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Abstract: Identification of predictors of long COVID-19 is essential for managing healthcare plans
of patients. This systematic literature review and meta-analysis aimed to identify risk factors not
associated with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection, but
rather potentially predictive of the development of long COVID-19. MEDLINE, CINAHL, PubMed,
EMBASE, and Web of Science databases, as well as medRxiv and bioRxiv preprint servers were
screened through 15 September 2022. Peer-reviewed studies or preprints evaluating potential pre-
SARS-CoV-2 infection risk factors for the development of long-lasting symptoms were included. The
methodological quality was assessed using the Quality in Prognosis Studies (QUIPSs) tool. Random-
effects meta-analyses with calculation of odds ratio (OR) were performed in those risk factors where
a homogenous long COVID-19 definition was used. From 1978 studies identified, 37 peer-reviewed
studies and one preprint were included. Eighteen articles evaluated age, sixteen articles evaluated sex,
and twelve evaluated medical comorbidities as risk factors of long COVID-19. Overall, single studies
reported that old age seems to be associated with long COVID-19 symptoms (n = 18); however, the
meta-analysis did not reveal an association between old age and long COVID-19 (n = 3; OR 0.86, 95%
CI 0.73 to 1.03, p = 0.17). Similarly, single studies revealed that female sex was associated with long
COVID-19 symptoms (n = 16); which was confirmed in the meta-analysis (n = 7; OR 1.48, 95% CI 1.17
to 1.86, p = 0.01). Finally, medical comorbidities such as pulmonary disease (n = 4), diabetes (n = 1),
obesity (n = 6), and organ transplantation (n = 1) were also identified as potential risk factors for long
COVID-19. The risk of bias of most studies (71%, n = 27/38) was moderate or high. In conclusion,
pooled evidence did not support an association between advancing age and long COVID-19 but
supported that female sex is a risk factor for long COVID-19. Long COVID-19 was also associated
with some previous medical comorbidities.

Keywords: post-COVID-19 condition; long COVID-19 symptoms; risk factors; sex; age; co-morbidity

1. Introduction

Long COVID-19 is a term used for defining the persistence of signs and symptoms in
people who recovered from an acute Severe Acute Respiratory Syndrome Coronavirus 2

J. Clin. Med. 2022, 11, 7314. https://doi.org/10.3390/jcm11247314 https://www.mdpi.com/journal/jcm1
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(SARS-CoV-2) infection [1]. Long COVID-19 is defined by the World Health Organization
(WHO) as: “post-COVID-19 condition, occurs in individuals with a history of probable or
confirmed SARS-CoV-2 infection, usually 3 months from the onset, with symptoms that
last for at least 2 months and cannot be explained by an alternative diagnosis [2].” Several
meta-analyses investigating the prevalence of post-COVID-19 symptoms have been published,
concluding that around 30–50% of subjects who recover from a SARS-CoV-2 infection develop
persistent symptoms lasting up to one year [3,4]. A recent meta-analysis concluded that two
years after the initial spread of coronavirus disease 2019 (COVID-19), up to 42% of infected
patients experienced long COVID-19 symptoms [5].

Different narrative reviews have mentioned prognostic aspects, but no comprehensive
synthesis has been provided so far [6–9]. Identification of potential risk factors associated
with post-COVID-19 syndrome is important since identifying individuals at higher risk
can guide management healthcare plans for these patients and reorganize healthcare
accordingly. Iqbal et al. tried to pool data, but these authors were only able to pool
prevalence data of post-COVID-19 symptomatology, but not risk factors [10]. All these
narrative reviews have suggested that female sex, old age, higher number of comorbidities,
higher viral load, and greater number of COVID-19 onset symptoms can be potential
risk factors for long COVID-19 [6–10]. However, no systematic search or assessment of
methodological quality was conducted in these reviews [6–10]. Two meta-analyses have
recently focused on risk factors of long COVID-19. Maglietta et al. identified that female
sex was a risk factor for long COVID-19 symptoms, whereas a more severe condition at the
acute phase was associated just with long COVID-19 respiratory symptoms [11]. Thompson
et al. found that old age, female sex, white ethnicity, poor pre-pandemic health, obesity,
and asthma can predict long COVID-19 symptoms [12]. However, this analysis included
just studies from the United Kingdom, and used the definition of long COVID-19 proposed
by the National Institute for Health Care and Excellence (NICE) [13].

Accordingly, current evidence on risk factors associated with post-COVID-19 condition
is heterogeneous. Risk factors can be classified as pre-infection (e.g., age, sex, previous
comorbidities, and previous health status) and infection-associated (e.g., disease severity,
symptoms at onset, viral load, hospitalization stay, and intensive care unit admission)
factors. The current systematic review and meta-analysis aimed to identify factors not
directly associated with acute SARS-CoV-2 infection (i.e., pre-infection factors) such as
age, sex, and previous medical comorbidities, which may predict the development of long
COVID-19 symptomatology.

2. Methods

This systematic literature review and meta-analysis aiming to identify the association
of age, sex, and comorbidities as predictive factors for development of long COVID-19
was conducted following the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement of 2020 [14]. We also followed specific criteria recommended
by Riley et al. to systematic reviews and the meta-analysis of prognostic factor studies [15].
The review study was prospectively registered in the Open Science Framework (OSF)
database (https://osf.io/79pdg).

2.1. Search Strategy and Selection Criteria

Two different authors performed an electronic search for articles published up to
15 September 2022 MEDLINE, CINAHL, PubMed, EMBASE, and Web of Science databases,
as well as on preprint servers medRxiv and bioRxiv, using the following search terms:
“long COVID-19” OR “post-acute COVID” OR “post-COVID-19 condition” OR “long
hauler” AND “age” OR “sex” OR “medical comorbidities” OR “transplant” OR “obesity”
OR “diabetes” OR “hypertension” OR “pulmonary disease” OR “asthma” OR “chronic
obstructive pulmonary disease”. The search was focused on the medical comorbidities
likely associated with a more severe COVID-19 condition. Combinations of these search
terms using Boolean operators are outlined in Table 1.
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Table 1. Database formulas during literature search.

PubMed Search Formula

#1 “post-acute COVID-19 syndrome” [MeSH Terms] OR “long COVID-19” [All Fields] OR “long
COVID-19 symptoms” [All Fields] OR “long hauler” [All Fields] OR “post-COVID-19” [All

Fields] OR “post-acute COVID-19 symptoms” [All Fields] OR “COVID-19 sequelae” [All Fields]
#2 “age” [All Fields]

#3 “sex” [MeSH Terms] OR “sex” [All Fields]
#4 “comorbidity” [MeSH Terms] OR (“transplants” [MeSH Terms] OR “transplantation” [MeSH

Terms] OR transplant [All Fields]) OR (“obesity” [MeSH Terms] OR obesity [All Fields]) OR
(“diabetes mellitus” [MeSH Terms] OR “diabetes insipidus” [MeSH Terms] OR diabetes [All

Fields]) OR (“hypertension” [MeSH Terms] OR hypertension [All Fields]) OR (“lung diseases”
[MeSH Terms] OR pulmonary disease [All Fields]) OR (“asthma” [MeSH Terms] OR asthma [All

Fields]) OR (“pulmonary disease, chronic obstructive” [MeSH Terms] OR COPD [All Fields])
#5 #1 AND #2
#6 #1 AND #3
#7 #1 AND #4

MEDLINE/CINAHL (via EBSCO) Search Formula

#1 “post-acute COVID-19 syndrome” OR “long COVID-19” OR “long COVID-19 symptoms” OR
“long hauler” OR “post-COVID-19” OR “post-acute COVID-19 symptoms” OR “COVID-19

sequelae”
#2 “age”
#3 “sex”

#4 “comorbidity” OR “transplants” OR “transplantation” OR “obesity” OR “diabetes mellitus”
OR “diabetes” OR “hypertension” OR “pulmonary disease” OR “asthma” OR “chronic

obstructive pulmonary disease”
#5 #1 AND #2
#6 #1 AND #3
#7 #1 AND #4

WOS (EMBASE)/Web of Science Search Formula

(“post-acute COVID-19 syndrome” OR “long COVID-19” OR “long COVID-19 symptoms” OR
“long hauler” OR “post-COVID-19” OR “post-acute COVID-19 symptoms” OR “COVID-19

sequelae” AND ((“age”) OR (“sex”) OR (“comorbidity” OR “transplants” OR “transplantation”
OR “obesity” OR “diabetes mellitus” OR “diabetes” OR “hypertension” OR “pulmonary disease”

OR “asthma” OR “chronic obstructive pulmonary disease”))

The Population, Intervention, Comparison. and Outcome (PICO) principle was used
to describe the inclusion and exclusion criteria:

Population: Adults (>18 years) infected by SARS-CoV-2 and diagnosed with real-time
reverse transcription-polymerase chain reaction (RT-PCR) assay. Subjects could have been
hospitalized or not by SARS-CoV-2 acute infection.

Intervention: Not applicable.
Comparison: People infected by SARS-CoV-2 who did not develop long COVID-19

symptoms.
Outcome: Collection of long COVID-19 symptoms developed after an acute SARS-CoV-2

infection by personal, telephone, or electronic interview. We defined post-COVID-19 condition
according to Soriano et al. [2], where “post-COVID-19 condition occurs in individuals with
positive history of probable or confirmed SARS-CoV-2 infection, usually 3 months from onset
of COVID-19, with symptoms that last for at least 2 months and cannot be explained by
alternative diagnosis.” We considered any long COVID-19 symptom appearing after the
infection, e.g., fatigue, dyspnea, pain, brain fog, memory loss, skin rashes, palpitations, cough,
and sleep problems. Results should be reported as odds ratio (OR), hazards ratio (HR), or
mean incidence of the symptoms.

2.2. Screening Process, Study Selection, and Data Extraction

This review included observational cohort, cross-sectional, and case-control studies
whether presence of risk factors for development of symptoms appearing after an acute

3
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SARS-CoV-2 infection were investigated in COVID-19 survivors, either hospitalized or
non-hospitalized. The current review was limited to human studies and English language
papers. Editorials, opinion, and correspondence articles were excluded.

Two authors screened title and abstract of publications obtained from database search
and removed duplicates. Full text of eligible articles was retrieved and analyzed. The
following data were extracted from each study: authors, country, design, sample size, age
range, assessment of symptoms, long COVID-19 symptoms, and effect (measure) of risk
factor studied. Discrepancies between reviewers in any part of the screening and data
extraction process were resolved by a third author.

2.3. Risk of Bias

The Quality in Prognosis Studies (QUIPSs) tool was used to determine the risk of bias
(RoB) of the studies [16]. The QUIPS consists of six domains such as study participation,
study attrition, prognostic factor measurement, outcome measurement, adjustment for
other prognostic factors, and statistical analysis. RoB was initially evaluated by two authors.
If there is disagreement, a third researcher arbitrated a consensus decision. Risk of bias was
scored as low, moderate, or high as follows: 1 if all domains are classified as having low
RoB, or just one as moderate RoB, the paper was classified as low RoB (green); 2 if one or
more domains are classified as having high RoB; or ≥3 if all domains have moderate RoB,
the paper was classified as high RoB (red). All papers in between were classified as having
moderate RoB (yellow) [17].

2.4. Data Synthesis

We conducted a qualitative synthesis of data for those risk factors where the hetero-
geneity of results did not permit to perform a meta-analysis. We only included articles in
the meta-analysis that followed the Soriano et al. definition of post-COVID-19 condition [2],
hence meta-analysis was possible for age and sex.

To synthesize the association between age and sex with post-COVID-19 condition,
random-effects meta-analyses were performed using MetaXL software ( https://www.
epigear.com/index_files/metaxl.html) to estimate weighted mean differences (for age)
and pooled odds ratios (ORs) with 95% confidence intervals (CIs) for sex and age above
60 years (old adults). A p-value < 0.05 was considered statistically significant. Given the
heterogeneity expected, a random-effects model was employed. Measures of heterogeneity
such as the I square statistics and Cochran’s Q test statistic and p-value are also reported.
When each age group was reported using median and interquartile range values, the
method described by Wan was used for transformation in mean and standard deviation.

3. Results

3.1. Study Selection

The electronic search allowed to initially identify 1978 titles for screening. After
removing duplicates (n = 154) and papers not directly related to risk factors (n = 1352),
472 studies remained for abstract examination. Four hundred and twenty-five (n = 425)
were excluded after reading the abstract, thus leading to a total of 47 text articles for
eligibility (Figure 1). Nine articles were excluded because there were no comparisons
between subgroups (n = 2) [18,19], inappropriate methodology (n = 2) [12,20], data not
extractable (n = 1) [21], unrelated to association of risk factors (n = 1) [22], and type of
literature commentary, case reports, and case series (n = 3) [23–25]. A total number of
37 peer-reviewed studies and one pre-print study were finally included [26–63]. All papers
could be included in qualitative analysis, whereas seven of these could also be pooled in
the meta-analysis.

4
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow diagram.

3.2. Age and Post-COVID-19 Condition

A total of 18 articles, including 819,884 COVID-19 survivors analyzed age as a risk
factor for developing long COVID-19 symptoms (Table 2) [26–43]. Four articles used
percentages [27,33,34,38], five used means [26,31,40,41,43], seven OR [28–30,32,36,37,39],
one adjusted OR (aOR) [35], and one adjusted hazard ratio (aHR) [42]. Eight articles
included population samples aged ≥50 years old [27,28,32,35,37,38,40,41], eight individuals
aged between 40 and 49 years [26,29,31,33,34,39,42,43], and one a population between
18 and 64 years [27]. Two studies included children aged 10–12 years [30,36], but data from
these age groups were not considered in the main analyses.

Overall, most articles observed that old age was associated with long COVID-19 symp-
toms [26,28,29,31,33–35,37–41,43]. Contrastingly, Peghin et al. did not find an association
between age and long COVID-19 symptoms [32]. Subramanian et al. stated that adults
aged >70 years displayed lower risk of developing long COVID-19 symptoms than those
aged 30–39 years [42].

Three articles (n = 30,371 patients) were included in the meta-analysis based on
their similar study design, study outcomes, and long COVID-19 definition [32,42,44]. We
grouped individuals aged over 60 years old, since this age group is considered to be at
higher risk of severe COVID-19. The meta-analysis did not reveal a significant association
between old age and long COVID-19 symptomatology (OR 0.86, 95% CI 0.73 to 1.03,
Q = 3.54, p = 0.17, I2: 44%, Figure 2). Another three articles reporting data as mean (with
their standard deviation) or median (interquartile range) were also pooled [42,45,46]. We
pooled these data through a random effects model, resulting in a non-significant weighted
mean difference (WMD) of −0.25 (95% CI −3.78 to 3.27, Q = 3.27, p = 0.19, I2: 39%, Figure 3).
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Figure 2. Pooled analysis of odds ratio (OR) for the association between age older than 60 years and
the presence of long COVID-19 symptoms [32,42,44].

Figure 3. Pooled weighted mean difference (WMD) for the association between age as continuous
variable and the presence of long COVID-19 symptoms [43,45,46].

3.3. Sex and Post-COVID-19 Condition

A total of 16 articles [32,42–56] including 504,044 COVID-19 survivors were used in the
analysis of sex as a risk factor for developing long COVID-19 symptomatology (Table 3). Data
were presented as OR, aOR, HR, aHR, and percentage. Seven articles used OR [32,47–52],
two used aOR [45,53], another two used both OR and aOR [46,54], while three articles used
percentage [43,44,55], one article used both percentage and OR [56], and one article used both
HR and aHR [42].

Fourteen articles observed that female sex (n = 276,953) was associated with higher
risk of long COVID-19 [32,42,45–56], whilst two articles (n = 475) reported that female sex
was not associated with higher risk of long COVID-19 [43,44].

Seven articles (n = 386,234 COVID-19 patients who recovered from acute SARS-CoV-2
infection) were included in the meta-analysis due to their similarities in study design,
definition of long COVID-19, as well as similarities in data presentation [32,42–46,50].
The meta-analysis revealed that female sex was significantly associated with nearly 50%
higher risk (OR 1.48, 95% CI 1.17 to 1.86, Q = 17.2, p = 0.01, I2: 65%, Figure 4) of long
COVID-19 symptomatology.
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Figure 4. Pooled analysis of odds ratio (OR) for the association between sex and the presence of long
COVID-19 [32,42–46,50].

3.4. Medical Comorbidities and Post-COVID-19 Condition

A total of 12 articles with 677,045 COVID-19 survivors were analyzed for association
between long COVID-19 and comorbidities (Table 5) [29,39,44,52,56–63]. Four comorbidities
were included: pulmonary disease (n = 4), diabetes (n = 1), obesity (n = 6), and organ
transplantation (n = 1). Data were presented as means, medians, percentages, odds ratio
(OR), and incident rate ratio (IRR). One study used mean [61], one used both median and
percentage [59], three used percentage only [44], five used OR [29,39,52,55,60], and two
used both OR and IRR [57,59].

Three articles on pulmonary disease revealed an association between asthma and
longer symptom duration among patients recovering from COVID-19 [29,44,60]. However,
both asthma and chronic pulmonary disease were not associated with long COVID-19 in
one study [52]. For diabetes, no difference was found in the number of long COVID-19
symptoms among diabetic and non-diabetic patients [57]. For obesity, all six articles noted
that this metabolic disease was associated with worse health due to increased number of
long COVID-19 symptoms [39,59], longer persistence of symptoms [56,63], more presence
of pathological pulmonary limitations [61], and metabolic abnormalities [58]. Meanwhile,
one study on kidney transplant patients revealed that patients have higher susceptibility to
developing long COVID-19 symptoms, although this did not affect mortality rate [62].

3.5. Risk of Bias

From out of 18 papers evaluating age as risk factor [26–43], three [35,41,43] were
classified as low risk of bias (green), five [26,37–40] as moderate risk of bias (yellow),
and the remaining ten [27–29,31–34,36,42,51] as high risk of bias (red). Figure 5 visually
graphs that the most frequent risk of bias was adjustment for other prognostic factor (i.e., if
important potential confounding factors were appropriately accounted for), which was
properly performed in just one study [41].

On the other hand, from 16 papers evaluating sex as a risk factor [32,42–56], four
studies [45,50,53,55] were classified as low risk of bias (green), five [46,49,52,54,56] as
moderate risk of bias (yellow), and the remaining seven [32,42–44,47,48,51] as high risk of
bias (red). Figure 6 visually graphs that the most frequent risk of bias in this group of studies
were adjustment for other prognostic factors and study attrition (i.e., the representativeness
of the participants with follow-up data with respect to those originally enrolled in the study,
selection bias).
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Figure 5. Plot of the risk of bias of those studies investigating age as a risk factor of long
COVID-19 [10,26–33,35–43].
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Figure 6. Plot of the risk of bias of those studies investigating sex as a risk factor of long
COVID-19 [1,32,42–52,54–56].

Lastly, from 12 papers evaluating previous medical comorbidities as a risk
factor [29,39,44,52,56–63], four [57–59,61] were classified as low risk of bias (green),
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two [52,62] as moderate risk of bias (yellow), and the remaining six [29,39,44,56,60,63]
as high risk of bias (red). Figure 7 visually graphs that the most frequent risk of bias in
this group of studies was concerned prognostic factor measurement (i.e., if the prognostic
factors were measured in a similar way for all the participants).

 

Figure 7. Plot of the risk of bias of those studies investigating medical comorbidities as a risk factor
of long COVID-19 [4,29,39,44,52,53,56,58,60–63].
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4. Discussion

This systematic review and meta-analysis explored the association of long COVID-19
with risk factors not directly related to an acute SARS-CoV-2 infection (i.e., pre-infection
factors), including age, sex, or previous comorbidities. The results support that female sex
may be a predictor of long COVID-19 while old age was reported to be associated with
long COVID-19 in single studies; however, the pooled evidence was not significant. Finally,
prior medical comorbidities can also be potential predictors of long COVID-19 symptoms.
These results should be considered with caution because most studies exhibited moderate
to high risk of bias.

4.1. Old Age and Long COVID-19

Old age is an important risk factor of poor outcomes in COVID-19 hospitalization [64];
however, the impact of age on long COVID-19 is controversial. Old age is associated
with higher risk of long COVID-19 symptomatology in single studies and in two previous
reviews [10,12], but not in the meta-analysis by Maglietta et al. [11]. Results from our
qualitative analysis suggest that older adults can develop more long COVID-19 symptoms
than younger adults; however, this assumption was not supported when pooling data into
a meta-analysis. We conducted two meta-analyses, the first one categorizing those adults
older than 60 years (Figure 2), and a second one considering age as a continuous variable
(Figure 3); neither analysis revealed an association between old age and risk of developing
long COVID-19. Nevertheless, the number of studies pooled in our analyses of age was
notably limited (n = 3). Our data are consistent with the meta-analysis of Maglietta et al. [11]
but disagree with Thompson et al. [12]. Several differences can explain the discrepancy
with Thompson et al. [12]. It is possible that the use of a different definition of long COVID-
19 by these authors [12] can lead to inconclusive comparisons of results. In addition,
Thompson et al. [12] did not pool data of age and long COVID-19 into a meta-analysis,
but only calculated regression of proportions of subjects at each age group developing
long COVID-19 symptoms. The significance of old age as a risk factor for long COVID-19
development requires further investigation. In fact, just three out of eighteen papers (16%)
analyzing age as prognostic factor showed low risk of bias. The most significant bias of
these studies was the proper control of other cofounding factors observed in older people,
i.e., higher presence of medical comorbidities, or longer hospitalization stay, which can also
be associated with long COVID-19.

4.2. Female Sex and Long COVID-19

Sex is another important risk factor which has been studied in relation to COVID-19
and long COVID-19. Evidence supports that men and women exhibit the same probability
of being infected by SARS-CoV-2; however, males are at a higher risk of worse outcomes
and death than females during the acute phase of infection [65]. Results from our systematic
review and meta-analysis support that female sex may be associated with higher risk of
developing long COVID-19 (OR 1.48, 95% CI 1.17 to 1.86). Our results are similar to
those previously observed by Maglietta et al. [11], who also reported that female sex
was associated with long COVID-19 symptoms (OR1.52, 95% CI 1.27–1.82), and with
results (OR1.60, 95% CI 1.23–2.07) previously reported by Thompson et al. [12]. Based on
available data, females are more vulnerable to develop long COVID-19 than males. Hence,
considering sex differences in diagnosis, prevention and treatment are necessary, and
fundamental steps towards precision medicine in COVID-19 [66]. Biological (i.e., hormones
and immune responses), and sociocultural (i.e., sanitary-related behaviors, psychological
stress, and inactivity) aspects play a significant role in creating sex-differences in long
COVID-19 symptoms [48], although mechanisms behind increased risk of long COVID-19
in females remain unknown and warrant investigation.
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4.3. Medical Comorbidities and Long COVID-19

Such as with old age, the presence of prior medical comorbidities (e.g., hypertension,
obesity, diabetes, chronic kidney disease, cerebrovascular disease, chronic obstructive
pulmonary disease, or cardiovascular disease) is known to induce a more severe COVID-19
disease progression [67,68]. A potential reason is that such comorbidities can contribute to
degradation of angiotensin-converting enzyme 2 (ACE2). Since the SARS-CoV-2 virus uses
this receptor as entry pathway in host cells, higher degradation of ACE2 could lead to a long-
lasting inflammatory cytokine storm, oxidative stress, and hemostasis activation, which are
all hallmarks of severe/critical COVID-19 illness [69]. Nevertheless, this hypothesis is not
yet supported by the literature.

The current qualitative analysis suggests that prior comorbidities may contribute
the risk of developing long COVID-19. Among different comorbidities, obesity seems to
be associated; however, this assumption should be considered with caution at this stage,
since potential cofounding factors, particularly those related to hospitalization (obese
patients have more severe COVID-19 disease and higher hospitalization rates than non-
obese patients), were not properly controlled in these studies. Moreover, the association of
long COVID-19 with other medical comorbidities such as diabetes or transplants was only
investigated in one prior study.

4.4. Strengths and Limitations

The results of this systematic review and meta-analysis should be considered according
to potential strengths and limitations. Among the strengths, we conducted a systematic search
of all the currently available evidence on factor not related to an acute SARS-CoV-2 infection
but associated with higher risk of developing long COVID-19. This led to identification of
thirty-eight studies. Second, this is the first time that several medical comorbidities have been
systematically investigated as risk factors of long COVID-19.

One of the limitations is the lack of a consistent definition of long COVID-19 in
available literatures. We included all identified studies within the qualitative analysis,
but only those using the definition by Soriano et al. [2] of long COVID-19 were included
in the meta-analyses. This assumption led to a small number of studies in the meta-
analyses. Future studies using a more consistent definition of long COVID-19 are needed
for improved quantification of the results. Another limitation is the lack of differentiation
of risk factors between hospitalized and non-hospitalized patients. Similarly, no study
investigating risk factors considered the SARS-CoV-2 variants of concern. Therefore, studies
identifying long COVID-19 risk factors not directly associated with SARS-CoV-2 infection
differentiating between hospitalized and non-hospitalized patients, and among different
SARS-CoV-2 variants of concern are now needed. Finally, it should be considered that
this systematic review and meta-analysis only investigated risk factors not associated
with an acute SARS-CoV-2 infection. Other potential SARS-CoV-2-associated factors, such
as severity of disease during the acute phase of infection or the number of COVID-19-
associated onset symptoms have also been preliminarily identified as risk factors associated
with long COVID-19 symptoms, particularly with respiratory symptoms [11]. Similarly,
it is possible that some long COVID-19 symptoms can also be related to hospitalization
factors which were also not investigated in this review.

5. Conclusions

The current review demonstrates that female sex and previous medical comorbidities
may be predisposing factors for the development of long COVID-19 symptomatology. The
current literature does not conclusively confirm that old age would significantly influence
long COVID-19 risk. These results should be considered with caution due to moderate to
high risk of bias in most published studies. These findings highlight the need for further
research with improved control of confounding factors and use of a consistent and validated
definition of long COVID-19.
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Abstract: Fatigue, pain, headache, brain fog, anosmia, ageusia, mood symptoms, and sleep disorders
are symptoms commonly experienced by people with post-COVID-19 condition. These symptoms
could be considered as manifestations of central sensitization. The aim of this study is to evaluate
whether there are indicators of central sensitization by using experimental pain measurements and
to determine their association with patient-reported outcome measures (PROMs). A cross-sectional
study including 42 patients after COVID-19 infection was conducted. The central sensitization
inventory (CSI) was administered as a PROM to evaluate central-sensitization-associated symptoms.
Pressure pain thresholds (PPT), temporal summation, and descending nociceptive pain inhibition
(CPM) were assessed as experimental pain measurements. The median score on the CSI was 46.5
(Q1–Q3: 33–54). The presence of central-sensitization-associated symptoms was seen in 64.3% of
patients based on the CSI (≥40/100 points). A deficient CPM was seen in 12% and 14% of patients
when measured at the trapezius and rectus femoris, respectively. A negative correlation between
pressure sensitivity on the rectus femoris and the CSI score (r = −0.36, 95%CI −0.13 to −0.65,
p = 0.007) was observed. Central-sensitization-associated symptoms were present in up to 64.3% of
patients post-COVID-19 infection, based on a PROM, i.e., the CSI. A more objective evaluation of
nociceptive processing through experimental pain measurements was less suggestive of indicators
of central sensitization. Only a small negative correlation between pressure sensitivity and the CSI
was observed, thereby pointing towards the discrepancy between the CSI and experimental pain
measurements and presumably the complementary need for both to evaluate potential indicators of
central sensitization in this population.

Keywords: post-COVID-19 condition; persisting symptoms; sensitivity; central sensitization
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1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection, has resulted in worldwide strict
lockdowns, physical distancing, and home isolation to slow down the spread of the pan-
demic and to avoid fatalities [1,2]. Due to the lack of a definitive treatment option for
COVID-19, more than 230 vaccine candidates have been proposed, with 49 approved vac-
cines up until now [3]. A network meta-analysis revealed that COVID-19 vaccines provided
a significant reduction in the risk of contracting symptomatic SARS-CoV-2 and a signifi-
cant reduction in the risk of developing severe COVID-19 in comparison to a placebo [2].
Nevertheless, despite the efficacy of COVID-19 vaccines, the prevalence of persons infected
and confronted with persisting symptoms for months or years after SARS-CoV-2 infection
is estimated to be up to 31% [4,5]. Fatigue, pain, headache, brain fog, anosmia, ageusia,
and emotional or sleep disorders are among the most common persistent post-COVID
manifestations [4,6–8]. A meta-analysis reported that fatigue is the most prevalent post-
COVID symptom with a prevalence rate of up to 45% [9]. Patients with these persistent
debilitating symptoms are classified as suffering from post-COVID-19 condition, defined as
“a condition that occurs in people who have a history of probable or confirmed SARS-CoV-2
infection; usually within three months from the onset of COVID-19, with symptoms and
effects that last for at least two months” [10,11]. It is specifically denoted by the WHO that
the symptoms of post-COVID-19 condition cannot be explained by an alternative medical
diagnosis [10,11].

Fatigue is one of the core symptoms in central-sensitization-associated disorders [12,13],
leading to the hypothesis that central sensitization might be an underlying common etiology
in chronic pain patients and in patients with post-COVID-19 condition [14]. Post-COVID-19
condition has previously been described as having considerable overlapping symptoms
with myalgic encephalomyelitis/chronic fatigue syndrome [15,16], a condition associated
with central sensitization [17]. Emerging evidence suggests the presence of central sensiti-
zation in a subgroup of patients with post-COVID-19 condition. By using the self-rated
questionnaire, the central sensitization inventory (CSI), a Belgian study showed that 70%
of individuals with post-COVID-19 condition exhibited sensitization-associated symp-
tomatology [18] whereas a Spanish study reported a prevalence of only 34% in a group
of patients exhibiting post-COVID pain [19]. Another rational supporting the presence
of central sensitization is the fact that individuals with post-COVID-19 condition exhibit
several central nervous-system-derived symptoms, e.g., fatigue, sleep problems, memory
loss, concentration problems, or psychological disturbances [4].

The exclusive use of a screening questionnaire such as the CSI for inferring sensitiza-
tion in people with post-COVID-19 condition is not recommended because a self-reported
tool cannot capture the complexity of a nervous system impairment such as central sensiti-
zation [20]. Accordingly, besides patient-reported outcome measure (PROMs), i.e., CSI, to
identify the presence of central-sensitization-associated symptoms, quantitative sensory
testing could be used to quantify sensory dysfunctions by evaluating pain thresholds,
nociceptive pain facilitation, and endogenous pain inhibition [21,22]. A less efficacious
descending nociceptive inhibitory system, combined with increased nociceptive facilitation
and decreased pain thresholds, is commonly related to an increased excitability of the
central nervous system, namely central sensitization [23,24]. To the best of our knowl-
edge, no study has previously investigated the presence of altered nociceptive processing
by conducting experimental pain measurements in individuals post-COVID-19 infection.
Therefore, the aims of this study were to further evaluate whether there are indicators of
central sensitization in patients with post-COVID-19 infection by using experimental pain
measurements and to determine their association with PROMs such as the CSI.
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2. Materials and Methods

2.1. Study Participants

This is a cross-sectional study investigating the symptoms of central sensitization
and impaired nociceptive processing in individuals post-COVID-19 infection. Both male
and female patients who had been previously infected with SARS-CoV-2 were eligible to
participate. The patients were only eligible if they had had a positive COVID-19 test at
least 3 months before inclusion. The patients were recruited through various ways. Firstly,
the patients were invited to participate by physicians in cases where they were consulted
after a SARS-CoV-2 infection at the Department of Physical Medicine and Rehabilitation of
UZ Brussel. Secondly, advertisements and announcements from patient support groups
were used as an additional recruitment strategy. Finally, social media was used to recruit
patients. The study protocol was approved by the central ethics committee of Universitair
Ziekenhuis Brussels (B.U.N. 1432020000348) on 16 December 2020. The study was registered
on clinicaltrials.gov (NCT04703452) and was conducted according to the revised Declaration
of Helsinki (1998).

2.2. Study Protocol

The patients included had one study visit to UZ Brussel, which was scheduled accord-
ing to patient preferences. During the study visit, the patients first filled out the following
three PROMs in a randomized order: the central sensitization inventory, the post-COVID-19
functional status scale, and the London chest activity of daily living. After filling out the
questionnaires, the following experimental pain measurements were performed: pressure
pain thresholds (PPT), temporal summation, and descending nociceptive inhibition. The
complete testing protocol lasted for maximally 1 h. All of the participants were asked to
refrain from consuming caffeine, alcohol, or nicotine 24 h before the study.

2.3. Self-Reported Questionnaires

The primary outcome was the presence of central-sensitization-associated symptoms,
as assessed by the central sensitization inventory (CSI). The CSI consists of 25 symptom-
related items that the patient has to score on a five-point Likert scale [25]. A total score
of ≥40/100 is indicative of the presence of central sensitization symptomatology (sensi-
tivity: 81% and specificity: 75%) [25]. The participants were categorized based on central-
sensitization-related severity into three subgroups: (i) low level, (ii) medium level, or (iii)
high level of central-sensitization-related symptom severity using an accessible calculator
(https://www.pridedallas.com/questionnaires, accessed on 19 November 2021) [26]. The
CSI has good psychometric properties for assessing symptoms of central sensitization [21]
and it is validated in Dutch and French [27,28].

Post-COVID-19 functional status was evaluated by the post-COVID-19 functional
status scale (PCFS). This scale is ordinal, has six steps ranging from 0 (no symptoms) to
5 (death) and covers the entire range of functional outcomes by focusing on limitations in
usual activities either at home or at work/study, as well as lifestyle changes. More specifi-
cally, the following scale grades are included: 0 (no functional limitations), 1 (negligible
functional limitation), 2 (slight functional limitation), 3 (moderate functional limitation),
4 (severe functional limitation), and death. The PCFS was assessed twice, once by the
interviewers during a short-structured interview, as well as with self-reporting by the
patient [29,30].

The London chest activity of daily living (LCADL) scale was assessed to evaluate
the level of dyspnea during activities of daily living (0–75 points). This questionnaire
consists of 15 items and contains the following answer options: 0 (I do not perform this
activity because I’ve never had to do it or it is irrelevant), 1 (I do not feel any breathless
when performing this activity), 2 (I feel moderate breathless when performing this activity),
3 (I feel a lot of breathless in performing this activity), 4 (I cannot perform this activity
due to breathless and I have no one who can perform the activity for me) or 5 (I cannot
perform this activity anymore and I need someone to perform it for me or help me because
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of breathless). Greater dyspnea-related limitation in activities of daily living translates into
higher scores on the LCADL. It has four domains: self-care (0–20 points), domestic activities
(0–30 points), physical activities (0–8 points), and leisure time (0–12 points) [31,32].

2.4. Experimental Pain Measurements

Pressure pain sensitivity was measured at the middle of the trapezius muscle (i.e.,
midway between the spinous process of the seventh cervical vertebra and the lateral edge
of the acromion) [33] and at the center of the rectus femoris muscle (i.e., the middle of the
distance between the anterior inferior iliac spine and the upper edge of the patella) [34]
on the dominant side with a hand-held manual algometer (Wagner FPX™ Algometer,
Wagner Instruments, Greenwich, CT, USA). On each location, two measurements (interval
30 s) were obtained, generating a mean pressure pain threshold (PPT) per area that was
used in subsequent analyses. To determine the PPT, pressure was increased at a rate of
approximately 1 kg/s until the participants indicated that the sensation became painful.
Consequently, the pressure was immediately released. The pressure established at that
moment was used as PPT, measured in kg/cm2. Pressure algometry has been found to be
an efficient and reliable technique for PPT determination and examination of sensitivity to
pressure pain [35].

Temporal summation (TS) was evaluated with 10 consecutive pressure pulses at the
intensity of the PPT (previously determined) on the same areas. For each pulse of the TS
procedure, the pressure was increased at a rate of 2 kg/s until the previously determined
PPT, where it was maintained for one second before being released. An inter-stimulus
interval of one second was used. The participants were instructed to rate the pain intensity
of the first, fifth, and tenth pressure pulse according to a verbal numeric pain rating scale
(vNPRS). The TS score was obtained by subtracting the first vNPRS score from the last
vNPRS [36]. The higher the TS score, the more efficient the nociceptive signaling to the
brain. The TS procedure is found to be reliable and valid and is supported for use in chronic
pain patients [37].

To assess the efficacy of endogenous pain inhibition, the conditioned pain modulation
(CPM) paradigm was used [38–40]. An occlusion cuff was used as a conditioning stimulus
and pressure stimuli were used as the test stimulus on the trapezius and quadriceps
locations. The conditioning stimulus was applied to the non-dominant side [34] for 2 min.
In order to apply the conditioning stimulus, an occlusion cuff was inflated to a painful
intensity and maintained at that level as a heterotopic noxious conditioning stimulus. The
cuff was inflated at approximately 20 mmHg/s until the point that the sensation first
became painful. Next, patients adapted for 30 s to the stimulus and subsequently rated
their pain intensity on the vNPRS. Cuff inflation was then increased or decreased until
the participant indicated that the pain level was equal to a score of 3/10 on the vNPRS.
Thirty seconds after application of the conditioning stimulus, the first test stimulus (via
PPT) was measured on the trapezius. After 60 s, the second test stimulus on the trapezius
was assessed. Again, 30 s later (at 1′30” after application of the conditioning stimulus),
the first test stimulus on the quadriceps muscle was applied (via PPT) and the last test
stimulus on the quadriceps was applied again 30 s later (at 2′) [34]. The CPM effect is
calculated as PPT after conditioning stimulation—PPT before conditioning stimulation [41].
Negative scores (decreased PPTs) indicate no CPM effect and positive scores (increased
PPTs) indicate effective CPM.

2.5. Statistical Analysis

All of the analyses were performed in R Studio version 1.4.1106 (R version 4.0.5,
R Foundation). p-values of 0.05 or less were considered statistically significant. Statistics
for quantitative variables included median and 1st and 3rd quartiles, the number of obser-
vations, and number of missing values. For categorical variables, the absolute counts (n)
and percentages (%) of patients were presented.
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The primary outcome of this study is to identify whether patients post-COVID-19
infection suffer from central-sensitization-associated symptoms, based on the total CSI
score. Therefore, the percentages of patients with central sensitization were reported based
on the cut-off value of 40/100 on the CSI and the central-sensitization-related symptom
severity categories. Furthermore, correlation analyses were performed between total CSI
scores and experimental pain measurements (i.e., PPT, TS, and CPM) and the total LCADL
score using Spearman rank correlations. A Bonferroni correction was applied to correct for
multiple testing (seven comparisons for each variable). Agreement between the PCFS scores
rated by the patient and the physician was evaluated using a weighted kappa with linear
weights. Kruskal–Wallis tests were used to explore the effect of the presence of symptoms
of central sensitization on experimental pain measurements, total LCADL scores, and
PCFS scores.

Finally, K-means clustering was performed to classify patients according to shared
features of self-reported data and experimental measurements. For the clustering, the
centroids of hierarchical clustering (squared Euclidean distances with the method of Ward)
were used as starting points. All of the variables were standardized before clustering and
only patients with complete data were incorporated into the cluster analysis. All of the
analyses were performed on the data as observed. This means that no data imputation
strategies, nor observation carried forward techniques, were performed.

3. Results

3.1. Demographic Statistics

In total, 42 patients were included in this study (12 males and 30 females) with a
mean age of 48 (SD: 12) years. All of the visits took place between 19 January 2021 and
20 December 2021, whereby only one patient was hospitalized for COVID-19 infection
at the time of the study visit. The median time between confirmation of SARS-CoV-2
infection and the study visit was 190.5 (Q1–Q3: 117–360) days. Four patients were on
non-steroidal anti-inflammatory drugs, four patients were on paracetamol, five patients
were on antidepressants, one patient was on opioids, two patients were on benzodiazepines,
and one patient received a combination product. For female patients, oral anticonceptives
were taken by two patients and two patients took hormone replacement therapy.

3.2. Symptoms of Central Sensitization, Functionality, and Disability

The median score on the CSI was 46.5 points (Q1–Q3: 33–54), whereby 15 patients
(35.7%) had a score < 40/100 on the CSI and 27 patients (64.3%) had a score ≥ 40/100. In
terms of severity, 5 patients (11.9%) could be classified as low level of central-sensitization-
related symptom severity (CSI median score: 18 points, Q1–Q3: 8–21), 12 (28.6%) as
medium-level (CSI median score: 33 points, Q1–Q3: 29.75–36.25), and 25 (59.5%) as high-
level of central-sensitization-related symptom severity (CSI median score 53 points, Q1–Q3:
48–60). The median CSI score in males (CSI median score: 33.5 points, Q1–Q3: 26.25–
46.5) was significantly lower compared to females (CSI median score: 49.5 points, Q1–Q3:
37.75–58) (sample difference −13 (95% CI −2 to −24), p = 0.02).

Concerning the PCFS, 4 persons (9.5%) had no functional limitations (grade 0), 7 (16.7%)
had negligible functional limitations (grade 1), 15 (35.7%) reported slight functional limita-
tions (grade 2), 14 (33.3%) indicated moderate functional limitations (grade 3), and 2 (4.8%)
scored severe functional limitations (grade 4) according to the patient ratings. For the
interviews conducted by the physician, 2 persons (4.8%) had no functional limitations
(grade 0), 6 (14.3%) had negligible functional limitations (grade 1), 14 (33.3%) reported
slight functional limitations (grade 2), 18 (42.8%) indicated moderate functional limita-
tions (grade 3), and 1 (2.4%) scored severe functional limitations (grade 4). There was
missing data for one patient (2.4%). The median time to conduct this interview entailed
1245 (Q1–Q3: 738–2218) seconds, corresponding to 20.75 min. There was a statistically
significant agreement between both ratings, kw = 0.546 (95% CI 0.345 to 0.748, p < 0.001).
The strength of agreement was classified as moderate [42]. No statistically significant
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differences were revealed for PCFS scores between the males and females, based on patient
ratings (W = 136.5, p = 0.21) and interviews (W = 160.5, p = 0.90). Table 1 provides an
overview of the classifications based on self-reports and interviews.

Table 1. Agreement and disagreement in PCFS scores between patient self-reporting and physician
interviews. Green boxes indicate agreement between both ratings; blue boxes indicate a lower
self-reporting score compared to the physician interview; and yellow boxes indicate a higher self-
reporting score compared to the physician interview. Abbreviations. PFCS: post-COVID-19 functional
status scale.

Physician
PCFS Score

0 1 2 3 4 5

Patient
PCFS score

0 2 1 0 0 0 0

1 0 4 2 1 0 0
2 0 1 7 7 0 0
3 0 0 5 9 0 0
4 0 0 0 1 1 0
5 0 0 0 0 0 0

Concerning the LCADL, median scores of 22/75 (Q1–Q3: 17.25–27.50) were revealed,
whereby higher scores indicate higher dyspnea-related limitation in activities of daily living.
For self-care, a median value of 4.5/20 (Q1–Q3: 4–6) was revealed. For domestic activities,
physical activities and leisure time median values of 8.5/30 (Q1–Q3: 6–11.75), 4/8 (Q1–Q3:
3–4) and 4/12 (Q1–Q3: 3–5) were reported, respectively. The median LCADL score in males
(LCADL median score: 16 points, Q1–Q3: 15–22.75) was significantly lower compared
to females (LCADL median score: 23.5 points, Q1–Q3: 20–30.25) (sample difference −6
(95% CI −1 to −10), p = 0.02).

3.3. Experimental Pain Measurements

The median PPT on the trapezius muscle was 4.4 (Q1–Q3: 3.1–5.6) kg/cm2 and
4.4 (Q1–Q3: 3.4–6.5) kg/cm2 on the quadriceps muscle. For temporal summation, the first
score was subtracted from the final score, leading to a median value of 3 (Q1–Q3: 1.25–4)
for the trapezius and 4 (Q1–Q3: 2–5) for the quadriceps point.

For functioning of the descending inhibitory pathways, 35 patients demonstrated an
efficient CPM (median CPM effect: 1.28, Q1–Q3: 0.73 to 1.79) and 5 patients did not (median
CPM effect: −0.50, Q1–Q3: −0.82 to −0.22) when measured on the trapezius muscle. On
the quadriceps muscle, 6 patients did not demonstrate an efficient CPM (median CPM effect:
−0.01, Q1–Q3: −0.04 to 0.0), while 34 patients demonstrated an efficient CPM (median
CPM effect: 1.53, Q1–Q3: 0.85 to 2.32). In two patients, no CPM effect was measured.

3.4. Associations between Self-Reported and Experimental Measurements

Table 2 presents outcome measurements by severity of central-sensitization-associated
symptoms.

A significant positive correlation between PPTs on the trapezius and quadriceps
(r = 0.65, 95% CI 0.54 to 0.85, p < 0.001) and between TS on the trapezius and quadriceps
(r = 0.65, 95% CI 0.44 to 0.8, p < 0.001) was observed. The total scores on the LCADL and
CSI were also positively correlated (r = 0.8, 95% CI 0.54 to 0.85, p < 0.001). A negative
correlation between PPTs on the quadriceps and the CSI score (r = −0.36, 95% CI −0.13 to
−0.65, p = 0.0067) was also identified (Figure 1).
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Table 2. Total scores on LCADL and PCFS, and results from experimental pain measurements
from the complete sample, as well as those separated by the presence or absence (CSI < 40) of
symptoms of central sensitization (CSI ≥ 40). Abbreviations: CPM: conditioned pain modulation,
CSI: central sensitization inventory, LCADL: London chest activity of daily living, PFCS: post-COVID-
19 functional status scale, PPT: pressure pain threshold, and TS: temporal summation.

Variable Level Total Sample (n = 42) CSI Score < 40/100 (n = 15) CSI Score ≥ 40/100 (n = 27)

Sex Male/Female 28.6%/71.4% 46.7%/53.3% 18.5%/81.5%

Age (years) 48 (SD: 12) 49 (SD: 15) 48 (SD: 11)

Time since COVID-19 (days) 190.5 (Q1–Q3: 117–360) 184 (Q1–Q3: 96–200) 212 (Q1–Q3: 127–387)

PPT Trapezius 4.37 (Q1–Q3: 3.12–5.60) 5.21 (Q1–Q3: 3.89–7.22) 3.96 (Q1–Q3: 2.82–5.05)

PPT Quadriceps 4.43 (Q1–Q3: 3.40–6.49) 6.21 (Q1–Q3: 3.82–9.13) 4.33 (Q1–Q3: 3.28–5.88)

TS Trapezius 3 (Q1–Q3: 1.25–4) 3 (Q1–Q3: 1.5–3) 4 (Q1–Q3: 1.5–5)

TS Quadriceps 4 (Q1–Q3: 2–5) 3 (Q1–Q3: 2.5–4) 4 (Q1–Q3: 2–5.5)

CPM Trapezius 1.17 (Q1–Q3: 0.53–1.75) 1.36 (Q1–Q3: 0.90–1.75) 0.94 (Q1–Q3: 0.50–1.57)

CPM Quadriceps 1.30 (Q1–Q3: 0.58–2.24) 0.89 (Q1–Q3: 0.47–1.87) 1.52 (Q1–Q3: 0.77–2.31)

LCADL 22/75 (Q1–Q3: 17.25–27.50 15 (Q1–Q3: 15–17.5) 25 (Q1–Q3: 22.5–32.5)

PCFS patient

Grade 0 9.5% 26.7% 0.0%
Grade 1 16.7% 33.3% 7.4%
Grade 2 35.7% 26.7% 40.7%
Grade 3 33.3% 13.3% 44.4%
Grade 4 4.8% 0.0% 7.4%

PCFS physician

Grade 0 4.8% 13.3% 0.0%
Grade 1 14.3% 33.3% 3.7%
Grade 2 33.3% 26.7% 37.0%
Grade 3 42.8% 20.0% 55.5%
Grade 4 2.4% 0.0% 3.7%

Unknown 2.4% 6.7% 0.0%

Figure 1. Correlation plot. The correlation coefficients range from −1 (red) to +1 (blue) and are pre-
sented with their actual values on the plot. In the lower triangle, correlations that are not statistically
significant are marked with a cross. On the upper triangle, only statistically significant correlations are
presented. Abbreviations: CPM: conditioned pain modulation, CSI: central sensitization inventory,
LCADL: London chest activity of daily living, PFCS: post-COVID-19 functional status scale, PPT:
pressure pain threshold, Quad: quadriceps, Trap: trapezius, and TS: temporal summation.
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Based on Kruskal–Wallis tests, there was a significant effect of central sensitization-
associated symptoms on PPT on the trapezius at the 5% level (χ2 (df = 1) = 4.46, p = 0.03)
(Figure S1). The effect of the presence of symptoms of central sensitization did not result in
statistically significant differences for the other experimental pain measurements.

For the LCADL, the median score in patients with the presence of symptoms of
central sensitization was higher compared to patients with the absence of these symptoms
(χ2 (df = 1) = 27.18, p < 0.001). There was a significant effect of central sensitization-
associated symptoms on the PCFS with higher median values in patients with sensitization
symptomatology, both for the PCFS scores derived from the self-reporting of patients
(χ2 (df = 1) = 12.67, p < 0.001) as well as from the interviews (χ2 (df = 1) = 9.91, p = 0.002,
Figure S2).

The K-means clustering resulted in five clusters, whereby 5, 8, 10, 13, and 3 patients
were classified (n = 39). A visual presentation of the clusters is graphically presented in
Figure 2.

Figure 2. K-means clustering algorithm with five distinct clusters. CPM was coded negatively in case
there was a malfunctioning of the descending nociceptive inhibitory pathways and positive in case of
functioning of these pathways. For temporal summation, higher scores indicate more nociceptive
facilitation. Abbreviations. CPM: conditioned pain modulation, CSI: central sensitization inventory,
LCADL: London chest activity of daily living, PFCS: post-COVID-19 functional status scale, phys:
physician, PPT: pressure pain threshold, pt: patient, Quad: quadriceps, Trap: trapezius, and TS:
temporal summation.

Cluster 4 represented 33.3% of the patients and could be interpreted as a typical chronic
pain patient showing a relatively high CSI score, nociceptive facilitation, malfunctioning of
the nociceptive inhibitory pathways, and lower PPTs as compared to the remaining clusters.
Cluster 1 (12.8%) is characterized by high PPTs on the trapezius and rectus femoris, while
cluster 5 (7.7%) is characterized by high values of descending nociceptive inhibitory control.
Cluster 3 (25.6%) predominantly reveals a high contribution of limitations in usual activities
based on the PCFS. Finally, 20.5% of patients are attributed to cluster 2 in which rather low
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PPTs, lower contribution of PROMs, high values of descending inhibitory control and a
limited contribution of nociceptive facilitation are present.

4. Discussion

The current study observed the presence of central-sensitization-associated symptoma-
tology in up to 64.3% of patients post-COVID-19 infection, based on self-reporting through
the CSI. Most patients (69%) reported slight to moderate functional limitations. Physical
activities were responsible for most of the dyspnea-related limitations in activities of daily
life. For patients with central-sensitization-associated symptoms, greater dyspnea-related
limitations and higher limitations in functional status were observed. A small negative
correlation between pressure pain sensitivity on the rectus femoris and the CSI score was
observed. No other correlations between experimental pain measurements and CSI were
observed. Clustering analysis identified that 33% of patients in this sample demonstrated a
profile featuring a high CSI score, nociceptive pain facilitation, and malfunctioning of the
nociceptive inhibitory pathways.

Based on the WHO definition, individuals with a history of probable or confirmed
SARS-CoV-2 infection, usually 3 months from the onset of COVID-19 with symptoms
that last for at least 2 months, could be classified as suffering from post-COVID-19 condi-
tion [10]. The patients included in this study had a positive COVID-19 test at least 3 months
before study inclusion, nevertheless the exact duration of symptomatology was not asked.
Only 9.5% of patients did not report any symptoms of functional limitations, therefore
it is assumed that more than 90% of patients suffered from post-COVID-19 condition.
We identified the presence of central-sensitization-associated symptomatology in up to
64.3% of our patients post-COVID-19 infection based on PROMs. This result is similar
to our previous study [18], but much higher than the prevalence rate of 34% observed in
individuals with just post-COVID pain [19]. This discrepancy may be related to the fact
that the sample of patients included by Fernández-de-las-Peñas et al. mainly suffered from
solely post-COVID pain [19] whereas the Belgian sample [18] reported more heterogeneous
post-COVID symptoms such as fatigue or memory loss, which are also evaluated in the
CSI [25]. In fact, the presence of psychological and physical post-COVID symptoms are
related to the CSI score. Interestingly, higher CSI scores were associated with greater
dyspnea-related limitations and higher functional limitations in the current study, thus
supporting the previous assumption.

Since the use of PROMs such as the CSI is not able to further ascertain the presence of
altered nociceptive pain processing, we included, for the first time, experimental pain mea-
surements in people post-COVID-19 infection. The presence of pressure pain hyperalgesia
increased temporal summation and impaired descending inhibition are manifestations
of central nervous system sensitization [43]. We were unable to determine the presence
of pressure hyperalgesia in our sample of individuals post-COVID-19 infection since we
did not include a control group without post-COVID symptoms; however, it would be
expected for lower PPTs in individuals with persistent symptoms to be found. Historical
data are available for pain-free populations with testing on the trapezius whereby mean
values ranging from 4.96 (SD: 3.33) [44] to 5.32 (SD: 3.28) [44], and 5.75 (SD: 2.88) [45] were
revealed. Mean PPT values of 4.02 (SD: 1.60) [45] have been observed in patients with
whiplash-associated disorders and 2.90 (SD: 2.49) [44] in patients with fibromyalgia. The
currently obtained values in patients post-COVID-19 infection seem to be in line with the
findings observed in patients with whiplash-associated disorders, suggesting that patients
post-COVID-19 infection could also demonstrate pressure pain hyperalgesia.

Nevertheless, our main objective was to further identify the association of experi-
mental pain measurements with the self-reported CSI. We identified a small correlation
between sensitivity to pressure pain and the CSI score suggesting that both outcomes
represent different aspects of the sensitization spectrum. This weak correlation is in line
with previous data in chronic spinal pain patients where a weak correlation was found
between the CSI and PPT [46], as was the case in patients with knee osteoarthritis [47].
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Statistically, non-significant results were revealed between the CSI and PPT in patients with
shoulder pain [48] and patients with chronic whiplash-associated disorders [49]. No other
association between the CSI with temporal summation or CPM was identified in the present
study, as was the case in patients with chronic whiplash-associated disorders [49]. These
results further support the belief that the CSI assessed a broad spectrum of sensitization
symptomatology and not just altered nociceptive pain processing. As such, the CSI only
marginally reflects direct alterations in central nociceptive processing and is better at identi-
fying psychosocial factors that patients experience than identifying central nervous system
adaptations due to central sensitization [49]. It is also possible that the small percentage of
patients showing an impaired CPM explains the lack of association.

Concerning the PROMs, a positive correlation was revealed between the LCADL
and the CSI (r = 0.8, 95% CI 0.54 to 0.85, p < 0.001), meaning that patients with higher
symptomatology of central sensitization present more dyspnea during activities of daily
living. Furthermore, patients with high central sensitization symptomatology also revealed
more limitations in functional outcomes. Previous studies have already demonstrated
correlations between CSI and functionality, work ability, depression, and social support
scales in patients with spinal pain [50–52]. These findings further support the previous
hypothesis that the CSI captures a broad spectrum of symptomatology and not only
evaluates central nervous system processing in response to nociception. The currently
obtained values on the LCADL (median 22/75, Q1–Q3: 17.25–27.50) for dyspnea-related
limitation in activities of daily living are in line with the mean value of 17 (SD: 5.7) that
was revealed in a population of post-COVID-19 patients in Turkey [53]. Despite the fact
that most patients in this study were female (71.4%), females had more dyspnea-related
limitations in activities of daily living and more central-sensitization-associated symptoms
compared to males. A previous study explored phenotypes based on clinical data obtained
in a post-COVID-19 care clinic and revealed that the fatigue-predominant phenotype was
more common in females, while the dyspnea-predominant phenotype was more common
in males [54]. Since fatigue is one of the core symptoms in central-sensitization-associated
disorders, the results of higher CSI scores in females compared to males is not surprising.
Further research is needed to further evaluate the dominance of dyspnea-related limitations
in patients post-COVID-19 infection.

Although preliminary due to the low number of participants and no external valida-
tion, clustering analysis identified that 33% of patients demonstrated a central sensitization
profile featuring a high CSI score, nociceptive pain facilitation, and malfunctioning of
the nociceptive inhibitory pathways. This subgroup of patients fulfills all of the criteria
for a nociplastic condition [55] as has been proposed recently [56] and this could need
particular attention in their management. For instance, early treatment of these subgroups
of patients could be applied to avoid the further development of central sensitization. Simi-
larly, more multidisciplinary interventions targeting the nervous system, e.g., acceptance
and commitment therapy and pain neuroscience education [57], should be applied to this
subgroup of patients. These hypotheses should be confirmed or refuted in future clinical
trials. Additionally, further exploration and validation of the clustering analysis should
still be performed, incorporating the clinical features of pain.

Despite the innovative aspect of conducting experimental pain measurements in pa-
tients post-COVID-19 infection, certain limitations should be taken into account when
considering the results of this study. The patients included in this study were recruited
through convenience sampling, which could limit the generalizability of the results. Never-
theless, the results obtained in this study seem to be comparable to findings in other chronic
pain populations. Additionally, no control group was included; therefore, experimental
pain measurements could only be compared to data from historical studies. In terms of
experimental pain measurements, only one modality (i.e., pressure stimuli) was used,
whereas the available guidelines recommend the use of different modalities [39]. This
choice was made not to further increase the burden on the study participants, since this was
a pilot study exploring indicators of central sensitization in this population. Additionally,
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standardized sites of stimulation (i.e., trapezius muscle and quadriceps muscle) were used
to enable interpretation of the results at the cohort level, regardless of the location of symp-
tomatology of individual patients. Moreover, this study only explored indicators of central
sensitization post-COVID-19 infection, without evaluating previous existing comorbidities.
Finally, no information was collected on the duration of sick leave or work status after
COVID-19 infection.

5. Conclusions

In patients post-COVID-19 infection, symptoms of central sensitization were present
in 64.3% of the sample based on a self-reported questionnaire. A more objective evaluation
of nociceptive pain processing was less suggestive for indicators of central sensitization,
thereby pointing towards a discrepancy between the CSI and experimental pain measure-
ments in patients post-COVID-19 infection.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12020661/s1, Figure S1: Boxplots of the different experimental
pain measurements by the presence of symptoms of central sensitization. Figure S2: Boxplots of the
LCADL and PCFS scores, separated by the presence of symptoms of central sensitization.
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Abstract: According to the World Health Organization’s definition, long COVID is the persistence or
development of new symptoms 3 months after the initial infection. Various conditions have been
explored in studies with up to one-year follow-up but very few looked further. This prospective
cohort study addresses the presence of a wide spectrum of symptoms in 121 patients hospitalized
during the acute phase of COVID-19 infection, and the association between factors related to the
acute phase of the disease and the presence of residual symptoms after one year or longer from
hospitalization. The main results are as follows: (i) post-COVID symptoms persist in up to 60% of the
patient population at a mean follow-up of 17 months; (ii) the most frequent symptoms are fatigue
and dyspnea, but neuropsychological disturbances persist in about 30% of the patients (iii) when
corrected for the duration of follow-up with a freedom-from-event analysis; only complete (2 doses)
vaccination at the time of hospital admission remained independently associated with persistence
of the major physical symptoms, while vaccination and previous neuropsychological symptoms
remained independently associated with persistence of major neuropsychological symptoms.

Keywords: COVID-19; long COVID; post-acute; long follow-up; persistent symptoms; major physical
symptoms; major neurological symptoms

1. Introduction

The World Health Organization’s definition of long COVID is the continuation or
development of new symptoms 3 months after the initial SARS-CoV-2 infection, with these
symptoms lasting for at least 2 months with no other explanation [1]. Common symptoms
of long COVID can include fatigue, shortness of breath, and cognitive dysfunction. Over
200 different symptoms have been reported that can have an impact on everyday function-
ing [1]. A post-acute COVID-19 study from the USA [2] included patients hospitalized
due to COVID-19 and re-evaluated after 60 days from discharge. Within this period of
time, 6.7% of the patients died, 15.1% required re-admission, and 32.6% reported persis-
tent symptoms. The most common symptoms were dyspnea while walking up the stairs,
cough, and loss of taste and/or smell. Other studies extended the observation period up to
3–4 months after hospital admission and found similar results [3–8], with approximately
30% of the patient population reporting fatigue, dyspnea, psychological distress, anxiety,
depression, concentration, and sleep abnormalities.

There are studies addressing mortality [9], cardiovascular risk [10], pulmonary function [11],
and neuropsychological changes [12] at one year or longer after COVID-19 infection.

However, few studies extended the window of observation longer than 12 months.
The present study addresses the persistence of a wide spectrum of symptoms after hospital
discharge of COVID-19 patients, and the association between factors related to the acute
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phase of the disease and the presence of residual symptoms after one year or longer
from hospitalization.

2. Materials and Methods

This is a single-center prospective cohort study conducted at the IRCCS San Donato, a
Clinical Research Hospital partially funded by the Italian Ministry of Health. The Local
Ethics Committee (San Raffaele Hospital) approved the experimental design on 3 March
2022, registry number 28/INT/2022. All the patients gave written informed consent. The
study has been financed by a grant from the Italian Ministry of Health for the research
projects of the Cardiac Network of the Italian IRCCS (Clinical Research Hospitals). The
eligible patient population was represented by subjects hospitalized at our institution with
a diagnosis of COVID-19 infection between January 2021 and July 2022. The planned
patient population was 100 patients. The primary endpoint was the persistence of major
physical and neuropsychological symptoms from 3 up to 12–18 months from the hospital
discharge, and the assessment of factors associated with the time-related freedom from
residual symptomatology.

2.1. Patient Population and Study Procedures

The patients were recruited through an initial telephone contact; those who were
reachable and agreed to participate received a date for the study procedure at our hospital.
The telephone calls started in April 2022 and ended on 15 November 2022. The first patient
hospital admission date was 8 January 2021, and the last hospital admission date was 4
July 2022. The first follow-up visit date was 12 April 2022, and the last follow-up visit
was 21 November 2022. The recruitment flow is shown in Figure 1. The final patient
population comprised 121 subjects. The study has three work packages. Work package 1 is
a clinical assessment of the patient, comprehensive of the parameters at the time of hospital
admission in the acute phase, main laboratory data, and investigation of the presence of
residual symptomatology linked to COVID-19. Work package 2 is an evaluation of the
coagulation profile of the patient, and work package 3 includes a proteomic assessment of
the patient. The present report deals with the results of work package 1.

Figure 1. Patient screening and selection.

2.2. Data Collection and Definitions

Data collection was based on (i) the retrieval of the relevant data from the original
patient’s files and (ii) a personal interview conducted in a hospital office by dedicated
biologists and a medical doctor.

The following items regarding the acute phase hospitalization were collected: demo-
graphics (with age classes ≤50 years, 51–60 years, 61–70 years, 71–80 years, and >80 years);

40



J. Clin. Med. 2023, 12, 1915

disease severity (mild: no oxygen therapy; moderate: nasal oxygen or oxygen mask; and
severe: non-invasive or invasive ventilation), hospital stay, the unit of admission, and vac-
cination (2 doses) at the time of hospital admission; co-morbidities: obesity, hypertension,
diabetes, history of coronary disease, heart failure, atrial fibrillation, chronic obstructive
pulmonary disease, asthma, active cancer, chronic kidney failure, chronic liver failure,
previous cerebrovascular accident, anxiety, or depression; therapy at the time of hospital-
ization; laboratory exams: peak fibrinogen levels, peak D-Dimer, peak platelet count, nadir
platelet count, or nadir antithrombin.

A specific COVID-19 treatment was applied to all the patients, following the indica-
tions of the Italian Drug Agency: a prophylactic dose of low molecular weight heparin;
low-dose steroids; and remdesivir in selected patients (within 7 days from the onset of
COVID-19 symptoms; a moderate degree of severity and at least one risk factor for progres-
sion to a severe form).

Follow-up items included follow-up duration; any symptom after discharge; work ca-
pacity reduced; fatigue, fever, cough, or dyspnea (these last four items combined as “Major
physical symptoms”—MPS—adjudicated in the presence of one or more symptoms); and
chest pain, palpitations, headache, sleep disturbances, anxiety, depression (new symptoms
starting or worsening during hospitalization), memory dysfunction, brain fog, (these last
four items combined as “Major neuropsychological symptoms”—MNS—adjudicated in
presence of one or more symptoms), paresthesias, muscle pain, joint pain, and sensorial
deficit. For each symptom or combination of symptoms, there was a distinction between
resolved and ongoing status. Data were collected in an electronic platform (Research
Electronic Data Capture—RedCAP).

2.3. Statistical Analysis

Data are shown as number (percentage), mean (standard deviation) or median (in-
terquartile range) as appropriate. Differences between categorical variables were assessed
using Pearson’s chi-square, while differences in continuous variables were explored with
Student’s t-test (normally distributed variables) or a non-parametric test (non-normally
distributed variables). Survival curves were applied in univariate (Kaplan–Meier with
log-rank test) and multivariable (Cox regression with hazard ratios and 95% confidence in-
tervals) analyses. For the statistical calculations and graphical support data were exported
from RedCAP into statistical packages (SPSS 20.0, IBM, Chicago, IL, USA, and MedCalc,
MedCalc Software, Ostend, Belgium). For all tests, a p < 0.05 was considered significant.

3. Results

The general characteristics of the patient population are shown in Table 1, according to
the severity of the disease in its acute phase. The body mass index (BMI) was significantly
higher for increasing degrees of severity as well as the length of hospital stay. A previous
smoking habit was significantly less frequent in those with a mild degree of severity, and
patients with a severe pattern of disease had significantly higher peak fibrinogen values
during the acute phase.

The data collected at follow-up are reported in Table 2 for the whole patient population
and separately for the different degrees of severity of the disease during the acute phase.
The follow-up period significantly differed, with a shorter follow-up for patients with
a mild severity. Overall, 96% of the patients reported one or more symptoms from the
hospital discharge to follow-up; however, this rate was significantly lower (79%) in patients
with a mild pattern of the disease. MPS were reported as still present at the time of follow-
up by 61% of the patient population, again with a significant lower rate (37%) in patients
who experienced a mild pattern of disease. It is of notice that this patient population
reported a significantly higher rate of fever; however, it was resolved at the time of follow-
up. Among symptoms still present at the time of follow-up, fatigue was reported by 50%
of the patients and dyspnea by 42%, followed by joint pain (35%), memory dysfunction
(34%), sleep disturbances, muscle pain (27%), anxiety, brain fog and paresthesias (20%), and
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depression (18%). MPS were significantly more frequent for an increasing severity of the
disease during the acute phase, and this particularly applied to ongoing dyspnea, whereas
the other component of the MPS (fatigue and cough) did not differ for different degrees
of the severity of the disease. The MNS rate was not significantly different for different
degrees of the severity of the disease.

Table 1. Patient population (N = 121) details at hospital admission and during the acute phase of the
disease, according to the severity of the disease.

Item
Mild Moderate Severe

p
N = 19 N = 68 N = 34

Age at hospital admission (years) 59.5 (15.3) 66.3 (11.6) 63.6 (14.6) 0.129
Gender male 12 (63.2) 46 (67.6) 22 (64.7) 0.916
Body mass index (kg/m2) 25.3 (4.1) 27.5 (6.0) 29.4 (6.0) 0.047
Hospital stay (days) 8 (6–18) 14 (10–20) 23 (16–32) 0.001
Unit of admission

Ward 19 (100) 67 (98.5) 30 (91.2) 0.205
ICU 0 (0) 1 (1.5) 3 (8.8)

Vaccination (at least 2 doses) 7 (36.8) 14 (19.1) 4 (11.8) 0.096
Obesity 3 (15.8) 14 (20.6) 11 (32.4) 0.294
Arterial hypertension 5 (26.3) 32 (47.1) 18 (52.9) 0.34
Diabetes 3 (15.8) 11 (16.2) 6 (17.6) 0.978
Coronaropathy 2 (10.5) 15 (22.1) 3 (8.8) 0.177
Heart failure 0 (0) 7 (10.3) 2 (5.9) 0.293
Smoking habit 0.008

No 11 (58) 33 (48.5) 15 (44.1)
Previous 4 (21.1) 32 (47) 19 (56)
Ongoing 4 (21.1) 3 (4.4) 0 (0)

Atrial fibrillation 0 (0) 7 (10.3) 4 (11.8) 0.315
Active cancer previous 5 years 5 (26.3) 5 (7.4) 1 (2.9) 0.013
COPD 2 (10.5) 3 (4.4) 1 (2.9) 0.452
Chronic kidney failure 0 (0) 6 (8.8) 2 (5.9) 0.384
Previous CVA 2 (10.5) 1 (1.5) 3 (8.8) 0.13
Anxiety 3 (15.8) 9 (13.2) 7 (20.6) 0.629
Depression 3 (15.8) 6 (8.8) 5 (14.7) 0.56
Chronic liver failure 1 (5.3) 3 (4.4) 0 (0) 0.438

Data are mean (standard deviation), median (interquartile range), or number (%). CVA: cerebrovascular accident;
COPD: chronic obstructive pulmonary disease; ICU: intensive care unit.

Table 2. Residual symptomatology after discharge from the hospital according to the severity of the
acute phase.

Item All
Mild Moderate Severe p

N = 121 N = 19 N = 68 N = 34

Follow-up time (months) 17 (12–18) 12 (8–17) 17 (12–18) 17 (14–19) 0.011
Symptoms after discharge 112 (95.6) 15 (78.9) 75 (95.6) 32 (94.1) 0.046
Major physical symptoms

Resolved 38 (31.4) 12 (63.2) 26 (38.2) 9 (26.5)
Ongoing 74 (61.2) 7 (36.8) 42 (61.8) 25 (73.5) 0.031

Work capacity reduced 39 (32.2) 4 (21.1) 21 (30.9) 14 (41.2) 0.303
Fever 5 (4.1) 3 (15.8) 2 (2.9) 0 (0) 0.016

Resolved 4 (3.3) 2 (10.5) 2 (2.9) 0 (0)
Ongoing 1 (0.8) 1 (5.3) 0 (0) 0.348

Fatigue 86 (71.1) 11 (57.9) 50 (73.5) 25 (73.5) 0.386
Resolved 26 (21.5) 4 (21.1) 15 (22.1) 7 (20.6)
Ongoing 60 (49.6) 7 (36.8) 35 (51.5) 17 (50) 0.596
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Table 2. Cont.

Item All
Mild Moderate Severe p

N = 121 N = 19 N = 68 N = 34

Cough 29 (24) 4 (21.1) 16 (23.5) 9 (26.5) 0.911
Resolved 9 (7.4) 1 (5.3) 6 (8.8) 2 (5.9)
Ongoing 20 (16.5) 3 (15.8) 10 (14.7) 7 (20.6) 0.919

Dyspnea 59 (48.8) 1 (5.3) 37 (54.4) 21 (61.8) 0.001
Resolved 8 (6.6) 0 (0) 4 (5.9) 4 (11.8)
Ongoing 51 (42.1) 1 (5.3) 33 (48.5) 17 (50) 0.001

Chest pain 12 (9.9) 1 (5.3) 7 (10.3) 4 (11.8) 0.845
Resolved 3 (2.5) 1 (5.3) 1 (1.5) 1 (2.9)
Ongoing 9 (7.4) 0 (0) 6 (8.8) 3 (8.8) 0.62

Palpitations 13 (10.7) 1 (5.3) 8 (11.8) 4 (11.8) 0.215
Resolved 2 (1.7) 0 (0) 0 (0) 2 (5.9)
Ongoing 11 (9.0) 1 (5.3) 8 (11.8) 2 (5.9) 0.17

Headache 14 (11.6) 2 (10.5) 7 (10.3) 5 (14.7) 0.211
Resolved 2(1.7) 0 (0) 2 (2.9) 0 (0)
Ongoing 12 (9.9) 2 (10.5) 5 (7.4) 5 (14.7) 0.582

Major neuropsychological 58 (47.9) 7 (36.8) 35 (51.5) 16 (47.1) 0.525
symptoms

Resolved 0 (0) 2 (5.3) 2 (2.9)
Ongoing 54 (44.6) 7 (36.8) 33 (48.5) 14 (41.2) 0.592

Anxiety 26 (21.5) 3 (15.8) 16 (23.5) 7 (20.6) 0.76
Resolved 2 (1.7) 0 (0) 0 (0) 2 (5.9)
Ongoing 24 (19.8) 3 (15.8) 16 (23.5) 5 (14.7) 0.177

Depression 24 (19.8) 2 (10.5) 14 (20.6) 8 (23.5) 0.509
Resolved 2 (1.7) 0 (0) 0 (0) 2 (0)
Ongoing 22 (18.1) 2 (10.5) 14 (20.6) 6 (17.6) 0.183

Sleep disturbances 36 (29.8) 3 (15.8) 22 (32.4) 11 (32.4) 0.35
Resolved 3 (2.5) 1 (5.3) 1 (1.5) 1 (2.9)
Ongoing 33 (27.3) 2 (10.5) 21 (30.9) 10 (29.4) 0.425

Memory dysfunction 46 (38) 6 (31.6) 26 (38.2) 14 (41.2) 0.787
Resolved 4 (3.3) 1 (5.3) 2 (2.9) 1 (2.9)
Ongoing 42 (34.7) 5 (26.3) 24 (35.3) 13 (38.2) 0.916

Brain fog 29 (24) 4 (21.1) 17 (25) 8 (23.5) 0.936
Resolved 4 (3.3) 1 (5.3) 2 (2.9) 1 (2.9)
Ongoing 25 (20.6) 3 (15.8) 15 (22.1) 7 (20.6) 0.966

Paresthesia 31 (25.6) 1 (5.3) 21 (30.9) 9 (25.5) 0.077
Resolved 6 (5.0) 0 (0) 3 (4.4) 3 (8.8)
Ongoing 26 (20.6) 1 (5.3) 18 (26.5) 5 (14.7) 0.13

Muscle pain 39 (32.2) 6 (31.6) 22 (32.4) 11 (32.4) 0.998
Resolved 7 (5.8) 1 (5.3) 5 (7.4) 1 (2.9)
Ongoing 32 (26.5) 5 (26.3) 17 (25) 10 (29.4) 0.919

Joint pain 45 (37.2) 5 (26.3) 27 (39.7) 13 (38.2) 0.559
Resolved 3 (2.5) 1 (5.3) 2 (2.9) 0 (0)
Ongoing 42 (34.7) 4 (21.1) 25 (36.8) 13 (38.2) 0.533

Residual sensory deficit 48 (39.6) 3 (15.8) 30 (44.1) 15 (44.1) 0.068
Sight 19 (15.7) 1 (5.3) 8 (11.8)1 0 (29.4) 0.037
Smell 5 (4.1) 1 (5.3) 2 (2.9) 2 (5.9) 0.786
Hearing 12 (9.9) 1 (5.3) 10 (14.7) 1 (2.9) 0.543
Taste 12 (9.9) 0 (0) 10 (14.7) 2 (5.9) 0.653

Data are median (interquartile range) or number (%).

The analysis of the determinants of ongoing MPS and MNS was based on survival
curves, given the different follow-up times between groups. Figure 2 reports the persistence
of MPS in the general patient population. Starting with 95% of persistence after 3 months
from hospital discharge, MPS remained present in 82% of the patients after 1 year, and
45% of the patients after 18 months, reaching about 10% only after 20 months. With a
Kaplan–Meier analysis with log-rank test, factors associated with the freedom from MPS at
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a level of p < 0.1 were age class (with a faster resolution of symptoms for patients ≥ 70 years,
p = 0.098) and vaccination, with vaccinated patients having a hazard ratio for the persistence
of symptoms of 0.305 (95% confidence interval 0.164–0.568, p = 0.001) with respect to non-
vaccinated patients. No other factor demonstrated an association with the persistence of
MPS (Supplementary Table S1). Figure 3 reports the freedom from the persistence of MPS
in vaccinated vs. non-vaccinated patients. After 1 year, 92% of the non-vaccinated patients
still reported MPS vs. 50% of the vaccinated patients. After 18 months the percentages
decreased to 50% and 22%, respectively.

Figure 2. Freedom from major physical symptoms in the overall population.

Figure 3. Freedom from major physical symptoms in vaccinated vs. non-vaccinated patients (Log-
rank test, p = 0.001). Light blue and light green areas are 95% confidence intervals.

A Cox regression analysis was applied to the persistence of MPS with vaccination,
severity of disease, and age class as covariates. In this model, vaccination remained
independently associated with the persistence of MPS (hazard ratio 0.309, 95% confidence
interval 0.160–0.6, p = 0.001), whereas age class (hazard ratio 1.01, 95% confidence interval
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0.843–1.212, p = 0.910) and severity of the disease (hazard ratio 0.970, 95% confidence
interval 0.651–1.446, p = 0.880) lost significant association.

To investigate the intercorrelation between age class and vaccination, a sensitivity analysis
was conducted (Table 3). Although without reaching statistical significance (p = 0.338); patients
aged >80 years had a higher (40%) vaccination rate than patients ≤ 80 years (14 to 23%).

Table 3. Vaccination rate according to age class.

Age class <50 50–60 61–70 70–80 >80 p

N = 17 N = 26 N = 28 N = 35 N = 15
Vaccination 4 (23.5) 5 (19.2) 5 (17.9) 5 (14.3) 6 (40) 0.338

Data are number (%).

The persistence of MNS was significantly associated with vaccination (hazard ratio
0.206, 95% confidence interval 0.108–0.394, p = 0.001), ICU admission (hazard ratio 0.340,
95% confidence interval 0.184–0.628, p = 0.001), and presence of neurological symptoms
(anxiety or depression) at the time of the acute phase (hazard ratio 2.87, 95% confidence
interval 1.56–5.27, p = 0.001). The other factors showed no association with persistence of MNS
(Supplementary Table S2). Once tested in a Cox regression multivariable analysis, the factors
that remained associated with the persistence of MNS were vaccination (hazard ratio 0.205,
95% confidence interval 0.099–0.426, p = 0.001) and previous neurological symptoms (hazard
ratio 3.42, 95% confidence interval 1.83–6.39, p = 0.001), while admission to the ICU lost
significance (hazard ratio 0.59, 95% confidence interval 0.30–1.16, p = 0.126). Figure 4 shows
the freedom from persistence of MNS in vaccinated and non-vaccinated patients, adjusted for
previous neurological symptoms. At 1-year follow-up, vaccinated patients had MNS in 24%
of the cases vs. 94% in non-vaccinated patients. At 18 months follow-up these rates remained
stable for vaccinated patients and decreased to 32% in non-vaccinated patients.

Figure 4. Freedom from major neuropsychological symptoms in vaccinated vs. non-vaccinated
patients (Log-rank test, p = 0.001). Light blue and light green areas are 95% confidence intervals.
Adjusted for previous neurological symptoms.

Overall, at the time of the acute phase, 25 (20.7%) patients were vaccinated with two
doses. After discharge, at the time of follow-up, 113 (93.4%) received a vaccination, with
9 patients (7.4%) receiving a total of one dose, 62 (51.2%) two doses, and 40 (33.1%) three
doses. The type of vaccine was Pfizer in 77 (63.6%) patients, Moderna in 21 (17.4%) patients,
Astra Zeneca in 7 (5.8%) patients, Janssen in 2 (1.7%) patients, and unknown in 6 patients.
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4. Discussion

The main results of our study are that (i) post-COVID symptoms persist in up to 60%
of the patient population at a mean follow-up of 17 months; (ii) the most frequent symp-
toms are fatigue and dyspnea, but neuropsychological disturbances persist in about 30% of
the patients (iii) when corrected for the duration of follow-up with a freedom-from-event
analysis; only complete (2 doses) vaccination at the time of hospital admission remained
independently associated with persistence of MPS, while vaccination and previous neu-
ropsychological symptoms remained independently associated with persistence of MNS.
Immediately after discharge, all the patients (vaccinated and non-vaccinated) showed
residual symptoms, but they were compatible with the hospital discharge. The survival
curves between vaccinated and non-vaccinated patients start diverging only after 3 months
of follow-up.

Other studies investigated, with different experimental designs, the long-term per-
sistence of symptoms after the hospital discharge of COVID-19 patients. Kalak and as-
sociates [13], in a series of 166 patients, 135 of whom had been admitted to a hospital
during the acute phase, found residual weakness (21%), dyspnea (16%), and brain fog
(7%) after 18 months from hospital discharge. These results are in line with our observa-
tion. The only predictors of dyspnea at 18 months follow-up were dyspnea during the
acute phase and dexamethasone therapy, likely markers of the severity of the disease.
Gutierrez-Canales and associates [14] addressed post-COVID symptoms in a series of
patients (non-vaccinated) who did not require hospitalization during the acute phase. As
expected, in these low-severity disease patients, those who were followed for 5 months
or longer showed a lower rate of persistent symptoms (22%) with respect to our series.
However, the frequency of each symptom followed our pattern, with fatigue, dyspnea,
and neuropsychological disturbances being the most represented. A study performed
in India [15] included 371 patients followed 6 months after the infection, with 22% of
patients being admitted to a hospital during the acute phase. Again, the frequency of long
COVID symptoms was lower (9%) than in our series. Of notice, patients who received two
doses of vaccine before the infection had a higher probability of developing long COVID
symptoms. The authors explained their findings as the result of a better survival. Our
results show the opposite, with a time-adjusted probability of developing long COVID
symptoms in vaccinated patients that is one-third for MPS and one-fifth for MNS with
respect to non-vaccinated patients. In this regard, our study confirms what was reported by
the United Kingdom Health Security Agency [16] that people vaccinated before COVID-19
infection are 50% less likely to develop long COVID symptoms 1 to 6 months after the
infection. Our data show that this effect is prolonged and even more pronounced from
3 up to 18 months after the infection. The positive effects of vaccination in limiting the
probability of developing long COVID symptoms were reported in a Spanish study on
681 patients (23% hospitalized during the acute phase) [17]. This study included only
patients who developed long COVID symptoms after an unspecified period of time from
the infection. Major symptoms like fatigue were significantly less frequent in vaccinated
patients (odds ratio 0.19, 95% confidence interval 0.04–0.79).

A comprehensive and multidisciplinary evaluation of patients hospitalized for COVID-19
infection was undertaken by Bellan and associates [18] one year after hospital discharge. Three
hundred twenty-four patients received clinical investigation with lung function test, and a
subgroup was tested for circulating cytokines. Patients admitted during the first wave had
a persistence of symptoms of 41.1% vs. 31.2% in patients admitted during the third wave
(p = 0.09) and showed a significantly (p = 0.02) lower diffusion lung for carbon monoxide.
Although the authors did not address this point, no patient was vaccinated during the first
wave in Italy, whereas many were during the third wave. Risk factors for the development
of long COVID symptoms were gender female and previous neuropsychological symptoms
(anxiety and depression), with no association with the severity of the disease. This finding
is in agreement with our results. A Norwegian study [19] directly addressed the effects of
vaccination on the presence of long COVID symptoms, in a population of 360 vaccinated
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and 1060 non-vaccinated patients. No significant differences were noticed with respect to
permanent symptoms at 3–15 months. However, it was unspecified whether or not these
patients were hospitalized during the acute phase.

Overall, the majority of the studies agree that long COVID symptoms are a frequent
pattern, even if the window of observation is variable within and between studies. There
is no consensus on the potential factors that may predict the onset of a long COVID
pattern, and, namely, the severity of the disease in the acute phase, the age, and the role of
vaccination. Conversely, the authors agree on the most common type of symptoms, which
are fatigue, dyspnea, anxiety, and depression.

Our study differs from the existing ones and offers a different point of view. First of all,
our patient population has been observed for a quite long period of time, up to 20 months
after the hospital discharge, whereas the majority of the studies limit the follow-up to
6–12 months. Secondly, our patient population is homogeneous (only hospitalized patients)
and single-center. This allowed us to review the patients’ files and retrieve objective
information on a number of items, including vaccination state and laboratory exams. Third,
and most important, our data have been retrieved through a direct interview of the patients
rather than through telephone interviews or web-based questionnaires. This allowed a
sounder and less subjective identification of the various symptoms. Finally, and differently
from the existing studies, we could assess the freedom from long COVID symptoms
using adequate statistical tools like actuarial curves with univariate and multivariable
estimates of the role of various factors as determinants of MPS and MNS. This allowed
us to discriminate the weight of each variable, and, in particular, we could demonstrate
that, in our series, the apparent impact of the severity of the disease was blunted when
analyzed in a model based on the follow-up time. The same happened for the age of the
patients: the apparent paradox of a lower rate of residual symptoms in the elderly patients
is explained by the higher rate of vaccinated patients in the age class >80 years. This is
easily explainable considering that in Italy the first vaccinations were reserved for elderly
people. Another possible explanation for the higher rate of long COVID pattern in young
(<50 years) patients could be related to the fact that young and active subjects are probably
more sensitive to a decrease in work capacity and endurance than elderly people. As a
matter of fact, neuropsychological symptoms behave differently, with a trend toward a
higher rate of persistence in elderly people.

The main result of our study pertains to the role of vaccination. In our series, patients
vaccinated at the time of the acute phase had a one-third probability of developing major
physical long COVID symptoms than non-vaccinated patients, and a one-fifth probability
of developing major neuropsychological symptoms, independently from the severity of the
disease. Therefore, the protective role of vaccination is not due to a lower severity of the acute
phase, but to some alternative unknown mechanism that involves the immune system.

Limitations

There are limitations to our study. The first one is that physical symptoms and diseases
present at the time of hospitalization were retrieved from the patient’s files and are therefore
reliable information; conversely, the pre-existence of symptoms comprising the MNS was
explored in part from the patient’s files (anxiety and depression) and in part at the time of
the follow-up interview, and it is possible that this last piece of information could be biased
by the subjective interpretation and memory of the patient.

Even the severity of the symptoms is assessed based on subjective judgment and not on
objective measures. The window of observation includes only 29 patients after 15 months
of follow-up and therefore data at 18 months could be less reliable (full resolution of
symptoms after 21 months is an extrapolation and cannot be proven). Finally, our patient
population comprised only patients who, at the time of the acute phase, had symptoms
requiring hospitalization. Hence, our results cannot be generalized to the general patient
population and namely to those suffering an acute infection not requiring hospitalization.
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Even the single-center design limits the generalizability of our results, and a selection bias
cannot be excluded.

In conclusion, long COVID represents an important sequela of the COVID-19 infection
both in terms of physical and mental state. The wide diffusion of vaccination should
however guarantee a significant containment of this pattern.
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physical symptoms persistence; Table S3: Patient population (N = 121) data and association with
major neurological symptoms persistence.
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Abstract: A substantial proportion of coronavirus disease 2019 (COVID-19) survivors continue to
suffer from long-COVID-19 (LC) symptoms. Our study aimed to determine the risk factors for LC
by using a patient population from Northern Cyprus. Subjects who were diagnosed with severe
acute respiratory syndrome-2 (SARS-CoV-2) infection in our university hospital were invited and
asked to fill in an online questionnaire. Data from 296 survivors who had recovered from COVID-19
infection at least 28 days prior the study was used in the statistical analysis. For determination of risk
factors for “ongoing symptomatic COVID-19 (OSC)” and “Post-COVID-19 (PSC)” syndromes, the
patient population was further divided into group 1 (Gr1) and group 2 (Gr2), that included survivors
who were diagnosed with COVID-19 within 4-12 weeks and at least three months prior the study,
respectively. The number of people with post-vaccination SARS-CoV-2 infection was 266 (89.9%).
B.1.617.2 (Delta) (41.9%) was the most common SARS-CoV-2 variant responsible for the infections,
followed by BA.1 (Omicron) (34.8%), B.1.1.7 (Alpha) (15.5%), and wild-type SARS-CoV-2 (7.8%).
One-hundred-and-nineteen volunteers (40.2%) stated an increased frequency of COVID-19-related
symptoms and experienced the symptoms in the week prior to the study. Of those, 81 (38.8%) and 38
(43.7%) were from Gr1 and Gr2 groups, respectively. Female gender, chronic illness, and symptomatic
status at PCR testing were identified as risk factors for developing OSC syndrome, while only the
latter showed a similar association with PSC symptoms. Our results also suggested that ongoing
and persistent COVID-19-related symptoms are not influenced by the initial viral cycle threshold
(Ct) values of the SARS-CoV-2, SARS-CoV-2 variant as well as vaccination status and type prior to
COVID-19. Therefore, strategies other than vaccination are needed to combat the long-term effect of
COVID-19, especially after symptomatic SARS-CoV-2 infection, and their possible economic burden
on healthcare settings.

Keywords: long COVID; questionnaire; asymptomatic; symptomatic; risk factors; Post-COVID-19
syndrome; cross-sectional study

1. Introduction

Since its emergence in late 2019, coronavirus disease 2019 (COVID-19) has caused
serious health problems worldwide. While the current rates of severe disease and hos-
pitalization are on the decline due to the effective vaccination regimens [1], a substantial
proportion of survivors continue to suffer from long-COVID-19 (LC) symptoms for weeks
or months after the onset of COVID-19 [2–6]. Today, as the number of people infected
with SARS-CoV-2 continues to rise, LC is heralded as the next threat to healthcare systems,
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which were already overwhelmed during the ongoing COVID-19 pandemic; recently, the
Office for National Statistics estimated that almost two million people are experiencing LC
symptoms in the United Kingdom [7].

A wide variety of symptoms, such as fatigue, malaise, shortness of breath, cough, and
cognitive impairments, can occur in COVID-19 survivors. The prevalence of LC is still not
known; due to the differences in study designs including follow-up, the definition of the
disease, and region, a broad prevalence range of 22% to 81% was estimated by previous
reports [8]. However, a recent review that analyzed more than 190 reports published until
January 2022 revealed that at least 45% of COVID-19 survivors experience one and more
unresolved symptoms at four months after the onset of SARS-CoV-2 infection [9].

Moreover, the underlying mechanisms responsible for LC are still not well established
since LC symptoms may not be specific to COVID-19 and can be associated with post-
intensive care syndrome or an exacerbation of pre-existing health conditions. Nevertheless,
both the organ damage from the acute infection phase and specific long-lasting inflamma-
tory mechanisms are thought to be involved in the pathophysiology [2]. On the other hand,
while the literature on the risk factors is not yet clear on the association of LC with the
severity of COVID-19 infection, it consistently reported higher incidence rates in subjects
with female gender, old age, and comorbidities [8].

Literature on LC is also difficult to interpret because of variable terms (such as post-
acute COVID-19 syndrome or post-COVID conditions) used to define the condition. In
an attempt to standardize the terms, the National Institute for Health and Care Excellence
(NICE) proposed the use of the term “Long-COVID-19”. The term also covered the “on-
going symptomatic COVID-19 (OSC)” and “Post-COVID-19 syndrome (PSC)”, which are
defined as the persistence of symptoms for periods between 4 and 12 weeks, and beyond 12
weeks from the onset of COVID-19, respectively, without any alternative diagnosis [10,11].
Our study aimed to identify the associated risk factors and prevalence of both OSC and
PSC in Northern Cyprus, which is yet to receive attention in the literature. For this purpose,
COVID-19 survivors who were tested with reverse-transcriptase polymerase chain reaction
(RT-PCR) for SARS-CoV-2 at a university hospital were invited to join our study, and then
asked to complete an online questionnaire.

2. Materials and Methods

2.1. Study Design

This retrospective cohort study was conducted with COVID-19 survivors in Northern
Cyprus. Subjects who were previously diagnosed with SARS-CoV-2 infection at the Near
East University Hospital COVID-19 PCR Diagnosis Laboratory were reached by phone and
invited to participate in an online survey developed on Google Forms. Only data from those
who were diagnosed with COVID-19 at least 28 days prior to study was included. Duplicate
database entries with the same user ID were eliminated before analysis. Data collected
from a total of 296 volunteers between September 2021 and February 2022 was used in a
statistical analysis to determine the risk factors associated with LC among the population
studied. Information on SARS-CoV-2 variants, RT-PCR Ct values, and vaccination status of
the participants were obtained from the hospital database.

2.2. Detection of SARS-CoV-2 and its Variants

SARS-CoV-2 infection was diagnosed by RT-PCR performed on nasopharyngeal swab
samples, utilizing Uniplex RT-qPCR SARS-CoV-2 RT-qPCR Detection Kit (IKAS Medical,
Nicosia, Northern Cyprus) that is based on amplification of viral ORF1ab, N1, and N2 genes
and uses human Rnase P as an internal control. SARS-CoV-2 variant analysis was conducted
by using Multiplex SARS-CoV-2 VoC RT-qPCR Detection Kit (IKAS Medical, Nicosia,
Northern Cyprus) that identifies variants of concern, including B.1.1.7 (Alpha), B.1.351
(Beta), B.1.617.2 (Delta), P.1 (Gamma), and B.1.1.529 (Omicron) variants, by simultaneously
detecting mutations (del69/70, N501Y, K417N, T478K, Y144del, and P681R) in the Spike
protein gene [12,13].
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2.3. Ethics

The study was conducted in line with the guidelines of the Declaration of Helsinki,
and was approved by the ethics committee of the Institutional Review Board at Near
East University (YDU/2021-92-1359). Written informed consent was obtained from all
participants prior to study enrolment.

2.4. Survey

The survey (Supplementary Material) was comprised of three sections. The first
section focused on the sociodemographic characteristics, including age, gender, pre-existing
medical comorbidities, and the vaccination status of the participants. The second section
included questions on acute symptoms, disease severity, hospitalization, and admission to
the intensive care unit (ICU). The third part focused on health status after COVID-19 and
LC symptoms.

2.5. Statistical Analysis

Descriptive statistics for the qualitative variables were provided as frequencies and
percentages, while the arithmetic mean, standard deviation, median, minimum, and max-
imum values were calculated for the quantitative variables. The factors that might be
associated with post-COVID symptoms were tested using the Pearson chi-square test or
Fisher’s exact test, where appropriate. Odds ratios with a 95% confidence interval were
calculated. Binary logistic regression analysis was performed to calculate the odds ratios
and significance for ordinal qualitative risk factors with more than 2 categories. The level
of significance was accepted as 0.05. All statistical analyses were performed with SPSS
(Version 26.0 for Mac) software.

3. Results

3.1. Characteristics of Participants

A total of 296 participants, with an average age of 37.2 ± 14.9 years (range: 12–83 years),
were included in the study. The average time interval between the onset of SARS-CoV-2 infection
and filling the questionnaire was 3.4 months (range: 1–23 months, ± 3.5).

The numbers of COVID-19 survivors aged ≤17, 18–55, and ≥56 years were 23 (7.8%),
233 (78.7%), and 40 (13.5%), respectively. Of the participants, 149 (50.3%) were male, and
147 (49.7%) were female. A total of 81 (27.4%) participants have at least one chronic disease
(comorbidity). The numbers of smokers and non-smokers were 67 (22.6%) and 227 (76.7%),
respectively, while no relevant data on smoking habit was obtained from the two subjects
(Table 1).

Two-hundred-and-sixty-six participants (89.9%) were vaccinated before SARS-CoV-2
infection. Of those, while 191 (71.8%) completed vaccination regiments with Coronavac
(n = 58; 30.4%), Pfizer (n = 94; 49.2%), Moderna (n = 3; 1.6%), Johnson & Johnson (n = 28;
14.7%), and Oxford-Astra Zeneca (n = 8; 4.2%), the remaining (n = 75, 28.2%) took one
dose of the Coronavac (n = 9; 12.0%), Pfizer (n = 65; 86.7%), and Oxford-Astra Zeneca
(n = 1; 1.3%) vaccine. For our analysis, data from only those who completed the vaccination
regiments were used, and in order to increase the sample size for higher statistical power,
the groups were merged according to the type of vaccine received; killed-virus (Coronavac),
mRNA (Pfizer +Moderna), and vector-based (Johnson +Astra Zeneca) (Table 1).

Among the COVID-19 survivors, 254 (85.8%) declared that they were symptomatic
during the RT-PCR detectable phase. Twenty-nine of the participants (9.8%) were hospital-
ized and eight (27.6%) required admission to the ICU. According to the variant analysis,
the numbers of B.1.617.2 (Delta), BA.1 (Omicron), B.1.1.7 (Alpha) variants, and wild-type
cases SARS-CoV-2 were 124 (41.9%), 103 (34.8%), 46 (15.5%), and 23 (7.8%), respectively
(Table 1).
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Table 1. Demographic characteristics and clinical profile of the participants.

Characteristics Gr1 n (%) Gr2 n (%) Total n (%)

Gender
Female 102 (48.8) 45 (51.7) 147 (100.0)
Male 107 (51.2) 42 (48.3) 149 (100.0)

Age
12–17 years 18 (8.6) 5 (5.7) 23 (100.0)
18–55 years 170 (81.3) 63 (72.4) 233 (100.0)

(56 years 21 (10.0) 19 (21.8) 40 (100.0)

Smoking status
Smoker 47 (22.5) 20 (23.0) 67 (100.0)

Non-smoker 147 (70.3) 62 (71.3) 209 (100.0)
Former-smoker 13 (6.2) 5 (5.7) 18 (100.0)

Chronic disease
Present 55 (26.3) 26 (29.9) 81 (100.0)
Absent 154 (73.7) 61 (70.1) 215 (100.0)

Vaccination status
Vaccinated 190 (90.9) 79 (90.8) 269 (100.0)

Unvaccinated 19 (9.1) 8 (9.2) 27 (100.0)

Vaccination time

Before
COVID-19 178 (85.2) 35 (40.2) 213 (100.0)

After COVID-19 11 (5.3) 45 (51.7) 56 (100.0)

Vaccination regimen
Killed-virus 42 (72.4) 16 (27.6) 58 (100.0)

mRNA 58 (59.8) 39 (40.2) 97 (100.0)
Vector-based 29 (80.6) 7 (19.4) 36 (100.0)

SARS-CoV-2 variant

B.1.617.2 (Delta) 98 (79.0) 26 (21.0) 124 (100.0)
BA.1 (Omicron) 101 (98.1) 2 (1.9) 103 (100.0)
B.1.1.7 (Alpha) 7 (15.2) 39 (87.8) 46 (100.0)

Wild Type 3 (13) 20 (87.0) 23 (100.0)

COVID-19 symptoms
at PCR testing

Present 181 (86.6) 73 (83.9) 254 (100.0)
Absent 28 (13.4) 14 (16.1) 42 (100.0)

Hospitalization
Yes 15 (7.2) 14 (16.1) 29 (100.0)
No 194 (92.8) 73 (83.9) 267 (100.0)

ICU admission
Yes 4 (26.7) 4 (28.6) 8 (100.0)
No 11 (73.3) 10 (71.4) 21 (100.0)

3.2. Risk Factors Associated with OSC and PSC

According to the survey results, 136 volunteers (45.9%) experienced an increased
frequency of COVID-19-related symptoms, such as fatigue (n = 56, 41.1%), cough (n = 35,
25.7%), memory problems (n = 28, 20.6%), dyspnea (n = 26, 19.1%), and headache (n = 22,
16.2%), after recovering from SARS-CoV-2 infection. The number of subjects with ongoing
LC symptoms (i.e., volunteers who experienced at least one LC symptom in the week prior
to the study) was 119 (40.2%) (Table 2).

Table 2. The most commonly reported LC symptoms experienced by volunteers.

LC Symptoms Gr1 n (%) Gr2 n (%) Total n (%)

Fatigue 34 (37.7) 22 (47.8) 56 (41.1)
Cough 27 (30.0) 8 (17.4) 35 (25.7)

Memory problems 22 (24.4) 6 (13.0) 28 (20.6)
Dyspnea 16 (17.8) 10 (21.7) 26 (19.1)
Headache 15 (16.7) 7 (15.2) 22 (16.2)

For determination of risk factors associated with OSC and PSC, the COVID-19 sur-
vivors were divided into two groups depending on the time since COVID-19 diagnosis;
while group 1 (Gr1) included survivors, who were diagnosed with SARS-CoV-2 infection
from 4 to 12 weeks before the study conducted, Gr2 included participants who joined the
study at least three months after the onset of infection.
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The prevalence of the LC symptoms in the Gr1 and Gr2 groups were 66.2% and 33.8%,
respectively. The most common symptoms in Gr1 subjects were fatigue and cough, while
they were fatigue and dyspnea in Gr2 members. Of Gr1 subjects, the number of patients
with ongoing LC symptoms was 81 (38.8%), while the corresponding number was 38
(43.7%) for Gr2 volunteers. The most common ongoing symptoms reported by Gr1 and Gr2
volunteers were fatigue (n = 34, 37.7% for Gr1; n = 22, 47.8% for Gr2), cough (n = 27, 30.0%
for Gr1; n = 8, 17.4% for Gr2), memory problems (n = 22, 24.4% for Gr1; n = 6, 13.0% for
Gr2), dyspnea (n = 16, 17.8% for Gr1; n = 10, 21.7% for Gr2), and headache (n = 15, 16.7%
for Gr1; n = 7, 15.2% for Gr2) (Table 2).

The associations of OSC and PSC with different risk factors were evaluated by using
data provided by subjects with ongoing LC symptoms (81 Gr1 and 38 Gr2 volunteers).
Among the different risk factors evaluated, female gender (p = 0.006), presence of chronic
disease (p = 0.007), and symptomatic status at PCR testing (p = 0.001) displayed a statically
significant association with the incidence of persistent COVID-19 symptoms in Gr1 (Table 3).
The incidence rate of OSC was 2.3 higher in female than in male participants, while subjects
with chronic disease and COVID-19 symptoms at PCR testing displayed a 2.4- and 14.8-fold
higher risk for OSC, respectively, than those without (Table 3). In contrast, among the risk
factors associated with OSC, only symptomatic status at PCR testing (p = 0.015) showed
an association with PSC; volunteers with symptoms exhibited a 9.0 higher incidence
rate of persistent symptoms (Table 4). Nevertheless, data on SARS-CoV-2 variants and
vaccination regimens could not be used to evaluate their correlation with LC sub-groups
due to restrictions imposed by low sample size. However, our statistical analysis revealed
that neither of the variables was associated with LC (Table 5).

Table 3. Risk factors associated with OSC syndrome in Gr1. Abbreviations: OR, odds ratio; CI,
confidence interval; ref, reference value. Significant p values were indicated with bold to assist the
readers.

Risk Factors

OSC Symptoms χ2 Test Logistic Regression

Present n/N
(%)

Absent n/N
(%)

OR (95% CI) p Value OR (95% CI) p Value

Gender
Male 24/107 (22.4) 83/107 (77.6) 1 (ref)

0.006 - -
Female 41/102 (40.2) 61/102 (59.8) 2.32 (1.27–4.25)

Age
12–17 years 2/18 (11.1) 16/18 (88.9)

- 0.143
0.31 (0.05–1.80) 0.192

18–55 years 57/170 (33.5) 113/170 (66.5) 1.26 (0.46–3.42) 0.649
≥56 years 6/21 (28.6) 15/21 (71.4) 1 (ref)

Smoking Status
Smoker 12/47 (25.5) 35/47 (74.5)

- 0.441
1.14 (0.27–4.86) 0.856

Non-smoker 50/147 (34.0) 97/147 (66.0) 1.72 (0.45–6.53) 0.427
Former-smoker 3/13 (23.1) 10/13 (76.9) 1 (ref)

Chronic disease
Present 25/55 (45.5) 30/55 (54.5) 2.38 (1.25–4.50)

0.007 - -
Absent 40/154 (26.0) 114/154 (74.0) 1 (ref)

Vaccination status
Vaccinated 60/190 (31.6) 130/190 (68.4) 1.29 (0.45–3.76)

0.637Unvaccinated 5/19 (26.3) 14/19 (73.7) 1 (ref)

Vaccination Time
Before COVID-19 57/178 (32.0) 121/178 (68.0) 1.26 (0.32–4.90)

1.000After COVID-19 3/11 (27.3) 8/11 (72.7) 1 (ref)
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Table 3. Cont.

Risk Factors

OSC Symptoms χ2 Test Logistic Regression

Present n/N
(%)

Absent n/N
(%)

OR (95% CI) p Value OR (95% CI) p Value

COVID-19
symptoms at PCR

testing

Present 64/181 (35.4) 117/181 (64.6) 14.77
(1.96–111.23) 0.001 - -

Absent 1/28 (3.6) 27/28 (96.4) 1 (ref)

Hospitalization
Present 8/15 (53.3) 7/15 (46.7) 2.75 (0.95–7.94)

0.079Absent 57/194 (29.4) 137/194 (70.6) 1 (ref)

Table 4. Risk factors associated with PSC syndrome in Gr2. Abbreviations: OR, odds ratio; CI,
confidence interval; ref, reference value; *, chi square statistics could not be calculated. Significant p
values were indicated with bold to assist the readers.

Risk Factors

PSC Symptoms χ2 Test Logistic Regression

Present n/N
(%)

Absent n/N
(%)

OR (95% CI) p Value OR (95% CI) p Value

Gender
Male 15/42 (35.7) 27/42 (64.3) 1 (ref)

0.988 - -
Female 16/45 (35.6) 29/45 (64.4) 0.99 (0.41–2.39)

Age

12–17 years 2/5 (40.0) 3/5 (60.0)
- *

1.87
(0.24–14.65) 0.553

18–55 years 24/63 (38.1) 39/63 (61.9) 1.72 (0.55–5.39) 0.350
≥56 years 5/19 (26.3) 14/19 (73.7) 1 (ref)

Smoking Status
Smoker 10/20 (50.0) 10/20 (50.0)

- *
1.80 (0.57–5.67) 0.389

Non-smoker 21/62 (33.9) 41/62 (66.1) 1.71 (0.50–5.81) 0.315
Former-smoker 0/5 (0.0) 5/5 (100.0) 1 (ref)

Chronic disease
Present 9/26 (34.6) 17/26 (65.4) 0.94 (0.36–2.46)

0.897 - -
Absent 22/61 (36.1) 39/61 (63.9) 1 (ref)

Vaccination status
Vaccinated 29/79 (36.7) 50/79 (63.3) 1.74 (0.33–9.17)

0.706Unvaccinated 2/8 (25.0) 6/8 (75.0) 1 (ref)

Vaccination Time
Before COVID-19 13/35 (37.1) 22/35 (62.9) 1.08 (0.43–2.68)

0.884After COVID-19 16/45 (35.6) 29/45 (64.4) 1 (ref)

COVID-19 symptoms
at PCR testing

Present 30/73 (41.1) 43/73 (58.9) 9.07
(1.13–73.09) 0.015 - -

Absent 1/14 (7.1) 13/14 (92.9) 1 (ref)

Hospitalization
Present 6/14 (42.9) 8/14 (57.1) 1.44 (0.45–4.61)

0.555Absent 25/73 (34.2) 48/73 (65.8) 1 (ref)
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Table 5. Association of LC symptoms with vaccination regimen and SARS-CoV-2 variants.

LC Symptoms

Present n (%) Absent n (%) p Value

Vaccination
regimen

Killed-virus 22 (37.9) 36 (62.1)
0.159mRNA 33 (34.0) 64 (66.0)

Vector-based 7 (19.4) 29 (80.6)

SARS-CoV-2
variant

B.1.617.2 (Delta) 52 (41.9) 72 (58.1)

0.395
BA.1 (Omicron) 49 (47.6) 54 (52.4)
B.1.1.7 (Alpha) 21 (45.7) 25 (54.3)

Wild Type 14 (60.9) 9 (39.1)

4. Discussion

The SARS-CoV-2 infection is characterized by a wide spectrum of clinical profiles
ranging from asymptomatic to severe COVID-19 disease associated with acute respiratory
distress syndrome (ARDS), that can lead to morbidity and mortality from alveolar lumen
damage. Today, the risk of becoming severely ill from COVID-19 is significantly lower
than that seen in prior estimates because of protection provided by vaccination against
SARS-CoV-2. Nevertheless, LC, which is defined by the persistence of COVID-19-related
symptoms for weeks and months after the onset of infection with SARS-CoV-2, is predicted
to be the next global health crisis with the growing burden on healthcare systems [14,15].
Subjects with persistent LC symptoms may have difficulty to perform daily activities and
return to work that can negatively impact their quality of life and lead to great social as well
as economic consequences [16]. Our study aimed to evaluate the health status of COVID-19
survivors and determine the risk factors associated with OSC and PSC in Northern Cyprus.
The results can provide valuable information for policymakers to develop strategies to
combat against long-term effects of SARS-CoV-2 infection.

According to our results, the prevalence of LC among COVID-19 survivors in Northern
Cyprus is more than 45%, which is within the range (22–81%) obtained from previous
studies [8]. When the prevalence was further analyzed for LC subtypes, 66.2% and 33.8%
of participants were found to experience OSC and PSC, respectively. In correlation with
previous studies, the most prevalent LC symptoms reported in our study were fatigue and
cough [4,5,17]. On the other hand, while the most common symptoms in subjects with OSC
syndrome were fatigue and cough, they were fatigue and dyspnea in PSC patients, which
is in correlation with previous findings [4,18–20].

The statistical analysis revealed that female gender, chronic disease, and symptomatic
status at PCR testing are risk factors associated with OSC, while only the latter exhibited
a correlation with PSC [5,11,21]. Female gender and the presence of a comorbidity did
not have any influence on the rate of PSC syndrome, which was in contrast to previous
findings [20]. Moreover, our study reported a lack of association of OSC and PSC with Ct
values detected in the acute phase of infection, which contradicts with the data presented
by Perez et al. showing a negative correlation between the viral load and the number of
the LC symptoms [22]. Additionally, age, which was also inversely correlated with LC
symptoms in a recent report [23], was found to be a significant risk factor for neither OSC
nor PSC in our study. While the conflict between our results and previous findings can be
because of differences in the methodology and populations used by the studies, it can also
be due to the underlying bias related to the self-reported nature of our data.

Increasing the COVID-19 vaccination rate is effective in reducing severe disease and
hospitalization; however, it does not influence post-COVID-19 recovery since being unvac-
cinated was not a risk factor for developing either OSC or PSC in our study. Moreover, the
type of vaccine received did not have any effect on the development of LC. Accordingly, in
a recent systematic review and meta-analysis, the protective effect of COVID-19 vaccines
was suggested for some of the LC symptoms, such as cognitive dysfunction/symptoms,
kidney diseases/problems, myalgia, and sleeping disorders/problems, while it was not
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evident for others, including chest/throat pain, fatigue, headache, and respiratory symp-
toms [24]. Therefore, the potential protective effect of vaccination against specific OSC and
PCS symptoms needs further clarification from future studies. On the other hand, this lack
of effect highlights the importance of strategies other than promoting vaccination to combat
against the long-term effects of SARS-CoV-2 infection. One such strategy could involve the
introduction of a remote patient monitoring (RPM) program that enables the patients to
transmit health data at home by using phone calls or telemonitoring applications [25].

While the emergence of new SARS-CoV-2 variants was initially thought to influence
LC rates, the previous studies have failed to report any association [26,27]. However, to the
best of our knowledge, there has not been any relevant study simultaneously comparing
the frequencies of LC syndrome between subjects infected with wild-type, B.1.1.7 (Alpha),
B.1.617.2 (Delta), and BA.1 (Omicron) variants of SARS-CoV-2. This was addressed by our
study, which demonstrated similar percentages of LC between the volunteers exposed to
either SARS-CoV-2 variant. However, due to the small sample size, it was not possible to
evaluate their association with OSC and PSC separately. Therefore, studies with bigger
sample sizes are required to investigate their potential difference in their ability to cause
OSC and PSC.

In our analysis, Delta and Omicron were reported to be the two most common SARS-
CoV-2 variants; they were responsible for >75% of infections in our study population, most
of whom (>95.0%) tested positive for COVID-19 between January 2021 and February 2022.
This is in correlation with literature suggesting Delta and Omicron as the two dominant
SARS-CoV-2 variants in 2021 [28]. On the other hand, according to our hospital database,
none of the volunteers were infected with the Beta variant, which could be due to its low
prevalence during the same period [29].

Apart from the self-reported nature of the presented data that may lead to an over-
estimation of LC prevalence, the other weaknesses of our study are that the participants
were not evenly distributed among groups, and the majority (>90%) of the participants
were non-hospitalized patients. Moreover, our study did not include a control group; since
ongoing/persistent COVID-19-related symptoms are common and can also be caused by
other microbial infections, inclusion of a control group would have helped us to discrimi-
nate between the symptoms of those with and without SARS-CoV-2 exposure. Therefore,
the results presented in this study should be interpreted with caution. Future studies with
the inclusion of bigger sample sizes, physiological assessment/clinical examinations, and
controlled or baseline comparison groups are of vital importance to confirm our data.

5. Conclusions

Our findings reveal that more than 45% of COVID-19 survivors in Northern Cyprus
experience LC symptoms, while the prevalence of OSC and PSC were more than 60% and
30%, respectively. According to our analysis, COVID-19 survivors with female gender,
chronic disease, and symptoms at PCR testing are susceptible to suffering from OSC, while
only the latter factor was associated with PSC. Furthermore, the results show a lack of
association of vaccination status, SARS-CoV-2 variants, and viral load in the acute phase
of SARS-CoV-2 infection with ongoing and persistent COVID-19 symptoms. Therefore,
strategies other than promoting vaccination are required to combat against the long-term
effects of COVID-19, especially after symptomatic SARS-CoV-2 infection.
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Abstract: Objective: To establish the minimal clinically important difference (MCID) for inspiratory
muscle strength (MIP) and endurance (IME) in individuals with long-term post-COVID-19 symptoms,
as well as to ascertain which of the variables has a greater discriminatory capacity and to compare
changes between individuals classified by the MCID. Design: Secondary analysis of randomised
controlled trial of data from 42 individuals who performed an 8-week intervention of respiratory
muscle training programme. Results: A change of at least 18 cmH2O and 22.1% of that predicted
for MIP and 328.5 s for IME represented the MCID. All variables showed acceptable discrimination
between individuals who classified as “improved” and those classified as “stable/not improved” (area
under the curve ≥0.73). MIP was the variable with the best discriminative ability when expressed
as a percentage of prediction (Youden index, 0.67; sensitivity, 76.9%; specificity, 89.7%). Participants
classified as “improved” had significantly greater improvements in quality of life and lung function
compared with the participants classified as “stable/not improved”. Conclusion: In individuals with
long-term post-COVID-19 symptoms, the inspiratory muscle function variables had an acceptable
discriminative ability to assess the efficacy of a respiratory muscle training programme. MIP was the
variable with the best discriminative ability, showing better overall performance when expressed as a
percentage of prediction.

Keywords: SARS-CoV-2; minimal clinically important difference; inspiratory muscle training;
responsiveness

1. Introduction

Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
responsible for the coronavirus disease 2019 (COVID-19) pandemic, which has resulted
in millions of deaths and has put a major strain on health systems worldwide. Although
most patients recover spontaneously or after acute-phase management, clinicians are now
faced with treating long-term post-COVID-19 symptoms [1]. The most commonly reported
persistent symptoms include fatigue, dyspnoea, sleep disorder, and myalgia in up to
41%, 31%, 30%, and 22% of cases, respectively, after more than 1 year of follow-up [2],
all of which encourage sedentary lifestyles, induce limited exercise tolerance, and cause
considerable deterioration of health-related quality of life (HRQoL) [1]. As recently reported,
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individuals with long-term post-COVID-19 symptoms can experience respiratory muscle
dysfunction [3]. Individuals who have recovered from COVID-19 also exhibit depressed
exercise tolerance and an exaggerated hyperventilatory response during exercise [1,4].
These symptoms might be associated with diaphragm fatigue and an increase in the
concentration of metabolites that activate the so-called “metaboreflex”, causing a peripheral
limit to exercise tolerance, characterised by a diffusion defect in oxygen delivery [4,5].

Clinical studies have often reported treatment effects as a change in the outcome mea-
sure supported by a measure of variability; however, a statistically significant change might
not indicate a clinically meaningful change. There is growing acceptance of the importance
of assessing the clinical benefit from the patient’s perspective, as well as establishing the
outcome measure’s ability to detect clinical change and to determine ways to interpret
the magnitude of the observed change [6]. The minimal clinically important difference
(MCID) was therefore developed to add clinical relevance or patient experience to the
reporting of an outcome measure. The MCID is defined as “the smallest difference in score
which patients perceive as beneficial and which would mandate a change in the patient’s
management” [7] and is useful because it links the magnitude of change with treatment
decisions in clinical practice and emphasises the primacy of the patient’s perception [8]. The
MCID of relevant outcomes of respiratory muscle training programs has been established,
including the maximal inspiratory pressure (MIP) [9,10], inspiratory muscle endurance
(IME) [10], and functional exercise tolerance measured by field tests [11–14] in patients
with chronic obstructive pulmonary disease (COPD). Unfortunately, the MCID has not
been determined for inspiratory muscle function variables in individuals with long-term
post-COVID-19 symptoms. Therefore, the improvements in inspiratory muscle function as
a primary outcome in clinical trials for this population remain difficult to interpret. The
MCID could help clinicians not only assess whether improvements in inspiratory muscle
function are clinically meaningful but also interpret the contribution of changes in muscle
strength and endurance to improvement in relevant outcomes (e.g., HRQoL, exercise toler-
ance, peripheral muscle strength, and lung function) after a respiratory muscle training
programme in individuals with long-term post-COVID-19 symptoms.

Thus, the primary aim of this study was to establish the MCIDs for the inspiratory
muscle function variables (muscle strength and endurance) in individuals with long-
term post-COVID-19 symptoms. The secondary objectives were to ascertain which of the
inspiratory muscle function variables has a greater discriminatory capacity and to compare
changes in HRQoL, exercise tolerance, peripheral muscle strength, and lung function
between individuals who exceed the MCID and those who do not.

2. Materials and Methods

2.1. Study Design

The study consisted of a secondary analysis of data from a previously conducted randomised
controlled trial (registered in the United States Clinical Trials Registry: NCT04734561) [15]. This
randomised controlled trial was a parallel 4-arm, double-blinded study, and it followed the
Consolidated Standards of Reporting Trials guidelines. Participants were randomised into one of
the four interventions: (1) inspiratory muscle training; (2) respiratory muscle training (inspiratory
and expiratory); (3) sham inspiratory muscle training; or (4) sham respiratory muscle training.
The training was 40 min/day, split into two 20 min sessions (morning and afternoon), 6 times per
week, over 8 weeks. Clinical assessments were performed at baseline and at 4 and 8 weeks.

For this secondary analysis, data from the 2 real training groups were pooled. In
addition, participant data were only included if they had completed their baseline and 8-
week assessments. Thus, a total of 42 individuals with long-term post-COVID-19 symptoms
were analysed. For a paired 2-tailed t-test with an α of 0.05, a power of 0.80, and an expected
effect size of at least 0.5 (a criterion considered by Cohen as the minimum effect size to
detect clinically relevant differences) [16], the estimated sample size was 34 individuals.
The effect size for respiratory muscle function outcomes could be even larger according
to previous studies conducted on other respiratory disease [10], which would imply a
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slightly smaller sample. Consequently, the analysis of 42 individuals could be considered
acceptable if the study were designed with the intention of establishing the MCID for
respiratory muscle function outcomes.

2.2. Participants

COVID-19 survivors 18 years of age and older were included in the trial if they pre-
sented persistent post-COVID-19 symptoms of fatigue and dyspnoea for at least 3 months
after the COVID-19 diagnosis had been confirmed. Candidates were excluded if they (1)
presented a diagnosis of progressive respiratory, neuromuscular, or neurological disor-
ders and/or psychiatric or cognitive conditions that hindered their ability to cooperate;
(2) presented any contraindication for respiratory muscle training treatment; (3) lacked
Internet access; or (4) had been previously included in a rehabilitation programme for their
post-COVID-19 symptoms.

2.3. Outcome Measures

- Inspiratory muscle function: Inspiratory muscle strength was assessed by the MIP
using a digital mouth pressure meter (MicroRPM; Carefusion, San Diego, CA, USA),
according to the American Thoracic Society/European Respiratory Society (ATS/ERS)
guidelines [17]. Three trials were performed with a difference of less than 10% between
them; the highest value was recorded. The estimated inspiratory muscle strength
values were established following the reference equation for the adult population [18].
Inspiratory muscle endurance was measured during a constant load breathing test
using the POWERbreathe KH1 device (POWERbreathe International Ltd., Southam,
UK), following the instructions established in a previously published protocol [19].
Participants breathed against a submaximal inspiratory load (55% MIP at baseline)
until reaching an endpoint limited by their symptoms or their inability to breathe
successfully against the load. The length of time for which participants were able to
breathe against this load was recorded.

- Health-related quality of life: To measure HRQoL, we employed the EuroQol-5D
questionnaire (EQ-5D-5L) [20], which consists of 5 dimensions with 5 response options
based on severity level, ranging from 1 to 5. An index score was provided, ranging
from 0 (death) to 1 (full health). Participants rated their current overall health on
a visual analogue scale, ranging from 0 (poorest imaginable health) to 100 (best
imaginable health).

- Exercise tolerance: Cardiorespiratory fitness was assessed by the Ruffier test [21],
consisting of 30 squats in 45 s, with a tempo set by a metronome (80 beats per min).
Heart rate (HR) was measured after 1 min of resting (HR0), immediately after com-
pleting the 30 squats (HR1), and after a 1 min recovery (HR2). Cardiorespiratory
fitness was calculated using the following index: ((HR0 + HR1 + HR2) − 200)/10.
Cardiorespiratory fitness correlates with HR due to HR at rest is a general indicator of
wellness, while a decline in the HR response to submaximal exercise represents an
enhancement in endurance. The linearity of the HR and oxygen consumption relation
has been used to predict maximal oxygen uptake in submaximal tasks [22].

- Peripheral muscle strength: Lower-limb muscle strength was determined using the
1 min sit-to-stand (1-min STS) test according to a standardised protocol [23]. The
number of times the participant gently touched the chair with their buttocks in 1 min,
without using hands or arms to assist the movement, was recorded. Upper limb
muscle strength (handgrip force) was assessed using a hand-held dynamometer
(Jamar, Patterson Medical, IL, USA) [24]. Three measurements were performed for
each hand, alternating sides, and the highest value was recorded.

- Lung function: Pulmonary function testing was assessed using a portable spirometer
(Spirobank II USB, MIR, Rome, Italy), according to ATS/ERS guidelines [25]. Mea-
surements included forced vital capacity (FVC), forced expiratory volume in the first
second (FEV1), and their ratio (FEV1/FVC).
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2.4. Anchor Outcome

After the respiratory muscle training, the participants (blinded to the results of their
post-training assessments) completed the Global Rating of Change (GROC) scale [7], which
was employed as an anchor variable for determining MCID. The GROC consists of a
15-point ordinal scale ranging from –7 (“a great deal worse”) to 7 (“a great deal better”).
The participants were asked to rate the perceived change in their overall health since the
start of the training by answering the following question using the GROC: “Compared
with the first assessment/visit, how much change do you perceive in your overall health
status after respiratory muscle training (including performance of activities of daily living,
efforts/fatigue, and/or dyspnoea)?”

2.5. Data Analysis

The data analysis was performed using SPSS version 27.0 (SPSS Inc., Chicago, IL, USA).
For all analyses, the statistical significance was set at 5% (p < 0.05).

The change in inspiratory muscle function in the whole sample was assessed using
parametric tests, given that a normal distribution of the variables was assumed based on
the results of the assumption tests and the central limit theorem (due to the large sample
size; N > 30) [26]. Thus, a dependent samples t-test was used to determine the differences
between pre- and post-training outcomes. Effect sizes were calculated according to Cohen’s
method: small (0.20–0.49), medium (0.50–0.79), or large (≥0.8) [27].

The MCID for improvement perceived by the individual was determined by using
an anchor-based method. Concretely, the anchor-based approach was performed using
a receiver operating characteristic (ROC) curve analysis. This approach used the anchor
variable (external criterion; GROC scale) to determine the optimal cut-off for the respiratory
muscle function variables that corresponded to the least misclassification for discriminating
between individuals who had improved and those who were unchanged or deteriorated.
To calculate the MCID, participants were dichotomised into 2 groups according to GROC
scores: (1) stable/not improved (no change or minimal improvement): those who scored
+3 or less and (2) improved: those who scored +4 or more. A cut-off of +4 has classically
been considered to determine the MCID [7,28].

Group comparisons between individuals with and without a change greater than
MCID in inspiratory muscle function outcomes were performed using non-parametric tests
due to the sample size (sample size ≤ 16 individuals in the groups without exceeding the
MCID). In addition, the Shapiro–Wilk test showed a non-normality distribution for almost
half of the data. The Mann–Whitney U test was used to detect between-group differences
in quality of life, exercise tolerance, peripheral muscle strength, lung function at baseline,
post-training, and difference between pre- and post-values (Δpre-post). The Wilcoxon test
was used to compare pre- and post-training results within each group. The magnitude of
the differences was calculated using an r effect size: small (r < 0.3), medium (0.30–0.5), or
large (>0.5) [29].

3. Results

The study sample consisted of 42 individuals with long-term post-COVID-19 symp-
toms (12 men and 30 women) with a mean age of 47.93 ± 8.84 years (height, 165.9 ± 7.7 cm;
weight, 74.69 ± 16.51 kg; and body mass index, 27.13 ± 5.81 kg/m2). All participants
completed more than 95% of the training sessions, and no adverse effects were reported
during the respiratory muscle training programme. The mean symptom duration since
diagnosis was 354.21 ± 77.56 days, and 13 (31%) participants required hospital admission
of whom three required invasive mechanical ventilation. Most participants showed inspira-
tory and/or expiratory muscle weakness at baseline (n = 32 (76%); MIP and/or maximal
expiratory pressure <80% of predicted). This loss of muscle strength could be associated to
deconditioning as a result of prolonged inactivity due to hospitalized or quarantined at
home. More than half of the participants had smoked at some time in their lives (smokers,

63



J. Clin. Med. 2023, 12, 2720

11 (26%); ex-smokers, 12 (29%)). However, only one (2%) participant had impaired lung
function (FVC <80% of predicted).

3.1. Findings Related with Minimal Clinically Important Difference

The distribution of participant responses according to their GROC scores was “improved”
in 69% and “stable/not improved” in 31% (no change (12%) or minimal improvement (19%)).
After 8 weeks of a respiratory muscle training programme, a large and statistically significant
increase in both inspiratory muscle strength (ΔMIP in cmH2O, 33.05 ± 18.99 (95% CI 27.13
to 38.97; p < 0.001; d = 1.43); ΔMIP in % of predicted, 31.72 ± 17.60 (95% CI 26.23 to 37.20;
p < 0.001; d = 1.75)) and inspiratory muscle endurance (ΔIME in cmH2O, 272.64 ± 158.17 (95%
CI 223.35 to 321.93; p < 0.001; d = 2.05)) was observed in the entire sample. Table 1 shows
the descriptive statistics for the change in inspiratory muscle function variables for the group
classified as “improved” and the group classified as “stable/not improved”, as well as the
multiple comparisons between them.

Table 1. Descriptive statistics and multiple comparisons between groups for change in inspiratory
muscle function.

Outcome Group
Mean ± SD; Median (IQR)

Within-Group
Differences
p-Value; r
Effect Size

Baseline Post-Training ΔPre-Post

MIP (cmH2O)
Improved 78.45 ± 19.24

75 (64–94)
117.41 ± 26.3

117 (100.5–130)
38.97 ± 17.37

36 (28–50) p < 0.001; r = 0.87

Stable/not improved 97.92 ± 22
93 (82.5–113)

117.77 ± 20.47
114 (104.5–139)

19.85 ± 15.97
17 (11–26) p < 0.001; r = 0.83

Between-group differences for ΔPre-Post training
p-value; r effect size p < 0.001; r = 0.50

MIP (% pred)
Improved 74.95 ± 15.57

73.75 (66.63–87.09)
112.19 ± 20.87

114.10 (100.62–130.55)
37.23 ± 15.21

365.75 (24.34–52.54) p < 0.001; r = 0.87

Stable/not improved 91.4 ± 13.86
95.91 (80.24–100.77)

110.82 ± 16.21
111.61 (99.46–120.88)

19.42 ± 16.76
18.14 (9.74–21.76) p < 0.001; r = 0.83

Between-group differences for ΔPre-Post training
p-value; r effect size

p < 0.001; r = 0.50

IME (s)
Improved 200.17 ± 104.89

173 (117–286.5)
511.48 ± 151 311.31 ± 149.21

347 (225–428)
p < 0.001; r = 0.87

494 (412–638)

Stable/not improved 166.23 ± 79.98
145 (113–182.5)

352.62 ± 128.23
343 (263.5–420.5)

186.38 ± 147.83
174 (85–291) p < 0.001; r = 0.83

Between-group differences for ΔPre-Post training
p-value; r effect size

p = 0.02; r = 0.36

Abbreviatures: IME, inspiratory muscle endurance; IQR, interquartile range; MIP, maximal inspiratory pressure;
SD, standard deviation.

The ROC analysis results for the inspiratory muscle function variables are presented
in Table 2. According to the ROC analysis, all variables showed acceptable discrimination
between individuals who classified themselves as “improved” and those who classified
themselves as “stable/not improved”, obtaining an AUC ≥0.73 (Figure 1). MIP was the
variable with the best discriminative ability, showing better performance when expressed
as a percentage of prediction (Youden index, 0.67) rather than in cmH2O (Youden index,
0.58). The ROC curve analysis established that a change of 18 cmH2O (sensitivity, 61.5%;
specificity, 96.6%) or of 22.1% of that predicted (sensitivity, 76.9%; specificity, 89.7%) repre-
sents a meaningful clinical improvement in MIP. Thus, assuming 18 cmH2O or 22.1% of that
predicted as MCID for MIP, 38.5% or 23.1% of the participants who classified themselves as
“improved” were misclassified as “stable/not improved”, respectively.
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Table 2. Receiver operating characteristic (ROC) analysis results for the inspiratory muscle func-
tion variables.

Outcome MCID AUC (95% CI) Sensitivity Specificity Youden Index LR+ LR−
MIP (cmH2O) 18 0.82 (0.65 to 0.98) 61.5 96.6 0.581 18.1 0.4
MIP (% pred) 22.1 0.81 (0.65 to 0.98) 76.9 89.7 0.666 7.5 0.3

IME (s) 328.5 0.73 (0.56 to 0.90) 92.3 51.7 0.44 1.9 0.1

Abbreviatures: AUC, area under the curve; CI, confidence interval; IME, inspiratory muscle endurance; MCID,
minimal clinically important difference; MIP, maximal inspiratory pressure; LR, likelihood ratio.

Figure 1. Receiver operating characteristic (ROC) curves for the inspiratory muscle function variables.
Values expressed as: AUC (95% CI), area under the curve (95% confidence interval); MCID (Sen, Spe),
minimal clinically important difference (sensitivity, specificity).

3.2. Comparison between Individuals with and without a Change Greater than MCID

Table 3 lists the descriptive statistics and multiple comparisons for the change in the
assessed variables. The participants with a greater than MCID change in MIP, regardless of
measurement unit, showed a medium/large and statistically significant increase in inspiratory
muscle strength compared with those with a less than MCID change (r = 0.45–0.52). Similarly,
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the participants who exceeded MCID in IME showed a large and statistically significant
increase in MIP compared with those with a change below MCID (MIP in cmH2O, r = 0.58;
MIP in % of prediction, r = 0.62).

The participants with a change greater than the MCID set for the inspiratory muscle
function variables (MIP and IME) showed a medium/large and statistically significant
increase in HRQoL (r = 0.31–0.54) and FVC (r = 0.35–0.49) compared with those who did
not exceed the MCID, except for the EQ-5D-5L index when the MCID for MIP was set at
cmH2O (p = 0.182; r = 0.21). In addition, only the participants with a change above the
MCID in MIP expressed as a percentage of prediction showed a medium and statistically
significant increase in the FEV1/FVC ratio (r = 0.31) compared with those who did not
exceed the MCID. There was no difference in exercise tolerance, peripheral muscle strength,
or FEV1 between the participants who exceeded MCID in the inspiratory muscle function
variables and those who did not. However, only the participants who exceeded MCID for
MIP and IME showed a statistically significant improvement in exercise tolerance compared
with their pre-training assessment.
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4. Discussion

This study reports the first MCIDs for inspiratory muscle function variables in in-
dividuals with long-term post-COVID-19 symptoms after a respiratory muscle training
programme. Using an anchor-based approach, our results indicate 18 cmH2O and 22.1% of
predicted values as MCID for MIP, and 328.5 s as MCID for IME, suggesting that an increase
over these values can be considered clinically relevant in this population. Furthermore,
MIP was the variable with the best discriminative ability, showing better overall perfor-
mance when expressed as a percentage of prediction due to the better metric properties
detected. The MCID values presented here provide a way for clinicians to evaluate mean-
ingful change in individual patients and for researchers to evaluate meaningful change
between groups.

Both real training groups obtained significant improvements in inspiratory muscle
strength and endurance after 8 weeks of a respiratory muscle training programme; these
improvements could be considered clinically relevant, given that they were associated with
large effect sizes (≥0.8). Differences were observed between the group classified as “im-
proved” and the group classified as “stable/not improved”, with small to moderate effect
sizes. Our results are supported by the study by McNarry et al. [30], who reported that
an 8-week inspiratory muscle training programme could strengthen inspiratory muscles
in individuals with self-reported COVID-19. Furthermore, participants classified as “im-
proved” had significantly greater improvements in all inspiratory muscle function variables
compared with the participants classified as “stable/not improved”. This underscores that
patient-centred care requires careful and explicit consideration of the patient’s perspective
to improve patient satisfaction [31].

The AUC ≥0.73 from all anchors demonstrated adequate discrimination ability to classify
individuals who had undergone important changes from those who had not and therefore
rendered this estimate for the MCID clinically useful. To our knowledge, no previous studies
have established the MCID for inspiratory muscle function variables in individuals with long-
term post-COVID-19 symptoms. We therefore discuss the results considering other respiratory
conditions with similar features, while recognising that the differences in the population
sample examined would yield larger MCID values. Our determination of the MCID value
of 18 cmH2O for MIP is in line with the value of 17.2 cmH2O established for patients with
COPD [9] and smaller than the MCID estimate by Gosselink et al. [10] of 13 cmH2O in the
same population. With respect to IME, Gosselink et al. [10] reported that a change of at least
261 s was considered clinically significant; in our study, any change greater than 328.5 s was
considered clinically important. The discrepancies observed between these studies could lie in
the type of population studied in each investigation and by the fact that we used the anchor-
based approach—a more conservative and exhaustive method—which is essentially based on
the participant’s perceived improvement after an intervention and is therefore subjective. This
is in contrast to the approach employed in the Gosselink et al. [10] study, which was based
on mathematics (summary effect size), with no intervention performed, a better approach
to estimate the minimal detectable change (MDC; the smallest change in score that can be
detected beyond random error).

Following this argument, the MCID value for MIP reported by the current study could
be considered a “real change” because it exceeded the recently redefined MDC of 17 cmH2O
in moderate smokers [32]. Given that the MCID is an estimate of how much an outcome
measure should change for that change to be considered “important”, this value should
ideally be similar to or exceed the MDC value, so that the “important” change represented
by the MCID also exceeds the value that is estimated to exceed the measurement error in an
outcome measure [33]. It is important to note that the MCID value for a particular measure
can vary depending on the clinical context and decision at hand, the baseline from which
the patient starts, and whether they are improving or deteriorating [34]. Thus, the MCID
should be judiciously applied to any particular clinical or research context.

In general terms, MIP expressed as a percentage of prediction was the value with
the overall best discriminatory capacity because it assumes the best Youden index (0.67)
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and an optimal certainty threshold that balances false-negative rates. Specifically, the best
balance between the positive and negative likelihood ratio (LR) was detected when the
MCID for MIP was set at 22.1% of predicted value (LR+, 7.5; LR–, 0.3; sensitivity, 76.9%;
specificity, 89.7%). This is in line with Decramer [35], who reported that MIP had been
shown to correlate significantly, albeit weakly, with the response to training in patients
with COPD, allowing this outcome to be used to predict the response to the rehabilitation
programme and that can be used as a guideline for basing clinical decisions. Reinforcing the
relevance of the MIP in detecting the individuals who improved, MIP expressed as cmH2O
showed the highest LR+ (18.1) when a change of ≥18 cmH2O was produced, indicating
a large likelihood of determining with greater certainty that the individual would feel
clinically better if it exceeded that value. In contrast, the smallest LR— was observed
for IME, suggesting that a change lower than 328.5 s assumes a large likelihood that the
individual would not perceive clinical improvement. However, the LR+ for IME was trivial;
we therefore consider that in clinical practice, it could be more useful to use the MCID
established for MIP both in cmH2O and as a percentage of prediction. MIP expressed
as a percentage of prediction is adjusted for anthropometric variables, which affect the
results of MIP, thereby possibly explaining the slightly higher diagnostic accuracy over MIP
expressed in cmH2O. This result is supported by the positive correlation of MIP with body
composition found in patients with COPD [36] and in healthy individuals [37]. Thus, our
results suggest that the use of the MCID for MIP expressed as a percentage of prediction
should be the first measure of choice to identify whether a patient has experienced an
improvement; also, the probability would increase substantially if we then verify that the
change exceeds 18 cmH2O. Future studies are needed to reinforce or contradict our findings.

We were able to perform group comparisons between the participants with and
without a change greater than MCID, which is one of the novelties and strengths of our
study, reinforced by the fact that clinical improvements occurred not only in relation to
inspiratory muscle function variables but also relative to HRQoL and FVC, making our
results more clinically applicable. In fact, only the participants with a change above the
MCID in MIP expressed as a percentage of prediction showed a statistically significant
decrease in the FEV1/FVC ratio compared with those who did not exceed the MCID.
For reasons beyond our knowledge, participants who did not exceed the MCID of MIP
expressed as a percentage of prediction increased FEV1 without improving FVC. As a
result of inspiratory muscle training, FVC is expected to improve due to an increase in
inspired volume, so there would be a slight increase in FEV1 attributed to lung compliance.
This trend occurred in all group comparisons of lung function variables between the
participants with and without a change greater than MCID, except for MIP expressed as
a percentage of prediction. In our opinion, this is the reason why these differences were
statistically significant, but not clinically relevant (<2%). In addition, the results showed
a non-significant trend towards an increase in exercise capacity and peripheral muscle
strength, further reinforcing that this value is slightly higher relative to all reported MCIDs.
There is a decompensation between the groups compared, with a higher proportion in the
group that exceeded the MCID. Therefore, future studies comparing homogeneous groups
are necessary.

This study presents some limitations. The study was derived from a randomised
controlled trial that was not primarily designed to estimate the MCID of inspiratory muscle
function variables; however, the sample size calculation performed for this new study
was adequate for detecting clinically relevant differences. In contrast, the study was not
designed to detect differences between individuals with and without a change greater
than MCID in inspiratory muscle function variables. Another limitation was the small
number of participants without a GROC change, which might have affected the accuracy of
estimating the specificity of the cut-off. Lastly, the generalisability of these results is limited
to individuals with long-term post-COVID-19 symptoms from a single metropolitan area
with characteristics similar to those of this study’s sample. Caution should be used in
generalising these current findings to patients in other settings with other characteristics,
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such as acute phase of infection, because the improvements could observed due to the
progression of the disease itself.

This study had some clinical implications. The MCIDs reported by the current study
may be used to enhance the interpretability and meaningfulness of changes in improvement
scores derived from clinical trials that examine the efficacy of interventions designed
to improve inspiratory muscle function in individuals with long-term post-COVID-19
symptoms. In addition, researchers could express the results in terms of the proportion
of participants in the experimental group who exceeded the MCID values compared with
the same proportion of participants in the comparison group, which could provide a more
clinically relevant method for examining the differences between intervention strategies.
These values can be used to assess the progress of individual patients from a clinical
standpoint and to illustrate to patients, caregivers, and third-party payers that “important”
change has taken place, which should be a guide for planning patient management.

5. Conclusions

The present study indicated that, in individuals with long-term post-COVID-19 symp-
toms, the inspiratory muscle function variables (MIP and IME) had an acceptable discrimi-
native ability to assess the efficacy of a respiratory muscle training programme. Specifically,
a change of at least 18 cmH2O and 22.1% of the predicted value for MIP and 328.5 s for IME
represented the MCID for judging clinical change in inspiratory muscle function. MIP was
the variable with the best discriminative ability, showing better overall performance when
expressed as a percentage of prediction. Individuals with a change greater than the MCID
established for inspiratory muscle function variables showed a statistically significant
increase in quality of life and lung function compared with those who did not exceed
the MCID.
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Abstract: COVID-19 may induce short- and long-term cognitive failures after recovery, but the under-
lying risk factors are still controversial. Here, we investigated whether (i) the odds of experiencing
persistent cognitive failures differ based on the patients’ disease course severity and sex at birth; and
(ii) the patients’ electrolytic profile in the acute stage represents a risk factor for persistent cognitive
failures. We analysed data from 204 patients suffering from COVID-19 and hospitalised during the
first pandemic wave. According to the 7-point WHO-OS scale, their disease course was classified as
severe or mild. We investigated the presence of persistent cognitive failures collected after hospital
discharge, while electrolyte profiles were collected during hospitalisation. The results showed that fe-
males who suffered from a mild course compared to a severe course of COVID-19 had a higher risk of
presenting with persistent mental fatigue after recovery. Furthermore, in females who suffered from
a mild course of COVID-19, persistent mental fatigue was related to electrolyte imbalance, in terms
of both hypo- and hypernatremia, during hospitalisation in the acute phase. These findings have
important implications for the clinical management of hospitalised COVID-19 patients. Attention
should be paid to potential electrolyte imbalances, mainly in females suffering from mild COVID-19.

Keywords: mental fatigue; long COVID-19; dysnatraemia; electrolyte imbalance

1. Introduction

Individuals who recovered from Coronavirus disease 2019 (COVID-19) may experience
a plethora of persistent symptoms, i.e., ‘long COVID’ [1]. According to the UK National
Institute for Health and Care Excellence (NICE) guidelines, the term long COVID describes
signs and symptoms that continue or develop after acute COVID-19. It includes ongoing
symptomatic COVID-19 (4 to 12 weeks) and post-COVID-19 syndrome (12 weeks or more).
These manifestations may include fatigue, muscle weakness, shortness of breath or cough,
as well as joint or chest pain [2], implicating multi-organ alterations following the viral
infection. Long COVID also includes persistent cognitive difficulties [3–7], and the most
frequently described involves attentional impairments [8]. A systematic review performed
on 57 studies with 250,351 survivors of COVID-19 found difficulties in concentration (23.8%
of the patient sample) [4]. These failures can be present in the form of (mental) fatigue,
one of the most experienced persistent symptoms after hospitalisation [9]. Such persistent
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symptoms impair an individuals’ ability to perform daily activities and affect quality of
life [10,11].

Our understanding of the factors underpinning persistent cognitive failures after
COVID-19 remains limited. Previous studies have suggested a correlation between persis-
tent cognitive failures and disease severity [6,12,13]. Patients who benefited from invasive
ventilation presented with a better cognitive status [13]; however, this topic is a current
matter of debate. A growing body of research has also shown that sex at birth may play
a role. Females are more likely to suffer from persistent symptoms after recovery, with a
higher likelihood of reporting persistent fatigue [14–16]. This evidence sets the state for
challenging scientific investigations, as long COVID mainly affects women [15], although
vulnerability and mortality from acute COVID-19 infection are higher in men [17]. Studying
the different clinical patterns between males and females during the infection could shed
new light on this issue. In this perspective, sex at birth determines different pathological
profiles in patients affected by COVID-19.

A recent systematic review has shown that electrolytic imbalance is prevalent in
COVID-19 patients [18]. Interestingly, studies have also highlighted sex differences in
electrolyte imbalances caused by SARS-CoV-2 in the acute phase [19]. Moreover, such elec-
trolyte patterns have been associated with COVID-19 disease in hospitalised patients [20].
In patients with COVID-19, SARS-CoV-2 enters the cells using angiotensin-converting
enzyme 2 (ACE2) as a receptor, which is one of the main effectors of the brain renin–
angiotensin system (RAS). The virus replicates after entry into the cells, and ACE2 gets
downregulated. As a result, there is reduced degradation of angiotensin-II, leading to
increased aldosterone secretion and a subsequent electrolyte imbalance. This biochemical
condition differs between males and females as sex hormones influence the expression and
modulation of the brain RAS pathway responses.

Intriguingly, evidence from other pathologies has shown that dysnatraemia is associ-
ated with cognitive failures. For instance, hypernatremia (i.e., sodium levels higher than
normal) is associated with cognitive deficits, especially in the elderly [21,22]. Moreover,
hyponatremia (i.e., sodium levels lower than normal) may also be associated with adverse
cognitive outcomes [23,24]. Specifically, whereas the consequences of acute hyponatremia
may be severe, including permanent disability and death, mild and moderate hypona-
tremia may cause cognitive failures, such as attentional deficits [25,26]. These observations
may suggest that the different incidences of persistent cognitive symptoms between males
and females who suffered from COVID-19 may be associated with the sex differences in
electrolyte imbalances in the acute phase.

Identifying patients at the highest risk is now a research priority to prevent persistent
short- and long-term symptoms after recovery. Starting with this clinical and scientific need,
the current study aims at exploring whether (i) the probability of experiencing persistent
cognitive failures differs on the bases of the disease course severity and the patients’ sex
at birth; and (ii) the patients’ electrolytic profile in the acute stage represents a risk factor
for persistent cognitive failures. Based on previous findings showing that disease severity
plays a role [13], we expected that the odds of presenting cognitive failures would be
higher in patients who did not need ventilation therapy in the acute phase (mild COVID-
19). Furthermore, as long COVID symptoms are more likely to occur in females [15],
we expected that patients’ sex at birth might interact with the disease severity regarding
the odds of persistent cognitive difficulties. Lastly, as electrolyte imbalances are one of
the recurrent features of COVID-19, which differs between males and females [19], we
hypothesised that the odds of cognitive failures could be associated with the electrolyte
profile during hospitalisation, particularly in female patients.

2. Materials and Methods

2.1. Patients

Inclusion criteria: We collected data from 275 consecutive patients suffering from
COVID-19 admitted to the ASST Grande Ospedale Metropolitano Niguarda in Milan
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during the first pandemic wave in Italy from February to April 2020 (T0). The diagnosis
was based on at least one positive test result with the reverse transcriptase–polymerase
chain reaction (PCR) for SARS-CoV-2. After two consecutive negative oropharyngeal swabs
(i.e., recovery), patients were discharged and followed up via the outpatient service of the
same hospital from May to July 2020 (T1).

Exclusion criteria: As this study focuses on subjective cognitive failures, patients
with previous neurological and psychiatric disorders were excluded (n = 41). In addition,
patients diagnosed with chronic obstructive pulmonary disease (COPD) and obstructive
sleep apnoea syndrome (OSAS) were excluded to ensure that any cognitive outcomes were
unrelated to previous chronic respiratory illness (n = 9). Furthermore, those patients who
did not complete the questionnaire on cognitive failures (n = 21) were not included, and
the final sample comprised 204 patients (see Figure 1).

Figure 1. Representation of the patient enrolment workflow of the study.

Based on their medical records, patients were classified into two groups according
to whether they received orotracheal intubation or CPAP ventilation (ventilated patients),
or oxygen therapy or no oxygen therapy at all (non-ventilated patients), thus creating the
covariate severity of the COVID-19 course. According to the 7-point WHO-OS scale, the
course of COVID-19 in ventilated patients was classified as severe (severe COVID-19),
while in non-ventilated patients, it was classified as mild (mild COVID-19). The Ethical
Committee Comitato Etico Area 3 Milano approved the study (N92-15032020 and N408-
21072020). The study was conducted following the Declaration of Helsinki. Informed
consent was obtained from the patients.
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2.2. Clinical Questionnaire on Cognitive Failures

To explore cognitive failures during the health emergency in April 2020, we decided
to adopt a clinical tool that could be at the same time effective and quick to administer.
Thus, we used a modified version of the Cognitive Failures Questionnaire [27]. We adjusted
some of the original questions (such as those involving social interaction) to adapt them
to the quarantine situation the patients might have experienced once discharged from the
hospital. The questionnaire consisted of 19 statements about possible cognitive failures
experienced in everyday life involving several domains, such as attention, memory, gnosis,
praxis, orientation in time and space and executive functions (see Table 1 for the complete
statements list). Similar questionnaires have also been recently used to test cognitive
failures during quarantine/self-isolation for COVID-19 [28]. In our study, patients were
asked to indicate the presence or absence of cognitive failures with a “yes/no” response.
They could report more than one symptom. At the follow-up visit, the patients came to the
Chronicity Service of the ASST “Grande Ospedale Metropolitano” Niguarda, where they
underwent a series of assessments throughout the morning. The dedicated healthcare staff
administered the Cognitive Failures Questionnaire to all subjects, among other evaluations.

Table 1. Cognitive Failures Questionnaire. The table shows the complete list of statements included
in the questionnaire. For each statement, patients provided a yes/no response.

Self-Administered Cognitive Failures Questionnaire

1 Do you find it difficult to remember things that have recently been said or have recently
happened?

2 Are you frequently repetitive, that is, do you often say things more than once because you
do not remember saying them the first time?

3 Do you often lose things (e.g., glasses) or fail to remember where you put them?

4 Do you have trouble remembering the names of well-known or familiar people?

5 Do you not remember current social events, such as news heard on television or read in the
newspaper?

6 Do you confuse one place with another, for example, are you convinced that you are at
home even when you are not?

7 Do you get confused about the date, for example, do you make mistakes with the month or
year?

8 Do you struggle to find words?

9 Do you frequently say one word instead of another?

10 Do you sometimes say inconsistent things that make it difficult for others to understand
what you are expressing?

11 Do you sometimes feel like you do not understand what is being said?

12 Do you have difficulty recognising commonly used objects?

13 Do you have difficultly using familiar objects, for example, household appliances?

14 Do you use objects incorrectly, for example, using a fork to eat soup?

15 Do you often lose the thread of what someone is saying or struggle to follow a conversation?

16 Are you easily distracted by noise or any external stimuli?

17 Do you have difficulty doing two things at the same time, for example, talking while
making coffee?

18 Do you get mentally tired easily?

19 When faced with a problem, do you persist with the same behaviour, even if it has proved
ineffective several times?
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2.3. Laboratory Test and Data Sources

We retrospectively extracted the electrolytic profile for each patient from a panel of
routine clinical laboratory test results. The tested chemical analytes included chloride
(Cl−), potassium (K+) and sodium (Na+). All samples were analysed in duplicate, within
one hour from blood collection, using the same analyser and the same lot of reagents.
Electrolyte parameters were measured by a Roche Cobas 8000 system (ISE modules). Blood
samples were processed in a centrifuge at 3000 rpm (revolutions per minute). The number
of samples per patient varied according to clinical practice. Each patient was monitored at
least once a day, and a pathological value was confirmed by at least two measurements
per protocol. To obtain laboratory variables, a query was created to extract anonymised
data using the patients’ ID (a numeric string) from a SQL-based repository in which all
analytical results of the tests performed in the laboratory were stored. The fields extracted
were sex, date of birth, day of lab tests execution, test IDs, test results and hospital ward.

2.4. Statistical Analysis Plan

Firstly, we compared the demographic variables reported in Table 1 between the
patient groups. We performed a chi-square analysis for categorical variables and the t-
test or Wilcoxon for continuous ones. Then, a reliability analysis was carried out on the
items included in the Cognitive Failures Questionnaire. As the questionnaire involves
dichotomously scored items, we used the Kuder–Richardson formula (KR-20), which is a
widely used method to evaluate internal consistency in cognitive and personality tests. To
explore whether the COVID-19 course severity impacted the odds of experiencing cognitive
failure after recovery differently depending on the patient’s sex, a logistic regression model
for each item of the questionnaire has been fitted. In each model, disease severity, sex
and the interaction between sex and disease severity group were specified as independent
variables. We also decided to include the follow-up visit time in the model as it ranged
from 3 to 104 days (mean 49.9 (±16.7) days after recovery). Each item representing a
distinct cognitive failure was specified as a dependent variable. If the interaction between
the course of disease severity and sex was statistically significant, meaning that the effect
of COVID-19 course severity on the investigated endpoint was statistically significantly
different in the two sexes, we fitted the logistic regression model as above, stratifying by
sex to estimate the effect of COVID-19 course severity in each stratum of the sex variable. If
the interaction was not statistically significant, a model was fitted such as that described
above but with solely the main effects of disease severity group, sex and follow-up visit.

Lastly, we tested the hypothesis that the odds of presenting specific persistent cog-
nitive failures after recovery could be associated with the electrolyte imbalance observed
during hospitalisation. Thus, we fitted logistic regression models considering only the
questionnaire items significantly different according to the patient’s sex and disease severity.
All the laboratory variables were transformed from continuous into binary variables ac-
cording to their specific cut-off value: if a variable value was out of the normal range, it was
labelled “1”; otherwise, the value was labelled “0”. Based on the literature indicating, for
example, that sodium alterations, defined as hyponatremia and hypernatremia, both lead
to a poor clinical outcome in patients with COVID-19 [18] and based on the fact that several
patients in our study presented with both hypo- and hyper-alteration (see Supplementary
Table S2), we decided to generate three single indices (for Na+, K+ and Cl−) that encapsu-
lated electrolyte alteration in both directions. Thus, for each electrolyte, a score equal to
1 means that the variable values are higher or lower than the normal range. For instance,
in the case of Na+, a score equal to 1 means that patients presented with dysnatraemia
(hyponatremia, hypernatremia or both). A normal range for sodium levels in the blood
is 135–145 milliequivalents per litre (mEq/L). Levels below 135 mEq/L were considered
indicative of hyponatremia, while levels above 145 mEq/L were considered indicative of
hypernatremia. For potassium, the normal range is 3.5–5.0 millimoles per liter (mmol/L).
Thus, levels below 3.5 mmol/L were considered indicative of hypokalaemia, while levels
above 5.5 mmol/L were considered indicative of hyperkalaemia. The normal range of
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chloride is 98–106 milliequivalents per litre (mEq/L). Thus, levels below 98 mEq/L indi-
cated hypochloraemia, while levels above 106 mEq/L indicated hyperchloremia. Statistical
analyses were performed using Jamovi software (version 1.2).

3. Results

The final sample comprised 204 patients with a mean age of 57.1 years (±11.9), 130
(63%) of whom were males. The patient’s sex was defined as sex at birth. Our sample
demographics align with those of the Italian National Institute of Health, which reported
that participants who tested positive during this period were, on average, 58 years old.
Patients were assessed at an average of 49.9 (±16.7) days after recovery (follow-up time).
Following the classification according to the 7-point WHO-OS scale, the sample included
73 patients who received orotracheal intubation or CPAP ventilation (severe COVID-19
patients), and 131 patients who received oxygen therapy or no oxygen therapy at all (mild
COVID-19 patients). The clinical characteristics of the sample separated into the two
groups of disease severity are reported in Table 2. The pharmacological treatment was in
line with the initial recommendations spread during the first wave of the pandemic and
was consistent among patients. For example, 92% of enrolled patients were treated with
hydroxychloroquine.

Table 2. Demographics and clinical characteristics of the patient samples. The interactions between
patient disease severity and sex for the demographic and clinical variables were not statistically
significant.

Mild COVID-19
(N = 131)

Severe COVID-19
(N = 73)

Interaction
Disease Severity

by Sex

Males Females Males Females p-Value

N 78 53 52 21 0.096
Age,

mean (SD) 58.3 (14.5) 57.8 (14.3) 55.0 (11.5) 62.4 (11.5) 0.069

Length of hospital
stay, mean (SD) 15.5 (9.9) 15.01 (7.6) 22.1 (11.1) 24.7 (13.6) 0.373

Follow-up time,
mean (SD) 53.6 (16.6) 49.6 (13.6) 46.8 (17.4) 45.1 (19.6) 0.664

3.1. Persistent Cognitive Failures: The Impact of the Disease Course Severity and Sex

Concerning the socio-demographic and clinical variables, we found no significant
difference in terms of the interaction between disease course severity and sex for age (F(1,198)
= 3.3, p = 0.069), sex (X2

(1) = 2.8, p = 0.096), follow-up time (F(1,188) = 0.2, p = 0.664) and
hospital length stay (F(1,188) = 0.8, p = 0.373) (see Table 2). Concerning the questionnaire,
the reliability analysis of the items showed good internal consistency (KR-20 = 0.851).

Results of the logistic regression analysis aimed at investigating whether the odds
of cognitive failures may differ on the bases of the patient’s disease severity and sex
showed a statistically significant interaction between COVID-19 course severity and sex
(β = 0.32, 95%CI [0.08; 0.55]), p = 0.009) for mental fatigue (item 18) only. For this item,
we performed a subsequent analysis by stratifying by sex. Results of this latter analysis
showed a statistically significant effect of group severity in females (β = 0.29, 95%CI [0.06;
0.53], p = 0.01), meaning that females who suffered from a mild course compared to a severe
course of COVID-19 have a higher risk of presenting with persistent mental fatigue after
recovery. No effect was observed in males (β = −0.01, 95%CI [−0.14; 0.11], p = 0.82) (see
Table 3).
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Table 3. Results of the sex-stratified logistic regression model of COVID-19 course severity and
cognitive failures, adjusted for the follow-up time.

Sex = Female Sex = Male

ITEM 18 β 95%CI p-Value β 95%CI p-Value

Mild
COVID-19

0.29 0.06; 0.53 0.01 −0.01 −0.14; 0.11 0.82

Follow-up
time

0.004 −0.003;
0.01 0.27 0.003 −0.0007;

0.006 0.12

A logistic regression model, without interaction terms, was fitted for all the remain-
ing items, in which no statistically significant interaction was observed. As reported in
Supplementary Table S1, no statistically significant effect of COVID-19 group severity was
observed for any investigated item.

3.2. Association between Persistent Mental Fatigue and the Electrolyte Profile during
Hospitalisation

Due to missing data, we retrospectively analysed laboratory test results from 197
patients (out of 204). The sample was composed of n = 125 mild COVID-19 patients (age:
M = 58.08 (± 14.5) years; sex: 73 males) and n = 72 severe COVID-19 patients (age: M =
57.21 (± 11.9) years; sex: 52 males). For an overview of the distribution of the electrolyte
imbalance in our patients, see Supplementary Table S2. The results of the logistic regression
models performed on item 18, resulting from the previous analysis, showed a statistically
significant risk effect of Na+ alteration (β = 0.37, 95%CI [0.09; 0.64], p = 0.01) on the odds
of presenting with persistent mental fatigue after recovery in females who suffered from
a mild course of COVID-19. No statistically significant effects were observed for the
remaining electrolytes in females with a mild disease course: K+ (β = 0.01, 95%CI [−0.26;
0.28], p = 0.94) and Cl− (β = −0.04, 95%CI [−0.33; 0.25], p = 0.77).

4. Discussion

In Italy, during the first wave of the COVID-19 outbreak in 2020 (21 February–28
June), there was a total of 240,760 confirmed infections with 34,788 deaths. Depending on
the disease severity, many symptoms may persist after recovery, mainly affecting women.
Among these symptoms, cognitive failures may also be experienced. Little is known about
the risk factors underpinning persistent symptoms after recovery. This study set out the
challenge to explore whether cognitive failures after recovery depend upon the disease
severity, the patient’s sex, and the electrolytic indices during hospitalisation.

We confirm previous evidence by showing that cognitive failures may persist for
approximately one month after recovery. Our findings indicated that the disease severity
specifically impacted the attentional system by showing that persistent mental fatigue
was higher in patients who suffered from a mild course of COVID-19 (i.e., non-ventilated
patients). This result is in line with the study by Alemanno and colleagues [13], in which
the authors found a better cognitive status in patients who had undergone invasive (orotra-
cheal) ventilation compared to patients who had undergone non-invasive ventilation or no
ventilation at all. The authors reported that 12 out of 22 survivors (54.5%) who underwent
orotracheal ventilation one month after hospital discharge showed an impaired total score
on the MoCA test, a well-known global cognitive screening test. The same applied to 10 out
of the 12 survivors who were treated with non-invasive ventilation (83.3%), 17 out of the 20
survivors who needed oxygen therapy (85%), and 2 out of the 2 survivors who did not need
oxygen-based treatment (100%). Furthermore, studies exploring cognitive outcomes in
COVID-19 survivors reported mental fatigue as one of the most recurrent symptoms [29,30].
Here, we also showed that patient’s sex plays a role in developing persistent cognitive fail-
ures. Indeed, females who recovered from a mild compared to severe course of COVID-19
were more likely to experience persistent mental fatigue. This result aligns with previous
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evidence highlighting the role of patient’s sex in the presentation of persistent fatigue after
recovery. A study on 377 patients has shown that 69% of the sample presented with long
COVID. Female sex was independently associated with persistent symptoms, and fatigue
was most commonly reported (39.5% of the sample) [16]. Furthermore, another study has
shown that females under 50 years reported worse fatigue, with fatigue being more likely
in women than in men of the same age [15].

It has been postulated that the aetiology of persistent cognitive failures could be
derived from the dual action of the viral infection, which has both direct (immunological
and neurological damage) and indirect (hypoxic/respiratory states) consequences [31].
Indeed, two primary routes explain cognition-related deficits in COVID-19 survivors: virus-
induced CNS damage (neurotrophic) or non-CNS impairments [32]. Strikingly, we found
that in females who suffered from a mild course of COVID-19, persistent mental fatigue
was related to an electrolyte imbalance during hospitalisation. The general symptom
of fatigue has been previously reported as a consequence of hyponatremia conditions in
hospitalised patients [33]. In the case of COVID-19, a possible explanation for the correlation
between electrolyte imbalance and mental fatigue in females could be represented by the
different sex-dependent expressions of the brain renin–angiotensin system (RAS). In fact,
the expression and modulation of the brain RAS pathway responses are influenced by sex
hormones. Indeed, with estrogenic stimulation, the ACE2/Ang-(1–7)/MasR system and
the ACE2/Ang-(1–8)/AT2 system is increased, while testosterone stimulation mediates
the activation of the ACE/Ang-(1–8)/AT1R arm of the RAS. As SARS-CoV-2 enters the
cells using ACE2 as a receptor, which is one of the main effectors of the brain RAS, sex
differences in the electrolyte imbalance during COVID-19 could be present (see Figure 2).

 

Figure 2. The sex differences in the RAS and response to SARS-CoV-2 injury. Several studies revealed
that the AT1 receptor protein is down-regulated by oestrogen, while AT2 receptors are up-regulated.
On the other hand, testosterone induced the expression of AT1. AT1 and AT2 receptors have
antagonistic actions: Sodium cellular intake is mediated by the AT1 receptor through the increase in
Na+/K+ ATPase activity, while the AT2 receptor activates phospholipase A2, which contributes to
activation of the Na/HCO3 symporter system (NBC), mediating sodium cell excretion.
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5. Conclusions and Clinical Significance

In summary, this study provided new evidence on the aetiological nature of persistent
mental fatigue in COVID-19 survivors who required hospitalisation. In particular, females
who suffered from a mild course of COVID-19 had a higher frequency of reporting this
symptom one month after hospital discharge. On the one hand, epidemiological studies
reported a lower frequency of hospitalisation for females during the COVID-19 infection;
on the other hand, electrolyte imbalance occurs more frequently in this population, possibly
causing such a persistent cognitive failure. These results pave the way for specific electrolyte
rebalancing treatment in hospitalised COVID-19 females who do not require ventilation to
prevent cognitive failures after recovery. Therefore, adequate laboratory monitoring and
subsequent review of appropriate intravenous water balance medications are important
management aspects.

6. Limitations

The current study contains some limitations that future investigations may address.
Firstly, the nature of the study is retrospective; thus, a prospective case–control study could
better define the association between mental fatigue symptoms and the specific direction of
sodium imbalance (hypo- or hypernatremia) in hospitalised COVID-19 patients. Moreover,
the aetiologies of the changes in sodium concentration could be important contributors to
cognitive failures after recovery. Given the association between sodium and fluid balance,
sodium may act as a marker for fluid therapies administered during hospitalisation, and
future studies may address these issues. Lastly, it would be interesting to correlate the
duration of sodium imbalance with the cognitive symptom severity. One of the next
challenges could also be to investigate potential factors modulating both the electrolyte and
cognitive spheres so that additional confounding factors can be excluded to understand
the long-term effects of COVID-19 better.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12113702/s1, Table S1: Results; Table S2: Electrolytics imbalance.
Figure S1: Cognitive Failures.
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Abstract: (1) Background: Ongoing symptoms after mild or moderate acute coronavirus disease
19 (COVID-19) substantially affect health-related quality of life (HRQoL). However, follow-up data
on HRQoL are scarce. We characterized the change in HRQoL over time in post-COVID-19 patients
who initially suffered from mild or moderate acute COVID-19 without hospitalization. (2) Methods:
Outpatients who visited an interdisciplinary post-COVID-19 consultation at the University Hospital
Zurich and suffered from ongoing symptoms after acute COVID-19 were included in this obser-
vational study. HRQoL was assessed using established questionnaires. Six months after baseline,
the same questionnaires and a self-constructed questionnaire about the COVID-19 vaccination were
distributed. (3) Results: In total, 69 patients completed the follow-up, of whom 55 (80%) were female.
The mean (SD) age was 44 (12) years and the median (IQR) time from symptom onset to completing
the follow-up was 326 (300, 391) days. The majority of patients significantly improved in EQ-5D-5L
health dimensions of mobility, usual activities, pain and anxiety. Furthermore, according to the SF-36,
patients showed clinically relevant improvements in physical health, whereas no significant change
was found regarding mental health. (4) Conclusions: Physical aspects of HRQoL in post-COVID-
19 patients relevantly improved over 6 months. Future studies are needed to focus on potential
predictors that allow for establishing individual care and early interventions.

Keywords: post-COVID-19; health-related quality of life; physical health; mental health; follow-up

1. Introduction

Long-term health consequences after acute COVID-19 are increasingly recognized
and lead to a high individual burden. Multiple organ systems may be affected and lead
to variable clinical presentations, including neurocognitive, pulmonary and cardiac symp-
toms. When symptoms after acute COVID-19 exceed 12 weeks, the National Institute for
Health and Care Excellence (NICE) defines the symptom complex as “Post-COVID-19 syn-
drome” [1]. The most common symptoms reported by patients are fatigue, dyspnea, myal-
gia and chest pain [2]. However, the puzzle behind the pathophysiological mechanisms
remains unsolved. Persistent inflammation, induced autoimmunity and viral persistence
in the body are discussed as potential drivers [3]. Interestingly, even patients who suffered
from a mild or moderate acute disease can develop long-lasting symptoms [4,5].

It is known that infectious diseases, especially viral diseases, such as Epstein–Barr
virus (EBV) [6], severe acute respiratory syndrome (SARS) in 2003 [7], and the West Nile
virus [8], can give rise to long-lasting symptoms. Recovery times vary between individuals
and diseases. For example, approximately 10% of individuals have persistent fatigue six
months after symptom onset of infectious mononucleosis [9], whereas up to 30% of people
with West Nile virus infection have postviral fatigue with an average duration of 5 years [8].

J. Clin. Med. 2023, 12, 4077. https://doi.org/10.3390/jcm12124077 https://www.mdpi.com/journal/jcm85



J. Clin. Med. 2023, 12, 4077

Irrespective of the cause, fatigue is an important factor for quality of life and patients with
diagnosed chronic fatigue syndrome showed remarkably lower scores in physical and
mental dimensions of HRQoL [10].

Recently, our research group showed that physical- and mental-health-related quality
of life (HRQoL) is substantially impaired in patients suffering from post-COVID-19 syn-
drome after a mild or moderate disease compared with the pre-pandemic general Swiss
population [11]. A literature screening review found that at a follow-up at 12 weeks, the
median estimate of non-hospitalized patients with ongoing symptoms is approximately
12% (7.5–41%) [12]. The disabilities due to symptoms might come with great economical
loss considering the vast amount of affected people and all the potential excessive work
absences due to the illness.

Currently, researchers and clinicians lack knowledge about the course of post-COVID-19
symptoms and treatment options are scarce. Our clinical experience suggests that ongoing
symptoms might subside over time. Tran et al. demonstrated that the prevalence of most
post-COVID-19 symptoms decreases over time before plateauing 6–8 months after onset [13].
However, the evolution of the impact of post-COVID-19 symptoms on HRQoL after mild
or moderate acute disease over time has not been thoroughly investigated. Therefore, we
followed up on patients and aimed to characterize changes in HRQoL 6 months after an
initial assessment.

2. Materials and Methods

2.1. Study Design and Patient Population

The departments of Pulmonology, Cardiology, Neurology and Internal Medicine
at the University Hospital Zurich developed an interdisciplinary outpatient clinic for
patients suffering from persistent symptoms after developing COVID-19. Questionnaires
regarding HRQoL (St. George’s Respiratory Questionnaire (SGRQ), EuroQol 5 Dimension
5 Level (EQ-5D-5L) and Short Form-36 (SF-36)) were distributed to the patients during
their visit to the outpatient clinic (baseline). For patients who completed the questionnaires
at baseline, the same questionnaires were sent by letter to them after six months for a
follow-up assessment. Additionally, patients received a questionnaire regarding COVID-19
vaccination at follow-up.

Inclusion criteria were properly completed questionnaires and patients who suffered
from ongoing symptoms after developing confirmed or highly suspected acute mild or
moderate COVID-19 without hospitalization. Mild illness was defined as any of the various
symptoms of COVID-19 (e.g., fever, cough, sore throat, malaise, headache, muscle pain,
nausea, vomiting, diarrhea, and loss of taste and smell) but without shortness of breath,
dyspnea or abnormal chest imaging. Moderate illness was defined by clinical or radiological
evidence of lower respiratory tract involvement but normal oxygen saturation (SpO2 ≥ 94%)
with room air. Exclusion criteria were initial severe acute COVID-19 requiring prolonged
hospitalization or intensive care treatment and patients with symptoms that were assigned
to another diagnosis (e.g., asthma).

Information about demographics, symptoms during acute infection and post-COVID-
19 symptoms were drawn from systematically documented medical reports. Pre-existing
asthma; pre-pandemic mental health issues; and cardiovascular, rheumatological and
thyroid diseases were assessed as comorbidities.

This study was conducted in accordance with the declaration of Helsinki and all
subjects provided written informed consent via general consent. The Ethics Committee of
the Canton of Zurich approved the study (BASEC 2021-00280), and the study is registered
on www.ClinicalTrials.gov as NCT04793269 (accessed on 2 May 2023).

2.2. Questionnaires

All patients received three different questionnaires regarding HRQoL, as well as one self-
constructed questionnaire about the COVID-19 vaccination (see Supplementary Materials).
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2.2.1. St. George’s Respiratory Questionnaire

The St. George’s Respiratory Questionnaire (SGRQ) is a validated quality of life assess-
ment tool used to evaluate the impact of respiratory symptoms on everyday life [14,15]. The
symptom frequency and severity of respiratory symptoms are measured, and limitations in
activity, as well as the social and emotional impacts, due to the disease are covered. Each
item is weighted according to the degree of distress. Scores range from 0 to 100, with higher
scores indicating worse quality of life. Missing items were handled according to the SGRQ
manual [16]. An improvement of 4 points is accepted as the minimal clinically important
difference (MCID) in the literature [17].

2.2.2. EuroQol 5 Dimension 5 Level

The EuroQol 5 Dimension 5 Level (EQ-5D-5L) is widely used as a generic measure
of health status [18]. The first part (the descriptive system) comprises five dimensions,
namely, mobility, self-care, usual activities, pain/discomfort and anxiety/depression. For
every dimension, patients are asked to assign a level of severity, ranging from 1 “no
problems” to 5 “extreme problems”. Patients’ responses are then combined to produce a
five-digit number describing the participant’s health status. Each health state can potentially
be assigned a summary index score based on societal preference weights for the health
state. Index scores range from less than 0 (dead) to 1 (full health). Index scores were
calculated using Germany-specific value sets as we judged the population of Germany to
be comparable to the Swiss German population. In the second part of the questionnaire, the
self-rated health of patients was recorded using a visual analog scale (VAS) ranging from
0 (worst health) to 100 (best health). The minimally important difference for the EQ index
value ranges between 0.03 and 0.069 points [19,20]. For EQ, VAS scores with a difference of
5.0 are suggested to show MCID in fibrotic interstitial lung disease [21].

2.2.3. Short Form-36

The Short Form Health 36 (SF-36) is a multidimensional instrument for measuring
HRQoL [22]. It includes eight health dimensions that evaluate physical problems, role
limitations due to physical problems, pain, general health, vitality, social functioning, role
limitations due to emotional problems and mental health. The health dimensions consist of
the summed scores of the assigned questions. Scores range from 0 (worst possible health)
to 100 (best possible health). All health dimensions contribute in different proportions
to create two summary score components: the physical component summary (PCS) and
the mental component summary (MCS). Out of the health dimension scores, a z-score is
determined for each dimension by subtracting the dimension mean of the U.S. population
from an individual’s dimension score and dividing it by the standard deviation from the
U.S. general population [23]. Each of the eight z-scores is multiplied by the corresponding
factor scoring coefficient (separately for PCS and MCS) for the dimension [24]. Products of
the z-scores are summed together, multiplied by 10, and added to 50 to linearly transform
the PCS and MCS to T-score metrics. A value of 50 for the norm-based score represents the
mean of the respective reference population and higher values mean better HRQoL. For
the PCS and MCS T-scores, a 3-point change is suggested for an MCID [25]. Bjorner et al.
recommended an MCID of 5 points for the health dimension vitality [26].

2.2.4. Questionnaire about COVID-19 Vaccination

This self-created questionnaire was used to assess the subjective effect of the vaccina-
tion on post-COVID-19 symptoms. Besides questions assessing the type, date and adverse
events of the vaccine, patients were asked to rate whether the vaccine led to an improve-
ment or worsening of post-COVID-19 symptoms and whether the change in symptom
severity was persistent. Moreover, the overall improvement or worsening of symptoms
could be displayed using a visual analog scale from 0 (no improvement) to 10 (best possible
improvement/no more symptoms).
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2.3. Statistical Analysis

Descriptive statistics of baseline patient characteristics are presented as the mean
and standard deviation (SD) or median and 25%/75% quartiles (quartiles) for continuous
measurements and as the number and percentage of total for categorical measurements.
Changes in HRQoL were compared using a paired t-test and Wilcoxon signed rank test for
continuous variables. Multivariable regression analysis was performed to test for possible
predictors (i.e., sex and subjective effect of vaccination). Missing data were not replaced.
All statistical tests were two-tailed and a p-value of <0.05 was considered statistically
significant. Statistical analysis was performed using Stata version 16.1 (StataCorp. 2019,
College Station, TX, USA). No a priori sample size calculation was performed due to the
exploratory study design.

3. Results

3.1. Study Sample

In this observational follow-up study, 112 patients with post-COVID-19 syndrome
completed questionnaires at baseline, of whom 69 also completed follow-up questionnaires
(38.4% lost to follow-up) (Figure 1). Patients at follow-up did not differ significantly with
regard to physical HRQoL in the SF-36 from patients who were not followed up on (PCS
mean (95% CI) difference of 1.2 (−2.8, 5.3) points, p = 0.551). However, patients who did not
complete the follow-up had significantly lower mental HRQoL in the SF-36 compared with
patients who completed the follow-up (MCS mean (95% CI) difference of –4.9 (−9.4, −0.4)
points, p = 0.032). Subjects were predominantly female (80.0%) with a mean (SD) age of 44
(11.9) years. The median (IQR) score for the body mass index was 24.2 (21.5, 26.7) kg/m2.
The median (IQR) time from symptom onset to completing the follow-up questionnaires
was 326 (300, 391) days. Before the pandemic, nine (13.0%) patients suffered from asthma,
7 (10.1%) had mental health issues and 14 (20.3%) had at least one relevant comorbidity.
The majority of patients (94.2%) suffered from a mild initial COVID-19. Approximately
one-third of the patients stated to work less because of long-lasting COVID-19 symptoms.
Further patient characteristics are outlined in Table 1.

Table 1. Patient characteristics.

n = 69

Sex
Female 55 (80.0)
Male 14 (20.0)

Age, mean (SD) 44.2 (11.9)

BMI kg/m2, median (IQR) 24.2 (21.5, 26.7)

WHO classification
Mild 65 (94.2)
Moderate 4 (5.8)

Days from first questionnaire to follow-up questionnaire, median
(IQR) 182 (174, 192)

Days from symptom onset to follow-up questionnaire, median (IQR) 326 (300, 391)

Smoking history
Current 6 (8.7)
Former 18 (26.1)
Never 38 (55.2)

Ethnicity
Caucasian 58 (84)
Not Caucasian 2 (3)
Missing data 9 (13)
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Table 1. Cont.

n = 69

Marital status
Living with a partner 38 (55.1)
Living alone 10 (14.5)
Missing data 21 (30.4)

Reduced employment due to post-COVID-19 22 (31.9)
Reduced ≥ 50% 10 (14.5)
Reduced < 50% 12 (17.4)

Comorbidities
Asthma 9 (13.0)
Prepandemic mental health issues 7 (10.1)
Other relevant comorbidities a 14 (20.3)

Values are n (%) unless otherwise stated. a Other relevant comorbidities were relevant cardiovascular disorders,
rheumatological diseases and diseases of the thyroid.

Figure 1. Study flow.
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3.2. Symptom Characterization at Baseline

At baseline, patients mostly stated having neurocognitive symptoms, such as fatigue
(75.4%) and concentration difficulties (56.5%), as well as cardiorespiratory problems, in-
cluding dyspnea (59.4%), performance intolerance (55.1%) and thoracic pain (50.7%). See
Table S1 (Supplementary Materials) for all symptom frequencies.

3.3. Subjective Effect of Vaccination on Post-COVID-19 Symptoms

A total of 97.1% of patients who completed the follow-up received a COVID-19
vaccine. A median (quartiles) time of 192 (147, 242) days passed from the onset of acute
symptoms of COVID-19 to the first shot of the vaccine. About half of the patients received
only one vaccine shot. There were 27 patients (40.3%) who had the impression of a
persistent improvement of symptoms after a median (quartiles) time of 2 (1, 4) weeks
after their vaccination. A persistent worsening of symptoms was stated by 22.4% of
patients after a median (quartiles) time of 1 (1, 4) week, and 29.9% of patients neither
felt an improvement nor a worsening of symptoms after receiving the vaccine (Table S2,
Supplementary Materials).

3.4. SGRQ Questionnaire

Overall, all SGRQ component scores improved significantly after a follow-up of
6 months (Table 2). The largest mean (95% CI) difference of −14.4 (−18.4, −10.3) points was
reached in the symptoms score component, whereas the lowest mean (95% CI) difference
scores were reached in the impact scores component, with −6.5 (−10.2, −2.7) points.
The SGRQ total score component showed a mean (95% CI) difference of –9.4 (−13.3,
−5.5) points.

Table 2. SGRQ component scores, EQ-5D-5L index value and EQ-5D-5L VAS scores.

Baseline,
Mean (SD)

Follow-Up,
Mean (SD)

Δ *,
Mean (95% CI)

p-Value

SGRQ symptom score a 40.4 (21.0) 26.0 (21.1) −14.4 (−18.4, −10.3) p < 0.001
SGRQ activity score b 51.3 (25.4) 39.1 (27.6) −12.2 (−17.4, −7.0) p < 0.001
SGRQ impact score b 27.2 (17.7) 20.8 (18.5) −6.5 (−10.2, −2.7) p = 0.001

SGRQ total score c 37.3 (20.2) 27.9 (20.2) −9.4 (−13.3, −5.5) p < 0.001
EQ index value d 0.758 (0.203) 0.818 (0.168) 0.060 (0.019, 0.102) p = 0.005

EQ VAS e 59.1 (20.9) 66.0 (20.3) 6.9 (2.7, 11.1) p = 0.002
a n = 69, b n = 57, c n = 51, d = 66, e = 67. SGRQ: lower scores mean better quality of life. EQ index value and EQ
VAS: higher scores mean better quality of life. * Change from baseline.

3.5. EQ-5D-5L

Figure 2 shows the percentage of patients with changes in the dimensions of mobility,
self-care, usual activities, pain/discomfort and anxiety/depression. With the exception
of the self-care and pain/discomfort dimensions, the majority of patients improved in all
EQ-5D-5L health dimensions. At least one in five patients (20%) had an improvement
to the level of “no problems” in the dimensions of mobility, usual activities and anxi-
ety/depression. Self-care was the dimension where patients mostly stated having “no
problems” at baseline and follow-up. Lower scores at follow-up visits were stated by
15% in the usual activities and anxiety/depression dimensions, 12% in the mobility and
pain/discomfort dimensions, and 3% in the self-care dimension. However, there was a
significantly greater proportion of patients with improvements compared with worsening
in all dimensions, except in the dimension of self-care, where most patients stated having
“no problems” at all (p = 0.003 for mobility, p = 0.002 for usual activities, p = 0.016 for
pain/discomfort, p = 0.016 for anxiety/depression, p = 0.157 for self-care). Almost 50% of
patients who suffered from pain/discomfort had persistent difficulties in this dimension.

90



J. Clin. Med. 2023, 12, 4077

Figure 2. Changes in EQ-5D-5L dimension responses. The figure shows the changes from baseline
(improvement/worsening/“no problems” at baseline and follow-up/unchanged problems) in the
percentage of patients in the health dimensions of mobility, self-care, usual activities, pain/discomfort
and anxiety/depression of the Euroqol-5D-5L questionnaire (EQ-5D-5L). Furthermore, percentages
of patients that improved to “no problems” or stayed with any problems are shown. In almost all
dimensions (with the exception of self-care), patients stated an improvement. Patients mostly did not
report any problems with self-care at baseline, as well as at follow-up.

Dimension scores at baseline and follow-up are displayed in Figure S1 (Supplementary
Materials).

Regarding the EQ index value, there was a statistically significant improvement (mean
(95% CI) difference of 0.060 (0.019, 0.102), p = 0.005) between baseline and follow-up.
Furthermore, patients had significantly higher mean (SD) EQ VAS scores at follow-up (59.1
(20.9) vs. 66.0 (20.3), p = 0.002) (Table 2).

3.6. SF-36

Mean (SD) scores and mean (95% CI) differences for the eight SF-36 health dimensions
and PCS and MCS T-scores are outlined in Table 3. Patients improved significantly in
the dimensions of physical functioning, physical role limitations, pain, energy/vitality,
emotional role limitations and emotional health at follow-up. The mean (SD) scores of the
physical component summary (PCS) score were significantly higher at follow-up (39.2 (10.2)
vs. 43.0 (10.9), p < 0.001), whereas the mental component summary (MCS) score showed
no significant change (41.8 (11.5) vs. 44.1 (11.5), p = 0.069). The mean (95% CI) difference
scores between follow-up and baseline for the PCS and MCS were 4.9 (2.6, 7.2) and 2.3
(−0.2, 4.8), respectively. No significant difference was found in the dimensions of general
health and social functioning between baseline and follow-up. Sex, the subjective effect of
the COVID-19 vaccine on post-COVID-19 symptoms, the time from the symptom onset of
COVID-19 to the first vaccination and the number of vaccine shots were not independent
predictors for the change in the PCS or MCS.
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Table 3. SF-36 health domain scores and PCS and MCS T-scores.

Baseline,
Mean (SD)

Follow-Up,
Mean (SD)

Δ *,
Mean (95% CI)

p-Value

Physical functioning a 63.4 (24.6) 75.4 (20.3) 12.1 (7.0, 17.1) p < 0.001
Role limitations (physical) b 27.6 (35.7) 48.1 (42.9) 20.5 (10.9, 30.2) p < 0.001

Pain b 56.7 (28.9) 67.3 (28.7) 10.7 (4.2, 17.1) p = 0.002
General c 54.1 (18.2) 54.7 (19.1) 0.7 (−3.7, 4.9) p = 0.795

Energy/vitality c 29.8 (19.4) 40.8 (21.7) 11.0 (6.3, 15.7) p < 0.001
Social functioning d 57.9 (28.2) 62.5 (29.7) 4.6 (−2.4, 11.7) p = 0.195

Role limitations (emotional) b 57.7 (44.8) 69.2 (41.2) 11.4 (0.98, 21.9) p = 0.032
Emotional health c 61.3 (19.1) 66.9 (18.0) 5.6 (1.3, 9.8) p = 0.011

PCS (T-score) d 38.2 (10.2) 43.0 (10.9) 4.9 (2.6, 7.2) p < 0.001
MCS (T-score) d 41.8 (11.5) 44.1 (11.5) 2.3 (−0.2, 4.8) p = 0.069

a n = 68, b n = 67, c n = 66, d n = 65. * Change from baseline. SF-36 scores: higher scores mean better quality of life.

4. Discussion

This study investigated the change in health-related quality of life in patients suffer-
ing from long-lasting symptoms after mild or moderate acute COVID-19 over time. We
found that physical HRQoL, including several aspects of daily living, relevantly improved
6 months from baseline despite treatment options being scarce.

Recently, our research group showed that physical and mental health are substantially
impaired in patients referred for a post-COVID-19 consultation compared with the Swiss
general population during pre-pandemic times [11]. In particular, the health dimensions
“usual activities”, “pain” and “anxiety/depression” were affected, whereas “self-care” did
not seem to be impaired at all. In patients who were hospitalized due to acute COVID-19,
most individuals still reported symptoms 12 months after hospitalization [27]. After an
initial mild disease, studies showed persistent symptoms also in this patient group [28,29].
Apart from symptom persistence, little is known about the consequences on HRQoL
over time in patients with post-COVID-19 symptoms who suffered an initial mild or
moderate COVID-19.

Regarding physical health, patients showed statistically significant and clinically
relevant improvements exceeding the recommended 3-point minimal clinically important
difference over six months. This was also reflected in the EQ-5D-5L, as one in five patients
had improvements to “no problems” in the health dimensions “mobility” and “usual
activities”, and therefore, this seems to demonstrate potentially higher activity levels in
those patients. Our results are contradictory to the findings of Seessle et al. [30], who found
decreased physical HRQoL in patients with mild or moderate disease 12 months after the
acute disease. This might have been due to the reason that their study cohort consisted of
patients, which were considerably older and more patients suffered from an initial moderate
disease severity (55.2% vs. 5.8%). Although the pathophysiological mechanisms that might
have led to an improvement in symptoms are not available and specific therapies are still
missing, physical health relevantly improved over time. It is difficult to say whether time
was the key factor for the improvement of physical HRQoL or whether patients learned to
cope with their illness, and therefore, did not feel as restricted physically. The considerable
proportion of patients (40%) who stated that they had a persistent reduction in symptoms
after the COVID-19 vaccine indicated that the severity and/or number of symptoms
reduced over time. Complementary to that, Ayoubkhani et al. [31] observed a considerable
likelihood of post-COVID-19 symptoms decreasing after COVID-19 vaccination. Further,
the SGRQ’s symptoms component score, which represents the frequency and severity of
respiratory symptoms, showed significantly improved scores. Due to missing evidence-
based treatment options, patients try various self-administered or experimental treatment
strategies, as well as in- and outpatient rehabilitation programs. Therefore, it is unknown
whether and to what extent those therapies or lifestyle changes, such as pacing, also
influenced the course of physical HRQoL in a positive way.
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No significant improvement was observed in mental health. Mental health might take
more time to improve compared with physical health, and thus, the follow-up of 6 months
could have been insufficient to detect a significant change. However, as we showed in our
previous study [11], mental health was similarly impaired in post-COVID-19 patients and
a control group during the first wave of the pandemic compared with the general Swiss
population before the pandemic. Subsequently, mental health deterioration might have
evolved as a consequence of socio-economical and political changes during the pandemic,
and therefore, affect the whole population and not only post-COVID-19 patients. Lastly, it
was already reported that physical disabilities might lead to depression [32], and thus, the
long period of one year that patients had been suffering from post-COVID-19 symptoms
in our cohort might have contributed to persistent mental health issues. Approximately
60% and 45% of patients in the dimensions “pain/discomfort” and “anxiety/depression”,
respectively, showed a decline or no change, which also might explain the non-significant
improvement in mental health.

Future studies are warranted to investigate predictors for improvement or worsening
in physical and mental HRQoL so that the course of the disease and its impact on different
patient groups can be better understood. In our study cohort, sex, the subjective effect
of the SARS-CoV-2-specific vaccination after infection on post-COVID-19 symptoms, the
time from symptom onset of COVID-19 disease to the first vaccination, and the amount of
vaccine shots were not independent predictors for physical or mental health.

Patients with follow-up showed a higher mental health status at baseline compared
with individuals without follow-up. We cannot tell whether these patients did not partici-
pate due to remaining impairments or whether other reasons, such as motivational issues,
hindered them. However, physical health at baseline was comparable in patients with and
without follow-up. Moreover, the response rate to follow-up questionnaires was 61.6%,
which can be rated as high enough. There is little literature regarding response rates to
follow-up questionnaires, but one randomized trial that compared response rates with and
without incentives showed similar results (68.5%) to the group where no incentives were
given [33].

This study had some limitations. It is difficult to differentiate what effect can be
allocated to time alone and what could be allocated to patients’ self-effort or treatment
strategies. However, the focus of this study was primarily to assess the change in HRQoL.
Additional studies are needed that investigate the course of symptoms over time, as well
as treatment strategies on the impact of HRQoL. A previous sample size calculation was
not performed due to the exploratory study design, and therefore, the sample size was too
small to test for various predictors. However, since the mean PCS was above the MCID and
the lower limit was near the MCID, we concluded that our findings have enough power.
Further, well-powered studies with bigger sample sizes should be conducted to confirm
the findings and to evaluate possible predictors and the influence of different COVID-19
variants on the course of post-COVID-19. Lastly, as this study depicted only a patient
collection of the German-speaking part of Switzerland with a generally very stable political
situation and labor market, it is difficult to apply our results to other regions of the world.

5. Conclusions

The majority of patients that initially suffered from mild or moderate acute COVID-19
showed significant and clinically relevant improvements in physical-health-related quality
of life over 6 months. Future studies are needed to better understand the course of the
disease in different patient groups and whether the findings persist over time.

Supplementary Materials: The following supporting information can be downloaded from https://
www.mdpi.com/article/10.3390/jcm12124077/s1: Figure S1: EQ-5D-5L dimension responses at baseline
and follow-up; Table S1: Prevalence of long COVID symptoms; Table S2: Effect of COVID-19 vaccine on
long COVID symptoms.
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Abstract: Worldwide, about 10 percent of patients affected by long COVID require appropriate follow-
up and intervention. The main objective of this study was to analyze the long-term impact of mild
long COVID in the adult population, and to determine the effect of clinical and sociodemographic
variables on health-related quality of life in those affected. Methods: A cross-sectional descriptive
study of a sample of Spanish adult patients with persistent COVID-19 symptoms at least three
months after diagnosis. Data collection took place between April and July 2021. The health-related
quality of life of the sample was low, with worse results in the physical component summary (PCS)
24.66 (SD = 4.45) compared to the mental component summary (MCS) 45.95 (SD = 8.65). The multi-
regression analysis showed significant differences by sex in the dimensions of physical functioning
(p = 0.040); bodily pain (p = 0.036); and health transition (p = 0.018). Additionally, a longer time
since infection had a significant effect on physical functioning (p = 0.039); general health (p = 0.037);
vitality (p = 0.034); and general health transition (p = 0.002). The effect of occupational imbalance was
significant for all dimensions. Conclusions: people with long COVID have a reduced quality of life.
Sex, time since infection, and occupational imbalance are predictors of a worse quality of life.

Keywords: long COVID; quality of life; persistent symptoms; long haulers

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative agent
that results in acute COVID-19 infection. Research has shown that mild COVID-19 disease
is present in up to 80% of cases [1,2]. In addition, long-term complications can occur
after the acute phase of COVID-19 disease following recovery from the acute effects of
the infection [3]. Some people continue to experience symptoms beyond the initial acute
phase of the disease with long term effects from their infection, known as long COVID [2,4].
Thus, Greenhalgh et al. 2020 [5] defined long COVID as the persistence of symptoms
beyond 12 weeks of symptom onset. Between 11% and 24% of patients with COVID-19 may
experience long-term symptoms even three months after the onset of COVID-19 disease.
The hypothesized etiopathogenesis of COVID-19 is that it may be driven by long-term tissue
damage or pathological inflammation (due to viral persistence, immune dysregulation, and
autoimmunity) [6]. There is scarce evidence for patients who suffered a mild COVID-19
infection and were treated in an outpatient setting. This is potentially contradictory as,
according to the available data, most cases of individuals with acute COVID-19 experience
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a mild disease [7], and therefore, further studies in this population are required. The
predominant profile of individuals with long COVID, is that of a woman with a mean
age of 43 years and no previous major health problems [8]. Conversely, people with long
COVID who were hospitalized in the acute phase of COVID-19 had a higher prevalence
of comorbidity and previous pathologies [9]. The impact of the persistence of symptoms
beyond the clinical outcome means that the individual’s physical, mental, social, and
emotional functioning is affected [10], which has a major health and economic impact [11].
Previous research on persistent COVID has focused on characterizing persistent symptoms
and the pathophysiology of the disease as well as the need for further research because of
the great impact on quality of life [4] and occupational performance [9,12], months after the
diagnosis. Thus, it is important to analyze performance limitations, together with the degree
of occupational balance, i.e., the ability for a person to distribute their activities, together
with time-management and decision-making, as this is fundamental for the individual’s
autonomy [13]. Occupational balance can be defined as “The individual’s subjective
experience of having “the right mix” of occupations in his or her occupational pattern.
This definition can be used from various perspectives: occupational areas, occupations
with different characteristics, and time use” [14]. It has been previously shown that
occupational imbalance directly causes high levels of stress and impacts the individual’s
health, however a balanced participation contributes to the maintenance of people’s health
and well-being [15].

Due to the novelty of the disease, there is a lack of evidence regarding the evolution of
those affected [16]. Thus, previous studies have monitored the number of symptoms [17],
the lower health status of those with long COVID compared to that of the control popu-
lation [18], and the risk factors for long COVID-19, such as being a female, vaccination
status, and age [9]. However, the effect of long COVID on quality of life has not yet been
sufficiently analyzed; therefore, it is necessary to research the limitations encountered in
order to design an appropriate intervention and rehabilitation program to improve both
quality of life and autonomy [13].

This study sought to identify the impact of long COVID on health-related quality
of life to determine the effect of clinical and sociodemographic variables, and to ex-
plore the relationship with the participants’ occupational balance by performing a sec-
ondary analysis based on the previously published cross-sectional descriptive design by
Rodriguez-Perez et al. [19].

2. Materials and Methods

2.1. Design

A descriptive cross-sectional study was conducted on a sample of Spanish adult
patients presenting with persistent COVID-19 symptoms for three months or longer. The
guidelines of the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) checklist were followed [20]. This study was approved by the Ethics Committee
of University Rey Juan Carlos (170120210212) and is framed within the Spanish Research
Network on Persistent COVID (REiCOP). Data collection, processing and transfer were
completed in accordance with the provisions of the Declaration of Helsinki [21], and current
Spanish regulations on personal data protection. Furthermore, prior to participation, each
participant signed an informed consent form.

2.2. Sample

Data collection took place between April to July 2021. The survey method was adopted
and applied through videoconference with participants. The sample criteria were deter-
mined in consensus with the Spanish Society of General and Family Physicians (SEMG),
based on previous international studies [22]. The sample was selected using simple random
sampling with all voluntary participants who met the criteria using the 2022 Quick-Calcs
GraphPad software system (GraphPad Software, LLC, San Diego, CA, USA). The inclusion
criteria consisted of people between 30 and 50 years of age, diagnosed with acute-phase
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COVID-19 disease via Polymerase Chain Reaction (PCR) and/or positive serology; who
did not require hospitalization in the acute phase of illness; with persistent COVID-19
symptomatology determined by medical diagnosis and not attributed to another cause;
for three months or longer; adequate ability to communicate for the purpose of collecting
clinical data; and no previous pathologies; additionally, due to the health regulations in
place at the time, the participants were non-vaccinated. The exclusion criteria consisted
of receiving rehabilitation treatment for COVID-19 at the time of the assessment, not hav-
ing the necessary technology to conduct the interview, and failure to accept and sign the
informed consent form.

2.3. Procedure

Before conducting the study, the researchers established agreements with the Span-
ish Society of General and Family Physicians (SEMG), the Persistent COVID Association
in Spain (ACPE) and representatives of the collective “Long COVID Autonomous Com-
munities Together Spain (ACTS)”. Thereafter, Long COVID ACTS conveyed the study
information to the regional collectives of each community, who, in turn, disseminated the
information to each of the affected patients who voluntarily showed their interest in par-
ticipating in the study. The form gathered contact and sociodemographic data, COVID-19
diagnostic test data, time of evolution since diagnosis, symptomatology, employment
status, and acceptance of the study. Once the participant had completed the form and
accepted the informed consent, the investigator conducted a videoconference call. During
the interview, both the Occupational Balance Questionnaire and SF-36 health questionnaire
were administered. These scales were administered considering the participant’s situation
at the time, and the same questions were also administered referring to their situation
prior to the disease. Subsequently, the data were stored in a digital notebook that was
solely available to the principal investigator. The study protocol is published elsewhere in
detail [19] (Figure 1).

Figure 1. Data collection.
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2.4. Measures

The Occupational Balance Questionnaire (OBQ) [23] measures occupational balance
in relation to a person’s current situation and daily life. Thus, it assesses the ability to
manage the amount and variability of tasks within an occupation while preserving per-
sonal preferences, as well as the ability to maintain a strong sense of self-identity through
participation in meaningful occupations based on personal values. The OBQ particularly
focuses a person’s satisfaction with the range and variability of occupations and provides a
global picture of one’s own occupational balance [24]. It consists of 13 items that are scored
using an ordinal response scale from 0 to 5 points according to the degree of agreement. The
final score ranges from 0 to 65, where a higher score indicates a better occupational balance.
A notable advantage of this questionnaire is that it does not focus on a single classification
of activities, rather it presents different statements in a global way with several alternatives
in reference to a wide range of activities that the individual may have. The main objective
is to explore the balance between different types of occupations, the significance of the oc-
cupations for the person, the use of time, and how the patient feels about these occupations.
Thus, a wide variety of occupations are represented, including physical, social, intellectual,
leisure, and other activities [23]. This tool has demonstrated adequate psychometric prop-
erties, making it a reliable instrument for measuring occupational balance. Moreover, a
Spanish version has been adapted and validated [24].

The impact on health-related quality of life (HRQoL) was measured using the 36-item
Short-Form Health Survey (SF-36) [25]. The SF-36 was developed to measure relevant
generic health concepts. It is a 36-item scale, measuring the following domains: physi-
cal functioning, physical role limitations, bodily pain, general health perceptions, social
functioning, emotional role limitations, mental health, and the transformation in health
status compared to the previous state. The raw scores are translated into transformed
scores and each dimension is given a percentage from 0 to 100, the higher the percentage,
the better the health status. The aggregation of the eight subdomain scores enables the
calculation of two summary scores: the physical summary component (PCS) scores and
the mental summary component (MCS) The PCS is calculated by positively weighting the
four subscales in the physical domain (physical functioning, role physical, bodily pain
and general health) and the remaining psychological domain subscales negatively [26]. In
contrast, the MCS is calculated by positively weighting the four mental domain subscales
(mental health, vitality, social functioning and role emotional), and negatively weighting
the four physical domain subscales. Previous studies published to date have shown that
scores above or below 50 indicate better or worse health status, respectively, than the mean
of the reference population [27]. This questionnaire is psychometrically sound and has
been validated and adapted to the Spanish population [28]. The SF-36 is designed to be
self-administered. Recent studies have used this questionnaire with population affected by
the COVID-19 pandemic [29].

2.5. Data Analysis

Concerning qualitative variables, the number of cases present in each category and the
corresponding percentages were calculated. In addition, in terms of quantitative variables,
the mean and standard deviation were calculated with transformed scores subscales. To
calculate PCS and MSC values, scores for each of the eight domains were extracted and
standardized using a z-score transformation. They were then multiplied by 10 and added
to 50 to generate normalized scores for each domain and aggregated using factor score
coefficients and creating normalized scores for each component summary [30]. Correlations
between variables were studied using Pearson’s correlation coefficient with the raw scores.
To determine the possible effect of demographic, clinical and scale variables, multivariable
linear regression models were performed for the dimensions scores. The statistical analysis
was performed with SPSS 27.0 for Windows (Copyright© 2013 IBM SPSS Corp., Armonk,
NY, USA). Statistical significance was set at p < 0.05.
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3. Results

The final study sample consisted of 122 patients from 35 Spanish territories, presenting
with persistent multiple and multisystemic symptomatology. As shown in Table 1, up to
77.9% (n = 95) were women and 22.1 % (n = 27) were men, aged between 30 and 50 years
with a mean age of 43.5 years (SD = 5.8). Regarding the time since infection, the mean time
was 10.88 months (min.–max.: 4–16, SD = 3.33).

Table 1. Descriptive sociodemographic and clinical variables.

Sociodemographic Variables n

Sex (n (%))
Women 95 (77.9)

Men 27 (22.1)
Age (range) 30–50

Age (mean (SD)) 43.5 (5.8)
Time since infection (min.–max. months (SD)) 4–16 (3.33)

SD: standard deviation.

Table 2 shows the means and standard deviations of the scores for the SF-36 subscales.
The health-related quality of life of the sample was low, with worse results in the physical
component summary (pcs; 24.66 [sd = 4.45]): physical functioning 27.50 (sd = 20.40); role
of physical limitations 5.12 (sd = 16.99); general health 29.51 (sd = 16.23); bodily pain
36.52 (sd = 22.04) than in the mental component summary (mcs; 45.95 [sd = 8.65]): vitality
22.25 (sd = 20.71); mental health 59.30 (sd = 14.94); social functioning 39.45 (sd = 17.53); and
role of emotional limitations 62.81 (sd = 46.98). The health transition subscale scored an
average of 7.17 (sd = 11.35).

Table 2. Descriptive statistics for the scores on the SF-36 subscales.

Mean (SD)

Physical Functioning (PF) 27.50 (20.40)
Role of Physical Limitations (RP) 5.12 (16.99)
General Health (GH) 29.51 (16.23)
Bodily Pain (BP) 36.52 (22.04)
Physical Component Summary (Pcs) 24.66 (4.45)
Vitality (V) 22.25 (20.71)
Mental Health (Mh) 59.30 (14.94)
Social Functioning (SF) 39.45 (17.53)
Role of Emotional Limitations (RE) 62.81 (46.98)
Mental Component Summary
(MCS) 45.95 (8.65)

Health Transition 7.17 (11.35)
Notes. SD: standard deviation.

Table 3 shows the means (standard deviations) and correlations between the scales
(raw scores). Occupational balance measured using the OBQ correlated positively and
significantly with all dimensions of the SF36, except with physical role limitations.

Table 3. Means, standard deviations and correlations between scales (raw scores).

1 2 3 4 5 6 7 8 9 10

1. Occupational Balance Questionnnaire (OBQ) 1

2. Physical Functioning 0.61 * 1

3. Role of Physical Limitations −0.10 0.07 1
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Table 3. Cont.

1 2 3 4 5 6 7 8 9 10

4. Role of Emotional Limitations 0.29 * 0.35 * 0.19 1

5. Vitality 0.42 * 0.60 * 0.14 0.06 1

6. Mental Health 0.28 * 0.39 * −0.15 0.64 * −0.05 1

7. Social functioning 0.39 * 0.50 * 0.03 0.38 * 0.19 * 0.47 * 1

8. Bodily Pain 0.27 * 0.42 * 0.03 0.40 * 0.18 * 0.32 * 0.46 * 1

9. General Health 0.53 * 0.58 * −0.08 0.24 * 0.44 * 0.34 * 0.47 * 0.43 * 1

10. Health Transition 0.49 * 0.46 * 0.13 0.27 * 0.38 * 0.12 0.54 * 0.33 * 0.40 * 1

Notes: * p < 0.05.

To determine the possible effect of demographic and clinical variables and the OBQ
scale on the dimensions of the SF36 scale, multivariable linear regression models were
calculated, considering physical functioning, role physical, general health and bodily pain
as the dependent variables (Table 4). Regarding physical functioning, the variables with a
significant effect were sex (p = 0.040), time of evolution (p = 0.039), and occupational balance
(p < 0.001). The results revealed that for general health, time since infection (p = 0.037), and
occupational balance (p < 0.001) were significant. For bodily pain, sex (p = 0.036) and OBQ
(p = 0.003) were significant. None of the independent factors contributed to the role of
physical health.

Table 4. Effect of demographic, clinical variables and OBQ on the dimensions related to physical
aspects of the SF-36 scale.

Physical Functioning Role of Physical Health General Health Bodily Pain

B
(SE)

t p-
Value

B
(SE)

t p-
Value

B
(SE)

t p-
Value

B
(SE)

t p-
Value

Sex (Female vs. Male) −1.03
(0.44) −2.08 0.040

−0.07
(0.15) 0.45 0.656 0.44

(0.63) 0.69 0.492 −0.87
(0.41) −2.12 0.036

Age −0.01
(0.05) −0.19 0.851 −0.01

(0.01) 0.65 0.518 0.02
(0.05) 0.52 0.601 0.00

(0.04) −0.03 0.978

Time since infection 0.05
(0.02) 2.09 0.039

−0.02
(0.02) 1.06 0.291 0.04

(0.02) 2.11 0.037 −0.06
(0.06) −1.05 0.296

OBQ 0.22
(0.03) 8.08 <0.001

−0.01
(0.01) 1.20 0.231 0.16

(0.02) 6.69 <0.001 0.05
(0.02) 3.00 0.003

R2 (%) 36.5 −0.8 26 7.2

Model F (4; 117) = 18.39;
p < 0.001 F (4; 117) = 0.76; p = 0.551 F (4; 117) = 11.60;

p < 0.001 F (4; 117) = 3.36; p = 0.012

B: unstandardized coefficient. SE: standard error.

Regarding the dimensions related to mental health (Table 5), the results showed that
time since infection had a statistically significant effect (p = 0.034). Additionally, for the
four dimensions, the variable with a statistically significant effect was occupational balance,
where a lower score was related to greater limitations for the following dimensions: vitality
(p < 0.001) role of emotional limitations (p = 0.001), mental health (p = 0.005) and social
functioning (p < 0.001).
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Table 5. Effect of demographic and clinical variables and the OBQ on dimensions related to mental
health, according to the SF-36 scale.

Vitality
Role of Emotional

Limitations
Mental Health Social Functioning

B
(SE)

t p-
Value

B
(SE)

t p-
Value

B
(SE)

t p-
Value

B
(SE)

t p-
Value

Sex (Female vs. Male) −1.02
(0.86) −1.18 0.239 −0.08

(0.31) −0.27 0.789 0.42
(0.81) 0.52 0.604 −0.23

(0.29) −0.79 0.432

Age −0.03
(0.06) −0.51 0.611 0.02

(0.02) 0.91 0.365 −0.06
(0.06) −0.98 0.33 0.03

(0.02) 1.38 0.169

Time since infection −0.03
(0.01) −2.14 0.034 0.02

(0.04) 0.50 0.616 0.16
(0.10) 1.56 0.121 −0.02

(0.04) −0.60 0.552

OBQ 0.15
(0.03) 4.75 <0.001 0.04

(0.01) 3.39 0.001 0.09
(0.03) 2.89 0.005 0.05

(0.01) 4.81 <0.001

R2 (%) 16 8.4 9.2 14.11
Model F (4; 117) = 6.78; p < 0.001 F (4; 116) = 3.07; p = 0.019 F (4; 117) = 3.35; p = 0.012 F (4;1 17) = 5.98; p < 0.001

B: unstandardized coefficient. SE: standard error.

In the dimension related to health transition (Table 6), the variables with a significant ef-
fect were sex (p = 0.018), time since infection (p = 0.002) and occupational balance (p < 0.001).

Table 6. Effect of demographic and clinical variables and OBQ on the health transition of the
SF-36 scale.

Health Transition

B (SE) t p-Value

Sex (Female vs. Male) −5.17 (2.16) −2.40 0.018
Age 0.20 (0.16) 1.26 0.211
Time since infection −0.86 (0.27) −3.13 0.002
OBQ 0.52 (0.08) 6.56 <0.001

R2 (%) 29.5
Model F (4; 117) = 13.66; p < 0.001

B: unstandardized coefficient. SE: standard error.

4. Discussion

This study shows the impact of mild persistent COVID on HRQoL. Our findings
reveal low HRQOL scores compared to normative data of people in the same age range
and similar characteristics [31]. The available evidence regarding the HRQoL of people
with Long COVID remains scarce; however, affected individuals continue to present a wide
range of symptoms [32], hampering the return to their previous normal life. In line with
our results, Garrigues et al. [33] found an impact on quality of life in dimensions measured
by the EQ-5D among previously hospitalized patients with persistent symptoms. Similarly.
Arnold et al. [29] also administered the SF-36 to hospitalized patients with COVID-19 and
showed a decline in HRQoL in all domains compared to age-matched population norms.
Similar previous studies [32] have based their analyses on patients with acute COVID-19.
However, to date, we have not found any studies focusing on individuals with persistent
COVID who presented with mild SARS-CoV-2 infection.

The regression model showed that sex had a significant effect on the domains of
physical functioning, bodily pain, and health transitions. Therefore, women had worse
scores on the HRQOL compared to men. These scores may be in line with previous stud-
ies [34] where men obtained better scores on the HRQOL compared to women. However,
these studies were only focused on hospitalized patients. Time since infection was another
significant variable for vitality, and general health. Thus, a longer time of disease evolution
was significantly correlated with lower HRQoL scores, and worse self-perceived general
health. To the best of our knowledge, there is no data on the evolution of HRQOL in people
with long-term persistent COVID. Thus, more recent studies have focused on accounting
for long-term symptoms [4] and improvement of symptoms [6], and less on analyzing the
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impact on HRQoL. A recent systematic review [35] concluded that previously hospitalized
patients with persistent symptoms beyond 12 weeks still experienced a decline in HRQoL.
Meys et al. [36] used the EQ-5D tool to determine HRQoL in non-hospitalized patients with
long COVID, and obtained similar conclusions; however, they only analyzed the sample
three months after diagnosis. Our study had a longer follow up, with a mean time of
evolution of ten months, which may shed light on some hypotheses regarding long-term
improvement in this population.

Regarding occupational balance, measured with the OBQ, this was significant for all
HRQoL dimensions. Thus, those affected by long COVID showed a decline and imbalance
in their occupations, which had a direct impact on their HRQoL. The relationship between
occupational balance and health has been analyzed in studies with different populations
and has been shown to be associated with quality of life [37]. In line with our results, recent
studies have explored the relationship between occupational balance and HRQoL in the
context of the pandemic situation due to COVID-19 [11]. Authors such as Messeguer de
Pedro et al. [38] found low levels of occupational balance associated with a significant
reduction in self-perceived health. However, we are not aware of research that has analyzed
this relationship with patients with long COVID-19, even though it may be essential to
train people to improve their abilities related to balancing occupational performance in
order to produce a positive impact on their health and wellbeing [39]. Although we lack
available evidence on the design of rehabilitation programs in this population, authors
such as Belhan et al. [40] or Ganesan et al. [41] performed this intervention approach in
their rehabilitation program and found improvements in HRQOL in individuals affected
by the COVID-19 pandemic.

Practical Implications and Future Lines of Investigation

Our data may be of interest for the design of appropriate and individualized inter-
vention programs for patients with mild long COVID. In the assessment of patients with
persistent COVID it is very important to consider aspects such as occupational balance, and
it is necessary to design programs aimed at improving occupational balance and autonomy,
which will consequently improve the quality of life of those affected.

In the future, longitudinal studies should be conducted to provide data on long-
term evolution and follow-up considering other variables such as the long-term effects of
vaccines in patients with long COVID who suffered a mild infection during the acute phase
of illness.

5. Strengths and Limitations

This study aimed to fill the gap in research regarding occupational balance and its
relationship with long COVID and sociodemographic variables. The reported results
provide new evidence on occupational balance, a rarely studied variable in this context,
and its relationship with quality of life and sociodemographic variables. This relationship
has practical implications, the practitioners that attend people diagnosed with long COVID
must include occupational interventions aimed to reversing the occupational imbalance,
and future research should assess the effects of occupational interventions on quality of life
and occupational balance.

The main strength of this research was the participant profile: people who were not
vaccinated and did not require hospitalization. In the current literature, different variables
related to long-term COVID have been studied in hospitalized patients who have received
vaccination; however, few studies have addressed this health condition in people who
have not required hospitalization or been vaccinated. In addition, the sample has been
collected from different regions of Spain, and therefore, the data is more representative of
the national territory. Although, the sample size was estimated to provide reliable data,
the results from this study should be further confirmed in future studies with a larger
sample size.
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This study has several limitations which warrant consideration. Firstly, the sample
size and cross-sectional design may limit the generalizability of results. Secondly, the
interviews reported information from patients at two different points in time and should
therefore be considered with caution to avoid possible measurement or recall bias. In
spite of this, the guidelines for this type of observational study [20] were considered to
minimize bias as much as possible and the interviews were scheduled soon after their
previous situation. In addition, this was a commonly used methodology during pandemic
periods [42,43] and at the time of the evaluation movement restrictions were still in place at
a national level. Nonetheless, despite these limitations, the present study has enabled us
to perform an analysis of HRQOL, as well as to make the first description of the impact
of sociodemographic variables, age, sex, time of evolution, and occupational balance in
patients with long COVID.

6. Conclusions

The results of this study indicate that people with long COVID present a low HRQOL
and occupational imbalance. Furthermore, we have found that female sex, a longer time
since infection, and occupational imbalance are influential variables related to a worse
HRQOL.
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Abstract: (1) Background: Long COVID syndrome (LCS) is a heterogeneous long-standing condition
following COVID-19 infection. Treatment options are limited to symptomatic measures, and no
specific medication has been established. Hyperbaric oxygenation (HBO) has been found to have
a positive impact on the treatment of COVID-19 infection. This study evaluates both the feasibility
and outcome of supportive HBO in patients with LCS. (2) Methods: Within 17 months, 70 patients
with proven LCS were prospectively included. Each patient underwent a cycle of 10 subsequent
HBO treatment sessions administered for 75 min at 2.2 atmospheres. Evaluation of the patients
was performed before the first and after the last HBO session and 3 months afterwards. Statistical
evaluation was based on an intention-to-treat analysis using Fisher’s exact test and Student’s t-test
for paired samples. (3) Results: In total, 59 patients (33 females, 26 males; mean age: 43.9 years; range:
23–74 years; median: 45.0) were evaluable. After HBO, a statistically significant improvement of
physical functioning (p < 0.001), physical role (p = 0.01), energy (p < 0.001), emotional well-being
(p < 0.001), social functioning (p < 0.001), pain (p = 0.01) and reduced limitation of activities (p < 0.001)
was confirmed. (4) Conclusions: Physical functioning and both the physical and emotional role
improved significantly and sustainably, suggesting HBO as a promising supportive therapeutic tool
for the treatment of LCS.

Keywords: long COVID; hyperbaric oxygenation; long-term effect; improvement; physical function;
pain; fatigue; energy; general perception of health

1. Introduction

1.1. Background

Long COVID syndrome (LCS), also called post-COVID-19 syndrome or long-haul
coronavirus disease 2019 (COVID-19) [1], is a heterogenous condition affecting patients
following COVID-19 infections.

Though a variety of defining criteria have been proposed, the most common de-
scription is symptoms extending for more than 12 weeks beyond the initial COVID-19
infection [1]. Among individuals with LCS 3 months after symptomatic severe acute respi-
ratory syndrome coronavirus type 2 (SARS-CoV-2) infection, an estimated 15.1% continued
to experience symptoms at 12 months [2].
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LCS evolves either directly from the initial COVID-19 infection or develops after a
symptom-free interval and affects patients regardless of the severity of the COVID-19
disease. Though LCS is predominantly found in younger, female individuals, it relates to
all age groups and both sexes. The array of symptoms varies individually and derives from
three LCS symptom clusters: (a) persistent fatigue, mood swings, body pain; (b) cognitive
impairment; and (c) ongoing respiratory problems [2]. The dimension of the problem is
considerable. Wulf-Hanson et al. reviewed reports of 1.2 million formerly symptomatic
COVID-19 patients. They estimated that at least 6.2% of them experienced at least one out
of the three LCS symptom clusters [2].

Physical symptoms relating to the cardiorespiratory system are common and, in many
cases, they persist despite normal objective parameters [2]. In addition, mental disorders,
headaches, smell and taste dysfunction, hair loss, insomnia, rhinorrhea and gastrointestinal
issues are frequently experienced in LCS. In some cases, the condition is highly debilitating,
resulting in an inability to return to work or even perform household chores [3], not only
because of the physical symptoms but also due to the psychic impact of LCS [4].

Treatment options are currently limited to symptomatic measures including physical
rehabilitation, and support by mental and social services alongside monitoring of symp-
toms. Since there is insufficient understanding of the mechanisms underlying LCS, no
specific medication has been established yet [3,5].

Hyperbaric oxygenation (HBO) denotes the inhalation of 100% oxygen at pressures
exceeding one atmosphere absolute, thus enhancing the amount of oxygen dissolved in the
body tissues. During HBO, the arterial oxygen (O2) tension typically exceeds 100 mmHg.

Depending on the pressure applied, arterial O2 tension reaches 1300 to 2000 mmHg,
equaling 200–400 mmHg in tissues. Even though many of the beneficial effects of HBO
can be explained by the improvement of tissue oxygenation, it is now understood that
the combined action of hyperoxia and hyperbaric pressure triggers both oxygen- and
pressure-sensitive genes, resulting in inducing regenerative processes. These include stem
cell proliferation and mobilization, enhancement of anti-apoptotic and anti-inflammatory
factors, and downregulation of inflammatory cascades [6].

For acute COVID-19 infection, there are anecdotal reports about compassionate
use [7,8] and first prospective studies [9,10] of HBO, showing accelerated improvement
of hypoxemia but no effect on mortality. Based on an unadjusted meta-analysis of data
from 36 cases, Jansen et al. concluded that HBO might add therapeutic benefits in treating
COVID-19 induced hypoxia as an adjunct to standard care [11].

The short existence of COVID-19 and of LCS notwithstanding, there are already a few
reports about the successful application of HBO to post-COVID-19 syndrome. Bhaiat et al.
published a case of successful HBO treatment of LCS in a former athlete who dramatically
improved cognition deficits and cardiopulmonary function as documented by elaborate pre-
and post-treatment workup, including spiro-ergometry and functional magnetic resonance
imaging (MRI) [12].

The six LCS patients treated by Zant et al. suffered predominantly from muscle pain,
joint pain, and dyspnea. Five out of six experienced improvements to pre-infection levels
whilst the remaining patient reported significant relief [13].

Robbins et al. treated 10 consecutive patients in 10 sessions of HBO at 2.4 atmospheres
over 12 days, focusing on fatigue and cognitive impairments. HBO yielded a statisti-
cally significant improvement of fatigue, global cognition, executive function, attention,
information processing and verbal function [14].

Turova et al. performed a prospective, observational trial on HBO as an adjunctive
measure in 45 patients participating in an outpatient rehabilitation program for LCS. They
found the use of HBO beneficial in terms of improvement of functional and laboratory
parameters [15].

Recently, in a large, prospectively randomized study, Zilberman et al. described the
improvement of neuropsychological and neurocognitive symptoms in LCS [16] and the
same group analyzed the neuro-structural background of the HBO action on LCS [17].
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Based on the encouraging results mentioned above, we initiated an opportunistic and
exploratory study on HBO in LCS focusing on both feasibility and outcome according to
self-reporting by patients with symptoms from all three LCS clusters.

1.2. Hypothesis and Objectives

The overall hypothesis to be evaluated is that HBO is a safe and feasible treatment to
alleviate symptoms associated with LCS.

The primary objective is to evaluate if HBO improves physical functioning, physi-
cal role, energy, emotional role, emotional well-being, social functioning, pain, general
perception of health and limitation of activities.

The secondary objective is to evaluate if HBO has a beneficial impact on blood pressure,
heart rate and peripheral oxygen saturation.

2. Materials and Methods

2.1. Study Design

This clinical, prospective, observational single-center pilot study was approved by the
Local Institutional Review Board of the Medical University of Graz (No. 33-308 ex 20/21).
Written informed consent was obtained from each patient before participation in the study.
The study was conducted in accordance with the Declaration of Helsinki and according to
good clinical practice.

2.2. Patient Characteristics

Seventy patients aged between 18 and 90 years with proven LCS were enrolled in
the study between April 2021 and August 2022. All of them had had COVID-19 infection
proven by a polymerase chain reaction (PCR)-test and an at least 3 months’ history of a
minimum of two typical symptoms such as fatigue, dyspnea, dizziness, muscle weakness,
insomnia, joint pain, myalgia or headache.

Patients with active malignancy, chest pathology incompatible with pressure changes
such as pulmonary emphysema or moderate to severe asthma and pathological findings on
electrocardiogram (ECG), spirometry, ear, or sinus pathology incompatible with pressure
changes, pregnant or breast-feeding patients and those who had been administered HBO
due to other reasons were excluded from the study. Patients unable to give informed
consent and those with an active phase of COVID-19 infection were not included in the
present study.

2.3. HBO Treatment

HBO treatment was carried out on an outpatient basis in a large walk-in, drive-in
hyperbaric chamber. Each patient underwent a cycle of 10 subsequent HBO treatment
sessions. HBO sessions were carried five times a week with a weekend break (two series of
five compressions were performed). Each session lasted 75 min for a scheduled total time
of 12 h and 30 min per patient. HBO was administered at a pressure of 2.2 atmospheres
using medical oxygen. During compression the patients breathed 100% oxygen.

2.4. Patient Evaluation

Patient evaluation was carried out at three defined time points: immediately before
HBO, immediately after the 10th HBO session and after 3 months.

These three evaluations were conducted in the same structured manner during the
forenoon and consisted of the collection of both the patient’s circulation parameters and the
data from self-reporting questionnaires about their health-related quality of life (HRQoL).

Among the patient´s circulation parameters, measurement of the blood pressure
and the heart rate using a standardized electronic blood pressure meter was carried out.
Measurement of the peripheral oxygen saturation was performed using a standardized
pulse oximeter finger device.
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With regard to their quality of life, the patients were asked to fill in the Short-Form-36
questionnaire (SF-36) and the visual analog scale (VAS).

The SF-36 survey is a widely used standardized questionnaire consisting of 36 self-
reported items that are grouped into 8 dimensions [18]. These eight dimensions (physical
functioning; physical role; energy; emotional role; emotional well-being; social functioning;
pain; general perception of health) were used as main outcome measures in our exploratory
analysis. In addition, the SF-36 questionnaire comprises a list of 38 everyday activities,
where patients have to judge whether they were limited in performing these activities. The
question proposed for the visual analogue scale was “How would you rank your present
health and fitness by using this scale?”, where the scale extended across a distance of
100 mm. The mark set by the patient was measured with a ruler and recorded as mm from
0, where 0 indicated the worst case and 100 the best case [19–21].

The VAS has been widely used in medical research for several decades, especially for
the measurement of pain. This numeric score describes the patients’ general perception of
the severity of the disease on a 10-piece scale, with 10 indicating the highest severity [22].

2.5. Statistical Analysis

Descriptive statistics included mean, standard deviation, range and absolute and
relative frequency where appropriate. For statistical analysis of pre- and post-treatment
values, we used Student’s t-test for paired samples and—when there was no normal
distribution—the Wilcoxon matched pairs signed rank test. Testing for normality was
performed using the Shapiro–Wilk test. Since it is an exploratory study, we did not apply
any correction for multiple comparisons. As far as multiple independent variables were
concerned, however, we applied a multivariable statistical test. The evaluation was based
on an intention-to-treat analysis.

Regarding power analysis using G*Power [23], a sample size of 45 cases is large enough
to detect an effect size of 0.5 between pre- and post-treatment values with alpha = 0.05 and
power (1-beta) = 0.95.

In addition, we used stepwise multivariable regression analysis. As independent
parameters, we included age, sex, respiratory support during the acute COVID-19 episode,
comorbidity of any type, diabetes, hypertension, body mass index and time between onset
of the acute disease and the implementation of HBO therapy. We tested the relationship
of these independent variables for each of the dependent variables. These were systolic
and diastolic blood pressure, heart rate, O2 saturation, the eight dimensions of the SF-36
questionnaire, limitations in 38 different activities, and the results of the visual analogue
scale. For each dependent variable, the difference between the values after HBO and the
values before HBO were used. A negative difference indicates improvement, and a positive
difference indicates worsening of the particular parameter. p < 0.05 was considered to
indicate statistical significance.

3. Results

3.1. Study Population

After the dropout of 11 patients (9 due to non-compliance, 1 because of barotrauma to
the middle ear and 1 because of an anxiety attack during treatment) 59 patients (33 females,
26 males; mean age: 43.9 years; range: 23–74 years; median: 45.0) were evaluable for the
study and had the planned number of HBO sessions. Thirty-seven patients wished to
continue the HBO treatment beyond the 10th session due to subjective improvement of
symptoms. They had a varying number of further HBO sessions and were excluded from
the statistical evaluation beyond this time point. Out of the 22 remaining patients, 18 en-
tered the final evaluation at 3 months, whilst 4 declined to show up for the investigation
(Figure 1).
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Figure 1. Study flow chart. Abbreviations: LCS: long COVID syndrome; HBO: hyperbaric oxygenation.

3.2. Severity of COVID-19 Infection

Fifty-three patients had had mild COVID-19 symptoms treated at home, and two had
been hospitalized for medication and oxygen administration via a facemask. Four patients
had required intensive care unit (ICU) treatment with intubation in one and tracheotomy
in three of them. In stepwise multivariable regression analysis, the severity of the initial
COVID-19 infection, as indicated by the requirement of oxygen or respiratory support
measures, showed a more pronounced reduction of systolic blood pressure (t = −2.17,
p = 0.03) and of pain (t = −2.76, p = 0.01) during the course of HBO therapy. The degree of
improvement of all other parameters was not affected by the severity of the acute COVID-19
disease. The time between onset of acute COVID-19 and implementation of HBO therapy
did not influence the degree of improvement of any of the outcome parameters.

3.3. Biometrical Data and Co-Morbidity

Mean body mass index (BMI) at the time of admission to the study was 25.3 (range:
18.6–38.2). Forty-one patients (69.4%) had some type of comorbidity with hypercholesterine-
mia (N = 21; 35.5%), found most frequently followed by hypertension (N = 20; 33.9%), obe-
sity (N = 14; 23.7%) diabetes (N = 3; 5.0%) or coronary heart disease (N = 2; 3.3%). Twenty-
five patients (42.3%) had further relevant preexisting disease such as allergic asthma,
depression, disorders of the thyroid, or migraines. Neither age, sex nor co-morbidities
had any statistically significant influence on the effect of HBO treatment measured by the
outcome parameters. Only a high BMI slightly reduced the HBO treatment effect on the
number of impaired activities (t = 2.04, p = 0.05). The two subgroups (those treated on
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schedule and those who continued HBO beyond 10 sessions) did not show any statistically
significant differences concerning sex, age, biometrical data and co-morbidity.

3.4. Collective of Patients Finishing HBO Treatment (10 Sessions) without Follow-Up

Among these 59 patients, a slight, but statistically not significant decrease of the mean
blood pressure was observed, whereas the mean heart rate decreased significantly (p = 0.03).
Mean peripheral oxygen saturation remained nearly unchanged.

Physical functioning improved significantly (p < 0.001) after treatment and so did
the physical role (p = 0.01). The same was true for social functioning, which improved
significantly (p < 0.001). The limitation of activities according to SF-36 also decreased
significantly after treatment (p < 0.001). Patients felt significant improvement also for
energy (p < 0.001), emotional well-being (p < 0.001) and pain (p = 0.01). Improvement that
failed to reach statistical level of significance was found for emotional role (p = 0.26) and
general perception of health (p = 0.07).

The mean pre-therapeutic VAS score describing the patients´ general perception of the
severity of their actual disease was 5.85 +/− 2.01 on a 10-piece scale, with 10 indicating the
highest severity. After HBO, the score decreased significantly to 3.79 +/− 2.11 (p < 0.001).

The details are given in Table 1.

Table 1. Circulation parameters, peripheral oxygen saturation and data from self-assessment; pairwise
comparison of pre- and post-treatment data. Total collective that finished 10 HBO treatment sessions.

Pre-HBO
(N = 59)

Post-HBO
(N = 59)

p Compared with Pre

Mean systolic blood pressure (mm Hg) 131.9 +/− 20.0 130.6 +/− 15.8 0.46

Mean diastolic blood pressure (mm Hg) 81.3 +/− 12.1 79.3 +/− 10.2 0.09

Mean heart rate (bpm) 80.3 +/− 12.9 76.8 +/− 11.4 0.03

Peripheral oxygen saturation (%) 96.0 +/− 1.5 96.2 +/− 1.5 0.35

Physical functioning 43.9 +/− 24.6 52.4 +/− 24.6 <0.001

Physical role 10+/− 27.4 16.8 +/− 30.4 0.01 (0.02)

Energy 22.3 +/− 20.2 30.4 +/− 20.4 <0.001 (<0.001)

Emotional role 45.0 +/− 48.1 51.2 +/− 46.5 0.26

Emotional well-being 54.0 +/− 18.5 64.0 +/− 18 <0.001

Social functioning 32.6 +/− 26.6 43.7 +/− 25.9 <0.001

Pain 42.7 +/− 25.0 50.1 +/− 22.1 0.01

General perception of health 39.5 +/− 16.8 42.9 +/− 16.3 0.07

Limitation of activities 12.8 +/− 5.5 9.4 +/− 7.9 <0.001

VAS score 5.85 +/− 2.01 3.79 +/− 2.11 <0.001

t-test for paired samples; p values in parenthesis were calculated using the Wilcoxon matched pairs signed rank
test. Abbreviations: HBO: hyperbaric oxygenation; mmHg: millimeters of mercury; bpm: beats per minute; %:
percent; VAS: visual analog scale.

3.5. Collective of Patients Finishing HBO Treatment (10 Sessions) without Follow-Up

Among these 22 patients, the circulation parameters changed but without reaching
statistical significance. The mean systolic blood pressure slightly decreased, whereas the
mean diastolic blood pressure nearly remained unchanged. Mean heart rate and mean
peripheral oxygen saturation slightly decreased.

Physical functioning (p < 0.001), energy (p = 0.02), social functioning (p = 0.02) and
limitation of activities (p < 0.001) improved significantly after 10 sessions. All other param-
eters ascertained by the SF-36 survey also showed an improvement after HBO treatment
but without statistical significance.
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The mean VAS score reported pre-treatment decreased significantly from 5.5 to 3.3
(p < 0.001).

The details are presented in Table 2.

Table 2. Circulation parameters, peripheral oxygen saturation and data from self-assessment; pairwise
comparison of pre-treatment data, post-treatment data after 10 HBO sessions and data after 3 months.

Pre-HBO
(N = 22)

Post-HBO
(N = 22)

p Compared
with Pre

Pre-HBO
(N = 18)

After 3 Months
(N = 18)

p Compared
with Pre

Mean systolic blood
pressure
(mm Hg)

135.3 +/− 23.8 131.5 +/− 15.6 0.25 141.4 +/− 24.1 131.3 +/− 11.8 0.06

Mean diastolic blood
pressure (mm Hg) 82.8 +/− 10.9 82.5 +/− 10.3 0.79 86.1 +/− 10.9 81.4 +/− 8.9 0.09

Mean heart rate
(bpm) 82.2 +/− 12.7 80.7 +/− 12.4 0.47 81.9 +/− 13.0 80.1 +/− 10.4 0.45

Peripheral oxygen
saturation (%) 96.0 +/− 1.4 95.7 +/− 1.5 0.38 96.1 +/− 1.7 96.7 +/− 1.7 0.41

Physical functioning 46.8 +/− 25.6 57.3 +/− 26.4 <0.001 44.1 +/− 26.7 58.3 +/− 24.7 <0.001

Physical role 14.4 +/− 32.6 21.0 +/− 35.6 0.14
(0.25) 16.1 +/− 34.7 30.9 +/− 41.9 0.07

(0.13)

Energy 26.8 +/− 25.1 36.5 +/− 20.9 0.02
(0.01)

30.8 +/− 26.0 38.0 +/− 25.9 0.15
(0.13)

Emotional role 41.6 +/− 48.2 50 +/− 48.9 0.06 42.6 +/− 49.6 50.0 +/− 46.1 0.16

Emotional well-being 54.1 +/− 22.4 61.4 +/− 21.1 0.07 58.3 +/− 46.7 64.4 +/− 24.5 0.09

Social functioning 38.1 +/− 31.2 48.1 +/− 29.3 0.02 39.6 +/− 32.7 60.4 +/− 32.4 <0.001

Pain 49.3 +/− 28.1 53.5 +/− 24.0 0.42 52.9 +/− 28.2 58.2 +/− 30.2 0.17

General perception of
health 38.3 +/− 20.7 42.7 +/− 20.3 0.17 43.2 +/− 19.6 46.2 +/− 23.9 0.49

Limitation of
activities 13.0 +/− 6.9 9.2 +/− 5.7 <0.001 12.2 +/− 7.1 9.2 +/− 6.8 0.02

VAS score 5.5 +/− 2.3 3.3 +/− 2.4 <0.001 5.2 +/− 2.3 2.6 +/− 1.9 <0.001

t-test for paired values; p-values in parenthesis were calculated using the Wilcoxon matched pairs signed rank
test. Abbreviations: HBO: hyperbaric oxygenation; mmHg: millimeters of mercury; bpm: beats per minute; %:
percent; VAS: visual analog scale.

3.6. Collective of Patients Finishing HBO Treatment (10 Sessions) with Follow-Up

Among these 18 patients, mean systolic blood pressure, mean diastolic blood pressure
and mean heart rate continued to decrease after 3 months compared to pre-HBO values. The
mean peripheral oxygen saturation slightly increased, but none of these changes showed
statistical significance at long-term follow-up.

Among the ascertained SF-36 parameters, physical functioning (p = 0.05), social function-
ing (p < 0.001) and limitation of activities (p = 0.02) improved even after 3 months as compared
to their pre-HBO values, reaching statistical significance. The other SF-36-related parameters
also showed an improvement after HBO treatment but without statistical significance.

Regarding the mean VAS, the change from the pre-treatment 5.2 to 2.6 post-treatment
was still significant even after 3 months (p < 0.001).

The details are given in Table 2.

3.7. Collective of Patients Exceeding 10 HBO Sessions without Follow-Up

Among these 37 patients, the pre-treatment mean systolic blood pressure was slightly
elevated and the mean diastolic pressure decreased slightly, but both without statistical sig-

113



J. Clin. Med. 2023, 12, 6253

nificance. The mean heart rate decreased significantly (p = 0.04), whereas mean peripheral
oxygen saturation remained nearly unchanged within the normal range.

Physical functioning improved significantly after 10 HBO sessions (p < 0.001). Physical
role improved significantly (p = 0.05). The same was true for energy (p < 0.001), emotional
well-being (p < 0.001), social functioning (p < 0.001) and limitation of activities (p < 0.001).
All further SF-36 parameters also improved, yet without reaching statistical significance.

The mean VAS score improved statistically significantly from 6.06 +/− 1.84 to 4.08 +/− 1.9
(p < 0.001).

The details are given in Table 3.

Table 3. Circulation parameters, peripheral oxygen saturation and data from self-assessment; pair-
wise comparison of pre- and post-treatment data. Collective non-eligible for 3-months evaluation
due to continuation of HBO beyond 10 treatment sessions.

Pre-HBO
(N = 37)

Post-HBO
(N = 37)

p Compared with Pre

Mean systolic blood pressure (mm Hg) 129.9 +/− 17.3 130.1 +/− 16.1 0.94

Mean diastolic blood pressure (mm Hg) 80.4 +/− 12.8 77.4 +/− 9.8 0.08

Mean heart rate (bpm) 79.2 +/− 13.1 74.4 +/− 10.2 0.04

Peripheral oxygen saturation (%) 96.1 +/− 1.5 96.6 +/− 1.5 0.09

Physical functioning 42.2 +/− 24.2 49.5 +/− 23.3 <0.001

Physical role 7.6 +/− 24.5 14.6 +/− 27.6 0.05
(0.05)

Energy 19.8 +/− 16.8 27.1 +/− 19.7 <0.001
(<0.001)

Emotional role 47.0 +/− 48.6 51.9 +/− 45.8 0.56

Emotional well-being 54.0 +/− 16.3 65.6 +/− 15.9 <0.001

Social functioning 29.4 +/− 23.4 41.2 +/− 23.7 <0.001

Pain 38.9 +/− 22.6 48.2 +/− 21.1 <0.001

General perception of health 40.1 +/− 14.7 43 +/− 14.1 0.22

Limitation of activities 12.6 +/− 4.6 9.6 +/− 5.7 <0.001

VAS score 6.06 +/− 1.84 4.08 +/− 1.9 <0.001

t-test for paired values; p-values in parenthesis were calculated using the Wilcoxon matched pairs signed rank
test. Abbreviations: HBO: hyperbaric oxygenation; mmHg: millimeters of mercury; bpm: beats per minute; %:
percent; VAS: visual analog scale.

3.8. Side Effects

Three patients experienced problems in pressurization of the middle ear, which were
overcome by decongestant nose drops in one case and insertion of a vent tube in the eardrum
in the second case. The third patient declined eardrum venting and had to discontinue the
treatment. Another patient experienced an anxiety attack during treatment, which also led
to discontinuation. There were neither acute nor prolonged side effects of HBO.

4. Discussion

This clinical prospective, observational pilot study demonstrates that HBO may pro-
vide a safe and feasible therapeutic tool for mitigation of LCS-related symptoms in both the
short-term and the long-term follow-up. After 10 HBO treatment sessions, a statistically
significant improvement in 80% of the ascertained items of the SF-36 survey together with
a significant decrement of the VAS were obtained immediately. Even after 3 months, the
statistically significant improvement in physical and social functioning and the reduction
of limitations persisted. The subjective perception of the severity of disease mirrored by
the VAS also remained significantly decreased.
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HBO has been applied for decades for various indications requiring tissue repair in
the broadest sense. They cover a wide range of acute and chronic diseases from ischemia-
reperfusion injury to impaired wound healing, radiation-induced tissue damage and
central nervous injury [24]. Since the turn of the millennium, the underlying mechanisms
have gradually been elucidated. HBO affects various molecular pathways including
transcription, vascular signaling and the response to oxidative stress. In addition, structural
cellular components involved in angiogenesis, epithelization or collagen formation, cell-
to-cell contacts, adhesion and transmigration are modified. The regulatory effects of
HBO on apoptosis, autophagy, and cell death are further assets in regenerative processes.
Additionally, HBO is a potent regulatory effector of inflammatory mechanisms [6].

There are numerous hypotheses about the causes of LCS. Although some findings
indicate that LCS may result from prolonged organ damage mainly due to hypoxemia
and coagulation disorders during the acute infection, specific processes following initial
COVID-19 could trigger immune dysregulation, autoimmunity phenomena and endothe-
lial dysfunction [5]. It is also plausible that neuronal damage, inflammation, or disturbance
of transcription processes caused by occult viral persistence may play a role in this multi-
system disease.

With regard to the neurophysiological characteristics of LCS, sub-optimal executive
function associated with increased fatigue related to significantly reduced intracortical
neurotransmission was confirmed [25]. These finding were corroborated by Ortelli and
colleagues. They showed that patients with fatigue and cognitive disorders after COVID-19
infection presented altered excitability and neurotransmission with deficits in executive
functions and attention [26]. Significant cerebral hypoperfusion affecting the frontal, pari-
etal and temporal cortex leading to cognitive complaints could be detected as another
causative in LCS [27]. These findings correlate with proven intracerebral hypometabolism
verified by Positron emission tomography (PET). The affected cerebral regions ranged from
the olfactory gyrus and connected (para-)limbic regions to the cerebellum and the brain
steam and resulted in significantly increased functional complaints and clinical symptoms,
i.e., hyposmia/anosmia, cognitive impairment, pain and insomnia [28].

In this context, HBO was shown to increase brain perfusion in the insula, hippocampus,
putamen, and prefrontal and cingulate cortex. A further feature of HBO is its potential for
stem-cell mobilization, neuro-regeneration and induction of neuroplasticity, which may
mitigate neurological symptoms in LCS [16]. Based on these mechanisms, HBO can improve
physical, neurocognitive and psychiatric symptoms related to LCS [29]. We could confirm
these findings in the present study. After 10 HBO treatment sessions, we found immediate
significant improvement of physical functioning, physical role, energy, emotional well-
being, social functioning, and pain as well as significantly reduced limitation of activities
as reported according to the SF-36 questionnaire. The subjective perception of the severity
of disease mirrored by the VAS improved significantly, as displayed in Table 1.

Though patients with LCS may display objective pathological findings [29–31], many
cases with pronounced symptoms show normal function tests, laboratory parameters
and imaging. Authors have therefore suggested including LCS in the “unexplained post-
infection syndromes” [32]. Accordingly, none of our patients had abnormal circulation
parameters. Blood pressure, heart rate and peripheral oxygen saturation were within
normal range, as displayed in Tables 1–3.

In consideration of this astonishing discrepancy between proven organ damage and
inconspicuous function tests, the effectiveness of treatment in LCS is difficult to assess.
Many patients are unable to describe their symptoms distinctly, though they do perceive
them as severely debilitating. Fatigue is a common finding and so are memory issues, brain
fog, attention disorder and sleep disturbance. Secondary anxiety and even psychiatric
manifestations such as depression [33] contribute to subjective aggravation of symptoms.
Because of the inherent vagueness of symptom descriptions by the patients, we solely relied
on the self-reporting SF-36 survey [18–21] and on the 10-piece VAS [22] for evaluation of
treatment effects. In this context, the methodology of the current study is in accordance with
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other authors who also used the SF-36 survey [16] and other standardized self-reporting
questionnaires to assess the patient´s quality of life [13,14,17,21,29,33].

Of note, pain in LCS is refractory to most analgetic treatments [34] and to some degree
resembles fibromyalgia, a central sensitization syndrome. The positive impact of HBO on
pain, as shown in our study, resembles the effect of HBO on fibromyalgia as demonstrated
by various authors [35,36]. As in our investigation, Zant et al. [13] and Zilberman et al. [16]
reported significant pain relief in LCS. We could corroborate this findings in the current
study. After HBO, a significant relief of pain according to the SF-36 survey and a significant
decrease of the VAS could be confirmed, as shown in Tables 1–3. Due to these HBO-induced
analgetic effects, 37/59 patients (63%) insisted on continuing the HBO treatment exceeding
the scheduled 10 sessions, leaving only 18 patients evaluable for long-term assessment after
3 months, as shown in Figure 1.

To preclude differences in treatment response between the group that continued
HBO and the one that adhered to the scheduled 10 sessions, we evaluated not only the
total collective but also both groups separately. After 10 HBO treatments, the 37 patients
who insisted on continuing HBO showed a statistically significant response for heart
rate, and otherwise the same significant responses for SF-36 parameters and VAS as the
total collective. By contrast, at the same time point, the 18 patients who finished HBO
according to schedule displayed no statistically significant effect on heart rate, physical
role, emotional well-being and pain, whereas the other positive effects of HBO as found in
the total collective were present. Thus, the group that continued HBO had improvement in
nine categories, whereas the “on-schedule” patients improved in only five categories.

The subjective impression of pronounced improvement that triggered the wish for
continuation of treatment in the former group is confirmed by these data. Since there
were no differences in the baseline criteria such as age, sex, biometrical data, severity of
COVID-19 infection, or duration of symptoms, it is unclear why this group had a better
response after 10 sessions.

In addition to the proven short-term effects induced by HBO in the present study, we
were able to demonstrate the following long-term effects. In the subgroup of on-schedule
patients we could show that the effect of HBO remained stable within 3 months following
treatment. The statistically significant improvement in physical and social functioning and
the reduction of limitations persisted. The subjective perception of the severity of disease
mirrored by the VAS also remained significantly decreased. This proven long-term effect of
HBO represents one strength of the current study in comparison to recent literature without
evaluation of long-term data [14,16].

However, the second strength of the present study is the number of patients undergo-
ing HBO treatment (N = 59). To the best of our knowledge, our study is the second-largest
reported up to this time. In this context, Zilberman and colleagues investigated a larger
collective consisting of 73 patients [16].

Despite applying only 10 HBO treatment sessions, our results resemble those of the
prospectively randomized, sham control, double-blind study by Zilberman et al., who
administered 40 HBO sessions per patient [16]. This enormous series of HBO sessions
is the largest number documented in recent literature. Based on the assumption that an
increasing number of HBO sessions could have a beneficial impact on the mitigation of LCS-
related symptoms, the subgroup of 37 patients from the present study might confirm this
suspicion. Feeling subjective improvement of their well-being during HBO, they insisted
on continuing HBO treatment exceeding 10 sessions. However, according to our findings in
comparison to matchable literature [14,16], we share the opinion that the optimal number
of HBO sessions for maximal therapeutic effect has yet not be determined. However,
Zilberman and co-workers were able to demonstrate significant improvement in global
cognitive function, attention, executive function, the energy domain, sleep, psychiatric
symptoms and pain. These findings are favorably in line with the results of the present
study, which show a statistical significant improvement of clinical symptoms of the physical,
the neurocognitive and the psychiatric areas, as documented in Tables 1–3. In contrast to our
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current study, the clinical features were mirrored by improvement in brain MRI perfusion
and functional magnetic resonance changes in the respective areas. These findings suggest
a change of the functional connectivity and organization of neural pathways by induction
of neuroplasticity following HBO treatment [16,17].

Recently, the same group investigated the effect of HBO on left ventricular function in
patients with LCS in a prospective, randomized study. Despite normal ejection fraction,
almost half of the collective of 60 patients had reduced global longitudinal strain (GLS)
at baseline. Following HBO, GLS increased significantly as a sign that HBO promotes
myocardial recovery. This could at least in part explain the positive effect of HBO on
physical function and energy [37], as we could confirm in the findings of the current
study with significant improvements of both physical function and energy, as displayed in
Tables 1–3.

However, our study has two limitations that have to be addressed: The most prominent
feature was the prospective, observational study design without a control group. Due to
technical issues (because of the lack of a gas blender), it is not possible to deliver hyperbaric
sham treatment in our hyperbaric chamber. This is why we had to conduct the current
study without a control group. Another shortcoming was the fact that about two thirds
of the patients had wanted to continue HBO treatment beyond the planned 10 sessions
after they had noticed a subjective improvement of their well-being during HBO. For this
reason they were unfortunately unsuitable for the scheduled 3 months’ evaluation. In
consequence, the latter is based on only 18 cases, as displayed in Figure 1.

5. Conclusions

In conclusion, though the pathogenesis of LCS is still unclear, and hence the specific
mechanisms of HBO must remain speculative, HBO may provide a safe and feasible
therapeutic tool for mitigation of LCS-related symptoms. Regarding the findings of the
present clinical pilot study, we are able to conclude that after administration of HBO,
physical functioning and both the physical and emotional role improved significantly and
sustainably even during long-term follow-up. However, there is a strong need for further,
prospectively randomized studies focusing on dose-finding, duration of HBO, elucidation
of mechanisms and duration of the treatment effects.

Author Contributions: Conceptualization, J.L. and F.M.S.-J.; formal analysis, J.S. and F.M.S.-J.; statisti-
cal analysis, J.S.; patient acquisition, F.I., E.K. and R.K.; investigation, C.P., L.O., H.K., I.M., A.R., A.K.,
G.K. and R.K.; data curation, writing—original draft preparation, J.L. and F.M.S.-J.; writing—review
and editing, J.L., C.P., L.O., H.K., I.M., A.R., A.K., E.K., F.I., G.K., R.K., J.S. and F.M.S.-J.; final approval,
J.L., C.P., L.O., H.K., I.M., A.R., A.K., E.K., F.I., G.K., R.K., J.S. and F.M.S.-J.; supervision, J.L. and
F.M.S.-J.; project administration, J.L., F.M.S.-J., F.I. and E.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the local Ethics Committee of the Medical University of Graz, Austria
(33–308 ex 20/21).

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

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

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

References

1. Yong, S.J. Long COVID or post-COVID-19 syndrome: Putative pathophysiology, risk factors, and treatments. Infect. Dis. 2021, 53,
737–754. [CrossRef] [PubMed]

117



J. Clin. Med. 2023, 12, 6253

2. Wulf Hanson, S.; Abbafati, C.; Aerts, J.G.; Al-Aly, Z.; Ashbaugh, C.; Ballouz, T.; Blyuss, O.; Bobkova, P.; Bonsel, G.; Borzakova,
S.; et al. Estimated Global Proportions of Individuals with Persistent Fatigue, Cognitive, and Respiratory Symptom Clusters
Following Symptomatic COVID-19 in 2020 and 2021. JAMA 2022, 328, 1604–1615. [PubMed]

3. Aiyegbusi, O.L.; Hughes, S.E.; Turner, G.; Rivera, S.C.; McMullan, C.; Chandan, J.S.; Haroon, S.; Price, G.; Davies, E.H.;
Nirantharakumar, K.; et al. Symptoms, complications and management of long COVID: A review. J. R. Soc. Med. 2021, 114,
428–442. [CrossRef] [PubMed]

4. Joli, J.; Buck, P.; Zipfel, S.; Stengel, A. Post-COVID-19 fatigue: A systematic review. Front. Psychiatry 2022, 13, 947973. [CrossRef]
5. Castanares-Zapatero, D.; Chalon, P.; Kohn, L.; Dauvrin, M.; Detollenaere, J.; Maertens de Noordhout, C.; Primus-de Jong, C.;

Cleemput, I.; Van den Heede, K. Pathophysiology and mechanism of long COVID: A comprehensive review. Ann. Med. 2022, 54,
1473–1487. [CrossRef]

6. Lindenmann, J.; Smolle, C.; Kamolz, L.P.; Smolle-Juettner, F.M.; Graier, W.F. Survey of Molecular Mechanisms of Hyperbaric
Oxygen in Tissue Repair. Int. J. Mol. Sci. 2021, 22, 11754. [CrossRef]

7. Guo, D.; Pan, S.; Wang, M.; Guo, Y. Hyperbaric oxygen therapy may be effective to improve hypoxemia in patients with severe
COVID-2019 pneumonia: Two case reports. Undersea Hyperb. Med. 2020, 47, 181–187. [CrossRef]

8. Thibodeaux, K.; Speyrer, M.; Raza, A.; Yaakov, R.; Serena, T.E. Hyperbaric oxygen therapy in preventing mechanical ventilation
in COVID-19 patients: A retrospective case series. J. Wound Care 2020, 29, S4–S8. [CrossRef]

9. Cannellotto, M.; Duarte, M.; Keller, G.; Larrea, R.; Cunto, E.; Chediack, V.; Mansur, M.; Brito, D.M.; García, E.; Di Salvo, H.E.; et al.
Hyperbaric oxygen as an adjuvant treatment for patients with COVID-19 severe hypoxaemia: A randomised controlled trial.
Emerg. Med. J. 2022, 39, 88–93. [CrossRef]

10. Gorenstein, S.A.; Castellano, M.L.; Slone, E.S.; Gillette, B.; Liu, H.; Alsamarraie, C.; Jacobson, A.M.; Wall, S.P.; Adhikari, S.; Swartz,
J.L.; et al. Hyperbaric oxygen therapy for COVID-19 patients with respiratory distress: Treated cases versus propensity-matched
controls. Undersea Hyperb. Med. 2020, 47, 405–413. [CrossRef]

11. Jansen, D.; Dickstein, D.R.; Erazo, K.; Stacom, E.; Lee, D.C.; Wainwright, S.K. Hyperbaric oxygen for COVID-19 patients with
severe hypoxia prior to vaccine availability. Undersea Hyperb. Med. 2022, 49, 295–305. [CrossRef] [PubMed]

12. Bhaiyat, A.M.; Sasson, E.; Wang, Z.; Khairy, S.; Ginzarly, M.; Qureshi, U.; Fikree, M.; Efrati, S. Hyperbaric oxygen treatment for
long coronavirus disease-19: A case report. J. Med. Case Rep. 2022, 16, 80. [CrossRef] [PubMed]

13. Zant, A.E.; Figueroa, X.A.; Paulson, C.P.; Wright, J.K. Hyperbaric oxygen therapy to treat lingering COVID-19 symptoms. Undersea
Hyperb. Med. 2022, 49, 333–339. [CrossRef] [PubMed]

14. Robbins, T.; Gonevski, M.; Clark, C.; Baitule, S.; Sharma, K.; Magar, A.; Patel, K.; Sankar, S.; Kyrou, I.; Ali, A.; et al. Hyperbaric
oxygen therapy for the treatment of long COVID: Early evaluation of a highly promising intervention. Clin. Med. 2021, 21,
e629–e632. [CrossRef]

15. Turova, E.A.; Shchikota, A.M.; Pogonchenkova, I.V.; Golovach, A.V.; Tagirova, D.I.; Gusakova, E.V. Hyperbaric oxygenation in
outpatient rehabilitation of COVID-19 convalescents. Vopr. Kurortol. Fizioter. Lech. Fiz. Kult. 2021, 98, 16–21. [CrossRef]

16. Zilberman-Itskovich, S.; Catalogna, M.; Sasson, E.; Elman-Shina, K.; Hadanny, A.; Lang, E.; Finci, S.; Polak, N.; Fishlev, G.; Korin,
C.; et al. Hyperbaric oxygen therapy improves neurocognitive functions and symptoms of post-COVID condition: Randomized
controlled trial. Sci. Rep. 2022, 12, 11252. [CrossRef]

17. Catalogna, M.; Sasson, E.; Hadanny, A.; Parag, Y.; Zilberman-Itskovich, S.; Efrati, S. Effects of hyperbaric oxygen therapy on
functional and structural connectivity in post-COVID-19 condition patients: A randomized, sham-controlled trial. Neuroimage
Clin. 2022, 36, 103218. [CrossRef]

18. Hussain, R.; Wark, S.; Dillon, G.; Ryan, P. Self-reported physical and mental health of Australian carers: A cross-sectional study.
BMJ Open 2016, 6, e011417. [CrossRef]

19. Ware, J.E., Jr.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36): I. Conceptual framework and item selection.
Med. Care 1992, 30, 473–483. [CrossRef]

20. Lins, L.; Carvalho, F.M. SF-36 total score as a single measure of health-related quality of life: Scoping review. SAGE Open Med.
2016, 4, 2050312116671725. [CrossRef]

21. Poudel, A.N.; Zhu, S.; Cooper, N.; Roderick, P.; Alwan, N.; Tarrant, C.; Ziauddeen, N.; Yao, G.L. Impact of Covid-19 on
health-related quality of life of patients: A structured review. PLoS ONE 2021, 16, e0259164. [CrossRef]

22. Weigl, K.; Forstner, T. Design of Paper-Based Visual Analogue Scale Items. Educ. Psychol. Meas. 2021, 81, 595–611. [CrossRef]
23. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G* Power 3.1: Tests for correlation and regression

analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef]
24. Mathieu, D.; Marroni, A.; Kot, J. Tenth European Consensus Conference on Hyperbaric Medicine: Recommendations for

accepted and non-accepted clinical indications and practic of hyperbaric oxygten treatment. Diving Hyperb. Med. 2017, 47, 24–32.
[CrossRef] [PubMed]

25. Manganotti, P.; Michelutti, M.; Furlanis, G.; Deodato, M.; Buoite Stella, A. Deficient GABABergic and glutamatergic ex-
citability in the motor cortex of patients with long-COVID and cognitive impairment. Clin. Neurophysiol. 2023, 151, 83–91.
[CrossRef] [PubMed]

26. Ortelli, P.; Ferrazzoli, D.; Sebastianelli, L.; Maestri, R.; Dezi, S.; Spampinato, D.; Saltuari, L.; Alibardi, A.; Engl, M.; Kofler, M.;
et al. Altered motor cortex physiology and dysexecutive syndrome in patients with fatigue and cognitive difficulties after mild
COVID-19. Eur. J. Neurol. 2022, 29, 1652–1662. [CrossRef] [PubMed]

118



J. Clin. Med. 2023, 12, 6253
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Abstract: Background: Studies on post-COVID-19 condition (PCC) in adults have shown deteri-
oration in pulmonary function tests (PFTs), mainly a diffusion limitation. Among the pediatric
population, data are scarce. Aim: To characterize PFTs in children with PCC, including changes
over time. Methods: A prospective longitudinal study of children with defined PCC and respiratory
complaints who were referred to a designated multidisciplinary clinic from 11/2020 to 12/2022.
Results: Altogether, 184 children with a mean age of 12.4 years (SD 4.06) were included. A mild
obstructive pattern was demonstrated in 19/170 (11%) at presentation, as indicated by spirometry
and/or positive exercise challenge test and/or reversibility post bronchodilators, only three had
a previous diagnosis of asthma. Lung volumes and diffusion were normal in all but one patient
(1/134, 0.7%). Exhaled nitric oxide levels were elevated in 32/144 (22%). A total of 33 children who
had repeated PFTs had normal or near-normal PFTs on follow-up testing, including seven (21.2%)
who had mild obstructive PFTs at presentation. Multivariate analysis identified older age [OR 1.36
(95% CI:1.07–1.75)], specific imaging findings (prominent bronchovascular markings (OR 43.28 (95%
CI: 4.50–416.49)), and hyperinflation (OR 28.42, 95% CI: 2.18–370.84)] as significant predictors of an
obstructive pattern on PFTs. Conclusions: In children with PCC and respiratory symptoms, the
most common impairment was a mild obstructive pattern; most were without a history of asthma.
Improvement was witnessed in long-term follow-up. In contrast to the adult population, no diffusion
limitation was found. Empirical periodic inhaler therapy may be considered in children with factors
associated with PFT abnormalities.

Keywords: post-COVID-19 condition; long COVID; pulmonary function tests; lung clearance index;
SARS-CoV-2

1. Introduction

Since coronavirus disease 2019 (COVID-19) has emerged, many studies have reported
long-lasting symptoms after recovery, commonly known as ‘Long COVID’ or ‘post COVID-
19 condition’) PCC(, the latter being the preferred terminology by the World Health Or-
ganization (WHO) [1]. The definition of PCC in children includes a history of confirmed
SARS-CoV-2 infection, with at least one persisting physical symptom for a minimum dura-
tion of 12 weeks after initial testing that cannot be explained by an alternative diagnosis.
The symptoms have an impact on everyday functioning, may continue or develop after
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COVID infection, and may fluctuate or relapse over time [2]. These symptoms include
dyspnea, chronic cough, and chest tightness, as well as cognitive dysfunction and extreme
fatigue [3,4].

Studies monitoring post-COVID pulmonary function tests (PFTs) in adults have shown
altered respiratory function, with abnormal diffusion capacity being the most prevalent
finding, appearing in 40% to more than 50% of patients in most studies [5–7]. These studies
found restrictive patterns to be much less common and only a small minority of patients
demonstrated an obstructive pattern [6].

It is well known that acute COVID-19 infection in children is less severe than in adult
patients [8–10], with cough as a dominant feature of acute illness [11], but little is known
about the prevalence and severity of pediatric PCC [12–14].

To date, only a few studies monitoring PFTs in children with PCC and respiratory
symptoms have been published [12–15]. These studies included mostly children with
asymptomatic mild acute COVID-19 infection, with a follow-up of up to 8 months post
infection, and showed mixed results, ranging from no abnormalities to an obstructive
pattern seen in a large proportion of patients. In a systemic review and meta-analysis by
Martino et al. the [16] authors have found that children can develop persistent respiratory
symptoms after SARS-CoV-2 infection; however, the methodological variabilities of the
analyzed studies did not allow them to provide firm conclusions about the rate, type and
best diagnostics for children with persistent respiratory symptoms. Furthermore, long-term
follow-up data on children are scarce and guidelines regarding the management of these
cases are lacking.

In November 2020, a designated multidisciplinary clinic was implanted at our tertiary
pediatric center for children with complaints associated with PCC symptoms [17].

In the current study we followed children presenting to this designated clinic with
respiratory complaints after recovery from microbiologically confirmed COVID-19 who
prospectively performed PFTs. The aims of our study were to evaluate whether PFT abnor-
malities are present in pediatric PCC, as seen in the adult population, and to characterize
those abnormalities. In addition, the study aimed to evaluate longitudinal changes in PFTs
over time in this population. Characterization of the respiratory abnormalities in these
children may elucidate the underlying pathophysiology and potentially provide a basis for
treatment for this chronic condition.

2. Methods

2.1. Study Design and Population

This prospective cohort study included children referred to a designated multidis-
ciplinary clinic for PCC at Schneider Children’s Medical Center of Israel (SCMCI), a ter-
tiary pediatric center, between November 2020 and December 2022. Inclusion criteria
included the following: (a) children ≤18 years of age AND (b) SARS-CoV-2 infection mi-
crobiologically confirmed by PCR during acute infection or by subsequent serology AND
(c) symptoms suggestive of PCC >12 weeks from acute illness that cannot be explained by
an alternative diagnosis AND (d) respiratory complaints (exercise intolerance, dyspnea,
cough, etc.) [2].

All referred patients underwent an evaluation including baseline chest X-ray and a
structured interview which included demographic data, medical history, and acute COVID-
19 infection symptoms, as well as assessment of PCC symptoms and their impact on
daily activities. The presence of atopy was determined by anamnesis as well as review of
electronic medical records and included personal or familial history of atopic manifestations
(dermatitis, asthma, or allergic rhinitis). Past respiratory comorbidities were evaluated
based on self-report and medical records.

The subset of children with cardio-respiratory complaints (e.g., dyspnea, cough, chest
tightness, and exercise intolerance) underwent additional investigation, including electro-
cardiography (ECG) echocardiography, and comprehensive PFTs according to age, which
included baseline spirometry, exercise challenge test (ECT), bronchodilator response, lung
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plethysmography, diffusion capacity, fractional exhaled nitric oxide (FeNO), and multiple
breath washout (MBW). In cases of severe continuous complaints and based on clinical
judgment, a cardiopulmonary exercise test (CPET) was performed. Following this in-
vestigation, children with abnormal PFTs were assessed by a pediatric pulmonologist;
if indicated, specific treatment was prescribed and further investigation, including re-
peated PFTs and methacholine challenge testing (MCT), was performed when clinically
appropriate (Figure 1).

Figure 1. Consort flow diagram of the study.

2.2. Microbiology

A positive SARS-CoV-2 PCR test was defined according to the Israeli Ministry of
Health guidelines [18]. Testing methods included the Real-Time Fluorescent PCR kit (BGI)
and the SARS-CoV-2 PCR kit (Seegene, Seoul, Republic of Korea). Anti-spike receptor-
binding domain IgG antibodies were measured using an in-house enzyme-linked im-
munosorbent assay (The Central Virology Laboratory of the Ministry of Health at Sheba
Medical Center, Tel Hashomer, Israel) until mid-March 2021 and the SARS-CoV-2 IgG II
Quant assay (Abbott) thereafter.

2.3. Pulmonary Function Testing

PFTs were measured in the lung function laboratory of the SCMCI’s pulmonary
institute.
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2.3.1. Spirometry and Exercise Challenge

Spirometry was obtained using Smart PFT UI (Medical Equipment Europe GmbH,
Hammelburg, Germany) according to the American Thoracic Society (ATS)/European
Respiratory Society (ERS) consensus guidelines [19].

ECT was performed while running on a treadmill for 6 min, with speed and slope
adjusted to achieve a target heart rate of (220 − age) × 0.8 for a minimum of 4 min,
according to ATS/ERS guidelines [20,21]. Heart rate and oxygen saturation were monitored
continuously during running. Post-exercise spirometry was performed at 1, 3, 5, 10, 15, and
20 min after ceasing exercise. Any fall in FEV1 of 10% or greater from baseline FEV1 was
considered as positive [20]. A bronchodilator (4 puffs of salbutamol metered-dose inhaler
100 mcg) was administrated when the ECT was positive or when FEV1 was <95% predicted.
Reversibility was defined by a rise of 10% or greater in FEV1 [21].

2.3.2. Plethysmography and Diffusion Capacity

Plethysmography and diffusion capacity for carbon monoxide were obtained using
Smart PFT body box (Medical Equipment Europe GmbH, Hammelburg, Germany) ac-
cording to the ATS/ERS guidelines [22]. Carbon monoxide diffusion was corrected for
alveolar volume and hemoglobin level, indicated as KCO. Spirometry and lung volumes
were expressed as percent of predicted normal values with the use of the equations of
Polgar and Varuni [23]. KCO percent predicted was calculated as described by Weng and
Levinson [24].

2.3.3. Exhaled Nitric Oxide Levels (FeNo)

FeNo was measured using a chemiluminescence analyzer (CLD 77 AM; EcoMedics AG,
Duernten, Switzerland) according to ATS/ERS recommendations [25]. Normal values were
considered ≤20 parts per billion (ppb) for single-breath or ≤8 ppb for multiple-breath test.

2.3.4. Lung Clearance Index (LCI)

MBW, expressed as the Lung Clearance Index (LCI), was performed with an ultrasonic
flow meter (Spiroson 1; EcoMedics AG, Switzerland) according to ATS/ERS consensus
statement [26]. Normal values were considered < 7.91 [27].

2.3.5. Methacholine Testing

MCT was obtained using Smart PFT UI (Medical Equipment Europe GmbH, Germany)
using a triple-dose accelerated protocol of fresh methacholine solutions in normal saline
solution [28]. A positive methacholine test was defined as provocative concentration
causing 20% decline in FEV1 (PC20) of <4 mg/mL [21]. A bronchodilator (4 puffs of
salbutamol metered-dose inhaler 100 mcg) was administrated when the methacholine
challenge test was positive or when FEV1 at the end of the test was <80% predicted.

2.4. Statistical Methods

Descriptive statistics were used to define the demographic and clinical characteristics
of the cohort. Multivariate logistic regression was used to assess the association between
clinical patient characteristics (pre-defined independent variables selected on the basis of
clinical evaluation) and an obstructive pattern on pulmonary function testing (dependent
variable). The Wald test was used for CI calculation. A probability value of ≤0.05 was
considered significant. Results are presented based on the full data set. Interactions were
systematically searched for. Data were analysed using IBM SPSS Statistics for Windows,
version 27.0 (IBM Corp. Released 2020 and R Core Team, 2016, Armonk, NY, USA).
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3. Results

3.1. Patient Characteristics

Altogether 303 Children were assessed for PCC at our multidisciplinary clinic between
November 2020 and December 2022. Of those, 184 reported respiratory symptoms at
enrolment and thus were included in this study.

3.1.1. Demographic and Clinical Parameters

The mean age of the participants was 12.6 years (SD 4.06, range 2–18 years), with
33/184 children (17.9%) under 10 years old; of those, 111 (60.3%) were female and mean
BMI% was 60.8% (SD 31.7%). Most children had no underlying diseases (137, 74.5%).
Previous asthma diagnosis was reported in 11 (5.4%) and depression/anxiety disorders in
eight (4.3%). In total, 17 (9.2%) were diagnosed with attention deficit disorder (ADHD),
and 24 (13%) were competitive athletes. Most participants had mild or asymptomatic acute
SARS-CoV-2 infection (170, 92.4%), with only five children (2.7%) hospitalized due to O2
saturation <94%, with disease defined as “severe” by the National Institutes of Health
(NIH) [29] (Table 1).

Table 1. Demographic and clinical characteristics of 184 children with post-COVID-19 condition and
respiratory symptoms.

Age, mean ± SD, years 12.64 ± 4.06

Female, n (%) 111 (60.3%)

BMI%, mean ± SD 60.8% ± 31.7%

Underlying disease, n (%) * 45 (24.5%)

Asthma 11 (5.4%)

Depression/anxiety 8 (4.3%)

Gastrointestinal disease 5 (2.7%)

Rheumatologic disease 4 (2.2%)

Immunodeficiency ** 4 (2.2%)

Neurological impairment *** 4 (2.2%)

Nephrological disease 3 (1.6%)

Other **** 9 (4.9%)

Prematurity (<37 weeks) 4 (2.2%)

Atopic background by history, n (%)

Personal 50 (27.2%)

Familial 32 (17.4%)

Attention deficit disorder (ADHD), n (%) 17 (9.2%)

Competitive athletes, n (%) 24 (13%)

Severity of acute COVID-19 illness according to
NIH *****, n (%)

Asymptomatic 9 (4.9%)

Mild 161 (87.5%)

Moderate 9 (4.9%)

Severe 5 (2.7%)
* Including 3 children with two underlying diseases. ** Neurological impairment, including developmental
delay and epilepsy. *** Immunodeficiency, including congenital immunodeficiency, solid organ transplantation,
and hematopoietic stem cell transplantation. **** Other, including migraine/headache, kidney disease, and
hematologic disease. ***** National Institutes of Health (NIH) [29].
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3.1.2. Post-COVID Respiratory Symptoms and Consequences

Evaluation was done at a mean time of 25.1 weeks (IQR 13.7–34.9) after acute COVID
infection. The most common respiratory symptom was dyspnea (136, 73.9%), followed by
chest pain (89, 48.4%), and cough (19, 10.3%). In all, 104 (56.5%) reported mild functional
impairment, with moderate and severe impairment in 74 (40.2%) and six (3.3%), respectively.
Activities of daily living were significantly affected in 116 (63%) and 142 (77.2%) reported
impaired physical activity (Table 2).

Table 2. Chronic respiratory symptoms in 184 children with post-COVID-19 condition.

Respiratory Complaint, n (%)

Dyspnea 136 (73.9%)

Chest pain 89 (48.4%)

Cough 19 (10.3%)

Functional status, n (%)

Mild 104 (56.5%)

Moderate 74 (40.2%)

Severe 6 (3.3%)

Influence ADL *, n (%) 116 (63%)

Physical activity effected, n (%) 142 (77.2%)
* ADL = Activities of Daily Living.

3.2. Cardio-Pulmonary Evaluation

• Among patients who performed PFTs, 170/184 (92%) performed spirometry, with a
mean FEV1 of 92.6% (SD 10.6%, Table 3); 19/170 (11%) patients had FEV1 < 80%, of
which FEV1/FVC was <80% in three of them, one with a rheumatologic disease and
two previously healthy, and one with a personal history of atopy; the latter two also
had a positive ECT and all had significant reversibility post bronchodilators.

• ECT was performed by 133 children (Table 3), of whom four had a positive test; all
four had complete post bronchodilator reversibility, three were previously healthy,
and one had a background gastrointestinal disease; none had a history of asthma, but
three had personal atopy. Eleven other children had negative ECT but a rise of ≥10%
in FEV1 post bronchodilators; one had asthma and six of the remaining 10 had either
a personal or familial history of asthma. All the participants who performed ECT
maintained normal O2 saturations during the test.

• Following baseline spirometry with FEV1 < 90% or FEV1/FVC < 90%, 11 children
were evaluated for bronchodilator responsiveness, of whom three showed FEV1 im-
provement of ≥10%. All three had no previous history of asthma or atopy.

• Overall, 19/175 (11%) children had an obstructive pattern, as indicated by FEV1/FVC
<80%, and/or positive ECT, and/or post bronchodilator reversibility—of whom only
one had a previous asthma diagnosis.

• Altogether, 144 children underwent FeNO testing (Table 3), of whom 32 (22%) had
elevated values, and 4/34 had a previous diagnosis of asthma as well as personal atopy.
Another four children with elevated FeNO levels also demonstrated an obstructive
pattern on spirometry: two with FEV1/FVC < 80% and two more with positive ECT.
All four had personal atopy, and 14 others had either a personal or family history
of atopy.

• In all of the 147 children who performed plethysmography lung volume testing, TLC
was normal (≥80% predicted, Table 3); RV/TLC > 150% was found in 27 (18%), of
whom one had a history of asthma.

• In all, 111 children performed MBW test, with a mean LCI of 7.48 (SD 0.9, Table 3);
27/111 (24.3%) had a value of >7.9, of whom two had known asthma, seven more

125



J. Clin. Med. 2023, 12, 6891

had personal atopy and three had familial atopy; none had a history of prematurity
and baseline spirometry was normal in all but one, who also had a significant post
bronchodilator reversibility.

• Of the 134 children who performed a lung diffusion test (Table 3) KCO was >75% pre-
dicted in all but one patient with a rare genetic syndrome, post kidney transplantation,
without a previous known lung disease.

• Overall, abnormal PFTs—including an obstructive pattern, elevated FeNO, air trap-
ping, elevated LCI, or diffusion limitation—were documented in 85 children (46.2%);
of those, 20/85 had at least two abnormal tests, and 17/20 demonstrated an obstruc-
tive pattern.

Table 3. Pulmonary function tests in 184 children with post-COVID-19 condition and respiratory
complaints.

Test n Result, Mean (SD)

FEV1% predicted 170 92.6% (10.6)

FVC% predicted 170 95.9% (11.4)

FEV1/FVC% 170 90.38% (6.9)

FEV1% post exercise 133 91.7% (10.6)

FEV1% post BD * 96 93.9 (9.5)

FeNO

SBT **, ppb (normal < 8 ppb) 128 15.1 (14.6)

MBT **, ppb (normal < 20 ppb) 16 13.5 (8.4)

TLC% predicted 147 105.2 (12.9)

RV/TLC% 146 118.5 (32.7)

KCO% predicted 134 104.3 (14.2)

LCI 113 7.48 (0.9)

MCT ** (n = 7)

Positive/borderline 3

Negative 4
Either post ECT or post spirometry alone. * BD = Bronchodilator. ** SBT = Single Breath Test, MBT = Multiple
Breath Test, MCT = Methacholine Challenge Test, CXR = Chest X-ray.

• As part of their assessment, chest X-ray was performed on 157/184, of whom results
were normal in 122 (78%), while 13 (8%) exhibited peribronchial cuffing, seven (4%)
prominent bronchovascular markings, and 10 had other abnormalities, as detailed in
Table 4.

Table 4. Chest X-ray results in 157 children with post-COVID-19 condition and respiratory complaints.

Result n (%)

Normal 122 (77.7%)

Peribronchial cuffing 13 (8.3%)

Prominent bronchovascular markings 7 (4.5%)

Residual pulmonary infiltrate 6 (3.8%)

Hyperinflation 2 (1.3%)

Enlarged cardiac silhouette 1 (0.6%)

Minimal effusion unilateral 1 (0.6%)
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• ECG testing was done in 167 children; nine (5.4%) had abnormal results that were
previously identified and were not COVID-related.

• Echocardiography was performed in 145 children, showing mild abnormalities in six
(4.1%), all detected previous to SARS-CoV-2 infection.

• CPET testing was performed in six children due to continuous severe complaints
of exercise intolerance at a median time of 38.8 weeks after acute COVID infection
(range 32.8–115.8 weeks); five were previously healthy individuals and one had known
asthma. In all cases, CPET demonstrated normal cardio-respiratory function.

3.2.1. Pulmonary Evaluation in Children with Moderate to Severe Acute COVID-19

• Among the 9 children with moderate acute COVID-19 infection according to the NIH
criteria [29], one demonstrated an obstructive pattern on PFTs without a previous
asthma diagnosis; three had elevated FeNO values, of whom two had either a personal
or a familial history of atopy; two had elevated LCI values, one with known asthma.

• Among the 5 children with severe acute COVID-19 infection, none had abnormal
spirometry, two had elevated FeNO values, of whom one had a personal history of
atopy, and two had elevated LCI values. One child, post kidney transplantation, had
diffusion limitation.

3.2.2. Pulmonary Evaluation in Children Previously Vaccinated against SARS-CoV-2

Overall, three children (1.6%) in our cohort were previously vaccinated against COVID-
19. All had normal spirometry upon evaluation, one had mildly elevated FeNO and one
had an elevated LCI.

3.2.3. Multivariate Logistic Regression Analysis for Factors Associated with an Obstructive
Pattern on Pulmonary Function Testing

Upon evaluation of predicting factors for an obstructive pattern, defined as FEV1/FVC < 80%
and/or positive ECT and/or reversibility post bronchodilators, the following were found
to have a significant predictive value: older age (OR 1.36 (95% CI:1.07–1.75)), CXR findings
of prominent bronchovascular markings (OR 43.28 (95% CI: 4.50–416.49) and hyperinflation
(OR 28.42, 95% CI: 2.18–370.84), as detailed in Table 5.

Table 5. Multivariate analysis of predicting factors for obstructive pattern on pulmonary function
testing.

OR 95%CI p-Value

Age 1.36 1.07–1.75 0.014

Chest pain 2.97 0.88–10.08 0.080

CXR

Prominent bronchovascular markings 43.28 4.50–416.49 0.001

Hyperinflation 28.42 2.18–370.84 0.011

Peribronchial cuffing 4.06 0.84–19.77 0.082

Multivariate logistic regression was used to assess the association between clinical
patient characteristics and an obstructive pattern on pulmonary function testing. Results
are presented based on the full data set. There are missing data for 7 patients. Interactions
were systematically searched for.

3.3. Interventions and Drug Therapy

In all, 17 children with an obstructive pattern on PFTs were evaluated by a pediatric
pulmonologist and 16 of them received a trial of inhaler therapy with a combination of
inhaled corticosteroid (ICS) and long-acting beta agonists (LABA).
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3.4. Pulmonary Long-Term Follow-Up

A total of 33 children performed repeated PFTs at least 30 days after the first test,
due to previous abnormal PFTs and/or continuous respiratory complaints. The second
evaluation was done at a mean time of 13.6 weeks (IQR 6.3–21.7 weeks) after the first
evaluation. At baseline evaluation 7/33 (21.2%) had abnormal PFTs, demonstrating a mild
obstructive pattern. Seventeen of the 33 (51.5%) were followed in the pulmonary institute,
of which 16 received inhaler therapy as previously detailed. Upon follow-up, all 33 children
had normal or near-normal PFTs on repeated testing. Four of them underwent CPET with
normal results. All 33 had reported clinical improvement in their respiratory symptoms
upon follow-up.

4. Discussion

This prospective cohort study of children with PCC respiratory symptoms provides
comprehensive data on their PFTs and the change over time. Respiratory function ab-
normalities were seen in 85 (46.2%) of the participants, of whom 17 (20%) had reversible
obstructive pattern—most of them without known asthma. Repeated PFTs 1–6 months
later have demonstrated normalization of PFTs in all children re-tested after presenting
with an obstructive pattern, most of them (16/17) treated with inhaled corticosteroids.
Furthermore, unlike adults with PCC [5–7], diffusion capacity and exercise O2 saturation
remained within normal limits in our study population.

Previous reports on PCC in the pediatric population [9,10,15] suggest a different
pathogenesis than in adult PCC: while in adults, pulmonary interstitial or vascular changes
are the cause of diffusion limitation [5], it seems that in children the disease does not cause
these changes. One possible mechanism of respiratory PCC in children, which may explain
the majority of symptomatic children with normal PFTs, is autonomic dysfunction—as
suggested by Morrow et al. [30]. This mechanism is also supported by the study by Knoke
et al. [14] in which the PFTs of children with PCC and respiratory complaints, including
MBW, body plethysmography, and diffusion capacity testing, were all within normal limits.

Another mechanism, which may explain the reversible obstructive pattern seen in
some children in our cohort as well as in the studies by Leftin Dobkin et al. [13] and by Pala-
cios et al. [12], might be post-inflammatory changes causing airway hyper-responsiveness.
Post-viral wheezing is a known phenomenon after RSV and Rhinovirus infection in early
childhood [31] and similar mechanisms might also explain airway hyper-responsiveness in
our study and support the notion of inhaled beta-agonists and corticosteroids as possible
treatment for PCC respiratory symptoms. A meta-analysis by Tau et al. has demonstrated
a large proportion of co-infection with influenza virus among children with COVID-19 com-
pared to adults [32]; this fact might also contribute to the high prevalence of the presumed
post-inflammatory reaction causing airway hyper-responsiveness.

As opposed to the studies by Leftin Dobkin et al. [13] and Palacios et al. [12], which
reported high rates of children with asthma diagnosis suffering from PCC respiratory
symptoms, only 2.5% of the children in our cohort had a previous diagnosis of asthma.
These results are in keeping with some reports on PCC in adults, which found a low asthma
rate in their cohorts [33], but there are also reports suggesting a higher incidence of PCC
among asthmatics [34]. One theory is that enhanced Th- 2 immune responsiveness, while
having a protective effect against acute-COVID, increases the risk of PCC [35]. This theory
might be supported by the fact that 45% of our cohort had a history of personal or familial
atopy and also by the high FeNO values seen in 22% of the children performing the test,
most, but not all, with an atopic background (22/32, 69%).

A high proportion of competitive athletes was found in our study, in keeping with
the study by Palacios et al. [12]. This may be explained by the fact that physical activity
is a known trigger of bronchial hyperreactivity, and while most children kept a seden-
tary lifestyle during the COVID-19 outbreak, competitive athletes were still engaged in
physical activity during the quarantines or early after social distancing provisions were
withdrawn [36].
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Repeated PFTs in children with continuous respiratory complaints and normal baseline
PFTs did not change in the follow-up test. Furthermore, in all children who presented with
reversible obstructive pattern at first visit, repeated PFTs had demonstrated normalization,
including negative MCT. Palacios et al. also reported clinical improvement as well as
improvement in spirometry and 6 min walk test in their patients at follow-up, although to
a smaller degree [12]; other observational studies also showed clinical improvement over
time [37].

As older age and specific abnormalities on chest X-ray were significant predictors of
obstructive PFTs in our cohort, it might be beneficial to perform PFTs, mainly ECT, in this
subset of patients, as well as to consider inhaler therapy for these children.

Treatment options for children with PCC remain extremely limited. In the current
cohort, 16/17 children with obstructive pattern on PFTs received inhaler therapy with
ICS-LABA; all improved over time. Clinical improvement was also noted in the 17 children
who did not receive inhaler therapy. Although treatment was not specifically addressed in
the present study, it may be suggested that bronchodilators or inhaled corticosteroids can
be a transitory treatment option for the period of severe respiratory symptoms.

The main limitation of our study is the lack of prior PFTs in study participants, so some
may have had undiagnosed asthma prior to COVID-19; however, these children had no res-
piratory symptoms prior to COVID (13% were participating in competitive sports) and also,
in those with repeated testing, improvement in their PFTs was apparent with time. Another
limitation is that follow-up testing was only available for some of the cohort; nevertheless,
in the majority PFTs improved, supporting the notion of a temporary phenomenon.

In conclusion, PCC respiratory symptoms were associated with mild abnormal find-
ings in almost half of the children tested; of them, 20% had an obstructive pattern that
resolved with time. Therefore, bronchodilators or inhaled corticosteroids can be considered
as a transitory treatment option for the period of severe respiratory symptoms. Unlike
adults, PFTs did not show diffusion limitation. Future studies should focus on the effective-
ness of various treatments for this population.
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Abstract: Introduction: The COVID-19 lockdown has been associated with reduced levels of physical
activity, quality of life, and sleep quality, but limited evidence exists for its impact on heart failure
patients. This study examined the influence of the COVID-19 lockdown on these aspects in heart
failure patients, with specific comparisons by age and sex. Methods: A quasi-experimental cross-
sectional study of patients with heart failure was conducted. The assessment involved two time
points: during the COVID-19 lockdown (March to June 2020) and post-lockdown (July to October
2020). A total of 107 HF patients participated, with assessments of overall PA (using the International
Physical Activity Questionnaire), QoL (employing the Cantril Ladder of Life), and sleep quality
(utilizing the Minimal Insomnia Symptom Scale) conducted during and after the COVID-19 lockdown.
Results: HF patients reported lower levels of total PA (p = 0.001) and walking PA (p < 0.0001) during
lockdown than after lockdown, whilst no differences were observed in QoL nor sleep quality. In
addition, both younger and older patients reported lower walking PA and total PA during lockdown
than after lockdown, while older patients reported lower QoL during lockdown than after lockdown.
Moreover, both men and women reported lower walking PA and total PA during lockdown than
after lockdown, whilst women reported lower QoL. Conclusions: HF patients need improved PA
programs during lockdowns, as these programs can elevate PA levels and enhance QoL, especially
when faced with the risk of decompensation during health crises.

Keywords: COVID-19; heart failure; physical activity; quality of life; sleep quality
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1. Introduction

At the beginning of the pandemic in 2020, many countries opted to contain the spread
of COVID-19 by shutting down most significant activities to reduce the pressure on the
national health system and avoid increasing deaths [1]. In Spain, the first case of COVID-
19 was reported on 1 January 2020, and on 14 March 2020, the government approved a
nationwide lockdown. That action prohibited wandering in public spaces except under
exceptional circumstances from March to June 2020. These lockdown measures interfered
with the general population’s daily life and physical and psychological health [2,3], in-
cluding health professionals and university students [4]. Furthermore, previous studies
have demonstrated that this situation has had several consequences on the cardiometabolic
system, morbidity, and mortality levels, even in healthy subjects [5]. The situation was even
worse with older adults [6] and patients with cardiovascular diseases such as heart failure
(HF) [7]. However, Spain was not the only country affected; Asia, Europe, and America
were also affected both by the infection itself and by the measures adopted [8,9].

Heart failure HF is a lifelong condition in which the heart cannot pump enough blood
to meet the body’s needs for blood and oxygen [10]. The same happened to all people
during the COVID-19 lockdown, and HF patients had similarly experienced a reduction
of physical activity and lockdown-related psychological affection [2,11]. Moreover, this
population is more vulnerable to suffering severe COVID-19 and its complications. A
recent review by Harrison et al. [12] indicated that cardiovascular disease, specifically HF,
is associated with an increased risk of severe COVID-19 and mortality from COVID-19 [12].
This higher proportion of adverse effects could be explained by underlying changes (such as
lifestyle), which affect inflammatory pathways and immune and pulmonary functions [12].

The primary variable affected during the pandemic was the physical activity (PA)
performed due to the inability to walk regularly outside during the prolonged lockdown [5].
This sedentary behavior can also increase the risk of suffering health problems such as dia-
betes [13], cancer [14], or osteoporosis [15]. Considering that patients with cardiovascular
diseases such as HF have shown lower values of PA than healthy adults [16] may explain
why these patients’ clinical condition may have been aggravated during the mandatory
COVID-19 lockdowns [17,18]. Moreover, in the study performed by Vetrovsky et al. [2],
the number of daily steps in 26 patients with HF was analyzed for six weeks, and three
of these weeks were during the COVID-19 lockdown period. They found a significant
decrease of 1134 daily steps during the lockdown. In parallel, the study of Brasca et al. [19]
showed a reduction of 6.5% in PA levels during the COVID-19 lockdown in a cohort of 405
HF patients. Previous studies have demonstrated that the reduction of PA levels tended
to be more significant and maintained post-lockdown in those patients who were less
physically active before the COVID-19 lockdown and had a more significant NYHA classifi-
cation [19,20]. The study of Bakel et al. [17] explained that the lack of social contact limited
the possibilities of performing PA, whilst younger age was independently associated with
a higher sedentary behavior during lockdown.

The consequences of this reduction of the PA levels in HF patients went beyond
physical and cardiometabolic sequelae. Previous studies have explained that decreased
levels of PA could also affect mental health and quality of life [21–23]. For example, the
review of Brooks et al. [3] showed that those who underwent forced lockdown had an
increased risk of experiencing some episode of stress, decreasing their emotional quality of
life. Sang et al. [22] showed that the COVID-19 lockdown created various psychological
impacts, negatively impacting the emotional status due to depression and anxiety. Other
studies showed an increased incidence of sleep disturbances in the general population
during the first months of the pandemic [16,17]. For example, Voitsidis et al. [24] showed
that 37.6% of the Greek general population presented alterations in sleep quality.

Furthermore, the literature has strong evidence that sleep quality disturbance has been
associated with an increased risk of cardiovascular events [25]. In addition, people with
chronic illnesses such as HF have an increased risk of mood and sleep disturbances that
affect their quality of life [26–28]; thus, a more in-depth study of these aspects would be
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necessary. In consistency with these studies, Quintana et al. [29] evaluated the influence of
the COVID-19 lockdown on the quality of life in HF patients. They concluded that during
the COVID-19 lockdown, participants showed reduced ability to enjoy daily activities and
self-confidence and decreased quality of life.

However, the population with HF is very heterogeneous regarding sociodemographic
characteristics. Previous studies on the general population during the COVID-19 lockdown
have been performed in this regard. Faulkner et al. [30] assessed physical activity, mental
well-being, and quality of life among adults in the United Kingdom, Ireland, New Zealand,
and Australia during the COVID-19 lockdown. Their findings revealed that women
experienced more favorable physical activity and mental health improvements than men.
Additionally, younger participants reported more adverse changes in these aspects than
their older counterparts. Beck et al. [31] showed, in a cohort of more than 1000 participants,
that approximately 75% of the subjects reporting sleep quality problems were women.
Young participants were the ones who presented more sleep issues. Thus, it is evident that
the pandemic has affected such outcomes differently depending on age and sex.

Therefore, there is enough evidence to report the changes in PA, quality of life, and
sleep quality in the general population during the COVID-19 lockdown. The evidence on
HF patients is scarce, and, to the best of our knowledge, no literature makes a differentiation
based on sex and age in HF patients in this regard; therefore, this research is novel in this
field. The present study explored the PA, quality of life, and sleep quality in HF patients
during and after the COVID-19 lockdown and compared the results by sex and age.

The hypotheses of the study are as follows:

H1: The physical activity in HF patients during the COVID-19 lockdown was lower than after
the lockdown.

H2: The quality of life in HF patients during the COVID-19 lockdown was lower than after
the lockdown.

H3: The sleep quality in HF patients during the COVID-19 lockdown was lower than after
the lockdown.

H4: Physical activity, quality of life, and sleep quality are different when comparing women with
HF with men during the COVID-19 lockdown.

H5: Physical activity, quality of life, and sleep quality are different when comparing those aged ≥
65 years old with those aged < 65 years old.

2. Materials and Methods

2.1. Design and Setting

This study employed a cross-sectional, pre-post, quasi-experimental design without a
control group. Patient recruitment occurred from March 2020 to October 2020 in Valencia,
Spain. Written informed consent was obtained from all participants.

2.2. Sample

This study was completed with a total of 107 participants with HF at different outpa-
tient clinics in Valencia, Spain. Inclusion criteria were as follows: (1) participants above
18 years of age (2) who have a clinical diagnosis of HF and (3) who are cognitively capable
of completing the assessments. Participants with cognitive and neuropsychiatric disorders
were excluded from this study.
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2.3. Procedure

Participants were clinically diagnosed with heart failure (HF) based on electronic
medical records. The assessment involved two time points: during the COVID-19 lockdown
(March to June 2020) and post-lockdown (July to October 2020), as depicted in Figure 1.

Figure 1. Timeline.

Due to the unique circumstances posed by the COVID-19 pandemic, our data collection
strategy was adapted. Despite the initial recruitment being carried out in a face-to-face
setting, we opted for telephone interviews to ensure the safety and well-being of our
participants. These interviews were conducted by a trained researcher who adhered to a
structured and standardized approach.

2.4. Outcomes and Measures

A patient information form was developed to collect data regarding demographic
and clinical variables: Our study encompassed a range of sociodemographic and clinical
variables, including gender, age, marital status, working status, education, time since
diagnosis, weight, height, and body mass index (BMI). Additionally, we assessed the
following variables:

(1) Overall physical activity: This was measured with the Spanish version of the Inter-
national Physical Activity Questionnaire (IPAQ) [32]. The IPAQ contains seven questions
to determine the duration and frequency of light activity (<600 metabolic minutes: walking
at home and at work or any walking that can be done solely for leisure); moderate activity
(between 600 and 3000 MET minutes/week such as cycling, playing tennis, or carrying light
loads); and vigorous activity (>3000 MET minutes/week: doing aerobic exercise, digging,
or heavy lifting). It also assesses the inactivity of the last week. The total PA score is the
sum of vigorous, moderate, and light PA in MET minutes/week [32,33]. The questionnaire
presents a total intra-observer reliability of 0.914 and 0.900 in the three dimensions of the
questionnaire separately. Moreover, the questionnaire presents an internal consistency of
Cronbach’s alpha = 0.51 [34].

(2) Quality of life (QoL): QoL was assessed using the Cantril Ladder of Life [35]. This
questionnaire has been employed in previous cardiovascular studies and is considered a
valid measure of global quality of life [36–38]. It does not cover quality of life as a multidi-
mensional concept, although it is related to aspects of quality of life such as psychosocial
adjustment and functional capabilities [39]. Patients were asked about their quality of life
on a scale from 0 to 10 (scores of 10 reflected the best quality of life and 0 reflected the
worst). The scale shows good convergent validity [40] and presents a total intra-observer
reliability of 0.914 [40,41]. This scale was translated to Spanish by a native Spanish speaker
and was back-translated by another independent bilingual researcher.

(3) Quality of sleep: Sleep quality was assessed by the Minimal Insomnia Symptom
Scale (MISS) [42,43], which consists of three items with five response categories (no, minor,
moderate, severe, and very severe problems) that are scored from 0 to 4, respectively. The
total score ranged from 0 to 12, with higher scores representing higher sleeping difficulties.
The questionnaire asks about difficulties falling asleep, nighttime awakenings, and rest
during sleep. The reliability and validity of the MISS have been established among the
elderly with a high intraclass correlation coefficient of 0.79 with an internal consistency
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of Cronbach’s alpha = 0.73 [43]. This questionnaire was translated to Spanish by a native
Spanish speaker and was back-translated by another independent bilingual researcher.

Reliability and validity of the questionnaires shows in Table 1.

Table 1. Reliability and validity of the questionnaires.

Intra-Observer Reliability Internal Consistency

Physical activity (IPAQ) 0.900–0.914 0.51

Quality of life (Cantril Ladder of Life) 0.914 -

Quality of sleep (MISS) 0.79 0.73

2.5. Data Analysis

Statistical analyses were performed using the statistical package SPSS version 24 (IBM
SPSS, Inc., Chicago, IL, USA). Mean, standard deviation, and percentage were used to
describe the sample data. Sample size calculation: We determined the required sample
size before the study. With an estimated alpha risk of 0.05 and a beta risk of less than 0.2
in a bilateral contrast, we aimed to have sufficient statistical power to detect differences
of 15% or more. Based on these criteria and assuming a standard deviation of 60 for the
difference between measurements taken before and after the lockdown, we determined that
a sample size of 100 subjects was necessary for our analysis. This ensured that the study
would have the statistical strength to identify significant changes in the variables of interest.
The Kolmogorov–Smirnov test was used to verify the normality of the continuous data.
Paired t-tests for the Cantril Ladder of Life, MISS, and IPAQ were employed to compare
the differences between COVID-19 lockdown and after-lockdown periods within matched
pairs. The effect size was calculated using Cohen’s d for the paired t-test. Subgroup
analyses were also performed for age (<65 years and ≥65 years) and sex. For the subgroup
analysis, paired t-tests were used to compare between time events and Student t-tests were
used to compare between groups. Statistical significance was considered when p-values
were <0.05.

2.6. Ethical Considerations

Approval was obtained from the Regional Ethics Committee (Approval No. IE1529273).
All procedures were conducted strictly within the principles of the Declaration of Helsinki
(October 2013, Fortaleza, Brazil). The researchers explained the research aims to all par-
ticipants. Stringent measures were taken to ensure the privacy and confidentiality of
participant data. The anonymity of the participants was guaranteed, and informed con-
sent to participate was obtained prior to data collection. These ethical measures were
implemented to safeguard the rights and well-being of the study participants.

3. Results

A total of 107 HF patients were assessed during and after the COVID-19 lockdown.
The characteristics of the 107 participants are shown in Table 2.

Regarding PA, HF patients reported significantly lower levels of walking PA during
lockdown than after lockdown (r = 0.49, p < 0.001). In addition, significantly lower levels of
total PA were also found when comparing during lockdown and after lockdown periods
(r = 0.46, p < 0.001). Nevertheless, no differences were found in vigorous PA (p = 0.181) or
moderate PA (p = 0.068) levels or in sedentary time (p = 0.872). With regards to quality of
life, no differences were found during lockdown compared to after lockdown (p = 0.091).
Regarding sleep quality, no differences were found during lockdown compared to after
lockdown (difficulties falling asleep, p = 0.897; night awakenings, p = 1.000; not being rested
by sleep, p = 0.495) (Table 3).
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Table 2. Clinical and demographic characteristics of the participants.

By Sex By Age

Variables Total (n = 107) Male Female <65 ≥65

Age, (years), mean (SD) 73.18 (12.68) 73.54 (12.91) 72.70 (12.51) 53.48 (8.78) * 77.99 (7.95) *
Sex, n (%)

Male 61.00 (57.00) 61.00 (100.00) 0.00 (0.00) 12.00 (57.10) 49.00 (57.00)
Female 46.00 (43.00) 0.00 (0.00) 46.00 (100.00) 9.00 (42.90) 37.00 (43.00)

Marital status, n (%)
Married 90.00 (84.10) 52.00 (85.20) 38.00 (82.60) 70.00 (81.40) 70.00 (81.40)
Single 2.00 (1.90) 2.00 (3.30) 0.00 (0.00) 1.00 (1.20) 1.00 (1.20)
Widowed 15.00 (14.00) 7.00 (11.5) 8.00 (17.40) 15.00 (17.40) 15.00 (17.40)

Working status, n (%)
Employed 1.00 (10.20) 7.00 (11.40) 4.00 (8.70) 10.00 (47.70) 1.00 (1.20)
Unemployed 4.00 (3.70) 2.00 (3.30) 2.00 (4.30) 4.00 (19.00) 0.00 (0.00)
Housekeeper 14.00 (13.10) 5.00 (8.20) 9.00 (19.60) 0.00 (0.00) 14.00 (16.30)
Retired 78.00 (72.90) 47.00 (77.00) 31.00 (67.40) 7.00 (33.30) 71.00 (82.50)

Education, n (%)
None 17.00 (15.80) 7.00 (11.40) 10.00 (21.70) 0.00 (0.00) 17.00 (19.80)
Primary education 39.00 (36.40) 24.00 (39.30) 15.00 (32.60) 2.00 (9.50) 37.00 (43.00)
Secondary education 38.00 (35.50) 20.00 (32.80) 13.00 (28.30) 14.00 (66.60) 24.00 (27.90)
University 13.00 (12.10) 8.00 (13.10) 5.00 (10.90) 5.00 (23.80) 8.00 (9.30)

Time since diagnosis, months,
mean (SD) 96.54 (134.81) 82.75 (121.87) 114.83 (149.69) 64.38 (76.85) 104.40 (144.76)

LVEF, %, mean (SD) 43.36 (15.44) 40.51 (15.00) * 47.12 (15.38) * 41.74 (13.60) 43.75 (15.91)
NYHA Classification, n (%)

I 7.00 (6.50) 5.00 (8.20) 2.00 (4.30) 1.00 (4.80) 6.00 (7.00)
II 73.00 (68.2) 43.00 (70.50) 30.00 (65.20) 15.00 (71.40) 58.00 (67.40)
III 22.00 (20.6) 10.00 (16.40) 12.00 (26.10) 5.00 (23.80) 17.00 (19.80)
IV 5.00 (4.70) 3.00 (4.90) 2.00 (4.30) 0.00 (0.00) 5.00 (5.80)

Weight, kilograms, mean (SD) 71.78 (14.11) 75.59 (13.80) * 66.72 (13.02) * 74.38 (14.64) 71.14 (13.99)
BMI, mean (SD) 26.42 (4.73) 26.51 (4.58) 26.30 (4.97) 27.45 (4.42) 26.17 (4.79)

Note: SD = standard deviation; BMI = body mass index; LVEF = left ventricular ejection fraction; NYHA = New
York Heart Association. * p < 0.05.

Table 3. Results of physical activity, quality of life, and sleep quality during and after the COVID-19
lockdown.

During Lockdown
Mean (SD)

After Lockdown Mean (SD) T Student p Value

Physical activity (IPAQ)
Vigorous PA, METS minute/week 0.00 (0.00) 26.92 (206.74) 0.181
Moderate PA, METS minute/week 87.48 (329.90) 129.35 (424.27) 0.068
Walking, METS minute/week 302.61 (371.98) 871.23 (931.94) <0.001 *
Sedentary time, hours/day 5.88 (5.41) 5.80 (4.66) 0.872
Total score, METS minute/week 386.85 (581.69) 999.16 (10) <0.001 *

Quality of life (Cantril Ladder of Life) 5.61 (2.32) 5.84 (2.31) 0.091

Quality of sleep (MISS)
Difficulties falling asleep 1.40 (1.46) 1.41 (1.45) 0.897
Night awakenings 1.51 (1.29) 1.51 (1.33) 1.000
Not being rested by sleep 0.63 (1.04) 0.59 (1.00) 0.495

Note: SD = standard deviation; IPAQ = International Physical Activity Questionnaire; MISS = Minimal Insomnia
Symptom Scale; *: p < 0.05.

When comparing by age, both those aged <65 years old and those aged ≥65 years
old reported significantly lower levels during a lockdown than after lockdown in walking
PA (<65 years: r = 0.52, p = 0.001; ≥65 years: r = −0.48, p < 0.001), as well as in total PA
(<65 years: r = 0.52, p = 0.003; ≥65 years: r = 0.45, p < 0.001), whilst there were no differences
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in the rest of the IPAQ variables. In addition, when comparing age subgroups (<65 years
old vs. ≥65 years) during lockdown, we did not find significant differences in any of the
IPAQ variables (vigorous PA (p = 1.000), moderate PA (p = 0.451), walking PA (p = 0.256),
sedentary time (p = 0.264), total PA (p = 0.203)). When comparing the quality of life by age,
those aged ≥ 65 years old reported significantly lower quality of life (r = 0.15, p = 0.039)
during lockdown than after lockdown. When comparing sleep quality by age, we did not
find differences between groups or intra-groups (Table 4).

Table 4. Comparison of physical activity, quality of life, and sleep quality during and after the
COVID-19 lockdown by age.

<65 Years Old
Mean (SD)

p Value

≥65 Years Old
Mean (SD)

p ValueDuring
Lockdown

After
Lockdown

During
Lockdown

After
Lockdown

Physical activity (IPAQ)
Vigorous PA, METS/min/week 0.00 (0.00) 91.43 (418.98) 0.329 0.00 (0.00) 11.16 (103.52) 0.320
Moderate PA, METS/min/week 80.00 (366.61) 80.00 (366.61) 1.000 89.30 (322.62) 141.40 (438.29) 0.068
Walking PA, METS/min/week 196.43 (244.12) 891.79 (899.75) <0.001 * 328.85 (394.03) 866.15 (944.86) <0.001 *
Sedentary time 7.10 (5.30) 7.38 (3.58) 0.788 5.58 (5.42) 5.42 (4.83) 0.756
Total score, METS/min/week 276.43 (488.48) 1063.21 (1180.22) 0.003 * 413.81 (601.73) 983.52 (1069.83) <0.001 *

Quality of life (Cantril Ladder
of Life) 6.33 (2.31) 6.24 (1.90) 0.776 5.43 (2.30) 5.74 (2.40) 0.039 *

Sleep quality (MISS)
Difficulties falling asleep 1.33 (1.53) 1.48 (1.66) 0.526 1.42 (1.45) 1.40 (1.40) 0.748
Night awakenings 1.24 (1.22) 1.38 (1.28) 0.379 1.58 (1.31) 1.55 (1.34) 0.671
Not being rested by sleep 0.43 (0.81) 0.43 (0.81) 1.000 0.67 (1.09) 0.63 (1.04) 0.436

Note: Md = median; IQ range = interquartile range; SD = standard deviation; MISS = Minimal Insomnia Symptom
Scale; IPAQ = International Physical Activity Questionnaire; *: p < 0.05.

When comparing by sex, both men and women reported significantly lower levels
during lockdown than after lockdown in walking PA (men: r = 0.57, p < 0.001; women:
r = 0.47, p < 0.001), as well as in total PA (men: r = 0.54, p < 0.001; women: r = 0.07, p < 0.001),
while there were no differences in the rest of the IPAQ variables. In addition, when
comparing by sex during lockdown, we did not find significant differences in vigorous
PA (p = 1.000), moderate PA (p = 0.289), walking PA (p = 0.069), sedentary time (p = 0.071),
or total PA (p = 0.135). When comparing the quality of life by sex, women reported a
significantly lower quality of life (r = 0.21, p = 0.046) during lockdown than after lockdown.
When comparing sleep quality by sex, we did not find any difference between women and
men (Table 5).

Table 5. Comparison of physical activity, quality of life, and sleep quality during and after the
COVID-19 lockdown by sex.

Men
Mean (SD)

p Value

Women
Mean (SD)

p ValueDuring
Lockdown

After
Lockdown

During
Lockdown

After
Lockdown

Physical activity (IPAQ)
Vigorous PA, METS/min/week 0.00 (0.00) 47.21 (273.01) 0.182 0.00 (0.00) 0.00 (0.00) 1.000
Moderate PA, METS/min/week 78.69 (324.14) 106.23 (343.70) 0.366 99.13 (340.64) 160 (514.60) 0.084
Walking PA, METS/min/week 347.33 (374.82) 929.14 (880.67) <0.001 * 242 (393.44) 792.73 (1002.01) <0.001 *
Sedentary time 6.72 (5.36) 6.57 (4.34) 0.815 4.76 (5.32) 4.78 (4.92) 0.975
Total score, METS/min/week 426.18 (527.38) 1082.58 (1060.86) <0.001 * 334.70 (649.09) 888.54 (1123.06) <0.001 *

Quality of life (Cantril Ladder
of Life) 5.70 (2.25) 5.87 (2.22) 0.450 5.48 (2.43) 5.80 (2.46) 0.046 *

Sleep quality (MISS)
Difficulties falling asleep 1.44 (1.50) 1.49 (1.49) 0.643 1.35 (1.41) 1.30 (1.40) 0.642
Night awakenings 1.57 (1.35) 1.56 (1.37) 0.874 1.43 (1.22) 1.46 (1.28) 0.830
Not being rested by sleep 0.61 (1.05) 0.61 (1.05) 0.471 0.59 (0.98) 0.57 (0.94) 0.811

Note: SD = standard deviation; MISS = Minimal Insomnia Symptom Scale; IPAQ = International Physical Activity
Questionnaire; *: p < 0.05.
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4. Discussion

In this study, we investigated the physical activity (PA), quality of life, and sleep
quality in heart failure (HF) patients during and after the COVID-19 lockdown, with a
focus on differences related to age and sex.

4.1. Physical Activity (PA) during Lockdown

Our study findings reveal that HF patients, both men and women, irrespective of age
(above or below 65 years), experienced a decline in their PA levels during the COVID-19
lockdown. However, once the lockdown restrictions were lifted, there was an increase
in PA. Notably, participants exhibited higher sedentary behavior during the lockdown,
validating our initial hypothesis (H1: The PA in HF patients during the COVID-19 lockdown
was lower than after the lockdown). These results are consistent with previous research,
such as that of Tison et al. [44], who noted an increase in daily steps post-lockdown,
and Van Bakkel et al. [18], who observed progressively increasing sedentary behavior as
restrictions eased. Nevertheless, a recent systematic review emphasized a significant
decrease in PA levels among patients with cardiovascular diseases, particularly HF patients,
during the COVID-19 lockdown [45]. Subgroup analysis indicated that the decrease in
PA was consistent across gender and age, leading us to reject hypotheses H4 (differences
in PA between women and men with HF during the lockdown) and H5 (differences in
PA between those aged ≥ 65 and <65 years). Kim et al. [46] found different results in
the sex difference in a sample of 229,099 subjects. They observed that men engaged in
more moderate-intensity PA than women before and during COVID-19. On the other
hand, Punia et al. [47] observed that men showed lower physical activity levels during the
pandemic in a sample of 1992 subjects. Therefore, there seems to be too much discrepancy
between BP levels between the two genders.

4.2. Quality of Life during Lockdown

Contrary to our expectations (H2), the overall quality of life among HF patients did
not exhibit any significant changes during the COVID-19 lockdown in our study. However,
variations were observed when examining different age and gender groups, leading us
to accept hypotheses H4 (differences in quality of life between women and men with
HF during the lockdown) and H5 (differences in quality of life between those aged ≥65
and <65 years). Specifically, adults older than 65 and women reported a lower quality of
life during the lockdown than those younger than 65 years and men. It is important to
note that an HF diagnosis can substantially impact a patient’s quality of life [29]. These
results differ from a recent epidemiological study [29], which reported that patients with
HF had difficulties enjoying daily activities during the COVID-19 lockdown, although no
post-lockdown assessments were conducted. As such, it is crucial to emphasize self-care
behaviors and provide practical self-care management information to HF patients and their
families. To our knowledge, this is the first study that reports the results about the quality
of life of HF patients during lockdown, but previous studies were performed on other
health problems such as the study of van Erck et al. [48], who found an increase in the
quality of life during lockdown in patients awaiting transcatheter aortic valve implantation.
In contrast, Banerjee et al. [49] showed that the quality of life of patients with Parkinson’s
Disease and their caregivers was decreased. This lack of differences could be due to the
fact that patients with HF have a chronic clinical condition that limits their quality of life;
therefore, the modifications in quality of life due to confinement could be more subtle.
Then, future studies that explored the changes in quality of life in diseases that already had
a reduced quality of life should be performed in order to understand these results better.

4.3. Sleep Quality during Lockdown

Our study showed no discernible differences in sleep quality between different periods,
genders, or age groups. As a result, hypotheses H3 (that sleep quality in HF patients during
the COVID-19 lockdown was lower than after lockdown), H4 (that sleep quality differed
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between women and men with HF during the COVID-19 lockdown), and H5 (that sleep
quality varied between those aged ≥ 65 years and <65 years) were not supported. However,
various studies have highlighted the severe impact of the COVID-19 pandemic on multiple
aspects of human life and its substantial threat to the mental and physical health of the
general population [50]. Our results do not align with a study by Okely et al. [51], who
investigated changes in sleep quality among elderly individuals during the COVID-19
lockdown. They also explored whether participant characteristics were related to positive or
negative changes in sleep quality, ultimately concluding that participants with a history of
cardiovascular disease had worse sleep quality during the lockdown. As with the quality of
life, to our knowledge, this is the first study that analyzes the quality of sleep of HF patients
during lockdown, but studies performed in patients with pulmonary hypertension [52],
women with polycystic ovary syndrome [53], and also in the general population [54]
showed a reduced quality of sleep during lockdown [52]. A reason for these results could
be the fact that the HF patients had a reduced PA in normal conditions; therefore, although
a reduction in PA was evidenced in the lockdown period, it could be insufficient to reduce
the quality of sleep.

Study limitations: Our study had several limitations to consider. First, the relatively
small sample size and the predominance of male participants introduced potential gender
bias, limiting the generalizability of findings to a broader heart failure (HF) population.
Second, the exclusive focus on HF patients within a single country restricted the gener-
alizability of results across diverse international contexts. Additionally, the reliance on
self-reported questionnaires for assessing physical activity (PA) may have introduced recall
bias and overestimation. We recognize the need for validity and reliability testing on the
questionnaires to enhance the study’s robustness. Furthermore, the absence of data quality
checks may imply potential data quality issues. It is also worth noting that socioeconomic
status and mental health are possible factors that could influence the PA levels in this popu-
lation, which, in conjunction with the study design, account for a causal inference problem
in the results. Nonetheless, future investigations can explore data accuracy, completeness,
reliability, relevance, and timeliness.

Strengths: Our study offered a comprehensive assessment of PA, quality of life, and
sleep quality changes in HF patients during and after the COVID-19 lockdown, which
were areas with limited prior research. Conducting measurements at two time points
provided valuable insights into the impact of the pandemic and lockdown measures on
these aspects of patients’ lives. In summary, despite these limitations, our study contributes
significant insights into the experiences of HF patients during and after the COVID-19
lockdown, and future research should aim to address these constraints and further enrich
our understanding of this critical issue.

4.4. Implications and Future Lines of Action

Physical activity (PA) constitutes a pivotal intervention in heart failure (HF) manage-
ment, with research underscoring its significant impact on patient survival rates, including
reduced all-cause mortality and HF-related mortality [55,56]. Therefore, addressing the
risk of HF decompensation due to physical inactivity remains a paramount concern, neces-
sitating the encouragement of HF patients to uphold substantial PA levels and minimize
prolonged sedentary behavior, especially in contexts like the COVID-19 lockdown. This un-
derscores the imperative need for developing home-based PA programs and implementing
routine follow-up assessments for HF patients, emphasizing monitoring their PA levels.

Furthermore, preserving the high quality of life and overall health in the HF popu-
lation is essential for averting decompensation and fostering well-being. To this end, a
compelling strategy involves the integration of eHealth initiatives, specializing in medical
care and cardiac telerehabilitation, thus offering PA-centric programs and services tailored
to HF patients [57–59]. These eHealth initiatives should closely align with the exercise
guidelines set forth by the American Heart Association [60] because they emphasize activi-
ties like moderate aerobic exercise for a minimum of 150 min per week, bi-weekly muscle
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strengthening routines, regular stretching, and a medical consultation before commencing
any exercise regimen. Notably, in 2019, the European Commission’s Digital Economy
and Society Index (DESI) identified Spain as the third-ranking country within the Euro-
pean Union in eHealth utilization [61]. This statistical revelation reveals Spain’s prior
commitment to eHealth solutions, even preceding the global pandemic, underscoring the
compelling prospects that future research should explore in harnessing these digital tools
to enhance the welfare of HF patients.

5. Conclusions

Our findings revealed that regardless of age, HF patients experienced reduced walking
and total PA levels during the lockdown, while quality of life and sleep remained relatively
stable. Age-wise, both younger and older patients showed decreased PA levels during
lockdown, with older patients also reporting reduced quality of life during this period.
Sex-based comparisons indicated that men and women experienced declines in PA, while
women reported decreased quality of life. Sleep quality, however, exhibited no significant
sex-based differences. These results highlight the need for innovative strategies to boost PA
and promote healthier lifestyles, particularly during public health crises like the COVID-
19 lockdown. Implementing eHealth services and telerehabilitation programs could be
valuable solutions to support patients. Engaging HF patients in PA-based initiatives
elevates their PA levels and enhances their overall quality of life. It is especially critical
when reduced PA may heighten the risk of disease exacerbation and increased patient
vulnerability, especially when healthcare resources are constrained. These policies should
extend beyond the HF population to encompass the entire community, contributing to
maintaining a healthier population and reducing the strain on healthcare resources during
health system stress.
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Abstract: This cross-sectional study investigates new comorbidities and new medications after a
mild SARS-CoV-2 infection. Data were collected after an acute SARS-CoV-2 infection by online
survey in a Lithuanian cohort. Sociodemographic data, SARS-CoV-2-related symptoms, previous
and new comorbidities, and medications were analysed. The results of 895 participants (mean age:
44 years) show that 91% were women, 58% had higher education, and 84% were working. Among
those, 473 (52.8%) answered being “healthy” before infection; 823 (92%) indicated being positive
on diagnostic tests; and 841 (94%) were non-hospitalized. Asymptomatic infection was reported
by 17 participants (1.9%). Participants reporting any comorbidity before a SARS-CoV-2 infection
reported more frequently having remaining symptoms compared to those who were “healthy”,
particularly in relation to neurological symptoms. Thirteen percent of participants reported new
comorbidities, and thirty-five percent started new medication. Among new medications, an intake
of vitamins/supplements (21%) and anti-inflammatory drugs (4%) was more often reported by
“unhealthy” participants. Regression analysis revealed that new cardiovascular and pulmonary
diagnoses predicted each other. Participants reporting prior neurological disorders tended to have an
increased risk of intaking new vitamins/supplements and anti-inflammatory drugs after infection.
The results indicate a significantly increased consumption of medication, particularly unprescribed
substances, after SARS-CoV-2, indicating a need of more research in this area.

Keywords: SARS-CoV-2 virus; medication; comorbidities; post-COVID-19 condition; vitamins/supplements

1. Introduction

Ailments that linger longer than three months after a SARS-CoV-2 infection and affect
daily life activities are known as a post-COVID-19 condition, according to World Health
Organization (WHO) [1]. According to WHO, approximately 10% of all infected people
may suffer from a post-COVID-19 condition [1]. However, the epidemiological data are
not clear. In Sweden, a study analysing data from the health care system for the period
2021–2022 found that approximately 2% of population of 4.1 million have been diagnosed
with a post-COVID-19 condition after an acute SARS-CoV-2 infection [2] Among them, the
majority were non-hospitalised inhabitants.

Theoretically, previous comorbidities might increase the severity of a post-COVID-19
condition, although studies examining this particular risk factor are few, especially after a
mild SARS-CoV-2 infection. In 2021, Kayaaslan et al. have already reported that persistent
symptoms in both inpatients and outpatients after SARS-CoV-2 were predicted by previous
comorbidities [3]; however, they were not confirmed by others [4]. In a large cohort including

J. Clin. Med. 2024, 13, 623. https://doi.org/10.3390/jcm13020623 https://www.mdpi.com/journal/jcm145



J. Clin. Med. 2024, 13, 623

mainly females and health care workers, previous mental distress was reported to be a risk
factor for those with a post-COVID-19 condition [5]. Moreover, a recent systemic review and
meta-analysis revealed several risk factors, i.e., demographic (age, sex), higher body mass
index, smoking, and comorbidities such as depression, cardiovascular, pulmonary, endocrine,
and immune suppression diseases, while vaccination lowered the risk by approximately at
40% [6]. Recently, we reported data from the first survey (first pandemic wave) of a Lithuanian
cohort showing that both previous comorbidities and medication increased symptomatology
during an acute infection and after 28 days [7].

The aim of this study was to study further previous and new comorbidities as well as
previous and new medications after a SARS-CoV-2 infection in mainly non-hospitalized
persons in a Lithuanian cohort during the pandemic’s second wave in 2021–2022. The
hypothesis was that participants with previous comorbidities will report more remaining
symptoms and more new comorbidities and medication use.

2. Materials and Methods

This study was performed by inviting participants to answer anonymously an Internet-
based questionnaire, created by D.V. via Google Drive (Alphabet Inc., Googleplex, Moun-
tain View, CA, USA). The questionnaire was distributed in the Lithuanian language through
Lithuanian websites, including private/public Facebook groups, city/town/district hospi-
tals, and media outlets (Supplementary Material S1). Study encouraged participation inde-
pendent of the presence or absence of persistent symptoms. Ethical approval was obtained
from the Kaunas Regional Ethics Committee for Biomedical Research on the 11th of May
2021 (approval number: BE-2-65). This study has been registered with ClinicalTrials.gov
(ID: NCT05000229). Informed consent was obtained from each participant. The study
protocol, materials concerning ethical permission, and consent information provided to
participants are available at the university’s website (https://lsmu.lt/en/about-lsmu/
structure/medical-academy/faculty-of-nursing/projektine-veikla/, accessed on 22 Decem-
ber 2021). Questions were formulated to gather information regarding sociodemographic
characteristics, the data of acute SARS-CoV-2 infection, including diagnostics tests, informa-
tion related to comorbidities, and the daily use of medication before and after an infection,
remaining symptoms after the infection, and attitudes regarding the need for rehabilitation.
The questions were of exploratory nature with free or predefined answers. Here, we present
a second collection of the survey (from 10 August 2021 to 31 December 2022), excluding
questions related to the need for rehabilitation.

Inclusion criteria for participation were as follows: (1) age of 18 years or older,
(2) known SARS-CoV-2 infection with or without specific diagnostic tests (PCR, antigen
test, antibodies), and (3) a post-infection period of at least 28 days before participating in
the survey.

Exclusion criteria were as follows: hospitalized patients still receiving treatment or
rehabilitation after a SARS-CoV-2 infection, unstable or untreated comorbidities, or the
ongoing stabilisation of comorbidities. None of the participants indicated the presence of
exclusion criteria in the questionnaire.

For persistent symptoms, we created 64 preselected answers as well as the possibility
to leave free comments regarding other symptoms. Persistent symptoms were formed into
major groups as indicated in Supplementary Material S2.

For comorbidities, the participants were asked to answer the presence of any chronic
disease prior to and after a SARS-CoV-2 infection. In cases of previous and recent disease,
the participant was asked to specify the ailment. Furthermore, the comorbidities could be
selected from 21 preselected disorders as well as the possibility to leave free comments
regarding other diseases. For medication, the participants were asked for the presence of
any daily medication before and after a SARS-CoV-2 infection. In cases with previous and
recent medication, the participant was asked to specify the medication. Both comorbidities
and medications were grouped as indicated in the respective Supplements (see Methods).
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Statistics

Results from the survey were analysed with SPSS version 29 (Statistical Package for the
Social Sciences, IBM, New York, NY, USA) after downloading into a Microsoft Excel 2019 file
(Microsoft Corporation, Washington, DC, USA). A major part of data was nominal in nature,
and therefore, presented as a number of participants and as a percentage of the whole cohort.
Nominal data were compared using two-tailed Chi-square test. For parametric data (the
duration of symptoms), an independent t-test was applied between the groups (“healthy”
vs. “unhealthy”). The predictors of new comorbidities and new medications were analysed
with separate binary logistic regression models for those dependent variables, showing
significant differences between the groups and even including sex as an additional covariate.
Statistical significance was considered as p < 0.05.

3. Results

3.1. Participants and Persistent Symptoms in Relation to Previous Health Status

The survey of participants is presented in Supplementary Material S1. The final data analy-
sis included 895 participants with a mean age of 44 years (SD: 12.54 years, range: 18–79 years).
Nearly 90% of participants were females and younger than 60 years (Table 1). Approximately
65% participants were from the three biggest cities in Lithuania, including Kaunas (the second-
largest city in Lithuania, 27.6%), Vilnius (the capital of Lithuania, 26.3%), and Klaipėda (11.8%);
therefore 72.0% participants were living in an urban environment (Table 1). Diagnostic testing
was reported by 92.0% of participants, and an asymptomatic infection by approximately 2%. Ap-
proximately 71% of participants reported being vaccinated, with no difference observed between
“healthy” and “unhealthy” participants (Chi-Square test, p = 0.47). The median duration after
a SARS-CoV-2 infection and the responding survey was 27 weeks (range: 4–129 weeks, mean:
30 weeks, and SD: 22 weeks), with no difference found between “healthy” and “unhealthy”
participants (independent t-test, p = 0.36). Approximately 61% of participants reported to be
“officially” healthy from the acute SARS-CoV-2 infection within 2 weeks, 27% within 2–4 weeks,
and 10% after 4 weeks.

The majority od participants (94.0%) reported being non-hospitalized, whereas 5% reported
being hospitalized during an acute SARS-CoV-2 infection. The results show that “unhealthy”
participants were older, among them many were retired and unemployed, see Table 1. No
statistical difference was revealed regarding sex for “healthy” and “unhealthy” participants.

Approximately 92.2% of participants reported persistent symptoms with a total
number ranging from 0 to 45 (median 7 symptoms). All 64 symptoms are presented
in Supplementary Material S2. The most frequently reported remaining symptoms were
related to the nervous system and chronic pain, followed by symptoms of the upper
respiratory tract, see Table 2. Thereafter, symptoms related to the cardiovascular sys-
tem, skin, mood/emotions, the lower respiratory tract, the endocrine system, vision, and
the gastrointestinal tract were reported. Participants reporting any comorbidity before
SARS-CoV-2 infection (“unhealthy”) mentioned all remaining symptoms more frequently
compared to those who did not report any symptoms (“healthy”), except for psychological
symptoms, Table 2.

Table 1. The socioeconomic data of participants presented as numbers and percentages of a whole
cohort and among those reported as “healthy” and “unhealthy” prior to the infection.

All
N = 895 (100%)

“Healthy”
N = 473 (52.8%)

“Unhealthy”
N = 422 (47.2%)

Statistics

Sex
Female 816 (91.2%) 431 (48.2%) 385 (43.0%)

0.524Male 79 (8.8%) 42 (4.7%) 37 (4.1%)

Age group
Younger than 40 years 373 (41.7%) 269 (30.1%) 104 (11.6%)

<0.00141–60 years 418 (46.7%) 187 (20.9%) 231 (25.8%)
61–80years 104 (11.6%) 17 (1.9%) 87 (9.7%)
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Table 1. Cont.

All
N = 895 (100%)

“Healthy”
N = 473 (52.8%)

“Unhealthy”
N = 422 (47.2%)

Statistics

Education

Primary/secondary 106 (11.8%) 49 (5.5%) 57 (6.4%)

0.066
Higher non-university 266 (29.7%) 129 (14.4%) 137 (15.53%)

Higher university 520 (58.1%) 294 (32.8%) 226 (25.3%)
Other 3 (0.3%) 1 (0.1%) 2 (0.2%)

Socioeconomic
situation

Employed/working 749 (83.7%) 426 (47.6%) 323 (36.1%)

<0.001
Temporary unemployed 30 (3.4%) 10 (1.1%) 20 (2.2%)

Unemployed 55 (6.0%) 26 (2.9%) 29 (3.2%)
Retired 52 (5.8%) 7 (0.8%) 45 (5.0%)
Student 9 (1.0%) 5 (0.6%) 4 (0.4%)

Region of Residence
in Lithuania

Kaunas 247 (27.6%) 140 (15.6%) 107 (12.0%)

0.359

Vilnius 236 (26.3%) 126 (14.1%) 110 (12.3%)
Klaipėda 106 (11.8%) 52 (5.8%) 54 (6.0%)
Šiauliai 75 (8.3%) 42 (4.7%) 33 (3.7%)

Panevėžys 73 (8.2%) 33 (3.7%) 40 (4.5%)
Telšiai 40 (4.5%) 22 (2.5%) 18 (2.0%)

Marijampolė 36 (4.0%) 16 (1.8%) 20 (2.2%)
Alytus 33 (3.7%) 16 (1.8%) 17 (1.9%)
Utena 31 (3.5%) 20 (2.2%) 11 (1.2%)

Tauragė 18 (2.0%) 6 (0.7%) 12 (1.3%)

Living area

Settlement 41 (4.6%) 17 (1.9%) 24 (2.7%)

0.224
Village 101 (11.3%) 51 (5.7%) 50 (5.6%)

City 644 (72.0%) 340 (38.0%) 304 (34.0%)
Suburbs 109 (12.2%) 65 (7.3%) 44 (4.9%)

Table 2. Groups according to remaining symptoms presented as the number and percentage of
a whole cohort and among those reported as “healthy” and “unhealthy” prior to the infection.
Differences between these two latter groups are presented as p-values. Originally marked symptoms
are presented in Supplementary Material S2.

Symptoms Related to
All

N = 895 (100%)
“Healthy”

N = 473 (52.8%)
“Unhealthy”

N = 422 (47.2%)
Statistics

Nervous system 739 (82.6%) 370 (41.3%) 369 (42.2%) p < 0.001
Chronic pain 477 (53.3%) 219 (24.5%) 258 (28.8%) p < 0.001

Throat, nose, and ear 420 (46.9%) 203 (22.7%) 217 (24.2.6%) p = 0.007
Heart 364 (40.7%) 156 (17.4%) 208 (23.2%) p < 0.001
Skin 335 (37.4%) 149 (16.6%) 186 (20.8%) p < 0.001

Mood and emotions 307 (34.3) 165 (18.4%) 142 (15.9%) p = 0.375
Lung 258 (28.8%) 116 (13.0%) 142 (15.9%) p = 0.002

Endocrine 254 (28.4%) 117 (13.1%) 137 (15.3%) p = 0.006
Vision and eyes 246 (27.5%) 103 (11.5%) 143 (16.0%) p < 0.001

Gastrointestinal tract 165 (18.4%) 73 (8.2%) 92 (10.3%) p = 0.009
Other 601 (67.2%) 291 (32.5%) 310 (34.6%) p < 0.001

3.2. Comorbidities and Medications Prior to SARS-CoV-2 Infection

Approximately 53% of participants reported being “healthy” prior to their SARS-CoV-
2 infection. Comorbidities were grouped according to major disease groups and presented
in Table 3. High blood pressure dominated among cardiovascular diseases (N = 172 or
19.2%); obesity among endocrine diseases (N = 90 or 10.1%); sleep disorders among neu-
rological diseases (N = 62 or 6.9%); anxiety among psychiatric diseases (N = 43 or 4.8%);
thereafter unspecified diseases of the gastrointestinal tract (N = 68 or 7.6%); unspecified
allergic diseases (N = 49 or 5.5%); unspecified rheumatic diseases (N = 49 or 5.5%); asthma
among pulmonary diseases (N = 37 or 4.1%); unspecified kidney diseases (N = 18 or 2%);
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unspecified oncological diseases (N = 17 or 1.9%); unspecified immunodeficiency diseases
(N = 7 or 0.8%); and others (N = 22 or 2.5%) (Table 3).

Of those with comorbidities, the greatest portion had one comorbidity (20.1%), and
only two (0.2%) participants reported nine comorbidities. The total number of comorbidities
varied from zero to nine, with a median of two comorbidities.

Table 3. Grouped comorbidities in “unhealthy” participants are presented as a number and a
percentage of a whole cohort. Originally marked comorbidities and groupings are presented in
Supplementary Material S3.

Disorders
All

N = 895 (100%)
“Healthy”

N = 473 (52.8%)
“Unhealthy”

N = 422 (47.2%)
Statistics

Cardiovascular 209 (23.4%) 0 209 (23.4%) p < 0.001
Endocrine 158 (17.7%) 0 158 (17.7%) p < 0.001

Neurological 111 (12.4%) 0 111 (12.4%) p < 0.001
Gastrointestinal 68 (7.6%) 0 68 (7.6%) p < 0.001

Psychiatric 63 (7.0%) 0 63 (7.0%) p < 0.001
Skin 49 (5.5%) 0 49 (5.5%) p < 0.001

Inflammatory rheumatic 49 (5.5%) 0 49 (5.5%) p < 0.001
Pulmonary 49 (5.5%) 0 49 (5.5%) p < 0.001

Renal 18 (2.0%) 0 18 (2.0%) p < 0.001
Oncological 17 (1.9%) 0 17 (1.9%) p < 0.001

Immunodeficiency 7 (0.8%) 0 7 (0.8%) p = 0.005
Others 22 (2.5%) 0 22 (2.5%) p < 0.001

Approximately 68% of participants reported not taking any medication before a SARS-
CoV-2 infection. Among those reporting medication, the cardiovascular system-modulating
drugs were consumed by 12% of participants, followed by hormones (7%) and “other”
drugs (12%). Psychopharmacological, anti-allergic, anti-inflammatory/anti-bacterial, and
supplements/vitamins were taken by certain percentages of participants in the whole
cohort, see Table 4. As expected, “unhealthy” participants more often reported a daily
pharmacological treatment before an acute infection.

Table 4. Grouped medications before a SARS-CoV-2 infection presented as a number and a percentage
in a whole cohort and among those reported as “healthy” and “unhealthy” prior to the infection.
Differences between these two latter groups are presented as p-values. Originally marked medications
and groupings are presented in Supplementary Material S4.

Drug Regulating
All

N = 895 (100%)
“Healthy”

N = 473 (52.8%)
“Unhealthy”

N = 422 (47.2%)
Statistics

The cardiovascular system 109 (12.2%) 11 (2.3%) 98 (10.9%) p < 0.001

The endocrine system 61 (6.8%) 10 (1.1%) 51 (5.7%) p < 0.001

Psychological functions
(psychopharmacology) 23 (2.6%) 0 (0.0) 23 (2.6%) p < 0.001

Inflammation (nonsteroidal
anti-inflammatory drugs

and antibiotics)
13 (1.5%) 2 (0.2%) 11 (1.2%) p = 0.006

The immune system (antiallergic
and anti-asthmatic) 10 (1.1%) 0 (0.0) 10 (1.1%) p < 0.001

Gastrointestinal tract 10 (1.1%) 0 (0.0) 10 (1.1%) p < 0.001

Supplements/vitamins 9 (1.0%) 2 (0.2%) 7 (0.8%) p = 0.064

Other 105 (11.7%) 9 (1.0%) 96 (10.7%) p < 0.001
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3.3. New Comorbidities and Medications after SARS-CoV-2 Infection

One hundred and fourteen participants reported new diagnoses. Among them, 82 par-
ticipants received one new diagnosis, 25 participants received two new diagnoses, 4 par-
ticipants received three new diagnoses, and 3 participants received four new diagnoses.
Cardiovascular, neurological, and pulmonary diagnoses were new diagnoses reported by
3.5%, 2.6%, and 1.8% of participants, respectively, see Table 5. “Other” diagnoses were
reported by 3.1% participants, and the remaining diagnoses (gastrointestinal, endocrine,
inflammatory/rheumatic, renal, dermatological, psychiatric, and gynaecological) were
reported by approximately 1% or less of participants per each diagnosis, see Table 5. A
significant difference was found between “healthy” and “unhealthy” participants regard-
ing new cardiovascular and pulmonary diagnoses, which were more often reported by
“unhealthy” participants, see Table 2.

Table 5. New diagnoses after a SARS-CoV-2 infection are presented as a number and a percentage in
a whole cohort and among those reported as “healthy” and “unhealthy” prior to the infection. Differ-
ences between these two latter groups are presented as p-values. Originally marked comorbidities
and groupings are presented in Supplementary Material S3.

All
N = 895 (100%)

“Healthy”
N = 473 (52.8%)

“Unhealthy”
N = 422 (47.2%)

Statistics

Cardiovascular 31 (3.5%) 9 (1.0%) 22 (2.5%) p = 0.006
Neurological 23 (2.6%) 9 (1.0%) 14 (1.6%) p = 0.131
Pulmonary 16 (1.8%) 4 (0.4%) 12 (1.3%) p = 0.022

Gastrointestinal 12 (1.3%) 6 (0.7%) 6 (0.7%) p = 0.534
Endocrine 11 (1.2%) 3 (0.3%) 8 (0.9%) p = 0.079

Inflammatory rheumatic 8 (0.9%) 2 (0.2%) 6 (0.7%) p = 0.109
Renal 6 (0.7%) 1 (0.1%) 5 (0.6%) p = 0.084

Dermatological 6 (0.7%) 3 (0.3%) 3 (0.3%) p = 0.602
Psychiatric 5 (0.6%) 2 (0.2%) 3 (0.3%) p = 0.447

Gynaecological 1 (0.1%) 1 (0.1%) 0 (0%) p = 0.528
Others 28 (3.1%) 13 (1.5%) 15 (1.7%) p = 0.308

Three hundred and thirteen participants started new medications. Among them,
228 participants started one new medication, 74 started two, 10 started three, and 1 started
four medications/supplements/vitamins. The results show that supplements and vita-
mins were most frequently reported as new medications (by almost 21% of participants),
followed by “other” drugs (reported by approximately 11% of participants) and cardiovas-
cular drugs (reported by approximately 6% of participants), see Table 6. Less than 5% of
participants reported new anti-inflammatory and psychopharmacological drugs, while new
endocrine- and/or immune system-regulating drugs were consumed by less than 1% of
the cohort. Statistical analysis revealed that “unhealthy” participants more often reported
taking supplements and vitamins and anti-inflammatory/antibacterial drugs compared to
“healthy” ones, see Table 6.

3.4. Regression Analysis for Predictors of New Comorbidities and New Medications after
SARS-CoV-2 Infection

The predictors of new comorbidities and new medications were analysed with separate
binary logistic regression models for the dependent variables, showing significant differ-
ences between the groups. Sex was an additional covariate in the analysis since women
were overrepresented in the study cohort. To analyse the predictors for new cardiovascular
and pulmonary diagnoses, we chose the following covariates: age group, sex, socioeco-
nomic situation, new daily intake of vitamins/supplements, anti-inflammatory drugs, and
all three major prior comorbidities (cardiovascular, endocrine, and neurological). To analyse
the predictors for new daily intake of vitamins/supplements and anti-inflammatory drugs,
we choose the following covariates: age group, sex, socioeconomic situation, new cardio-
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vascular and pulmonary diagnoses, and all three major prior comorbidities (cardiovascular,
endocrine, and neurological). Table 7 summarises the un-adjusted regression coefficients,
showing that new cardiovascular diseases were predicted due to new pulmonary diseases
and vice versa with odds of up to 5.1–5.2 (95% CI: 1.3–20).

Table 6. New medications after a SARS-CoV-2 infection presented as a number and a percentage
in a whole cohort and among those reported as “healthy” and “unhealthy” prior to the infection.
Differences between these two latter groups are presented as p-values. Originally marked medications
and groupings are presented in Supplementary Material S4.

Drugs Regulating:
All

N = 895 (100%)
“Healthy”

N = 473 (52.8%)
“Unhealthy”

N = 422 (47.2%)
Statistics

Supplements/vitamins 187 (20.9%) 82 (9.2%) 105 (11.7%) p = 0.004

The cardiovascular system 55 (6.1%) 26 (2.9%) 29 (3.2%) p = 0.237

Inflammation (nonsteroidal
anti-inflammatory drugs

and antibiotics)
38 (4.2%) 11 (1.2%) 27 (3.0%) p = 0.002

Psychological functions
(psychopharmacology) 22 (2.5%) 8 (0.9%) 14 (1.6%) p = 0.127

The immune system (antiallergic
and anti-asthmatic) 6 (0.7%) 2 (0.2%) 4 (0.4%) p = 0.291

The endocrine system 8 (0.9%) 2 (0.4%) 6 (0.5%) p = 0.151

Other 96 (10.7%) 43 (4.8%) 53 (5.9%) p = 0.059

Table 7. Regressors predicting new diagnoses and medication after a SARS-CoV-2 infection.

Regressors
New Cardiovascular

Disease
OR (95% CI), p-Value

New Pulmonary
Disease

OR (95% CI), p-Value

New Vitamins/
Supplements

OR (95% CI), p-Value

New Anti-Inflammatory
Drugs

OR (95% CI), p-Value

Age group n.s. n.s. n.s. n.s.

Sex n.s. n.s. 0.33 (0.15–0.74),
p = 0.007 n.s.

Sociodemographic
characteristics n.s. n.s. n.s. n.s.

Prior cardiovascular
diseases n.s. n.s. n.s. n.s.

Prior endocrine
diseases n.s. n.s. n.s. n.s.

Prior nervous system
diseases n.s. n.s. n.s. n.s.

New cardiovascular
disease - 5.24 (1.33–20.55), 0.018 n.s. n.s.

New pulmonary
disease 5.1 (1.3–19.76), 0.02 - n.s. n.s.

New vita-
mins/supplements n.s. n.s. - n.s.

New
anti-inflammatory

drugs
n.s. n.s. n.s. -

Abbreviations: n.s. = not significant.
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The intake of new vitamins/supplements was slightly predicted by sex with odds of
up to 0.33 (95% CI 0.15–0.74). A previous neurological disease also showed a tendency to
predict the intake of new vitamins/supplements with odds up of up to 1.6 (95% CI: 1.0–2.6,
p = 0.059).

We did not find any significant predictors for new anti-inflammatory drugs, except for
a prior neurological disease showing a tendency with odds of up to 2.2 (95% CI: 0.9–5.1,
p = 0.074).

4. Discussion

The results of the second survey confirm that neurological symptoms (fatigue, neu-
rocognitive issues, sleep-related symptoms, and pain) were the most reported by partici-
pants during the second wave of pandemics. Among comorbidities prior to SARS-CoV-2
infection, cardiovascular, endocrine, and neurological diseases dominated, even among
the middle-aged population, mostly employed women. As expected, and as reported
previously [7], those with any chronic disease prior to an infection (“unhealthy”) more
often reported persistent symptoms and took daily medication. Those categorised as
“unhealthy” also more frequently reported new diagnoses and new medications after an
infection. Among new diagnoses, cardiovascular issues were the most frequent, having
been reported by 3.5% of participants. In the present study population, cardiovascular
comorbidities already dominated prior to a SARS-CoV-2 infection, which could naturally re-
sult in more frequent new cardiovascular diagnoses after an infection. Alternatively, 6.1% of
participants reported new cardiovascular drugs without a statistically significant difference
between the “healthy” vs. “unhealthy” participants. Studies regarding an increased risk
for acute myocardial infarction and ischaemic stroke following COVID infection have
been published [8], whereas postural orthostatic tachycardia syndrome (POTS) as a sign
of dysregulation in the autonomic nervous system has been reported as a symptom of the
post-COVID-19 condition [9]. The molecular mechanisms behind cardiovascular symp-
toms in a post-COVID-19 condition are unknown, but recently, the dysregulation of the
proteome, cytokines, chemokines, and sphingolipid levels has been reported [10]. Another
study reveals a prevalence of low vitamin D among 447 post-COVID-19 patients but did
not find any difference in the prevalence of symptoms or symptom severity between low
and normal vitamin D groups [11].

Unexpectedly, we found an increase from 1% to almost 21% in the consumption of
unprescribed vitamins/supplements after a SARS-CoV-2 infection, which was very slightly
influenced by the female sex. Self-medication, including supplements and vitamins, have
been studied mostly during an acute COVID infection [12]. Carrasco-Garrido and col-
leagues reported an increased consumption of psychopharmacological substances in the
anonymously collected data of Spanish participants with post-COVID-19 symptoms [13],
where almost 45% of 391 participants reported taking benzodiazepines and Z-hypnotics;
however, the study did not report if it was a new medication or an already established intake
before a SARS-CoV-2 infection. Another study reported an increased burden on the health
care system at six months after a SARS-CoV-2 infection, where the prescription of medi-
cation(s) was a part of the burden but was not analysed in detail [14]. To our knowledge,
there is no study examining the patterns of the consumption of prescribed and unpre-
scribed drugs, including vitamins and supplements, related to a post-COVID-19 condition.
Some studies investigated the effects of supplements/vitamins, for example, reporting the
positive effects of 1-arginine plus vitamin C supplementation [15] and fermented tropical
fruits [16] in randomised controlled trials in participants with a post-COVID-19 condition.
However, a recent systematic review of 39 randomised controlled studies on eight dietary
supplements protecting the immune system against stressors in healthy individuals did
not show conclusive results [17]. Therefore, a careful anamnesis of unprescribed medica-
tion should be included in clinical practice for patients with a post-COVID-19 condition,
especially for female patients with previous comorbidities related to the nervous system.
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The daily intake of new anti-inflammatory substances was reported by 4.2% of partici-
pants, more often by “unhealthy” participants. We hypothesize that an increased intake
of new medications might be rather predicted by the remaining symptoms than comor-
bidities and needs further exploration. Taken together, prior neurological disorders were
reported by approximately 12% of the study cohort and tended to be associated with an
increased intake of vitamins/supplements and anti-inflammatory drugs (non-steroidal
anti-inflammatory drugs or antibiotics) after an infection. Both vitamins and supplements,
but not antibiotics, could be obtained as over-the-counter medications, which indicates an
increased consumption of unprescribed drugs in people with persistent post-infectious
symptoms. Therefore, in the next step, we will analyse a consumption of new medica-
tions in terms of symptomatology since neurological symptoms were predominant in the
study cohort.

This study has several limitations: (1) the generalizability is limited by recruitment
through social media and the representation of mainly middle-aged women; (2) the limited
control of gathered data due to anonymity and self-reported data; (3) the absence of
information if medication was prescribed or obtained over-the-counter and the reason for
the prescription; and (4) the retrospective collection of data regarding previous medications
and comorbidities. The present study was started prior to WHO defining a post-COVID-
19 condition [1]. Therefore, it reports rather on the health status of participants after a
SARS-CoV-2 infection than on a post-COVID-19 condition.

Following are the strengths of the study: (1) the questionnaire covered a broad spec-
trum of comorbidities and medications both before and after an infection and (2) the
expanded analysis of comorbidities and medications was performed by three indepen-
dent clinicians.

5. Conclusions

In conclusion, the results of this study revealed that previous comorbidities are associ-
ated with more persistent symptoms, increased new comorbidities, and new prescribed
and unprescribed medications after a SARS-CoV-2 infection. Particularly, unprescribed
vitamins/supplements and anti-inflammatory drugs should be inquired about during
the clinical evaluations of patients with a post-COVID-19 condition, especially when in-
volving female patients. Since the clinical value of unprescribed medications used for a
post-COVID-19 condition is not yet known, more research in this area is warranted.
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Abstract: This study aimed to evaluate the effects of the COVID-19 pandemic on obesity, metabolic
parameters, and clinical values in the South Korean population. Data from the seventh and eighth
National Health and Nutrition Examination Surveys were analyzed, comprising 3560 participants in
2018 (pre-COVID-19) and 3309 participants in 2021 (post-COVID-19). The study focused on adults
aged 19 years and older who were overweight (BMI ≥ 25 kg/m2). The results showed a significant
increase in waist circumference (approximately 2 cm), BMI (approximately 0.11 kg/m2), systolic
blood pressure, fasting blood sugar (1.76 mg/dL higher), and glycated hemoglobin (0.14% higher)
in the post-COVID-19 group compared to the pre-COVID-19 group. Additionally, the prevalence
of hypercholesterolemia increased by 4% after the COVID-19 pandemic. These findings suggest an
increased risk of obesity, abdominal obesity, and metabolic disorders, such as blood sugar disorders,
in the post-COVID-19 period. Urine analysis revealed abnormal findings, including occult blood,
urobilinogen, hematuria, proteinuria, ketone urea, glycosuria, and bacteriuria. The study highlights
the negative impact of lifestyle changes, such as reduced physical activity and social gatherings, on
physical vital signs and clinical values during the COVID-19 pandemic.

Keywords: COVID-19 pandemic; obesity; metabolic parameters; clinical values; population health

1. Introduction

The COVID-19 pandemic, also referred to as the “COVID-19 crisis”, had a sudden and
massive impact on daily life, politics, economics, society, and culture [1,2]. However, three
years after the global outbreak that originated in Wuhan, China, the incidence rate has
decreased, but the pandemic has not yet ended [3]. The most significant changes resulting
from this health crisis were not limited to the healthcare sector alone; the event led to a
restructuring of the socioeconomic order and a fundamental transformation of the social
system [4]. Due to the outbreak of the novel infectious disease COVID-19, human physiol-
ogy has undergone many alterations [1,4]. Additionally, efforts have been made to prevent
the spread of the infectious disease by imposing restrictions on global transportation [5].
Furthermore, social and personal activities have been forcibly reduced and prohibited [6,7].
Unlike previous outbreaks, such as those of SARS and MERS, COVID-19 has had a sig-
nificant impact on politics, economics, society, and culture [8]. The Ministry of Culture,
Sports, and Tourism in South Korea conducted a survey in 2020 on the public’s perception
of COVID-19 quarantine measures. The survey revealed that 84.3% of respondents took
the situation seriously, while 55.8% expressed concern and worry about the possibility of
infection [9].
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In 2018, the Korean Diabetes Association (KDA) estimated that between 13.8% and
26.9% of adults over the age of 30 in South Korea are expected to have impaired fasting
glucose, and that 35% of diabetic patients have not yet been diagnosed with diabetes [10].
South Korea is experiencing a significant prevalence of diabetes, with 53.2% of individuals
with diabetes also having hypertension, and 72% having hypercholesterolemia, necessitat-
ing urgent and systematic management strategies for this patient population [10–12].

In this study, we investigated the alterations in physical vital signs, blood tests, and
urine tests among overweight and obese adults aged 19 years and above in South Korea,
before and after the onset of the COVID-19 pandemic. To achieve our objective, we aimed
to examine the variations in physical vital signs, blood tests, and urine test values from the
data collected by national institutions. Additionally, we aimed to assess how the risk of
developing adverse health conditions changed. Based on these findings, we intended to
provide a foundation for research aimed at identifying, managing, and preventing factors
that can have adverse effects on both mental and physical health during and after the
COVID-19 pandemic. Furthermore, we believe that this research will provide essential data
for managing the health of individuals in the event of future infectious disease outbreaks,
similar to that of COVID-19.

2. Materials and Methods

2.1. Study Designs and Sampling

This study utilized raw public data from the seventh and eighth National Health
and Nutrition Examination Surveys, which are nationally approved statistical sources
(No. 117002), for the second time. Out of a total of 15,082 participants, only individuals
with a body mass index (BMI) classified as overweight or obese (BMI ≥ 25) and aged 19
years or older were included in the study. Participants under the age of 19 were excluded.
The final study sample comprised 3560 participants from 2018 and 3309 participants
from 2021. Data were obtained through the online distribution procedure of the relevant
institution, utilizing national open data. The two groups were designated as pre-COVID-19
and post-COVID-19, respectively. The study focused on overweight and obese adults aged
19 years and older, with a BMI of 25 or higher (Figure 1).

 

Figure 1. Data cleaning process flow. (The year 2018 was a year before the COVID-19 outbreak, and
2021 was the year after the COVID-19 outbreak.)

2.2. Data Variables

The variables examined in this study include the following: (1) physical characteristics,
such as gender, age, height, weight, waist circumference, body mass index (BMI) based on
Asian standards, pulse rate, and blood pressure (average of two measurements); (2) blood
test parameters, including fasting blood glucose, glycated hemoglobin (HbA1c), total choles-
terol, high-density lipoprotein (HDL) cholesterol, triglycerides, low-density lipoprotein (LDL)
cholesterol, the prevalence of hypercholesterolemia, the prevalence of hypertriglyceridemia,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), hepatitis B surface antigen
positivity, hepatitis C antibody positivity, hemoglobin, hematocrit, the prevalence of anemia,
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blood urea nitrogen, serum creatinine, white blood cell (WBC) count, red blood cell (RBC)
count, and platelet count; and (3) urine test parameters, including uric acid, urine pH, nitrite,
urine protein, urine glucose, and urine ketone. Additionally, participants underwent tests for
urine bilirubin, urine occult blood, urobilinogen, urine creatinine, and urine bilirubin, as well
as measurements of sodium, potassium, and cotinine levels in urine.

2.3. Data Analysis

The study variables were categorized as being either categorical or continuous vari-
ables. Categorical variables were presented as frequencies and percentages, while con-
tinuous variables were reported as means and standard deviations after assessing the
normality of their distributions. Differences between the groups were analyzed by using
the Mann–Whitney U test for continuous variables and Fisher’s exact test or the chi-square
test for categorical variables, as appropriate. Multiple regression analysis was performed
to identify variables associated with the severity of the COVID-19 outbreak, with a sig-
nificance level criterion of 0.10 for input variable selection. All statistical analyses were
conducted using IBM SPSS software (version 25.0, IBM Corp., Armonk, NY, USA), with a
significance level of 0.05.

3. Results

3.1. Blood Pressure Changes in Overweight/Obese Adults Pre-/Post-COVID-19

Changes in the general characteristics of the overweight group before and after the
COVID-19 outbreak are presented in Table 1. A significant difference was observed in
systolic blood pressure (122.12 ± 16.29 mmHg vs. 123.32 ± 15.12 mmHg) and diastolic blood
pressure (77.39 ± 10.45 mmHg vs. 75.56 ± 9.60 mmHg) between the group classified as obese
(BMI ≥ 30 kg/m2, 13.4%) and the non-obese group (BMI 25–29.9 kg/m2, 16.7%) (Table 1).

Table 1. General characteristics of the overweight group before and after the COVID-19 outbreak.

Characteristic

Before the COVID-19
Outbreak (2018)

After the COVID-19
Outbreak (2021) Z 2/4X2 p-Value 3

N 5/Mean 1 % 5/SD 1 N/Mean %/SD

Sex 4 Male 1817 51.0 1687 51.0
0.002 0.962

Female 1743 49.0 1622 49.0

Age 1 53.54 15.97 54.73 16.39 −3.382 0.001

Height (cm) 1 163.81 9.85 163.97 10.03 −0.501 0.617

Weight (kg) 1 70.79 11.58 71.26 12.02 −1.363 0.173

Waist circumference 1 88.41 7.95 90.35 8.20 −9.694 <0.001

Body mass index (BMI) 1 26.28 2.77 26.39 2.88 −1.499 0.134

Pulse (60 s) 1 56.68 10.60 57.62 13.00 −0.711 0.477

Systole 1, 6 122.12 16.29 123.32 15.12 −3.593 <0.001

Diastole 1, 6 77.39 10.45 75.56 9.60 −8.255 <0.001

BMI 4

(weight control
for 1 year)

BMI 23.0~24.9
(overweight)

Loss effort 545 39.0 529 41.6

3.908 0.272
Maintenance effort 313 22.4 299 23.5

Gain effort 28 2.0 23 1.8

Never effort 510 36.5 420 33.0

BMI 25.0~29.9
(obesity)

Loss effort 992 55.3 931 55.8

10.432 0.015
Maintenance effort 241 13.4 279 16.7

Gain effort 6 0.3 5 0.3

Never effort 554 30.9 453 27.2

BMI 30.0 over
(high obesity)

Loss effort 219 64.4 228 65.3

0.249 0.883
Maintenance effort 32 9.4 35 10.0

Gain effort 0 0.0 0 0.0

Never effort 89 26.2 86 24.6

1 M: average; SD: standard deviation; 2 Mann–Whitney test; 3 p < 0.05; 4 X2: chi-square test; 5 N: frequency; %:
percentage; and 6 average of two measurements.
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3.2. Blood Test Changes in Overweight/Obese Adults Pre-/Post-COVID-19

The differences in blood test values before and after the COVID-19 outbreak are
presented in Table 2. Significant differences were observed in fasting blood glucose lev-
els (104.84 ± 24.24 mg/dL vs. 106.60 ± 25.98 mg/dL), glycated hemoglobin (HbA1c)
levels (5.83 ± 0.84% vs. 5.97 ± 0.90%), total cholesterol levels (193.81 ± 39.21 mg/dL vs.
189.07 ± 40.17 mg/dL), high-density lipoprotein (HDL) cholesterol levels (48.02 ± 11.26 mg/dL
vs. 49.17 ± 11.66 mg/dL), and triglyceride levels (154.60 ± 118.50 mg/dL vs.
141.33 ± 106.48 mg/dL) between the pre-COVID-19 and post-COVID-19 groups (Table 2).

Table 2. Blood test values before and after the COVID-19 outbreak.

Characteristic

Before the COVID-19
Outbreak (2018)

After the COVID-19
Outbreak (2021) Z 2/4X2 p-Value 3

N 5/Mean 1 % 5/SD 1 N/Mean %/SD

Fasting blood sugar (FBS) 1 104.84 24.24 106.60 25.98 −4.508 <0.001

HbA1c 1 5.83 0.84 5.97 0.90 −9.984 <0.001

Total cholesterol 1 193.81 39.21 189.07 40.17 −4.845 <0.001

HDL cholesterol 1 48.02 11.26 49.17 11.66 −4.114 <0.001

Triglycerides 1 154.60 118.50 141.33 106.48 −6.643 <0.001

LDL cholesterol 1 115.86 33.96 116.24 35.98 −0.075 0.940

Hypercholesterolemia 4
No 2370 70.6 2092 66.6

12.557 <0.001
Yes 985 29.4 1051 33.4

Hypertriglyceridemia 4
No 2233 79.8 2388 84.5

21.389 <0.001
Yes 566 20.2 438 15.5

AST(SGOT) 1 25.23 14.37 26.41 12.88 −5.977 <0.001

ALT(SGPT) 1 26.40 19.20 27.45 21.28 −2.622 0.009

Hepatitis B surface antigen 4
Negative 3354 97.1 3141 97.1

0.002 0.966
Positive 101 2.9 94 2.9

Hepatitis C antibody 4
Negative 3429 99.2 3203 99.0

1.089 0.297
Positive 26 0.8 32 1.0

Hemoglobin 1 14.37 1.60 14.03 1.58 −8.663 <0.001

Hematocrit 1 43.00 4.30 42.56 4.28 −4.074 <0.001

Anemia 4
Negative 3234 93.8 2906 89.9

33.283 <0.001
Positive 215 6.2 326 10.1

Blood urea nitrogen 1 15.74 4.89 15.25 4.73 −4.590 <0.001

Blood creatinine 1 0.83 0.21 0.82 0.22 −1.650 0.099

WBC 1 6.35 1.74 6.26 1.66 −2.205 0.027

RBC 1 4.66 0.50 4.63 0.51 −2.563 0.010

Platelets 1 262.32 64.45 253.84 62.79 −5.251 <0.001

1 M: average; SD: standard deviation; 2 Mann–Whitney test; 3 p < 0.05; 4 X2: chi-square test; 5 N: frequency; and
%: percentage.

3.3. Urinalysis Changes in Overweight/Obese Adults Pre/Post-COVID-19

The results of the differences in urine test values before and after the COVID-19 out-
break are presented in Table 3. Significant differences were observed in the percentage of
participants with negative results for urinary protein (80.2% vs. 90.9%), negative urinary
glucose (94.7% vs. 91.9%), negative urinary ketone (98.5% vs. 98.9%), negative urinary
bilirubin (99.3% vs. 100.0%), negative urinary occult blood (82.8% vs. 93.5%), negative uro-
bilinogen (99.5% vs. 99.3%), as well as in urine creatinine levels (147.08 ± 80.10 mg/dL vs.
125.89± 74.77 mg/dL), urine sodium levels (116.79 ± 48.09 mmol/L vs. 113.66 ± 47.75 mmol/L),
urine potassium levels (52.66 ± 23.22 mmol/L vs. 41.51 ± 20.75 mmol/L), and urine coti-
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nine levels (346.22 ± 718.56 ng/mL vs. 783.69 ± 826.45 ng/mL) between the pre-COVID-19
and post-COVID-19 groups (Table 3).

Table 3. Urine test before and after the COVID-19 outbreak.

Characteristic

Before the COVID-19 Outbreak
(2018)

After the COVID-19 Outbreak (2021)
Z 2/4X2 p-Value 3

N/Mean 1 %/SD 1 N/Mean %/SD

Uric acid 1 5.44 1.41 5.47 1.43 −0.970 0.332

Uric acidity 1 5.87 0.74 5.90 0.77 −0.940 0.347

Nitrate 4
No 3334 97.5 3172 97.7

0.490 0.484
Yes 87 2.5 74 2.3

Urine protein 4

Negative 2743 80.2 2950 90.9

171.090 <0.001

Trace 510 14.9 197 6.1

1 + 131 3.8 65 2.0

2 + 33 1.0 28 0.9

3 + 1 0.0 4 0.1

4 + 3 0.1 2 0.1

Urine glucose 4

Negative 3241 94.7 2984 91.9

40.045 <0.001

Trace 44 1.3 66 2.0

1 + 23 0.7 35 1.1

2 + 33 1.0 25 0.8

3 + 38 1.1 33 1.0

4 + 42 1.2 103 3.2

Urine ketone 4

Negative 3370 98.5 3209 98.9

20.122 <0.001

Trace 17 0.5 0 0.0

1 + 20 0.6 28 0.9

2 + 12 0.4 9 0.3

3 + 2 0.1 - -

4 + - - - -

Urine bilirubin 4

Negative 3397 99.3 3246 100.0

22.855 <0.001

trace - - - -

1 + 24 0.7 - -

2 + - - - -

3 + - - - -

4 + - - - -

Urine occult blood 4

Negative 2831 82.8 3034 93.5

191.933 <0.001

trace 336 9.8 122 3.8

1 + 138 4.0 32 1.0

2 + 67 2.0 30 0.9

3 + 43 1.3 28 0.9

4 + 6 0.2 - -

Urine bilinogen 4

Negative 3405 99.5 3222 99.3

8.533 0.014

trace 4 0.1 - -

1 + 12 0.4 23 0.7

2 + - - 1 0.0

3 + - - - -

4 + - - - -

Urine creatinine 1 147.08 80.10 125.89 74.77 −11.726 0.000

Urine sodium 1 116.79 48.09 113.66 47.75 −3.212 0.001

Urine potassium 1 52.66 23.22 41.51 20.75 −19.034 0.000

Urine cotinine 1 346.22 718.56 783.69 826.45 −23.264 0.000

1 M: average; SD: standard deviation; 2 Mann–Whitney test; 3 p < 0.05; 4 X2: chi-square test; 5 N: frequency; %:
percentage.
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3.4. Multivariate Analysis of Blood Test Changes Pre-/Post-COVID-19

The results of the multivariate analysis on changes in blood test values before and
after the COVID-19 outbreak are presented in Table 4. The analysis revealed that systolic
blood pressure was significantly higher after the COVID-19 outbreak (β = 0.964, 95% CI:
0.956–0.972, p < 0.001). The results of the study showed significant associations between
various health indicators and the outcome variable. Specifically, diastolic blood pressure
(β = 0.964, 95% CI: 0.956–0.972, p < 0.001), high-density lipoprotein (HDL) cholesterol
(β = 1.010, 95% CI: 1.004–1.016, p = 0.001), hemoglobin (β = 0.280, 95% CI: 0.240–0.326,
p < 0.001), hematocrit (β = 1.476, 95% CI: 1.386–1.572, p < 0.001), blood urea nitrogen
(β = 0.963, 95% CI: 0.950–0.975, p < 0.001), red blood cell (RBC) count (β = 1.352, 95% CI:
1.016–1.801, p = 0.039), and platelet count (β = 0.996, 95% CI: 0.995–0.997, p < 0.001) were
significantly associated with the outcome variable (Table 4).

Table 4. Blood and urine test values before and after the COVID-19 outbreak.

Blood Test * Urine Test *

ORs 95% CI p-Value ORs 95% CI p-Value

Systole 1 + 0.019 1.014 1.024 <0.001
Systole 1.018 1.010 1.025 <0.001

Diastole 0.958 0.948 0.969 < 0.001

Diastole 0.964 0.956 0.972 <0.001
Protein
No <0.001

Ttrace 0.385 0.276 0.537 <0.001

FBS 1.000 0.995 1.004 0.910
Protein 1+ 0.597 0.340 1.049 0.073

Protein 2+ 1.281 0.487 3.371 0.616

HbA1c 1.062 0.934 1.206 0.359 Protein 3+ 5.83 × 109 0.000 0.999

Total cholesterol 0.999 0.997 1.001 0.201
Protein 4+ 0.000 0.000 0.999

Glucose
No 0.001

HDL cholesterol 1.010 1.004 1.016 0.001
Trace 1.832 0.980 3.425 0.058

Glucose 1+ 1.949 0.807 4.710 0.138

Triglycerides 1.000 0.999 1.000 0.322
Glucose 2+ 0.420 0.171 1.028 0.057

Glucose 3+ 0.630 0.280 1.415 0.263

Hypercholesterolemia, yes 1.131 0.993 1.287 0.063
Glucose 4+ 2.311 1.350 3.955 0.002

Ketone
No 0.699

Hypertriglyceridemia, yes 0.917 0.741 1.134 0.422
Trace 0.000 0.000 0.998

Ketone 1+ 1.460 0.556 3.829 0.442

AST (SGOT) 1.004 0.998 1.011 0.189
Ketone 2+ 1.861 0.498 6.945 0.355

Urine bilirubin Trace 0.000 0.000 0.999

ALT (SGPT) 1.003 0.998 1.008 0.245
Urine occult blood
No <0.001

Trace 0.374 0.246 0.568 <0.001

Hemoglobin 0.280 0.240 0.326 <0.001
Occult blood 1+ 0.203 0.085 0.481 <0.001

Occult blood 2+ 0.477 0.193 1.178 0.108

Hematocrit 1.476 1.386 1.572 <0.001
Occult blood 3+ 0.963 0.408 2.274 0.931

Occult blood 4+ 0.000 0.000 0.999

Blood urea nitrogen 0.963 0.950 0.975 <0.001
Urobilinogen
No - - - 0.660

Trace 0.000 0.000 - 0.999

WBC 0.964 0.928 1.001 0.056
Urobilinogen 1+ 1.584 0.589 4.261 0.362

Urine creatinine 1.003 1.001 1.005 <0.001

RBC 1.352 1.016 1.801 0.039
Urine sodium 1.000 0.998 1.002 0.776

Urine potassium 0.973 0.968 0.977 <0.001

Platelets 0.996 0.995 0.997 <0.001 Urine cotinine 1.001 1.001 1.001 <0.001

1 M: average; SD: standard deviation; 2 Mann–Whitney test; 3 p < 0.05; 4 X2: chi-square test; 5 N: frequency; and
%: percentage. * Multi-variable regression analysis adjusted for age, waist circumference, and BMI.
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3.5. Multivariate Analysis of Urine Test Changes Pre-/Post-COVID-19

The results of the multivariate analysis on the changes in urine test values before
and after the COVID-19 outbreak are presented in Table 4. After the COVID-19 outbreak,
compared to the pre-COVID-19 period, there was a significant increase in trace urinary
protein levels (β = 0.385, 95% CI: 0.208–0.486, p < 0.001), urinary glucose levels of +++ or
higher (β = 2.311, 95% CI: 1.350–3.955, p = 0.002), trace urinary occult blood levels (β = 0.374,
95% CI: 0.246–0.568, p < 0.001), urinary occult blood levels of + or higher (β = 0.203, 95%
CI: 0.085–0.481, p < 0.001), urine creatinine levels (β = 1.003, 95% CI: 1.001–1.005, p < 0.001),
urine potassium levels (β = 0.973, 95% CI: 0.968–0.977, p < 0.001), and urine cotinine levels
(β = 1.001, 95% CI: 1.001–1.001, p < 0.001) (Table 4).

4. Discussion

This study analyzed changes in blood and urine test results among adults aged 19 years
and older who were overweight before and after the outbreak of COVID-19, an emerging
infectious disease. The COVID-19 pandemic imposed significant lifestyle changes and
various restrictions on daily activities. It was deemed necessary to monitor the impact of
these changes on physical health indicators.

This study found that participants’ mean waist circumference increased by approx-
imately 2 cm, and that their mean body mass index (BMI) increased by approximately
0.11 compared to pre-pandemic measurements. Additionally, their mean systolic blood
pressure was higher than pre-COVID-19 levels. An increase in blood pressure is known
to correlate with a higher incidence of hypertension. Previous studies have reported an
association between the prevalence of hypertension and the incidence of kidney disease.
Research indicates that maintaining appropriate blood pressure levels can reduce the risk
of kidney disease by an odds ratio (OR) of 0.42 [13].

The COVID-19 pandemic imposed limitations on daily activities and reduced in-
person interactions, which may have negatively impacted physical well-being. Ado-
lescence is a critical period for developing lifelong health habits, both mentally and
physically [14–17]. It is noteworthy that individuals over 19 years of age made efforts
to sustain their weight during the pandemic, as evidenced by this study. When assessing
disease risk, there was an OR of 1.019 for increased systolic blood pressure, an OR of
0.964 for increased diastolic blood pressure, and an OR of 0.999 for increased high-density
lipoprotein (HDL) cholesterol levels.

For diabetes, fasting blood glucose and glycated hemoglobin are recognized as impor-
tant diagnostic factors [18,19]. In clinical practice, risk factors related to diabetes, such as
genetics and lifestyle, are considered important, along with disease risk factors associated
with obesity. In this study, the mean fasting blood glucose was 1.76 mg/dL higher, and
mean glycated hemoglobin was 0.14% higher than pre-pandemic levels. The pandemic led
to an increased risk of diabetes due to restrictions on physical activity and sudden lifestyle
changes [18,20–22].

The prevalence of hypercholesterolemia has increased by 4% since the start of the
COVID-19 pandemic. According to the 2010 National Health and Nutrition Examination
Survey, the prevalence of hypercholesterolemia increased significantly from 8.0% in 2005
to 11.5% in 2009 among individuals aged 30 years and older [23]. In 2016, the prevalence
rose to 14.4% among those over 30 years of age [24]. These findings suggest an ongoing
increase in the prevalence of dyslipidemia. The present study revealed a mean increase
of 0.38 mg/dL in high-density lipoprotein (HDL) cholesterol levels. Dyslipidemia is
characterized by decreased HDL cholesterol concentration [25–27]. Low HDL cholesterol
levels are specifically linked to cardiovascular disease risk. The Framingham Study by
Gordon et al. (1977) found that, among adults aged 49–82 years, individuals with low
HDL cholesterol levels had a higher incidence of cardiovascular disease, even with low
low-density lipoprotein (LDL) cholesterol [28].

Additionally, low HDL cholesterol levels have been associated with abdominal adi-
posity [29], metabolic syndrome [30], cognitive impairment and dementia [31], impaired
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fasting glucose [32], and diabetes [33]. Therefore, managing obesity and daily lifestyle
habits is crucial for maintaining healthy HDL cholesterol levels, which are strongly linked
to adult diseases like cardiovascular disease [34,35]. The observed changes were likely due
to decreased physical activity, the adoption of a Westernized diet, and pandemic-related
lifestyle restrictions. These factors can lead to increased obesity, abdominal obesity, and a
risk of conditions such as dysglycemia. In modern society, various home-based training
programs can increase aerobic and resistance exercise, which is particularly important
during periods of restricted movement due to infectious diseases like COVID-19. Appropri-
ate physical activity can also aid weight management and reduce the risk of dysglycemia
that may be exacerbated by frequent alcohol consumption. Furthermore, if hepatocellular
injury is severe, aspartate aminotransferase (AST) levels rise more than those of alanine
aminotransferase (ALT). When the hepatocyte membrane is damaged, both AST and ALT
enzymes are released into the bloodstream, causing an increase [36]; however, elevated
AST and ALT levels do not always indicate the extent of hepatocyte necrosis or injury.
Levels exceeding five times the upper limit are considered indicative of impaired liver
function [36]. In this study, mean AST levels increased by 1.18 U/L and mean ALT levels
increased by 1.05 U/L compared to pre-pandemic levels.

Anemia is a condition that often coexists with various diseases and is particularly
prevalent in chronic conditions such as infectious diseases, autoimmune disorders, chronic
kidney disease, and cancer [37]. The prevalence of anemia was 3.9% higher in this
study, with a mean decrease of 0.03 × 106/μL in red blood cells and a mean decrease
of 0.09 × 103/μL in white blood cells. Anemia is characterized by a lower-than-normal
number of red blood cells, which are responsible for oxygen transport, leading to an in-
creased risk of tissue hypoxia. During a recent study on COVID-19, mean hemoglobin
levels decreased by 0.34 g/dL. This decrease has been linked to hemoglobinopathies and
hypoxic damage, potentially leading to the development of hypoxemic blood disorders due
to dysregulated iron metabolism [38]. The emergence of novel infectious and inflammatory
viral diseases poses unknown outbreak risks [39].

Urinalysis can detect abnormalities such as occult blood, urobilinogen, hematuria,
proteinuria, ketonuria, glycosuria, and bacteriuria. It is primarily performed to detect and
manage diseases of the kidneys and urinary tract [40]. In this study, the prevalence of
proteinuria was 10.7%, and glycosuria was 2.8%. The prevalence of ketonuria was 0.4%, and
urobilinogen was 0.7%. The prevalence of hematuria was 10.7%, while mean urobilinogen
levels decreased by 0.2 mg/dL. Mean urea nitrogen decreased by 21.19 mg/dL, while
mean sodium increased by 3.13 mmol/L. Mean potassium decreased by 11.51 mmol/L.
The presence of proteinuria was significant, with an odds ratio (OR) of 0.385. Similarly, the
presence of glycosuria and hematuria was significant, with ORs of 0.374 and 0.203 for trace
and gross hematuria, respectively. Urinalysis indicated that mean hemoglobin was likely
to decrease by 0.280 g/dL, while mean hematocrit was likely to increase by 1.746%. Blood
urea nitrogen was likely to decrease by 0.963 mg/dL and mean red blood cell as well as
platelet counts were likely to decrease by factors of 1.352 and 0.966, respectively.

5. Conclusions

COVID-19 is a novel infectious disease unprecedented in modern times. Unlike past
epidemics, it has resulted in widespread restrictions at the individual, societal, and national
levels, with significant global economic impacts. The ongoing nature of the COVID-19
situation, rather than it being a short-term crisis, has underscored the importance of
maintaining mental and physical health. The pandemic has necessitated a shift towards
reduced in-person interaction, with restrictions on activities such as dining out and social
gatherings; however, this study confirms that such lifestyle changes have had negative
impacts on physical vital signs and clinical laboratory values.

This study examined the pre- and post-COVID-19 outbreak situations; however,
caution is needed in interpreting the following results. A nationwide survey of living
conditions was conducted at a time when social and economic facilities were completely
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suspended or restricted due to the widespread occurrence of the pandemic and national-
level disease control measures; however, there are limitations to extrapolating these findings
to the direct impact of COVID-19. Additionally, although age, regional, and other stratified
surveys were conducted by national research institutions, attention is needed due to the
small sample size of this study. Finally, there is a need to directly investigate the impact
of COVID-19 on individuals by examining factors such as their physical condition, blood,
and urine.

Future research should continue to investigate the impact of COVID-19 on dental prac-
tices and explore innovative strategies with which to optimize patient care while ensuring
the safety of both patients and dental professionals. Additionally, studies examining the
psychological impact of the pandemic on dental professionals and effective interventions
to promote their well-being are warranted [41,42].
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