoms [15]. With these
premises, it appears fundamental to assess COVID-19-induced neuropsychiatric symptoms
early in order to better manage this long-lasting syndrome.

In our opinion, psychologists and psychiatric therapists should be trained on which
test they have to administer in specific conditions, taking into consideration the amount
of clinical and psychometric tools available. This review is based on the presentation of
the main psychological and cognitive measures used in the evaluation of Long COVID
syndrome, illustrating the newly designed tools (i.e., C19-YRS, PCFS, and SBQ-LC) and
the “older”, adapted tools, which are commonly administered to patients with cognitive
impairment due to different etiology (such as acquired brain injury and neurodegenerative
disorders). In fact, although many tests, such as MMSE, MoCa, Digit Span, TMT, ZSDS,
GAD- 7, etc., may be successfully used to investigate cognitive impairment as well as
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behavioral abnormalities in patients with Long COVID, newly specific tools are needed to
better investigate these symptoms. Post-COVID-19 patients have several symptoms that
may have features (duration, intensity, comorbidities, . . . ) which are different from other
pathologies and should be specifically addressed and treated.

On the other hand, we analyzed evidence about the main rehabilitative approaches,
including the conventional and the advanced, that are applied to this patient population.
Notably, we observed that conventional rehabilitative interventions [105–108] and strate-
gies [112] to treat the cognitive and neuropsychiatric manifestations of COVID-19 are based
on adapted programs already performed in other neurological diseases [105,114]. Accord-
ing to Fine et al. [105], treatment recommendations for the management of acquired brain
injury-related cognitive deficits may be helpful in implementing treatment as well as the
education of patients with Long COVID. Otherwise, the use of innovative technology (i.e.,
the PC-based approach, tele-rehabilitation, and virtual reality training) is collecting consid-
erable interest from researchers [116,119,121]. However, the evidence on the role of these
innovative approaches in improving cognitive recovery and psychological well-being in
the Long COVID population is still poor. For these reasons, more consistent studies and sig-
nificant data are needed, according to specific inclusion criteria such as socio-demographic
variables, the duration of Long COVID syndrome, the description of symptoms, and comor-
bidity [78,79]. Finally, non-invasive brain stimulation (NIBS) seems to play a key role in the
improvement of psychological well-being, mood symptoms [124], and sensory–cognitive
deficits [126] in individuals suffering from Long COVID syndrome. In the near future, the
implementation of a combined approach of tDCS associated with cognitive training [127]
will be useful as a non-pharmacological and complementary approach.

7. Conclusions

In conclusion, an early diagnosis of the neurocognitive and psychiatric symptoms due
to Long COVID is essential in order to set up a specific rehabilitation program. The imple-
mentation in current clinical practice of early screening for the detection of post-COVID-19
could prevent enduring cognitive–behavioral alterations. The therapeutic programs must
be addressed by a multidisciplinary team of experts that can give information to guide pro-
grams and public policies for the neurorehabilitation of this disabling long-term syndrome.
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Abstract: COVID-19 is a complex multisystemic disease that can result in long-term complications
and, in severe cases, death. This study investigated the effect of COVID-19 on carotid–femoral pulse
wave velocity (cfPWV) as a measurement to evaluate its impact on arterial stiffness and might help
predict COVID-19-related cardiovascular (CV) complications. PubMed, Web of Science, Embase,
and the Cochrane Library were searched for relevant studies, and meta-analysis was performed.
The study protocol was registered in PROSPERO (nr. CRD42023434326). The Newcastle–Ottawa
Quality Scale was used to evaluate the quality of the included studies. Nine studies reported cfPWV
among COVID-19 patients and control groups. The pooled analysis showed that cfPWV in COVID-
19 patients was 9.5 ± 3.7, compared to 8.2 ± 2.2 in control groups (MD = 1.32; 95% CI: 0.38–2.26;
p = 0.006). A strong association between COVID-19 infection and increased cfPWV suggests a
potential link between the virus and increased arterial stiffness. A marked increase in arterial stiffness,
a known indicator of CV risk, clearly illustrates the cardiovascular implications of COVID-19 infection.
However, further research is required to provide a clearer understanding of the connection between
COVID-19 infection, arterial compliance, and subsequent CV events.

Keywords: COVID-19; SARS-CoV-2; pulse wave velocity; PWV; cfPWV; arterial stiffness

1. Introduction

The COVID-19 pandemic has had wide-ranging global effects, affecting a substantial
proportion of the population worldwide. By June 2023, there were over 765 million
confirmed cases, and almost 7 million people died as a result of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [1,2]. Initially, there was limited information about
COVID-19, and the disease was thought to be simply an acute respiratory condition. Since
then, research has shown that COVID-19 is a complicated multisystemic disease that can
lead to death or long-term complications after recovery [3,4]. One significant concern is
the close link between COVID-19 and cardiovascular (CV) complications. Patients with
pre-existing CV conditions are at a higher risk of an unfavorable prognosis for COVID-
19 infection. Moreover, COVID-19 itself may directly or indirectly cause significant CV
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complications [5], which persist even after recovering from the virus [6,7]. Not only the
severity of COVID-19 in the acute phase but also the duration of symptoms might have an
effect on vascular function [8]. Long COVID-19 is described as a condition that can arise
after recovery from the primary infection or an unresolved COVID-19 infection, which
presents with ongoing symptoms that cannot be attributed to any other disease or condition.
Using a conservative 10% estimate, at least 76 million people worldwide are affected by
long COVID-19. Furthermore, studies suggest that 10–30% of non-hospitalized and 50–70%
of hospitalized individuals experience long COVID-19 symptoms [9]. However, the actual
numbers might be higher due to the vast number of unreported cases [10].

COVID-19′s cardiovascular (CV) manifestations include arrhythmias, asymptomatic
myocardial damage, overt congestive heart failure, and thromboembolic events [5,11,12]
and result from the virus’s direct cytotoxic effect or the subsequent systemic inflammatory
cytokine storm. Endothelial dysfunction seems to be a crucial driver and mediator of the
COVID-19 pathophysiologic pathways [13]. Vascular endothelial cells have the angiotensin-
converting enzyme 2 cellular receptors (ACE2-R) and the transmembrane serine protease 2
(TMPRSS2), synergistically facilitating SARS-CoV-2 entry into host cells. Infected endothe-
lial cells increase the production of cytokines, promoting inflammation and thrombosis [14].
The resulting vasculitis, which may affect different parts of the body, contributes to the
multiorgan failure seen in some COVID-19 patients [15]. There is evidence suggesting that
COVID-19 accelerates vascular aging on a macrovascular level [16]. Other proposed mecha-
nisms contributing to cellular senescence and vascular stiffness include COVID-19-induced
mitochondrial dysfunction, increased local formation of reactive oxygen species (ROS), and
resulting oxidative telomere shortening [17]. Both endothelial dysfunction and continuous
subintimal inflammation contribute to the rapid fragmentation of elastin fibers in the ar-
terial wall and their substitution with stiff, fibrous tissue. Given that COVID-19-induced
pulmonary fibrosis can only be reversed to a certain level, it has been proposed that arterial
stiffness might be a long-term CV consequence in most patients, irrespective of the severity
of the initial infection [15,18]. Notably, vascular changes, especially endothelial function
and arterial stiffness, may last for a long time after the COVID-19 infection [19].

Arterial stiffness may serve as a reliable indicator reflecting the vascular system’s age
and the comprehensive health of the CV system. It is an integrated biomarker that evaluates
the cumulative detrimental effect on the arteries of genetic and environmental exposures, as
well as the influence of established CV risk factors [20]. Numerous studies have established
the correlations between arterial stiffness, as measured by pulse wave velocity (PWV), and
the elevated risk of CV disease [21]. This correlation is independent of other traditional
risk variables that are often considered to be risk factors [22,23]. In order to confirm the
arterial stiffness in COVID-19 patients, other tests such as the augmentation index (Aix),
the cardio-ankle vascular index (CAVI), the arterial stiffness index (ASI), Young’s modulus
of elasticity, and pulse pressure (PP) were performed [24–27].

PWV is essential in assessing vascular age and may have a stronger correlation with
CV disease onset than metrical age [28]. PWV is a technique that is noninvasive and
reproducible, and carotid–femoral pulse wave velocity (cfPWV) is now regarded as the
gold standard in assessing arterial stiffness. The progressive stiffening of the arteries
adversely affects arterial–ventricular interactions, decreasing the vessel’s capacity to alter
volume in response to changes in blood pressure, which in turn might lead to heart failure.
CfPWV has a high prognostic value since it may help identify individuals who are at a
higher risk not just for future CV events, but also for all-cause mortality [19,29].

The purpose of this research is to investigate the effect of COVID-19 on carotid–femoral
pulse wave velocity (cfPWV) as a measurement of the complications of COVID-19 on
arterial stiffness and subsequent CV complications.
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2. Materials and Methods

2.1. Study Design

This study is a systematic review and meta-analysis conducted in adherence to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) stan-
dards [30] (Table S1). The research protocol was pre-approved by all co-authors registered
in the PROSPERO registry (International Prospective Registry of Systematic Reviews)
under registration number CRD42023434326.

2.2. Search Strategy

Two independent reviewers (I.J. and M.P.) evaluated potential papers. Discrepancies
were resolved via further discussion or arbitration by a third reviewer (L.S.). The literature
search covered the period between January 2020 and June 2023, covering the following
databases: PubMed, Web of Science, Embase, the Cochrane Library, as well as Google
Scholar. The search included the combination of keywords: “pulse wave velocity” OR
“PWV” OR “arterial stiffness” AND “COVID-19” OR “SARS-CoV-2” OR “severe acute
respiratory syndrome coronavirus-2”. Citations of listed studies were examined for further
relevant literature. Only the most recent and comprehensive articles from identical authors
were included to avoid duplicates. Furthermore, reference lists of relevant publications and
systematic reviews were reviewed for potential inclusions. All references were consolidated
in Endnote (version X9), duplicated entries were removed, and finally, Rayyan, a software
screening tool, was used.

2.3. Inclusion and Exclusion Criteria

Studies qualified if they met the following inclusion criteria: research comparing
cfPWV in patients with current or previous COVID-19 infection to a control group, as
cfPWV is now regarded as the gold standard in assessing arterial stiffness. This method
has a high prognostic value since it may help identify individuals who are at a higher
risk not just for future outcomes as motioned in the introduction [19,29]. We excluded
studies not detailing desired outcomes, other than cfPWV measurement of arterial stiffness,
studies with unclear descriptions of COVID-19 infection, and studies that did not include
a comparable group, non-English publications, and other types of publications such as
the following: editorials, conference papers, reviews, and letters to the editor. In assessed
studies, the study group was people who had been diagnosed with COVID-19 and had
recovered. The control group was patients who had never had a positive COVID-19 test.

2.4. Data Extraction and Quality Assessment

Using a pre-defined data extraction form that was designed by L.S., the two indepen-
dent reviewers (I.J. and M.P.) extracted the data from the research, and disagreements were
mediated by the third reviewer (L.S.). The following information was extracted from the
relevant publications: study characteristics (including first author, publication year, country
of origin, study design, and research groups), and patient data (participant count, age, and
carotid–femoral pulse wave velocity across groups). The Newcastle–Ottawa Quality Scale
(NOS) was used in order to evaluate the level of methodological rigor that was present in
each of the studies that were included in the analysis. Based on the selection, comparability,
and exposure criteria, NOS allocates a potential four, two, and three stars, respectively.
Studies achieving a NOS score ≥ 7 were deemed high quality [31].

2.5. Statistical Analysis

Statistical analyses used Review Manager (version 5.4, Nordic Cochrane Centre,
Cochrane Collaboration, Odense, Denmark) and Stata (version 14, StataCorp, College
Station, TX, USA) were used. The odds ratios (ORs) with 95% confidence intervals (CIs)
were employed for dichotomous data, whereas mean differences (MDs) with 95% CIs were
used for continuous data. Every statistical test was conducted using a two-sided approach,
with a significance threshold of p < 0.05. For continuous outcomes presented as median,
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range, and interquartile range, the means and standard deviations were estimated using
the methodology delineated by Hozo et al. [32]. The I2 statistic was used to determine
the degree of heterogeneity, with values of 25% indicating low heterogeneity, values of
25–50% indicating moderate heterogeneity, and values more than 50% showing high het-
erogeneity [33]. If I2 was greater than 50%, a fixed-effects model was employed; otherwise,
a random-effects model was used. Potential publication bias in the included studies was
assessed via Egger’s test and funnel plots.

3. Results

3.1. Study Selection and Characteristics

The bibliographic search results and selection process are shown in the PRISMA flow
diagram (Figure 1). We identified 837 initial records, which were reduced to 612 after the
elimination of duplicates. Titles and abstracts were screened, leading to the exclusion of
564 records. After assessing the remaining 48 articles for eligibility, we excluded 39 articles.
As a result, nine studies were selected for qualitative synthesis and meta-analysis [34–42].

Figure 1. PRISMA systematic review flow diagram.

The essential characteristics of the included studies are outlined in Table 1. A total of
nine studies that involved 536 patients were included in this meta-analysis. The mean age
of the COVID-19 patient cohort was 50.8 ± 15.1 years, as compared to 51.3 ± 15.0 years
in the control groups. Geographically, three studies were conducted in the United States,
two in Greece, and the rest in Brazil, Austria, Romania, and the Netherlands. The sample
size varied and ranged from 23 to 140 patients. Notably, the NOS scores of all the included
studies were ≥7.
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Table 1. Characteristics of included studies.

Study Country Study Group No. of Patients Age Sex, Male NOS Scale

Faria et al.,
2023 [34] Brazil

COVID-19 19 47 ± 8 12 (63.2%)
8Control 19 43 ± 10 11 (57.9%)

Tudoran et al.,
2023 [35] Romania

COVID-19 54 47.76 ± 5.43 NS
7Control 40 49.47 ± 5.14 NS

Nandadeva et al.,
2023 [36] United States

COVID-19 12 48 ± 9 NS
7Control 11 50 ± 13 NS

Oikonomou et al.,
2023 [37] Greece

COVID-19 34 57.2 ± 12.9 26 (76.5%)
8Control 34 57.4 ± 12.8 23 (67.6%)

Van der Sluijs et al.,
2023 [38] The Netherlands

COVID-19 31 57.5 ± 3.0 17 (54.8%)
7Control 31 56.5 ± 3.0 17 (54.8%)

Skow et al.,
2022 [39] United States

COVID-19 23 23 ± 3 9 (39.1%)
8Control 13 26 ± 4 6 (46.2%)

Lambadiari et al.,
2021 [40] Greece

COVID-19 70 54.53 ± 9.07 44 (62.85%)
9Control 70 54.77 ± 8.95 44 (62.85%)

Control 34 57.4 ± 12.8 23 (67.6%)
Ratchford et al.,

2021 [41] United States
COVID-19 11 20.1 ± 1.1 NS

9Control 20 23.0 ± 1.3 NS
Schnaubelt et al.,

2021 [42] Austria
COVID-19 22 76.0 ± 4.25 11 (50.0%)

8Control 22 75.8 ± 4.0 10 (45.5%)

3.2. Meta-Analysis

All nine studies provided data on cfPWV values among COVID-19 patients and their
respective control groups. The pooled analysis showed that cfPWV in COVID-19 patients
was 9.5 ± 3.7, compared to 8.2 ± 2.2 in the control groups (MD = 1.32; 95% CI: 0.38 to 2.26;
p = 0.006; Figure 2). It is important to note that the results from the sensitivity analysis did
not alter the direction of the initial findings.

 

Figure 2. Forest plot of cfPWV in COVID-19 patients vs. non-COVID-19 controls [34–42]. The
mean differences for individual studies are represented by the central point of each square, and
the associated horizontal line indicates a 95% confidence range. The diamond shapes indicate the
consolidated results.

4. Discussion

Our meta-analysis revealed a significant correlation between COVID-19 infection and
an increase in cfPWV [34–42]. However, it is worth noting that Van der Sluijs et al. did not
observe such a correlation of cfPWV in their research [38], while Skow et al. found a positive,
yet insignificant correlation [39]. Nevertheless, the remaining seven analyzed studies
demonstrated a clear correlation between cfPWV and COVID-19 infection [34–37,40–42].
These findings suggest that COVID-19 may be responsible for the observed rise in arterial
stiffness, which is a well-known marker of cardiovascular (CV) risk [43]. Arterial stiffness
reflects changes in blood pressure, flow, as well as vascular diameter, and serves as an
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indicator of both the mechanical and functional properties of arterial walls. While the
degradation of elastic fibers is the primary factor influencing arterial stiffness, other factors,
such as fibrosis on replacement, collagen, elastin cross-linking, and medial calcifications
also play important roles.

Studies by Townsend et al. and Lambadiari et al. highlighted that multiple factors
contribute to arterial stiffness, including endothelial dysfunction, inflammation, oxidative
stress, the turnover of extracellular matrix, and the regulation of smooth muscle tone in
muscular arteries [40,44]. SARS-CoV-2 virus targets endothelial cells, entering the cell as
soon as it binds to ACE2 receptors, decreasing the number of ACE2 receptors on the cell
surface, leading to endothelial cell dysfunction [15,45]. The decreased endothelial func-
tion observed in COVID-19 patients results from viral infiltration and increased systemic
inflammatory responses [46]. Cytokine storm targets specific receptors located on the
surface of endothelial cells, leading to the activation of a number of different mediators,
resulting in the activation of platelets and the release of leukocytes into circulation [47].
Uncontrolled systemic inflammation may directly stimulate arterial remodeling or cause
adrenoceptor hyporeactivity, impairing vascular responsiveness. Additionally, nitric oxide
(NO) deficiency in COVID-19 patients can exacerbate endothelial dysfunction and lead to
increased arterial stiffness, impaired smooth muscle relaxation, and increased oxidative
stress (further exacerbated by the cytokine storm) [48]. Changes in NO bioavailability,
combined with SARS-CoV-2’s direct action on endothelial cells after binding to ACE2 re-
ceptors, can influence the functions of vascular smooth muscle cells and induce structural
alterations in the vascular wall’s extracellular matrix, promoting arterial stiffness [49].

This arterial stiffness raises the risk of CV complications, including high blood pressure,
heart attacks, and strokes, exerting additional strain on the heart. People with pre-existing
CV conditions are particularly susceptible. A study by Faria et al. showed that COVID-
19 patients, compared to their healthy counterparts, experienced over-activation of the
sympathetic nervous system, vascular dysfunction, decreased physical fitness, and elevated
cfPWV values (higher by 1.12 m per second) [34]. This is concerning, considering that
previously published studies established PWV as a strong predictor of future CV events
and all-cause mortality, and showed that the predictive power of arterial stiffness is higher
in subjects with a higher baseline CV risk. This in turn suggests that an increase in arterial
stiffness contributes to the elevated CV risk observed in COVID-19 survivors [29]. Elevated
risks of stroke are consequences of both COVID-19 and increased arterial stiffness [50]. It is
concerning that the effects of COVID-19 seem to last beyond the acute phase of the disease,
as the virus may induce post-acute sequelae from COVID-19 (PASC). Nandadev et al.
highlighted heightened arterial pressure and cfPWV values in PASC patients, suggesting
they could develop CV problems at a faster rate [36]. It is interesting to note that a meta-
analysis by Menezes et al. demonstrated that CV disease in COVID-19 patients had both
cardioembolic and cryptogenic etiology [51], while factors like atherosclerosis were not
directly linked to a COVID-19 positive result. Atrial fibrillation, coronary artery disease,
diabetes, and hypertension were shown to be the most prevalent risk factors among COVID-
19-positive individuals, increasing the risk of CV disease [51,52].

Ratchford et al. demonstrated a strong association between increased cfPWV and
mortality among COVID-19 patients, particularly those with pre-existing chronic condi-
tions, including CV disease [41]. Furthermore, a study by Schnaubelt et al. found that
cfPWV among COVID-19 patients who survived the disease was significantly lower than
in healthy patients, indicating a potential link with long-term complications [42]. Addi-
tionally, Kumar et al. showed increased cfPWV in severe COVID-19 cases as compared to
non-severe cases [53]. We can assume that COVID-19 influences arterial stiffness, and this
effect correlates with the severity of symptoms.

Research also shows that pre-existing conditions are also major factors that can accel-
erate arterial aging in the course of COVID-19. Tudoran et al. demonstrated a correlation
between aortic and arterial stiffness, as well as diastolic dysfunction, in seemingly healthy
individuals with post-acute COVID-19 syndrome patients. Their findings showed that

202



J. Clin. Med. 2023, 12, 5747

women with a history of PASC and metabolic syndrome showed elevated cfPWV values
and metrics of worsening of their diastolic dysfunction [35]. Throughout a six-month
observation period, the values showed improvement; however, they did not revert fully.
Oikonomou et al. evaluated cfPWV as well as the impairment of the left ventricle function
measured by global longitudinal strain in the 6-month observation. While improvement
was noted in both parameters, the values are still worse than in the control group, which
may support the hypothesis that after recovering from COVID-19, and there is an increase
in both arterial stiffness and the risk of adverse CV events in comparison to the general
population [37]. Similarly, a 12-month follow-up study by Iconomidis and their team
found COVID-19 survivors to still possess higher cfPWV values compared to controls at
the 12-month follow-up evaluation. The authors showed considerable improvements in
oxidative stress (levels of MDA), CFR, and myocardial work measures, in addition to a
borderline improvement in left ventricular strain, which, nevertheless, continued to be
impaired in comparison to the controls [54].

Another crucial area of research pertains to the management of post-COVID compli-
cations, including chronic arterial stiffness. While arterial stiffness is not easily reversible
with medication or surgical interventions, additional therapies can be explored. One po-
tential approach is the implementation of post-COVID-19 rehabilitation, which could help
alleviate symptoms and improve overall outcomes. Comprehensive rehabilitation strate-
gies, including exercise, physiotherapy, lifestyle changes, and cardiovascular rehabilitation,
might help combat the long-term implications of arterial stiffness and increase the patient’s
quality of life post-COVID. Gounaridi et al.’s research showed that a three-month car-
diopulmonary post-acute COVID-19 rehabilitation significantly improved PWV, reducing
it from 8.2 ± 1.3 m/s to 6.6 ± 1.0 m/s. Thus, rehabilitation could facilitate the recovery
of endothelium-dependent vasodilation and arteriosclerosis [55]. Furthermore, exercise
training conducted at home lowered cfPWV by a mean of −2.0 ± 0.6 m/s and has the
potential to be an invaluable supplement to post-COVID rehabilitation [56].

However, it is essential to consider that the effect of COVID-19 may be dependent
on the mutation of the virus. Skow et al. conducted their research on individuals during
the Omicron wave of infections and found that arterial stiffness did not differ significantly
between groups of individuals who had the Omicron variant of COVID-19 and controls
who had never been exposed to COVID-19. According to these findings, the Omicron
variant does not pose a threat to the CV health of young, vaccinated individuals who are
otherwise healthy [39]. Nevertheless, there are no studies assessing other subtypes and
mutations of COVID-19. Therefore, the correlation between the specific COVID-19 types
and arterial stiffens remains inconclusive. Future research could provide us with more
precise insights.

The measurement of cfPWV has significant clinical implications in terms of risk as-
sessment and timely medical interventions to prevent COVID-19-related mortality and
CV complications, particularly in hospitalized patients, patients with a severe disease
course, or those who simply struggled with COVID-19. The timely identification of pa-
tients with increased arterial stiffness allows for the implementation of appropriate early
medical interventions, including aggressive blood pressure management, optimization of
medication regimens, and lifestyle changes, such as dietary changes, regular exercise, and
smoking cessation. By implementing these interventions early on, healthcare providers can
potentially mitigate the adverse CV effects of COVID-19 and improve patient outcomes.
Moreover, longitudinal cfPWV monitoring in hospitalized COVID-19 patients can provide
valuable information on the progression of arterial stiffness over time, enabling healthcare
professionals to implement personalized treatment strategies, make necessary adjustments,
and evaluate the effectiveness of interventions. By closely monitoring cfPWV, clinicians can
track the response to treatment, identify any worsening of arterial stiffness, and promptly
modify the management plan accordingly.

While our study brings valuable insights, it is essential to acknowledge its limitations.
To the best of our knowledge, this is the first meta-analysis examining the influence of
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COVID-19 disease on arterial stiffness evaluated by cfPWV. The available research on
studies investigating the connection between cfPWV and COVID-19 remains limited, both
in terms of the number of studies and participant numbers. Furthermore, the observation
window is short, covering the period between 2021 and 2023.

5. Conclusions

There is a strong association between COVID-19 infection and an elevated cfPWV,
indicating a potential link between the virus and increased arterial stiffness. The substantial
rise in arterial stiffness, an established indicator of CV risk, clearly shows the profound
impact of COVID-19 on both immediate and long-term health outcomes. By accurately
identifying individuals with augmented arterial stiffness, clinicians can tailor interventions
and implement strategies that are more targeted toward lowering the CV risks associated
with COVID-19. This will also facilitate timely medical and rehabilitation interventions for
patients. However, further research is required in order to provide a clearer understanding
of the connection between COVID-19 infection, arterial stiffness, and subsequent CV events.
Thus, cfPWV measurements will be more useful as a diagnostic and prognostic instrument.
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Abstract: The global pandemic impact of the COVID-19 infection included clinical manifestations that
affected several organs and systems, with various neuro-ophthalmological manifestations associated
with the infection. These are rare and occur either secondary to the presence of the virus or by an
autoimmune mechanism secondary to viral antigens. The manifestations are atypical, being present
even in the absence of the systemic symptoms typical of a SARS-CoV-2 infection. In this article, we
introduce a series of three clinical cases with neuro-ophthalmological manifestations associated with
COVID infection that were shown in Ophthalmology Clinic of St. Spiridon Emergency Hospital. Case
1 is that of a 45-year-old male patient with no personal history of general pathology or ophthalmology,
with binocular diplopia, painful red eyes, and lacrimal hypersecretion with a sudden onset of about
4 days. Based on the evaluations, a positive diagnosis of orbital cellulitis in both eyes is made. Case
2 is that of a 52-year-old female patient with general PPA (personal pathological antecedents) of
SARS-CoV-2 infection 1 month prior to presentation with decreased visual acuity in the right eye
and a positive central scotoma, preceded by photopsia and vertigo with balance disorders. The
diagnosis is made at the right eye for retrobulbar optic neuritis and post-SARS-CoV-2 infection status.
The last clinical case is that of a 55-year-old male patient known to have high blood pressure (HBP)
with a sudden, painless decrease in VARE approximately 3 weeks post-SARS-CoV-2 immunization
(Pfizer vaccine first dose). The diagnosis is made after consulting all the RE results for central retinal
vein thrombosis. Conclusions: Although the cases were quickly and efficiently investigated and the
treatment was administered adequately by a multidisciplinary team (cases 1 and 3), the evolution
was not favorable in all three situations. Atypical neuro-ophthalmological manifestations can also be
present in the absence of systemic symptoms typical of SARS-CoV-2 infection.

Keywords: optic neuritis; orbital cellulitis; anterior ischemic optic neuropathy; venous thrombosis;
ocular pathology; SARS-CoV-2; ocular manifestations in COVID infections

1. Introduction

The emergence of COVID-19 at the end of 2019 determined a particular series of cases
that, in addition to respiratory manifestations, also had neurological manifestations, the
virus being able to produce a wide range of systemic manifestations. In a 2022 review
regarding the neurological changes associated with COVID infection in case series and
group studies, Matthew K. et al. reported neurological manifestations in 14–57% of hos-
pitalized patients with COVID-19, with taste and smell disturbances reported in many
patients with milder disease. In this study, the incidence of ocular manifestations among
patients with COVID-19 varies between groups, with an estimated incidence of up to 30%
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in hospitalized patients [1]. Presentations range from completely asymptomatic carriers to
multiple organ failure and death. The virus can affect the eye in several ways, and there
is a wide range of ocular manifestations, with symptoms including irritation (chemosis),
excessive lacrimation (epiphora), and ocular secretions showing conjunctivitis up to severe
types with cranial nerve damage and neuro-ophthalmological manifestations. In a series of
38 hospitalized patients with COVID-19 in China, 12 (31.6%) patients had ocular symptoms
before systemic symptoms [1–6].

Cases of patients who, within the context of the COVID-19 infection or secondary
to immunization, were diagnosed with optic neuritis, cranial neuropathies, or optic neu-
romyelitis are cited in the literature. They have been reported in various studies as dys-
functions of the optic nerve, movement anomalies of the eyeballs, and visual field defects.
Studies show that these neuro-ophthalmological manifestations can occur in isolation or
in association with neurological syndromes. Manifestations include headache, eye pain,
visual disturbances, diplopia, cranial nerve palsies secondary to Miller-Fisher syndrome,
Guillain-Barré syndrome, or encephalitis, and nystagmus. The authors consider that some
of the ocular and neuro-ophthalmological changes were not detected in time due to the gen-
eral severity of the COVID-19 virus infection, which did not allow a complete ophthalmic
evaluation in the anesthesia and intensive care departments [1,2].

As related to vaccination against the coronavirus disease 2019 (COVID-19), this was
implemented to eliminate the SARS-CoV-2 pandemic, providing significant protection
against infection and the development of multi-organ acute respiratory distress syndrome.
However, subsequent studies have demonstrated potential adverse events in vaccinated
patients, including ocular complications: non-arteritic anterior ischemic optic neuropathy
(NAION), central serous chorioretinopathy (CSC), and Vogt-Koyanagi-Harada (VKH)
disease have been reported [2–5,7].

Regarding these cases cited in the literature that occur after the COVID immunization,
they are not highly numerous. Several mechanisms that are associated with secondary
ophthalmological manifestations have been reported: the receptor for angiotensin 2, which
is found in the central nervous system but also inside the retinal vessels [5], through a
direct mechanism that leads to the dysfunction of endothelial cells, causing ischemia and
coagulopathy [5,8–10].

Likewise, other studies claim that the neurological manifestations occur secondary to
viremia crossing the blood-brain barrier or through infected leukocytes [5,9–11].

This study reports a series of three clinical cases of patients with neuro-ophthalmic
diseases that occurred within the context of the COVID-19 pandemic and immunization
against COVID.

2. Presentation of Cases

General Information about Patients

We introduce a series of three patients who presented themselves in the Ophthalmol-
ogy Clinic of St. Spiridon Hospital with neuro-ophthalmic manifestations associated with
the COVID infection in 2021, when vaccination was also possible: a 45-year-old male pa-
tient with bilateral orbital cellulitis, which occurred as a result of the SARS-CoV-2 infection;
a 52-year-old female patient with post-SARS-CoV-2 optic neuritis; and a 55-year-old male
patient with secondary ischemic optic neuropathy prior to SARS-CoV-2 immunization.
All patients were fully evaluated and signed informed consent in order to carry out all
investigations and appropriate treatment. The ophthalmic evaluation consisted of: visual
acuity measurement, IOP determination, chromatic sense, visual field determination, ocular
motility examination, interdisciplinary examinations, and brain imaging.

Case 1 is that of a 45-year-old male patient with no personal history of general pathol-
ogy or ophthalmology who presented with BE binocular diplopia to the eye emergency
department, painful red eyes, and lacrimal hypersecretion with a sudden onset of approx.
4 days (Figure 1) in April 2021. The functional ophthalmic examination reveals an VA
BE (visual acuity both eyes) of 0.4 with correction cc (−2.75 sf) and an IOP (intraocular
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pressure) RE of 24 mmHg and an IOP LE of 23 mmHg. Biomicroscopic examination of
the anterior segment reveals significant conjunctival congestion, dilated episcleral vessels,
corneal epithelial edema 2+, and periocular skin congestion. The fundus is normal. Ocular
motility: BE (both eyes) slight limitation of abduction. According to the protocol, the
patient tested positive for SARS-CoV-2 virus infection. We mention the fact that the patient
was asymptomatic while being isolated in a special room. Blood tests reveal leukocytosis
with neutrophilia, thrombocytosis, and an inflammatory syndrome with elevated ESR and
CRP; the OCT examination reveals a normal visual field without systematic changes or
thinning of the retinal nerve fiber layers (Figure 2). The tests for HBV, HCV, HIV, TPHA,
FT4, and TSH were negative. Craniocerebral computer tomography (CT) with contrast
material diagnoses bilateral orbital cellulitis with infiltrating appearance of intra- and
extraconal fat, infiltration of bilateral malar and palpebral subcutaneous cellular tissue, and
discreet infiltrative appearance of the internal rectus muscles (RE 4.7 mm, LE 5.4 mm). The
examination of infectious diseases, otolaryngology (ENT), and maxillofacial surgery (MFS)
does not identify etiologies responsible for the clinical picture. Based on the evaluations,
a positive diagnosis of BE orbital cellulitis is made. The evolution is slowly favorable,
with gradual remission of clinical signs and recovery of visual acuity under treatment
with Ceftriaxone (generally 2 g/day), Vancomycin, Aerius (desloratadine 5 mg), Moxi-
floxacin, Betabioptal (betamethasone 0.2 g), chloramphenicol 0.5 g, and Naabak (Sodium
isospaglumate) (topical administration, initially six times a day). Thus, after 1 month, an
improvement in eye movements, a reduction in periocular inflammation, a normal visual
field, an OCT examination, and an improvement in visual acuity can be seen, indicating a
favorable prognosis.

 

 

Figure 1. Cont.
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Figure 1. Examination of ocular motility and the segment prior to admission, case 1, slight limitation
of abduction (COVID-19 isolation area).

 

Figure 2. Cont.
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Figure 2. Visual field and OCT examination in both eyes 1 month after the presentation (12 may 2021)
of case 1 (not possible immediately due to the COVID infection).

Case 2 is that of a 52-year-old female patient with general APP of SARS-CoV-2 infection
1 month prior to presentation in September 2021. She complained of decreased VARE and a
positive central scotoma, preceded by photopsia and vertigo with balance disorders. After
the functional examination revealed the VA RE is 1, VA LE is 1.2, IOP RE is 13 mmHg, and
IOP LE is 12 mmHg, the anterior segment examination is within normal limits, without
Relative Afferent Pupillary Defect (RAPD), and color sense and ocular motility are normal.
The OF RE (ocular fundus) optic nerve papilla has an erased contour in the nasal sector.
Blood tests are within normal limits: negative HIV, negative RPR, normal rheumatoid
factor, liver and kidney samples, HLG, and normal coagulation. A contrast-enhanced MRI
is normal. VF RE (visual field right eye) centrocecal scotoma (Figure 3) and normal LE
(left eye); OCT macula and optic nerve normal; X-ray chest aortic atheromatous; normal
bilateral X-ray of sacroiliac joints. After gathering the data, the diagnosis is made at the RE
(right eye) of retrobulbar optic neuritis and post-SARS-CoV-2 infection status. The therapy
is initiated with metilprednisolon iv (intravenous route) for 3 days at 1 g (1000 mg) per day
and then decreased to 1 mg/kg/body for 11 days. Under treatment, the general condition
of the patient gradually recovered with the gradual remission of changes in the visual field.
At the 3-month evaluation, the optic nerve OCT examination reveals the sequelae of optic
neuritis, namely a moderate thinning of the retinal nerve fiber layers in the superior and
nasal sectors without affecting the visual acuity (Figure 4).
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Figure 3. The RE visual field with a centrocecal scotoma at hospitalization (Full Field 120 points
Suprathreshold). LE normal (case 2).

 

Figure 4. OCT at hospitalization (11 September 2020) vs. 3 months after treatment (8 December
2020) (thin RE superior and nasal SNFR, 136 vs. 94 and 66 vs. 48 μm) if there is also a visual field at
discharge (case 2).

Case 3 is that of a 55-year-old male patient known to suffer from hypertension. He
suffers from a sudden, painless decrease in VA RE approximately 3 weeks post-SARS-CoV-2
immunization (Pfizer vaccine first dose). VA RE PL uncertain, VA LE 0.7 fc, 1 corrected, IOP
BE with normal values. Biomicroscopic examination of the LE anterior pole for conjunctival
melanosis, crystalline transparency disorders, and otherwise normal. OF RE papillary
edema, peripapillary hemorrhages in the flame, dilated veins due to the emergency, and at
normal LE of the optic nerve (Figure 5).
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RE LE 

Figure 5. The optic nerve during the fundus examination with papillary edema revealed in the RE,
normal aspect in the LE.

Blood tests revealed mild hypercholesterolemia and inflammatory markers within
normal limits. ANA, RPR, and Ac anti-HIV tests within normal limits (antinuclear anti-
bodies, rapid plasma reagin test for treponema pallidum, and acquired immune deficiency
syndrome). The inter-clinical examinations of cardiology, dermatology, ENT (otorhinolaryn-
gology), maxillofacial surgery (MFS), hematology, and neurology did not raise the suspicion
of another etiology. Contrast-enhanced MRI examination: right optic nerve 10 mm with
moderate contrast uptake. Normal chest X-ray. The visual field (Full Field 120 points
Suprathreshold test) of the LE upon hospitalization (June 2021) and after 2 months (August
2021) shows relative scotoma without systematization (Figure 6). The OCT examination
reveals a significant diffuse thickening of the optic nerve and a normal aspect of the LE. A
normal visual field of the LE, while this is not possible due to poor visual acuity in the RE
(Figure 7).

  

Figure 6. The visual field (Full Field 120 points Suprathreshold test) of the LE upon hospitalization
(June 2021) and after 2 months (August 2021), relative scotoma without systematization.

215



J. Clin. Med. 2023, 12, 3795

 

Figure 7. OCT of the optic nerve. RE diffusely thickens SNFR in all sectors (papilar edema); LE normal.

Furthermore, in order to establish the etiology, thus preventing an episodic event in
the left eye, the patient is directed again to the laboratory to perform the thrombophilic
profile, which reveals the presence of factor XIII, homozygous mutant PAI gene, heterozy-
gous mutant factor V, heterozygous mutant MTHFR C677T, MTHFR A1298C homozygous
mutant, and homocysteine with values above 21.2 μmol/mL (ideally <10 μmol/mL). The
hematological examination confirmed the diagnosis of hereditary thrombophilia and hy-
perhomocysteinemia with a recommendation of Clexane (enoxaparin sodium) 0.4 × 2/day
(anticoagulant), acetylsalicylic acid (75 mg/day) 1 pc/day, and natalvit (vitamin complex)
1 pc/day for 30 days and subsequent reevaluation. Thus, the diagnosis is made after
consulting all the RE results of central retinal vein thrombosis within the context of the
COVID-19 infection, with hereditary thrombophilia and hypermocysteinemia as aggravat-
ing factors. Under general treatment with Metilprednisolon, Pentoxifylline, Ceftriaxone,
enoxaparin sodium 0.4 × 2, aspenter 1 pc per day, and natalvit, no favorable result is
obtained, with the visual acuity evolving towards no light perception (NLP).

3. Results and Discussions

In the present study, we report two cases that were associated with COVID-19 infection
(one case of orbital cellulitis and one of retrobulbar optic neuritis) and one case that was
registered after vaccination against COVID-19 with central vein thrombosis of the retina,
which had presented a favorable evolution except for the last case, which evolved towards
the loss of visual function in the respective eye.

Coronavirus disease (COVID)-19 is caused by the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) (as described by the Coronaviridae Study Group of
the International Committee on Taxonomy of Viruses 2020) and has a predominant clinical
presentation with respiratory disease [6]. Up to 21% of patients with COVID-19 may have
systemic neurological signs, and 0.4% have cranial nerve involvement. Potential neuro-
ophthalmic associations with COVID-19 include optic neuritis and myelitis, ischemic optic
neuropathy, Guillain-Barre syndrome, Miller-Fisher syndrome, and cranial neuropathies
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such as cranial nerve III or VI palsies [6,9–14]. Most studies present cases with an association
of ocular manifestations, representing 6–12% of patients with COVID-19. Ocular manifesta-
tions may precede systemic symptoms by 3 h to 5 days in 13% of patients [1,13]. In addition
to the already known changes at the level of the anterior segment, the studies show the
changes that can occur at the level of the posterior eye segment. As happened in our cases,
the occlusion of the central vein of the retina and the central artery are two of the several
vascular manifestations of COVID-19. Patients with COVID-19 have hypercoagulability, as
evidenced by higher levels of fibrinogen, prothrombin time (PT), prothrombin dimer, and
activated partial thromboplastin time (aPTT). A literature review showed that COVID-19
was associated with an 8.86-fold risk of retinal vascular microvasculopathy [13]. Another
major complication is papillophlebitis, a rare condition characterized by venous congestion
and optic disc edema; it manifests as a consequence of inflammation of the retinal veins or,
possibly, of the optic capillaries, which occurs in healthy young people and has a benign
evolution [14]. Neurological complications reported in studies include optic neuritis and
myelitis, ischemic optic neuropathy, Guillain-Barre syndrome, Miller-Fisher syndrome,
CNIII or CNVI palsy-like cranial neuropathies, and neuromyelitis optica spectrum disorder.
Optic neuritis is an uncommon manifestation of the SARS-CoV-2 infection. One contextual
mechanism in which viral antigens would induce an immune response against self-proteins,
or direct SARS-CoV-2 infection of the central nervous system, may be involved in the optic
nerve damage. A delay in the diagnosis of neuro-ophthalmic manifestations of COVID-19
can lead to irreversible optic atrophy [10,15]. There are few publications in the literature
that refer strictly to cases with posterior segment pathology associated with the COVID-19
infection. Between 2020 and 2022 while carrying out a search through the specific research
literature by accessing PubMed/Medline, ISI Web of Knowledge, ScienceDirect, and Scopus
databases and by using keywords such as: optic neuritis, orbital cellulitis, anterior ischemic
optic neuropathy, venous thrombosis, ocular pathology, SARS-CoV-2, ocular manifestations
in COVID infections, we identified a number of 665 articles (review, case report, original
article) that refer to eye diseases and the COVID infection, of these 127 review articles and
open access and 41 case reports with eye pathologies associated with the COVID infection
and selected case reports with eye damage after the vaccine, some of which are presented
in Figure 8, Tables 1 and 2.

Figure 8. A flowchart of the current survey design, strategy, results, and current studies selected
according to the selection criteria.
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Table 1. Summary of the previous case reports (ocular pathology and COVID infections).

Study Country Design Intervention Population Result

1. Mohammed A.
Azab et al., 2021 [16] Egypt Case reports and

meta-analysis

One-gram intravenous
methylprednisolone for
three days, followed by
60 mg oral prednisone,
were prescribed for a

week with gradual
tapering.

A 32-year-old male
patient with

unilateral optic
neuritis, 2 weeks after

COVID infection.

The VA improved,
but not like before

the COVID infection.

2. Jaydeep A.
Walinjkar et al.,
2020 [17]

India Report cases

Tree Intravitreal injection of
Ranibizumab 0.05 mL of
10 mg/mL concentration

with due
precautions. The second

dose is after 1 month.

A 17-year-old girl
with unilateral OVCR
2 days after COVID

infections.

Significant
improvement in

edema and VA after
the first doses (from

6/18 to 6/12)

3. Davide Romano
et al., 2022 [18] Italy Report cases

Intravenous (IV)
methylprednisolone 1 g

once daily for 5 days.

A 35-year-old female
with a positive
anamnesis of

COVID-19 infection,
visual disorders, and

neurological
symptoms.

Improving
symptoms.

4. Rodríguez-
Rodríguez M.S. et al.,
2021 [10]

Mexico City Report cases

One g/day of intravenous
methylprednisolone for

5 days,
followed by an oral
prednisone taper.

A 55-year-old woman
examined on 25 April

2020, for a 12-day
history of headache
and unilateral optic

neuritis.

At a follow-up visit
3 months later, the

ocular pain
decreased.

Nevertheless, left-eye
vision did not

improve, so the
optical atrophy still
manifested despite

the treatment.

5. Anuradha Raj
et al., 2021 [19] India Case report and

review

The first intravenous (IV)
injection of remdesivir in

the dose of 200 mg,
followed by daily IV
maintenance doses of

100 mg for the next 5 days,
azithromycin 500 mg/day

IV infusion, and
tocilizumab 400 mg IV.

A 37-year-old man,
cavernous sinus
thrombosis with

central retinal artery
or secondary to

COVID-19 infection
occlusion.

Proptosis, ptosis, and
ophthalmoplegia

recovered completely
within 1 month of

treatment.

6. Tsu Hong Lim
et al., 2021 [20] China Report cases

Intravenous (IV)
ganciclovir 225 mg twice a
day (10 mg/kg/day) for

2 weeks.

A 33-year-old Malay
with frosted branch
angiitis (FBA) in the

right eye 1 month
after COVID with

acquired
immunodeficiency
syndrome (AIDS).

It was noted that his
FBA in his right eye

had improved
gradually and that
his best corrected
visual acuity had
recovered to 6/12.

7. Helio F. Shiroma
et al., 2022 [21] Brazil Report cases

Nine patients received
intravitreal injections of

anti-angiogenic drugs, and
one received ketorolac.

Tromethamine drops for the
management of secondary

macular edema; four
were untreated.

Fourteen cases of
retinal vascular

occlusion within
3 months of
laboratory-
confirmed

COVID-19 infections
were identified.

Improving visual
acuity and reducing

macular edema.
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Table 2. Summary of the previous case reports (ocular pathology and COVID vaccine).

Study Country Design Intervention Population Result

1. Gustavo
Savino, et.al,
2022 [22]

Italy Case report
series

Patients were females, 64, 58, and
45 years old, respectively. MRI

showed enlargement of all right
rectus muscles, with both belly

muscle and insertion involvement
in the first case associated with

right scleritis.

The first and second patients
were treated, respectively, with
oral and topical glucocorticoids

with a complete clinical
response. Two cycles of oral

non-steroidal anti-inflammatory
drugs were administered to the

third patient with a
partial response.

A rapid clinical
improvement after
2–4 days reported

improvement of pain
and diplopia, but

no change in
the proptosis

2. Sonia
Valsero
Franco et al.,
2022 [23]

Spain Case report
series No specific treatment was given.

A 53-year-old man who
presented a visual field defect
in the right eye 7 days after the
first vaccine dose. A 65-year-old

man who presented anterior
optic disc neuropathy 12 days

after his first vaccination.

Case 1: The OCT
showed a slight loss of
ganglion cells in both
eyes, and the RNFL

showed atrophy.
Case 2: OCT showed

atrophy of the temporal
quadrants of the RNFL

and a general loss of
ganglion cells in the

affected eye.

3. Wumeng
Jin et al., 2021
[24]

China Report cases

under chronic treatment with
methylprednisolone (Medrol)

10 mg/d, mycophenolate mofetil
(Cycopin) 1 g/d, tacrolimus

(Prograf) 1.5 mg/d, and
perindopril (Acertil) 4 mg/d.

The patient was symptomatically
treated with levofloxacin eye

drops on the third day after the
symptom onset, when the

conjunctival congestion was
already significant in the left eye.
Diclofenac sodium eye drops and
ganciclovir ophthalmic gel were

added to the treatment.

A 28-year-old female suffering
from SLE for six years. The

patient received an inactivated
COVID-19 vaccine on 6

April 2021.

Finally, the patient
reported that the

lesions faded ten days
after symptom onset.

4. Rachna
Subramony
et al., 2021
[25]

California Report cases

She underwent bilateral
vitrectomies for simultaneous

rhegmatogenous retinal
detachments.

A 22-year-old woman with
myopia but no ocular trauma or

other major medical history
presented to the emergency
department with 5 days of

progressive, painless vision loss
in her right eye.

She had follow-up
visits with

ophthalmology on
postoperative days 1, 6,
and 13, with reportedly

improved field of
vision and acuity in the

right eye.

5. Kyohei
Tsuda et al.,
2019 [26]

Japan Report cases No specific treatment was given.

A healthy 18-year-old Japanese
female noticed a floater in the

left eye 1 day after the
second vaccination

for coronavirus disease 2019.
Fundus examination revealed

retinal and optic
disc hemorrhage.

The hemorrhage
resolved spontaneously

within 5 months.

6. Ruyi Han
et al., 2022 [7] China Case report and

review

Systemic prednisone was
administered,

Complicated CSC may develop in
the eyes with vaccine-related
VKH after steroid treatment.

By gradually replacing
prednisone with cyclosporine

within 2 months, the subretinal
fluid was completely absorbed at

the last visit.

A 62-year-old Chinese man
who developed

Vogt-Koyanagi-Harada (VKH)
disease six days after his third

dose of an inactivated
COVID-19 vaccine, with a

preceding severe headache and
tinnitus. Another three and a
half months later, the visual

acuity of his right eye slightly
decreased due to complications

of the central serous
chorioretinopathy

(CSC) disease.

Completely relieved
inflammation and

improved visual acuity.
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During the active period of COVID (March 2020–May 2020), when there were restric-
tions and only urgent cases were admitted, we carried out an analysis in our clinic that
included adults. Only 61 of the 616 patients who presented themselves for evaluation
were hospitalized, and in most cases, the eye damage was not related to the COVID infec-
tion (most frequently, patients were hospitalized with retinal detachment (29.5%), trauma
(24.6%), and corneal sclerosis (13.1%), most cases being surgical) [27]. Furthermore, in a
similar study that we carried out, including both the non-pandemic period (2016–2019)
and the pandemic period (2020), we found out that there were practically no significant
differences between the two periods, both in terms of the number of presentations and in
the type of pathology, with trauma showing a significant percentage of patients [28]. This
can be explained by the fact that, when admitted to the ATI department during the pan-
demic, most of the patients with serious respiratory damage could not be evaluated from
an ophthalmological point of view, making it practically impossible to identify possible
eye contact caused by the COVID infection. The cases presented in this case report were
identified in 2021, practically 1 year after the top outbreak, in the case of mild types of
COVID infection that resulted in severe eye damage in the absence of respiratory symptoms
in young people.

From what we have identified as cases, there is no case of bilateral orbital cellulitis
recorded in the literature within the context of COVID infection in a young person without
general pathological antecedents—a case that had a favorable evolution under treatment
with remission of symptoms.

The second case with optic neuritis, with a rather rare association with COVID, as
studies say, that usually occurs in multiple sclerosis, brings into discussion that complete
multidisciplinary evaluation and imaging play a key role in the diagnostic process. Ac-
cording to other studies, we also recommend that the patient be periodically followed
up by both ophthalmologists and neurologists to rule out any other later medical condi-
tions [18,20]. Failing to diagnose the neuro-ophthalmic manifestations of the SARS-CoV-2
infection can lead to treatment delays, additional eye damage, and irreversible vision loss.

Also, the case of central vein thrombosis of the retina within the context of the vaccine
in a young person who was unaware of hereditary thrombophilia brings into question the
hypothesis that the immune response of the human body to the COVID-19 vaccinations
may be involved in the pathogenesis of post-vaccination ocular side effects.

4. Conclusions

Neuro-ophthalmological manifestations secondary to contact with the SARS-CoV-
2 virus/immunization are rare but must be known. There are three clinical cases with
favorable clinical evolution (cases 1 and 2) but also unfavorable within the context of the
patient’s presentation at an increased time interval compared to the onset of the symptoms
(case 3). Although the cases were quickly and efficiently investigated and the treatment
was administered adequately by a multidisciplinary team (cases 1 and 3), the evolution
was not favorable in all three situations. Atypical neuro-ophthalmological manifestations
may also be present in the absence of systemic symptoms typical of SARS-CoV-2 infection,
sometimes preceding respiratory manifestations. An early diagnosis, a multidisciplinary
evaluation, and a fast dose of anticoagulant medication when required could have led,
especially in case 3, to a favorable evolution and preservation of visual function.
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