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A prominent feature of COVID-19, both in the short and long term, is the reduction in quality of life
(Qol) due to low functionality scores and the presence of fatigue, which can hinder daily activities. The
main objective of this study is to compare the functional status, level of physical activity, fatigue, and
Qol of patients with Long COVID to other COVID-19 patients who did not develop persistent illness,
and to determine whether there is a relationship between these variables and QoL. A cross-sectional
study was conducted with 170 participants who had been infected with COVID-19 or had developed
Long COVID. The main variables studied were functionality, physical activity, QoL and fatigue,
measured using the PostCOVID-19 Functional Status Scale (PCFS), International Physical Activity
Questionnaire (IPAQ), Short Form 12 (SF-12), and Fatigue Severity Scale (FSS). The main findings
show a significant relationship (p <0.001) between reduced functionality, lower physical activity levels,
increased fatigue severity, and poorer QoL in Long COVID patients. Furthermore, these variables are
also related to worse QoL, but only functional status predicts it. In conclusion, our results have shown
highly significant correlations between the group with COVID-19 and Long COVID regarding functional
status, level of physical activity, QoL, and fatigue.

The COVID-19 pandemic has triggered a global crisis that has impacted not only the realm of health but also
society and the global economy. In response to this crisis, the European Union promoted cooperation among
its member countries and emphasized the significance of vaccination as one of the fundamental strategies to
combat the spread of the infection'. In the case of Spain, as of October 14, 2022, a total of 3,462,593 confirmed
cases of COVID-19 have been recorded. This figure illustrates the significant impact that the pandemic has had
on the country, underscoring the importance of the prevention and control measures implemented to mitigate
its spread®.

At the beginning of 2021, over 93 million people worldwide had been infected with the SARS-CoV-2 virus.
While the vast majority of individuals manage to recover from the acute infection after a few weeks, some con-
tinue to experience symptoms. Regardless of age or underlying health conditions, if these symptoms persist, it is
referred to as Long COVID**. Recently, the World Health Organization (WHO) has established by international
Delphi consensus the definition of Long COVID as follows: "Persistent COVID is the condition that occurs in
individuals with a history of probable or confirmed SARS-CoV-2 infection, typically 3 months after onset, with
symptoms lasting at least 2 months and cannot be explained by an alternative diagnosis. Common symptoms
include, among others, fatigue, difficulty breathing, and cognitive dysfunction, and they generally have an impact
on daily functioning. Symptoms may be newly onset after the initial recovery from an acute episode of COVID-
19 or persist from the initial illness. Symptoms can also fluctuate or relapse over time".

!Department of Health Sciences, University of Burgos, 09001 Burgos, Burgos, Spain. ?Primary Care Research
Group, Aragon Health Research Institute (ISA), Zaragoza, Spain. *Network for Research on Chronicity, Primary
Care, and Health Promotion (RICAPPS), Barcelona, Spain. “Aragonese Healthcare Service (SALUD), Zaragoza,
Spain. *Department of Medicine, Psychiatry and Dermatology, Faculty of Medicine, University of Zaragoza,
Zaragoza, Spain. ®Department of Psychology and Sociology, University of Zaragoza, Zaragoza, Spain. “email:
jfsolana@ubu.es

Scientific Reports|  (2023) 13:19907 | https://doi.org/10.1038/s41598-023-47218-1 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-47218-1&domain=pdf

www.nature.com/scientificreports/

This new condition appears to be a disease associated with several disorders, including cardiovascular, respira-
tory, neurological, gastrointestinal, musculoskeletal, and immunological issues, among others®’. These symp-
toms persist for at least 12 weeks or longer and affect 10% of people who have tested positive for COVID-19.
Additionally, in 70% of people who test positive, signs of deterioration in one or more organs are observed four
months after the onset of symptoms®.

The mechanisms underlying this disease are still unknown, but it is known that persistent inflammation is a
key mediator of the multifactorial genesis of long-term sequelae’®. Some of the most frequent symptoms reported
by patients with Long COVID include tiredness or fatigue, muscle pain, general malaise, dyspnea, and joint pain,
among others. These symptoms may be new or continue from the initial illness*. Prolonged symptoms can affect
the daily functioning, work, social, and domestic life of those who suffer from them!?. This constant need for rest
and repose results in a subsequent reduction in patients’ daily physical activity (PA). This entails a decrease in
their physical capacity and an increase in dyspnea and fatigue'"'2. Therefore, part of the general symptomatology
of these patients could be related to physical deconditioning and a reduction in exercise capacity'®. It should be
noted that these disorders can cause prolonged immobility and a reduction in PA, as well as significant limitations
in functionality and a decrease in the quality of life (QoL) of patients with persistent COVID!-16,

Thus, in terms of functionality, COVID-19, particularly persistent COVID, is having a significant impact
on people’s ability to perform their Activities of Daily Living (ADLs) and maintain an active lifestyle!”. Many
individuals have experienced specific physical limitations due to the disease or resulting debilitating symptoms,
affecting their ability to carry out everyday tasks, maintain employment, or engage in recreational activities'>'®1°.

Another characteristic of COVID-19, both in the short and long term, is the decrease in health-related qual-
ity of life (QoL), directly associated with low functionality scores, as well as the presence of fatigue'”. Persistent
fatigue is also the most common symptom in Long COVID patients regardless of the severity of the initial
presentation or the presence of respiratory difficulty®. It is a persistent feeling of tiredness or exhaustion that
cannot be alleviated with rest and it is also not proportional to levels of physical activity. Chronic fatigue also
encompasses multiple dysfunctions that interfere with functioning and therefore negatively impact QoL*.. Several
studies have observed a reasonable similarity between perceived fatigue in Long COVID and Chronic Fatigue
Syndrome (CFS)?%. The presence of chronic fatigue as a symptom may be attributed to damage in multiple organ
systems, including the cardiac, pulmonary, and renal systems, resulting from COVID-19 infection?. This is why
part of the general symptomatology of these patients could be related to physical deconditioning and reduced
exercise capacity®.

Thus, various studies have also reported a strong association between COVID-19 and QoL between 6 and
12 months after acute infection***. Within the context of QoL, both physical and emotional/social components
of a patient’s experience are encompassed?. The physical aspect of QoL is, in turn, related to the functional
status, independence, and degree of participation in Activities of Daily Living (ADLs)?. Therefore, adding the
concept of QoL is considered necessary, as it is deemed a fundamental factor when examining the impact that
diseases have on the physical, mental, and social aspects of patients’ health?®. Furthermore, it can provide essential
information about the disease’s impact on patients’ daily lives.

Although some articles have analyzed these aspects, there is still limited evidence regarding the true impact
on patients who develop Long COVID?. Furthermore, there is a lack of studies that investigate the relationship
between functional status, the level of physical activity, or other symptoms such as fatigue and the QoL of Long
COVID patients, despite their potential significance'*">.

Some studies conducted in hospitalized cohorts with acute COVID-19 infection have reported that a con-
siderable number of patients experienced poor exercise capacity or exercise tolerance and moderate to severe
fatigue®. In addition, deficiencies in functional mobility were identified along with long-term sequelae from
COVID-19 and impaired performance in ADLs". Several months after infection, they reported a significant
deterioration in their QoL compared to the pre-COVID-19 infection state'*. Although several studies have
assessed the symptom burden of Long COVID patients in comparison to those with acute COVID-19, few have
explored the functional status in long-term patients*’.

Some authors emphasize the need to obtain information on the role of physical activity in the treatment and
rehabilitation of Long COVID patients due to the lack of evidence in this regard"’. Likewise, to date, many studies
have been conducted to explore persistent symptoms such as chronic fatigue and functional status in hospitalized
patients, but there is still a lack of evidence in non-hospitalized cohorts with Long COVID'.

The aim set in this study is to compare the functional status, level of physical activity, QoL, fatigue, among
patients diagnosed with Long COVID and those who were infected with COVID-19 but did not develop symp-
toms compatible with the diagnosis of Long COVID. Additionally, to determine if there is a relationship between
these variables and QoL.

Methods

Study design

This was a cross-sectional, retrospective study registered in the International Traditional Medicine Clinical Trial
Registry (ISRCTN) (ISRCTN27312680). The sample size was calculated using data from the Global Burden of
Disease Long COVID Collaborators study. We used the prevalence of long COVID as the primary endpoint,
being 10-20% of all patients who had symptomatic SARS-CoV-2 infection in 2020 and 2021. For the sample size
calculation, we conducted a one-sided test with a 95% confidence level of and 80% statistical power. We made an
empirically assumption that up to 30% of the analytical abnormalities might persist in the control group (Group
1) and up to 50% of them in the intervention group (considering only a 20% difference between them) (Group
2). This calculation indicated a total sample size requirement of 156 participants, with73 participants allocated
to each group to detect this difference.
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Participants and procedure

This study was conducted between December 2021 and July 2022 at primary healthcare centers in Zaragoza,
Aragdn, located in northern Spain. During this timeframe, we collected the sample, which included individuals
affiliated with the “Long COVID Aragén” support group and those who had primary care appointments (both
in-person and via telephone) for any reason and met the inclusion criteria during their consultations.

Once deemed eligible by their primary care physician and provided they met the established criteria and
consented to participate in the study, these individuals were referred to the study coordinators. The Aragonese
Primary Care Research Group screened patients to confirm their eligibility. Inclusion criteria were individuals
aged 16 or older with a diagnosis of acute COVID-109, either at the time they were referred by their primary care
physician or previously, based on a diagnostic test confirming a previous COVID-19 infection. Proficiency in
spoken and written Spanish was also required.

Participant data were collected after a minimum of three months had passed since their acute COVID-19
infection. After this period, participants were categorized into two groups: Group 1 consisted of individuals who,
at least three months after their acute infection, were diagnosed with Post-Acute COVID-19 Syndrome (PACS)
using the WHO Delphi consensus for post-COVID-19 conditions’, commonly referred to as Long COVID.
Group 2 included patients who did not have a diagnosed PACS, did not exhibit suspected symptoms, and had only
experienced acute COVID-19 at least three months prior (diagnosed through reverse transcription polymerase
chain reaction [RT-PCR], rapid antigen tests, or SARS-CoV-2 serology).

Exclusion criteria included (A) the presence of symptoms before acute SARS-CoV-2 infection, (B) refusal or
incapacity to provide consent or communicate, and (C) being institutionalized at the time of the appointment.

A single measurement was obtained from all participants in both groups, enabling us to collect data on vari-
ables for each participant when a minimum of three months had elapsed since their diagnosed acute COVID-19
infection.

The Bioethics Committee of the University of Burgos approved the research, (Reference UBU 032/2021),
respecting all the requirements established in the Declaration of Helsinki of 1975. This research was approved
by the Provincial Research Ethics Committee of Cérdoba (Ref. 5033). Informed consent was obtained from all
study participants.

Variables and assessments

In the sociodemographic questionnaire, we gathered data on variables such as sex, age, marital status, employ-
ment status, usual profession, history of sick leave due to COVID-19, level of education, and the need for special
care due to disability, dependence, or limitations in ADLs..

Information was obtained using the following scales to assess functional status, level of physical activity,
QoL, and fatigue.

The PostCOVID-19 Functional Status Scale (PCFES), is specifically designed for post COVID-19 follow-up.
This scale assesses critical aspects of daily life to identify functional limitations in patients who have had or
are currently experiencing COVID-19. Its aims is to determine the impact of the infection on an individual’s
functional status. The scale addresses a wide range of functional outcomes, focusing on limitations in daily tasks
and lifestyle changes. Functional status is rated on a scale from 0 (indicating no limitations) to the highest score,
signifying more severe limitations®!.

This questionnaire gathered information regarding the current functional status of participants who had
experienced a COVID-19 infection at least three months prior to data collection.International Physical Activity
Questionnaire (IPAQ), is an instrument developed to standardize the criteria for assessing physical activity. It
comprises 7 questions concerning the frequency, duration, and intensity of physical activity. After completing
the questionnaire, reference values are applied to classify physical activity into one of three categories: high,
moderate, or low*2.

The IPAQ questionnaire collected information at two different time points. The first IPAQ questionnaire
inquired about the participants’ level of physical activity before they contracted COVID-19. The second IPAQ
questionnaire, included in the overall data collection form, gathered information about the participants’ level
of physical activity at the time of data collection.Short Form 12 (SF-12), is a questionnaire designed to assess
health-related QoL. Comprising 12 items, its purpose is to provide an user-friendly tool for evaluating individu-
als’ functional capacity and well-being. Itdefines both positive and negative states of physical and mental health
through 8 dimensions (physical functioning, role physical, bodily pain, mental health, general health, vitality,
social functioning, and role emotional). Scores on the SF-12 range from 0 to 100, with higher scores indicating
better QoL. It is a valid and reliable measure with internal consistency estimates exceeding 0.70%.

Similar to the previous questionnaire, the SF-12 collected information about participants’ pre-COVID-19
Quality of Life (QoL). Another SF-12 questionnaire, included in the data collection form, gathered information
about participants’ current QoL at the time of data collection.Fatigue Severity Scale (FSS), consists of 9 Likert-
type items with 7 increasing intensity responses, scored from 1 to 7. It demonstrates an internal consistency of
0.88%.

For the ESS as well, information was collected both before the COVID-19 infection and at the current time
of data collection.

Criteria for CFS. For the diagnosis of CFS, several criteria are used to delineate CFS and contribute to a better
understanding of its possible solutions. These criteria are: (A) chronic persistent (at least 6 months), or inter-
mittent, unexplained fatigue that is new or with definite onset and is not the result of recent exertion, does not
improve with rest and results in a marked reduction in the patient’s previous usual activity; (B) exclusion of other
illnesses that may be a cause of chronic fatigue, concurrently, 4 or more of the following minor criteria (signs or
symptoms) must be present, all persistent for 6 months or more and subsequent to the presence of fatigue: (1)
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recent impaired concentration or memory; (2) odynophagia; (3) painful cervical or axillary lymphadenopathy; (4)
myalgia; (5) polyarthralgia without signs of phlogosis; (6) headache of recent onset or of different characteristics
than usual; (7) non-refreshing sleep; (8) post-exertional malaise lasting more than 24 h®.

In the following Table 1, the data collection questionnaires are presented along with the respective variables
they measure for participants in this study.

Statistical analysis
The data were collected virtually through a questionnaire in Google Drive, which was later exported to an Excel
spreadsheet and statistically analyzed using the SPSS version 25.0 software (IBM-Inc., Chicago, IL, USA).

First, a descriptive analysis of the sample characteristics was carried out, expressing categorical variables as
absolute frequencies and percentages, and continuous variables as means and standard deviations (SD).

Next, an analysis was performed using chi-square tests and t-tests for independent samples between the dif-
ferent variables to be analyzed and the group, as well as some of the variables and quality of life; differences were
considered statistically significant for a value of p <0.05. To analyze the factors associated with quality of life, a
stepwise regression was used with the variables that showed significant results in the previous analysis, using
these variables as independent variables and quality of life as the dependent variable.

Results

The demographic and descriptive characteristics of the 170 participants who took part in the study are presented
in Table 2, along with the characteristics of each of the study groups, i.e., the group diagnosed with Long COVID
or PACS (n=85) and the second group of participants who had only experienced an acute COVID-19 infection
at least three months prior to data collection and did not exhibit any symptoms compatible with the diagnosis
of Long COVID or PACS (n=385).

The mean age of the entire sample (n=170) was 47.71 +9.83 years, with a lower mean age observed in the
group diagnosed with Long COVID.

Statistically significant differences are observed between the two groups in terms of employment status
(p=0.002), with a higher percentage of the non-Long COVID population being actively employed and having
been on sick leave for more than three months. Statistically significant differences are also observed in COVID-
19-related sick leaves (p <0.001), with a higher percentage of sick leave in the group diagnosed with Long COVID.

The Tables 3 and 4 show the relationship between the scores on the different scales used and the group. Fur-
thermore, Supplementary Tables 1 to 9 can be observed in the supplementary material, showing expanded results
of the correlation between the various variables presented in Table 3 and the groups. Significant correlations were
obtained for all of them. In terms of functional status, the Long COVID group had severe functional limitations
in 95% of cases, compared to the acute infection group. Prior to COVID-19 infection, the Long COVID group
had a high level of physical activity (60.2%), while current physical activity is low in 79.3% of this group. This
means that 44.7% of patients with Long COVID have experienced a worsening of their physical activity, while
in the acute infection group, it has remained the same (84.7%). Prior to COVID, the quality of life was expressed
as very good (45.9%) for the Long COVID group and good (47.1%) for the acute infection group. However, the
variation in their quality of life indicates that the Long COVID group has deteriorated significantly (54.1%),
while the other group has remained the same (88.2%). With respect to changes in the severity of fatigue, it has
worsened significantly (94.7%) in Long COVID cases, with 92.4% meeting the criteria for CFS (Tables 3 and 4).

Table 5 shows the significant correlations between the variables of functional status, current physical activ-
ity, and changes in fatigue severity with respect to QoL. Functional status revealed that 75% of people without
functional limitations reported excellent QoL, compared to 80% of those with severe functional limitations
reporting poor QoL. Similarly, 75% of people who had no fatigue before or now had excellent QoL, while 30%
of those who had worsened significantly reported poor QoL.

A stepwise regression was performed with the variables that previously had a significant relationship, namely
functional status, level of physical activity, and fatigue variation. In this, a model was formed using the functional
status variable (F(1, 166) =—-345.081, p<0.001, R=0.822, R2=0.675, corrected R2=0.673; functional status
(B=-10.822, p<0.001)), excluding the other variables from the model.

Discussion

The first aim of this study was to compare the functional status, level of physical activity, QoL, fatigue, among
patients diagnosed with Long COVID and those who were infected with COVID-19 but did not develop symp-
toms compatible with the diagnosis of Long COVID.

Assessments Variables

PCFS Functional status post-COVID-19
IPAQ Level of physical activity

SF-12 QoL

FSS Level of fatigue

Critaria for CFS | CFS

Table 1. Assessment and Variables.

Scientific Reports |

(2023) 13:19907 | https://doi.org/10.1038/s41598-023-47218-1 nature portfolio



www.nature.com/scientificreports/

Without Long COVID or PACS With Long COVID or PACS
Variables (Group 1) (Group 2) Total (n=170) p-value
Age 48.12+£9.70 47.33+£10.00 47.72+£9.83 0.603
Group 85 (50%) 85 (50%) 170 (100%)
Sex
Men 19 (22.4%) 17 (20%) 36 (21.2%) 0.707
Women 66 (77.6%) 68 (80%) 134 (78.8%
Marital Status
Single 11 (12.9%) 12 (14.1%) 23 (13.5%)
Married/living with a partner 64 (75.3%) 60 (70.6%) 124 (72.9%) 0.728
Separated/divorced 8(9.4%) 12 (14.1%) 20 (11.8%)
Widowed 2 (2.4%) 1(1.2%) 3 (1.8%)
Employment Status
Active 69 (81.2%) 33 (38.8%) 102 (60%)
Leave of absence >3 months 2 (2.4%) 39 (45.9%) 41 (24.1%) <0.001
Retired 6 (7.1%) 5(5.9%) 11 (6.5%)
Other 8(9.4%) 8(9.5%) 16 (9.5%)
Sick leave due to COVID-19
Yes 55 (64.7%) 73 (85.9%) 128 (75.3%)
No 19 (22.4%) 4 (4.7%) 23 (13.5%) 0.002
Not applicable (disability, retirement...) 11 (12.9%) 8(9.4%) 19 (11.2%)
Leve of studies
Without studies - 1(1.2%) 1 (0.6%)
Primary school 5(5.9%) 3(3.5%) 8 (4.7%) 0.669
Secondary school 38 (44.7%) 37 (43.5%) 75 (44.1%)
University or more 42 (49.4%) 44 (51.8%) 86 (50.6%)
Requires special dedication due to dependence, disabilty or limitations for ADLs
Yes 6 (7.1%) 12 (14.1%) 18 (10.6%) 0.109
No 79 (92.9%) 73 (86%) 150 (88.2%)

Table 2. Demographic and descriptive characteristics of the sample. ADLs Activities of Daily Living.

Group 1/Group 2
Variable Value | p-value
Functional status post-COVID-19 111.57 <0.001
Level of physical activity pre-COVID-19 and current 9.12 0.010

Current level of physical activity

15.22 <0.001

Variation in physical activity level pre COVID and current

52.76 <0.001

QoL pre COVID-19 9.80 0.020
Current QoL 91.00 <0.001
Variation in QoL pre COVID and current 135.87 <0.001
Variation in level of fatigue pre COVID and current 93.15 <0.001
SFC (compatible yes/no) 108.19 <0.001

Table 3. Correlation between variables and group. PCFS PostCOVID-19 Functional Status Scale, IPAQ

International Physical Activity Questionnaire, SF-12 Short Form 12, FSS Fatigue Severity Scale, CEFS Chronic

Fatigue Syndrome.

Group
Variable Mean Sd t p-value (Bilateral)
Current level of fatigue 52.28 14.29 13.89 0.066
Possible criteria for diagnosis of CFS 5.56 1.64 19.60 0.031

Table 4. T-test between variables and group. FSS Fatigue Severity Scale, CFS Chronic Fatigue Syndrome, Sd

Standard Deviation.
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Current QoL
Variable Value p-value
Functional status post-COVID-19 104.66 <0.001
Current level of physical activity 18.21 0.020
Variation in level of fatigue pre COVID and current 79.03 <0.001

Table 5. Correlation between functional status, physical activity and fatigue-quality of life. PCFS
PostCOVID-19 Functional Status Scale, IPAQ International Physical Activity Questionnaire, SF-12 Short Form
12, FSS Fatigue Severity Scale.

Our results have shown positive and highly significant correlations between the group diagnosed with Long
COVID and those who did not develop symptoms compatible with it, regarding functional status, physical
activity level, QoL, and fatigue. It has been observed that participants diagnosed with Long COVID have demon-
strated severe functional limitations in a much higher percentage than the group that did not develop symptoms
compatible with this new condition. Likewise, their level of physical activity is low, and they have experienced a
worsening compared to their previous state. Regarding QoL, our results have revealed a greater deterioration in
those patients diagnosed with Long COVID compared to the group that did not develop symptoms following
the infection, in which maintenance is observed.

Among people diagnosed with Long COVID, persistent symptoms can cause various disruptions, including
dyspnea, fatigue, functional impairments, and cognitive repercussions®. It is understandable that these complica-
tions have significant clinical and practical relevance for health and well-being®. This fact also raises important
questions about the functional presentation and consequences of Long COVID, especially in women, who are a
majority group, as can also be seen in our sample; and since they tend to have greater age-related disability than
men*®. Similarly, despite not requiring hospitalization, people with COVID-19 infection may also be at risk for
deterioration in physical, cognitive, and mental health®.

Furthermore, some studies support our results, finding a debilitating symptom profile in patients that reflects
far-reaching consequences for health and well-being*. Prolonged periods of morbidity and decreased engage-
ment in daily activities, sedentary behavior, and consequent QoL decline have been observed*!. Long COVID
has also been found to impact the energy reserves of those who suffer from it*2.

One study found no association between the duration of COVID infection and levels of physical activity and
independence. However, it was observed that individuals with a longer duration of the disease were unable to
regain their previous levels of physical activity®’. Other studies also demonstrated low levels of physical activity
due to more sedentary behavior*.

According to our results, a study reported that more than half of the patients who developed Long COVID
had a worse QoL. These patients reported pain or discomfort, health problems, mobility impairments, prob-
lems related to daily activities, or self-care®®. Other studies have also reported that Long COVID results in poor
QoL, possibly caused by post-traumatic stress syndrome*®. However, it is most likely that the consequences of
COVID-19 alone or in combination can reduce QoL*. In contrast, Narayan Poudel et al.*® concluded that acute
COVID-19 infection had a greater impact on QoL than Long COVID.

On the other hand, taking into account the severity of fatigue, our results have shown a significant worsening
in those patients with Long COVID, meeting CFS criteria in 92.4% of cases. Another study also found CFS in
over half of their sample, with a significant burden of fatigue at a median follow-up of 10 weeks®. This is especially
concerning, given that it is recommended that returning to work after a viral infection should occur after 4 weeks
to avoid deconditioning®. Post-COVID fatigue, according to the literature, is found in 40% of individuals one
year after the initial infection, and 1 in 4 meet the diagnostic criteria for CFS at that time®!3, Fatigue, moreover, is
not only extremely common in cases of Long COVID, but its severity and persistence can disrupt life*’. Although
it is currently unclear how to treat chronic fatigue in people with Long COVID, pulmonary rehabilitation may
be key in the treatment of these individuals'?.

As a second objective for this study, we aimed to determine whether functionality, the level of physical activity,
and the severity of fatigue were related to the patients’ QoL. Our results also show a highly significant correla-
tion of these analyzed variables with the patients’ QoL. This implies that those patients in the sample with more
severe functional limitations, lower levels of physical activity, and greater fatigue severity have experienced a more
marked decrease in their QoL. However, despite having a significant relationship, only the patients’ functional
status has proven to be a predictor of QoL.

As observed so far, one of the main characteristics of Long COVID is the disability generated by its symptoms,
which can alter functionality to such an extent that it incapacitates the patient in the performance of everyday
tasks®". In Spain, it has been found that more than 70% of patients diagnosed with Long COVID had limitations
that disabled them in the performance of ADLs. This disability had a significant impact on their QoL*. Various
exploratory analyses are consistent with our results regarding the relationship between fatigue, reduction of
function or increase in disability, and reduction in QoL>?.

This highlights the need to recover QoL, and for this, it has been shown that exercise provides a significant
improvement in pain tolerance, movement, optimization of physical function, and recovery of autonomy in
ADLs. In addition, the psychological improvements resulting from exercise could provide patients with a coping
strategy to help overcome the health challenge, directly influencing their QoL!°.
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In this sense, both physical inactivity and sedentary behaviour are independent risk factors for multiple
harmful health effects and a reduction in QoL>*. Therefore, establishing rehabilitation programs to prevent the
secondary consequences of physical inactivity is a priority*.

The range of symptoms associated with Long COVID, as well as their severity, frequency, and duration,
are posing significant challenges for the publication of precise recommendations on physical activity in these
individuals*. In one study, it was found that after 8 weeks of physical rehabilitation, physical function and exer-
cise capacity could be improved, but functional status remained below the expected value for the patient’s age®.
In another study, it was found that after 6 weeks of pulmonary rehabilitation, exercise capacity of patients with
Long COVID was significantly improved?.

While some limitations were found in the study, further research is needed to establish the causality of the
consequences of Long COVID and its impact on daily life, as this was a cross-sectional study. The study was
conducted in a single Spanish autonomous community, which could be considered a limitation when extrapolat-
ing the results to the general population. Therefore, it would be necessary to expand the sample and broaden the
geographic area, including different urban and rural areas. There is a need for further research in this area, as
few studies have been conducted on this topic. It is also worth noting that the type of survey used can introduce
information bias as it is a self-administered survey.

In conclusion, our results have shown highly significant correlations between the group that developed Long
COVID and those who experienced no symptoms regarding functional status, level of physical activity, QoL,
and fatigue. We found severe functional limitation impairment, low levels of physical activity, a considerable
worsening of their QoL, and fatigue in patients diagnosed with Long COVID.Likewise, functionality, the level
of physical activity, and severity of fatigue are also directly related to QoL. Therefore, the worse the functional
status, level of physical activity, and fatigue, the worse their QoL. Although only one of these variables has been
found to be a predictor of QoL, which is the person’s functional status.

The current findings highlight the urgent need for the creation of specific strategies for addressing Long
COVID, and support pathways for patients that enable the recovery of the pre-COVID-19 QoL*. According to
our results, there is also a need to address this profound physical and QoL impact through recommendations
adapted to the clinical state of each individual and multidisciplinary approaches through different healthcare
professionals. Physical and cognitive rehabilitation is highlighted in this case to address deficits caused as a
consequence of COVID-19 infection®.

The importance of continuing to conduct studies that outline a correct path towards the recovery of Long
COVID patients is emphasized, outlining to what extent the chronic effects of Long COVID affect the health,
well-being, and QoL of the population. The growing burden on rehabilitation highlights the need to develop
effective interventions and multidisciplinary support pathways.

Data availability

The datasets generated and/or analysed during the current study are not publicly available due the participants
of this study did not give written consent for their data to be shared publicly, but are available from the corre-
sponding author on reasonable request.
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