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ARTICLE INFO ABSTRACT

Keywords: Background/objective: Many COVID-19 survivors, especially those who have been hospitalized, have been

Long FOVID suffering numerous complications that limit their activities of daily living, although changes that persist 3 years

E:ercllse after infection are still not known. We aimed to investigate the impact of long COVID on the Glittre-ADL test
uscle

(TGlittre) 3 years after acute infection in men who needed hospitalization and explore whether the performance
on the TGlittre is associated with impairments in lung function, muscle strength, physical function and quality of
life (QoL).

Methods: Cross-sectional study with 42 men with long COVID who took the TGlittre. They underwent pulmonary
function tests and measurements of handgrip strength and quadriceps strength (QS). Additionally, they also
completed the Saint George Respiratory Questionnaire (SGRQ) and Functional Independence Measure (FIM).
Results: The mean age was 52 + 10.6 years, while the mean time after diagnosis of COVID-19 was 37 + 3.5
months. The mean TGlittre time was 3.3 (3.1-4.1) min, which was 10% greater than the time expected for
normal individuals to complete it. The TGlittre time was correlated significantly with the QS (r; = —0.397, p =
0.009), pulmonary diffusion (r; = — 0.364, p = 0.017), FIM (rs = —0.364, p = 0.017) and the “activity” domain
score of the SGRQ (rs = 0.327, p = 0.034).

Conclusion: Functional capacity on exertion as measured by the TGlittre time is normal in most men with long
COVID 3 years after hospitalization. However, this improvement in functional capacity does not seem to be
reflected in muscle strength or QoL, requiring continued monitoring even after 3 years.

Respiratory function tests
Quality of life

1. Introduction

After acute infection by the SARS-CoV-2 virus, a considerable num-
ber of people remain symptomatic with pathological changes in various
organs.' Particularly, those with more severe lung involvement by
COVID-19 have worse long-term lung damage, with the patient-reported
symptom burden remaining high and quality of life (QoL) remaining
poor even 1 year after COVID-19 infection.” Despite the large number of
patients who have recovered from COVID-19, long COVID is a condition
that is not yet fully understood, although potential mechanisms have
included the persistence of the virus or its components, autoimmune

processes, metabolic and endocrine dysregulation, psychosocial factors,
and microvascular and mitochondrial damage.! The constellation of
symptoms of long COVID includes exercise intolerance and functional
impairment, but among these symptoms, fatigue can be particularly
debilitating.’

The respiratory system is a central component in the oxygen supply
chain for working muscles, and as the lungs are often involved in acute
COVID-19 infection, they are a potential contributor to poor exercise
performance.® However, in long-term COVID, the contribution of res-
piratory function to low exercise tolerance appears to be small, except
for the diffusing capacity of the lungs for carbon monoxide (DLCO)." In
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fact, the prevalence of restrictive lung damage seems to decrease with
recovery from long COVID." Importantly, those who were more severely
ill during hospitalization seem to have more severe impairment of lung
function, especially in terms of the DLCO, despite being the main target
population for long-term recovery interventions. However, whether
there is a complete normalization of pulmonary function tests needs to
be investigated in long-term follow-up studies.

Peripheral factors such as reduced muscle mass and strength may
contribute to the low exercise tolerance in long COVID, although current
studies do not support deconditioning as the main mechanism of this
intolerance.” In long COVID, the potential pathogenesis of muscle fa-
tigue and weakness may include virus-induced myositis, long periods of
bed rest during convalescence, and the use of systemic corticosteroids.”
In fact, these patients may have lower peripheral oxygen extraction
during exercise, and such peripheral changes may contribute to poor
exercise performance even 1 year after discharge.® After almost 2 years
of infection, most COVID-19 convalescents have an overall improvement
in health status, while symptoms of sequelae, residual abnormalities in
lung function and exercise impairment can still be observed in a small
proportion of people.” A particularly useful tool for evaluating this
population is the Glittre-ADL test (TGlittre), which, although it is a
submaximal test, uses activities similar to the activities of daily living
and has been shown to be sensitive in detecting changes even after 8
months of follow-up post- SARS-CoV-2 infection.” However, whether
these changes in functional capacity upon exertion correspond to a
transient functional disability or whether they are related to defined
organ damage remains unknown.

In patients with long COVID, exercise intolerance likely has multiple
causes and is not explained by deconditioning.” Persistent symptoms,
impaired lung function and impairment of functional capacity for ex-
ercise in the short-term follow-up after COVID-19 infection are common,
but the long-term consequences have not yet been sufficiently studied.
In fact, it is not yet known whether these findings persist after 3 years of
infection, as the pandemic began in mid-2020. Since the TGlittre in-
volves multiple tasks that require both the action of the upper and lower
limbs, '° we hypothesized that it is capable of capturing possible changes
that persist in the long term. As men have greater muscular strength
compared to women, implying a better performance in functional ca-
pacity tests'' and, also, because the time to perform the TGlittre is
significantly shorter for men,'? we thought about evaluating only men
due to limitations for comparison between the sexes. Thus, this study
aimed to investigate the impact of COVID-19 on the TGlittre 3 years after
acute infection in men who needed hospitalization and to explore
whether performance on the TGlittre is associated with impairments in
lung function, muscle strength, physical function and QoL.

2. Methods
2.1. Study design and participants

A cross-sectional study was conducted between March and July 2023
with 42 (out of 50 eligible) men >18 years of age with long COVID who
were regularly followed up at the Pedro Ernesto University Hospital of
the State University of Rio de Janeiro, Rio de Janeiro, Brazil. We
included patients who were diagnosed with COVID-19 by a positive
reverse transcription-polymerase chain reaction and who needed hos-
pitalization without the need for admission to an intensive care unit. The
exclusion criteria included a previous diagnosis of chronic obstructive
pulmonary disease, asthma or pulmonary fibrosis; a history of previous
heart disease; mobility impairment due to concomitant osteo-
arthropathy; and immobility before or after hospital discharge due to
diseases such as stroke or pulmonary embolism. These patients were
admitted during the acute phase of COVID-19 at our institution and
followed up via telemonitoring or outpatient consultations. Three years
after the acute infection, they were contacted again by telephone about
their clinical manifestations for face-to-face evaluation if they still had
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persistent symptoms and dysfunctions that could not be attributed to
alternative diagnoses, characterizing long COVID."?

All patients provided informed consent prior to any study procedure.
The protocol was approved by the Research Ethics Committee of the
Augusto Motta University Center (UNISUAM) under number CAAE-
50700921.5.0000.5235.

2.2. Saint George Respiratory Questionnaire (SGRQ)

To measure QoL, a version of the SGRQ previously validated and
adapted for the Brazilian population was applied.'* This instrument
covers aspects in three domains: symptoms, with questions about com-
plaints of respiratory problems; activities, with questions related to ac-
tivities that have usually caused dyspnea in recent days; and impact,
where the patient describes the respiratory disease and whether it in-
terferes with their activities of daily living. In the SGRQ, values > 10%
reflected altered QoL.'"

2.3. Functional Independence Measure (FIM)

The FIM is a functional assessment with 18 items in the areas of
personal care, sphincter control, mobility, communication and social
cognition. It was designed to measure the patient’s level of indepen-
dence through the assessment of activities such as self-care, trans-
ference, locomotion, toilet training, communication and social
cognition, which includes memory, social interaction and problem
solving. Each of these activities is evaluated and receives a score ranging
from 1 (total dependence) to 7 (complete independence). In interme-
diate values, there is modified independence (score 6), moderate
dependence with the need for supervision or preparation (score 5) or
direct assistance (scores 1 to 4). The total score ranges from 18 (the
lowest) to 126 (the highest level of function).'® The MIF measures the
personal care and basic activities of daily living that the individual
performs exactly at the time of the assessment; therefore, the more
dependent the person is on performing self-care and usual tasks, the
lower the total score.'®

2.4. Pulmonary function tests

The pulmonary function tests consisted of spirometry, whole-body
plethysmography, measurement of DLCO and measurement of respira-
tory muscle strength (maximum inspiratory pressure and maximum
expiratory pressure). All these exams were performed with an HDpft
3000 (nSpire Health, Inc., Longmont, CO, USA) and followed previously
established recommendations.'”'® The Brazilian predicted equations
were adopted for comparison with the absolute values of the partic-
ipants.'®?? Obstructive damage, restrictive damage and pulmonary
diffusion disorder were defined as forced expiratory volume in 1
s/forced vital capacity, total lung capacity and DLCO below the
respective lower limits of normal.”*

2.5. Muscle strength

Handgrip strength was measured using a digital dynamometer
(SH5001, Saehan Corporation, Korea). Handgrip strength was assessed
with the participants seated in an armless chair, elbow flexion of 90°,
forearms in neutral position and wrist extension from 0 to 30°.%*
Maximum strength was assessed after a 3-s sustained contraction of the
dominant hand, and the highest value from three attempts at 1-min
intervals was considered for analysis. The cutoff point adopted for the
diagnosis of sarcopenia was the one previously proposed for males (27
kgf).”® We also measured quadriceps strength (QS) using a traction
dynamometer (E-lastic 5.0, E-sporte SE, Brazil). The range of motion
during the test was 90°, starting at 90° with the knee in flexion.
Maximum strength was assessed after a 5-s sustained contraction of the
dominant leg, and the highest value of three attempts at 1-min intervals
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was considered for analysis.”® The cutoff point adopted for the diagnosis
of sarcopenia was the one previously proposed for males (25.3 kgf).”’

2.6. Glittre-ADL test

The TGlittre was executed as previously proposed.'® It consists of
carrying a backpack weighing 5 kg (for men) and walking a 10-m circuit.
From the sitting position, the participant walks in a flat route interposed
in its half by a box with two steps to go up and two to go down. After
walking the rest of the way, the individual comes across a shelf con-
taining three objects of 1 kg each, positioned on the highest shelf, and
must then move them, one by one, to the lowest shelf and, later, to the
bottom shelf and the floor. Then, the objects must be replaced on the
lowest shelf and later on the highest shelf. Afterwards, the individual
returns to his chair, making the course in reverse and, immediately after,
starts another round. When performing the TGlittre, the individual must
attempt to complete five laps in the shortest time possible.”® In TGlittre,
the variable used to evaluate performance during the test is the total
time to complete the tasks; therefore, the shorter the time, the better the
patient’s performance. The TGlittre time was compared to Brazilian
predicted values®; therefore, the higher the TGlittre time value in
relation to the predicted value, the worse the patient’s performance will
be.

2.7. Statistical analysis

The normality of the data distribution was assessed using the Sha-
piro-Wilk test and graphical analysis of the histograms. The observed
data are expressed as measures of central tendency and dispersion for
numerical data and as frequencies and percentages for categorical data.
TGlittre time, lung function parameters and respiratory muscle strength
measurements were expressed as percentage values in relation to pre-
dicted values for the healthy population, which consider sex, age,
height, weight and body mass index.'® ?* The relationship between the
TGlittre time and the numerical variables was analyzed using the
Spearman correlation coefficient, after adjustment for sociodemo-
graphic confounding variables. Using the Mann-Whitney U test, we
compared the subgroup of people without obesity vs. the subgroup of
people with obesity (the latter was defined by the presence of a body
mass index >30 kg/m?).°" Using the Mann-Whitney U test, we also
compared the subgroup of people with normal lung function vs. the
subgroup of people with impaired lung function (the latter was defined
by the presence of any lung function parameter <80% predicted).’' The
significance level adopted was 5%. Statistical analysis was performed
using SPSS statistical software version 26.

3. Results

Among the 50 men who were evaluated for inclusion in the study, 8
were excluded for the following reasons: history of heart failure (n = 3);
diagnosis of chronic obstructive pulmonary disease (n = 3); diagnosis of
asthma (n = 2); and mobility impairment preventing undertaking the
TGlittre (n = 2). The mean age was 52 + 10.6 years, while the mean time
after diagnosis of COVID-19 was 37 + 3.5 months. In the spirometric
test, normal breathing, restrictive damage and obstructive damage were
diagnosed in 30 (71.4%), 10 (23.8%) and 2 (4.8%) participants,
respectively, while 14 (33.3%) participants had reduced DLCO. The
median total score of the SGRQ was 26.3 (10-44). The patient de-
mographic data, clinical variables, pulmonary function and QoL are
shown in Table 1.

In the FIM, only 6 (14.3%) participants did not score the maximum
value, which indicated that the sample had good functional status.
However, maximum inspiratory pressures and maximum expiratory
pressures <70% of the predicted values were observed in 15 (35.7%)
and 22 (52.4%) participants, respectively, indicating respiratory muscle
weakness in most of the participants. Twenty-five (59.5%) participants
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Table 1
Anthropometry data, comorbidities, pulmonary function and quality of life in
the studied sample (n = 42).

Variable Values
Anthropometry
Age (years) 52 + 10.6
Weight (kg) 93.1 +18.8
Height (cm) 176 + 6.2
Body mass index (kg/mz) 30.1 £5.3
Comorbidities, n (%)
Obesity 19 (45.2)
Hypertension 16 (38.1)
Diabetes 10 (23.8)
Pulmonary function
Forced vital capacity (% predicted) 87.2+11.6
Forced expiratory volume in 1 s (% predicted) 88.5 + 14.7
Forced expiratory volume in 1 s/forced vital capacity (% 101 +10.5
predicted)
Total lung capacity (% predicted) 89 +11.3
Residual volume (% predicted) 78.2+19
Residual volume/total lung capacity (% predicted) 84.8 +16.7
DLCO (% predicted) 86 + 35
SGRQ
Symptoms scores 19.7
(6.6-47)
Activity scores 36.3 (14-70)
Impacts scores 18.6
(4.2-31)
Total scores 26.3 (10-44)

Abbreviation: DLCO, diffusing capacity for carbon monoxide; SGRQ, Saint
George Respiratory Questionnaire.
The values shown are mean + SD, median (interquartile range) or number (%).

had a handgrip strength <27 kgf, while 12 (28.6%) participants had a
QS < 27 kgf. Regarding the TGlittre, the average total time was 3.3
(3.1-4.1) minutes. Using the Brazilian predicted values for healthy men
with the same anthropometric characteristics as a reference,?’ the
TGlittre time was approximately 10% longer than the expected time to
complete it [3.3 (3.1-4.1) vs. 3 (2.7-3.5) min, p = 0.09], with only 12
(28.6%) participants showing a time >120% of the predicted time. The
data on functional status, muscle function and functional capacity dur-
ing exercise are shown in Table 2.

The associations between the total time spent performing the mul-
tiple tasks of the TGlittre and the measures of lung function, functional
status, muscle strength and QoL are shown in Table 3 and Fig. 1.
Regarding lung function, the TGlittre time correlated significantly only
with DLCO (r; = —0.364, p = 0.017). There was a significant correlation
between TGlittre time and FIM (r; = —0.364, p = 0.017). Among the
muscle strength measures, the only one that significantly correlated with
the TGlittre time was the QS (r; = —0.397, p = 0.009). Regarding the
SGRQ, the activity domain score correlated significantly with the
TGlittre time (rs = 0.327, p = 0.034). Participants with obesity did not

Table 2
Functional status, muscle strength and functional capacity to exertion in the
studied sample (n = 42).

Variable Values

Functional status
FIM (points)
Muscle strength

126 (124-126)

Maximum inspiratory pressure (% predicted) 75.5 + 20.6

Maximum expiratory pressure (% predicted) 63.9 + 20.7

Handgrip strength (kgf) 25.3 + 4.1

QS (kgf) 341+15
Glittre-ADL test

Total time observed (min) 3.3(3.1-4.1)

Total time predicted (min) 3(2.7-3.4)

Total time (% predicted) 110 (87-134)

Abbreviation: FIM, Functional Independence Measure; QS, quadriceps strength.
The values shown are mean + SD or number (%).
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Table 3
Spearman’s correlation coefficients for Glittre ADL-test, pulmonary function,

functional status, muscle strength and quality of life in man with long COVID (n
= 42).

Total time (%

predicted)
Ts p-
value

Pulmonary function

Forced vital capacity (% predicted) —0.035 0.83

Forced expiratory volume in 1 s (% predicted) —0.056 0.72

Forced expiratory volume in 1 s/forced vital capacity (% 0.006 0.97

predicted)

Total lung capacity (% predicted) 0.088 0.58

Residual volume (% predicted) 0.049 0.76

Residual volume/total lung capacity (% predicted) 0.123 0.44

DLCO (% predicted) —0.364 0.017
Functional status

FIM (points) —0.364 0.017
Muscle strength

Maximum inspiratory pressure (% predicted) —-0.126 0.43

Maximum expiratory pressure (% predicted) —0.106 0.50

Handgrip strength (kgf) —-0.230 0.14

QS (kgh —0.397  0.009
SGRQ

Symptoms scores 0.121 0.44

Activity scores 0.327 0.034

Impacts scores 0.212 0.17

Total scores 0.266 0.088

Abbreviation: DLCO, diffusing capacity for carbon monoxide; FIM, Functional
Independence Measure; QS, quadriceps strength; SGRQ, Saint George Respira-
tory Questionnaire.

Bold type indicates significant correlations.

have a significantly different TGlittre time than participants without
obesity [113 (84-141) vs. 107 (88-119) % predicted, p = 0.44]. Par-
ticipants with lung function impairment did not have a significantly
different TGlittre time from those without [107 (88-132) vs. 109
(102-134) % predicted, p = 0.51].

To provide context for interpreting the null findings, a post hoc power
analysis was performed using G*Power 3.1.1 software based on the
actual sample size (n = 42) and the observed correlations between the
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main outcome (TGlittre time) and the other studied variables. Based on a
priori type-I error a = 0.05 (two-tailed), a complete-case analysis showed
that the observed significant effects were detected with a power ranging
from 99 to 63%, showing the adequacy of the studied sample size to
obtain significant results.*”

4. Discussion

Although long COVID appears with similar frequency between men
and women,' the proportion is higher among men with greater severity
of the initial infection®>® and, therefore, we focused on evaluating this
patient population. In addition, there is an urgent and ongoing need to
investigate the exercise functional capacity of these patients 3 years
after infection to improve our understanding and management of long
COVID. In this regard, the main findings of the present study were that in
men with long COVID 3 years after hospitalization, there is an important
recovery of functional capacity, with less than one-third of them
showing an abnormal TGlittre. At this point in the evolution of long
COVID, only one-third of patients have mechanical and/or diffusion
pulmonary changes. However, most of them maintain some damage in
muscle strength, and QoL remains deteriorated. Furthermore, there is a
relationship between TGlittre time and QS, pulmonary diffusion, func-
tional status and QoL. To the best of our knowledge, this is the first study
to assess functional capacity during exercise 3 years after acute
SARS-CoV-2 infection.

Cardiorespiratory fitness is markedly low soon after hospital
discharge and remains low in the medium and long term, which may be
due to the effects related to inactivity during hospitalization, the side
effects of drugs and the direct sequelae related to COVID-19.” Our study,
however, showed a functional capacity to exercise, as assessed by
TGlittre, close to normal in most patients 3 years after acute infection. In
line with our findings, Guo et al. (2023) evaluated a prospective cohort
of patients with long COVID 18.5 months after acute infection and
observed continuous improvement in symptoms of sequelae and the
6-min walking distance, although symptoms of sequelae (at least one)
and abnormal patterns on chest computed tomography persisted in
45.2% and 30% of participants, respectively. This emphasizes the need
to implement rehabilitative strategies for these patients, especially in
the first months after acute SARS-CoV-2 infection.
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In our study, unlike studies conducted before 3 years, pulmonary
function was within the normal range in most patients.%’35 However, it
is worth noting that one-third of our patients still had reduced DLCO,
which is in agreement with the study by Sperling et al. (2023) in a cohort
study at 12 months after hospitalization, where 39.4% of the patients
had DLCO <80% of the predicted value. The measurement of DLCO is of
interest as a marker of diffuse limitations, as it may provide additional
information about pulmonary vascular limitations in long COVID."*
DLCO can be altered by both pulmonary and parenchymal vascular
diseases, and COVID-19 may have a course characterized by overlap
between interstitial pneumonia and altered pulmonary perfusion with
microthrombosis and/or macrothrombosis; therefore, DLCO appears to
be the most sensitive parameter among those available for monitoring
patients with COVID-19 during follow-up.** Importantly, we found an
association between low DLCO and performance on the TGlittre, which
reinforces the importance of vascular damage as a contributor to low
exercise performance in these patients.*®

Muscle tissue undergoes changes induced by SARS-CoV-2, including
systemic microvascular dysfunction and the development of a
myopathic process.”® In our study, we showed that changes in muscle
strength, both central and peripheral, persisted less than 3 years after
discharge following hospitalization due to COVID-19. Of note, we also
observed a significant association between QS and TGlittre time. In line
with our findings, Clavario et al.”” evaluated muscle strength using the
dominant leg extension exercise in patients with long COVID. Based on
the finding that muscle strength was independently associated with
performance during the exercise, the authors concluded that muscle
impairment may be responsible for most of the functional decrease. The
relationship between reduced muscle strength and poor exercise per-
formance was also noted by Nascimento et al.*®, in which a probable
diagnosis of sarcopenia was associated with worse functional capacity
on exertion according to the 6-min walking distance. These authors also
noted that hospitalization was associated with worse muscle strength
and reduced DLCO. It is worth noting that, unlike our study, the studies
by Clavario et al.” and Nascimento et al.>® were performed at a very
early stage of long COVID, which reinforces the importance of
continuing to monitor muscle function in the long term.

The return of patients to their active lives has spurred interest in
quantifying changes in capacities related to human functions through
scales that measure functional independence. In the present study, we
used the FIM because it is a low-cost, noninvasive scale that can be
replicated over time and can be successfully applied to evaluate different
populations, such as elderly and postoperative patients.”"") Although
our patients obtained high FIM scores, possibly due to the ceiling effect,
it is evident that the motor and cognitive conditions were satisfactorily
recovered for the performance of the activities of daily living, as shown
by the correlation between the FIM score and the TGlittre time. Since a
higher functional status as assessed by the FIM is independently asso-
ciated with lower mortality in hospitalized patients,’ this opens per-
spectives on the potential value of FIM in establishing a more accurate
prognosis in patients with long COVID who needed hospitalization.

Using the SGRQ to assess QoL, we observed high scores in all of its
domains, which shows the ability of this questionnaire to capture QoL in
this population. In line with our results, Marando et al.*! observed that
50% of patients reported a pathological QoL according to the SGRQ 1
year after COVID-19, while Liao et al.*> observed high SGRQ scores
(especially in the activity score) among health care workers who sur-
vived COVID-19 1 year after discharge in Wuhan. Of note, we observed
an association between the SGRQ activity domain score and the TGlittre
time. In fact, previous hospitalization in the intensive care unit, an SGRQ
score >25 points and reduction in DLCO have been identified as po-
tential risk factors for poor exercise performance in patients 1 year after
COVID-19.% Since the extent of the harmful effects of SARS-CoV-2
infection on the QoL of survivors continues for more than 3 years after
acute infection, it is essential to mitigate the factors that may impact the
QoL of these patients.
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Some of the clinical and practical implications of our results should
be highlighted. Most patients maintain some damage in muscle strength
3 years after the SARS-CoV-2 infection, especially in handgrip strength.
Since handgrip strength is a simple, reliable and low-cost measure, it can
be used as a proxy indicator of functional impairment in this popula-
tion.*® In parallel, the deteriorated QoL after 3 years of the acute illness
can make it difficult for these people to return to work. In this sense,
occupational physicians and health professionals must better assume
their crucial role in returning these patients to work, including raising
awareness among employers about the specific difficulties related to
long COVID.***° Taken together, our findings show the importance of
early initiation of rehabilitation and pharmacological-based therapeutic
strategies following acute COVID-19 infection.*® Although functional
capacity is close to that observed in healthy people, it is related to both
lung function and QS. Therefore, along with pulmonary rehabilitation, it
is important to employ physiotherapeutic techniques aimed at restoring
peripheral muscle strength in patients with long COVID.

4.1. Limitations

This study extends the existing knowledge about long-term sequelae
after hospitalization with COVID-19, describing changes in functional
capacity on exertion 3 years after discharge. However, some limitations
should be noted. First, this study has a cross-sectional design and does
not establish causality. Second, we used an observational research
design with no preinfection data; this makes it difficult to separate the
contributions of preexisting chronic conditions before COVID-19 infec-
tion and lifestyle factors to poor performance on the TGlittre. Third, our
study evaluated only men, which prevents the generalization of our
results. Fourth, our cohort consists of individuals who were not vacci-
nated at the time of acute infection, as this is the population that has
only now reached 3 years of follow-up. In this regard, there is still no
population for assessing the impact of vaccination on the effects of long
COVID after 3 years, although it is already known that post-COVID-19
sequelae may be less frequent in individuals who received at least two
doses of a two-dose vaccine schedule for COVID-19.*” Despite these
limitations, our findings illustrate the need for continued monitoring of
this population even 3 years after infection. Therefore, even longer
follow-up studies are needed to understand the full spectrum of health
consequences for this population.

5. Conclusions

This research revealed that 3 years after acute SARS-CoV-2 infection,
functional capacity as measured by the TGlittre time was normal in most
men with long COVID, with less than a third of them still showing ex-
ercise intolerance and functional dependence when performing activ-
ities of daily living. Approximately one-third of the patients still showed
reduced pulmonary diffusion, but most persisted with respiratory and/
or peripheral muscle dysfunction and impaired QoL. Furthermore, there
was a relationship between performance on the TGlittre and QS, pul-
monary diffusion, functional status and QoL. Our results indicated that
patients who were hospitalized for COVID-19 require post discharge
care even after 3 years. In this regard, the implementation of rehabili-
tative strategies and proper management for mitigating the effects of
long COVID must be guaranteed.
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