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Abstract

Introduction: COVID-19 is a disease with systemic mani-
festations that can result in respiratory and functional
sequelae. Understanding these consequences is crucial
for developing effective preventive and rehabilitative
strategies. Objective: To assess the short- and long-term
respiratory and functional repercussions following hos-
pitalization for COVID-19. Methods: This observational,
longitudinal, multicenter study evaluated individuals post-
hospitalization for COVID-19 at 15, 90, and 180 days
post-hospital discharge using the follow-ing measures:
spirometry, maximal inspiratory pressure (MIP), mMRC
dyspnea scale, six-minute step test (6MST), handgrip
strength, 30-second sit-to-stand test (30sSTS) and physi-
cal activity in daily life. Results: Sixty-five participants
(54.8 = 12.5 years, 54% male) were assessed at 15, 90,
and 180 days post-hospital discharge. The results showed,
respectively: forced vital capacity (FVC): 67.6 = 25.4%,
76.7 = 20.5%, and 70.1 = 22.6% predicted; MIP: 77.4 +
49.8%,76.5 +48.8%, and 84.0 = 54.1% predicted; mMRC:
2.0 (0.0 - 3.0), 1.0 (0.0 - 2.5), and 1.0 (0.0 - 3.0) points;
6MST: 70.7 = 25.9%, 80.2 = 29.8%, and 84.8 = 31.3%
predicted; 30sSTS: 61.3 = 23.8%, 65.6 = 19.5%, and 71.7
+ 20.0% predicted; handgrip strength: 101.3 = 40.1%,
99.8 = 35.5%, and 101.7 = 31.2% predicted; physical
activity: 23.1%, 10.8%, and 23.1% of participants were
sedentary. Conclusion: Individuals post-hospitalization
for COVID-19 exhibited persistent dyspnea, reductions in
FVC, MIP, functional capacity, peripheral muscle strength,
and low levels of physical activity. Dyspnea, reduced
FVC, peripheral muscle strength, and low physical activity

levels persisted even 180 days post- discharge.

Keywords: COVID-19. Exercise test. Post-acute COVID-19

syndrome. Respiratory function tests.
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Resumo

Introducdo: A COVID-19 é uma doenca com manifestagcées
sistémicas que podem resultar em sequelas respiratérias e
funcionais. Compreender essas consequéncias é importante
para desenvolver estratégias preventivas e reabilitadoras efi-
cazes. Objetivo: Avaliar as repercussées respiratérias e fun-
cionais a curto e longo prazo apés a hospitalizagdo por
COVID-19. Métodos: Trata-se de um estudo observacional,
longitudinal e multicéntrico, que avaliou individuos apds hos-
pitalizagdo por COVID-19 aos 15, 90 e 180 dias apds a alta
hospitalar. As avaliagées utilizadas foram: espirometria, pressdo
inspiratéria méaxima (PIM), escala de dispneia mMRC, teste de
degrau de seis minutos (TD6), for¢a de preensdo manual, teste
senta e levanta de 30 segundos (TSL30) e atividade fisica na
vida didria. Resultados: Sessenta e cinco participantes (54,8
+12,5 anos, 54% homens) foram avaliados aos 15, 90 e 180
dias apés a alta hospitalar, apresentando, respectivamente:
capacidade vital forcada (CVF): 67,6 += 25,4%, 76,7 = 20,5%
e 70,1 = 22,6% do previsto; PIM: 77,4 = 49,8%, 76,5 + 48,8%
e 84,0 = 54,1% do previsto;, mMRC: 2,0 (0,0 - 3,0), 1,0 (0,0 -
2,5)e 1,0 (0,0 - 3,0) pontos; TD6: 70,7 + 25,9%, 80,2 = 29,8%
e 84,8 = 31,3% do previsto; TSL30: 61,3 + 23,8%, 65,6 = 19,5%
e 71,7 £ 20,0% do previsto; forca de preensdo manual: 101,3
*40,1%, 99,8 = 35,5% e 101,7 = 31,2% do previsto; nivel de
atividade fisica: 23,1%, 10,8% e 23,1% dos participantes eram
sedentdrios. Conclusdo: Individuos pds-hospitalizagdo por
COVID-19 apresentam dispneia persistente, redu¢ées na CVF,
PIM, capacidade funcional, forca muscular periférica e baixos
niveis de atividade fisica. Cento e oitenta dias apds a alta
hospitalar, ainda foram observados dispneia, reducdo da CVF,

forca muscular periférica e baixos niveis de atividade fisica.

Palavras-chave: COVID-19. Teste de esfor¢o. Sindrome pds-

COVID-19 aguda. Testes de fungdo respiratdria.

Introduction

The post-acute COVID-19 syndrome, also known as
long COVID, is defined as a collection of manifestations
that affect individuals following SARS-CoV-2 infection.
These manifestations typically occur three months after
the onset of COVID-19, with symptoms persisting for at
least two months and not explained by an alternative
diagnosis.'
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The prevalence of long COVID is 43%, suggesting that
approximately 200 million individuals have experienced
or are experiencing long-term health consequences
related to COVID-19. Among individuals hospitalized
for COVID-19, the prevalence is 54%, which is higher
compared to non-hospitalized patients, where it stands
at 34%.2

Long COVID is characterized by a heterogeneous
array of long-term sequelae, encompassing respiratory,
cardiovascular, thrombotic, and cerebrovascular mani-
festations, as well as sequelae like type 2 diabetes, myal-
gic encephalomyelitis/chronic fatigue syndrome, and
dysautonomia. These sequelae can persist for years,
and in some cases, may become permanent.®* Changes
in the respiratory system, such as reduced gas diffusion
capacity, altered ventilation-perfusion relationships, hy-
poxemia, hypercapnia, and dyspnea, may occur in the
short- and medium-term. In terms of functional capacity,
individuals may experience fatigue, reduced exercise
tolerance, decreased physical activity levels, diminished
muscle mass, endurance, strength, and a lower quality of
life.>7 In addition, corticosteroid use and bed rest during
hospitalization may exacerbate these manifestations.®?

Nevertheless, the respiratory and functional reper-
cussions of COVID-19 still need to be studied lon-
gitudinally to allow a better understanding of their
prevalence, severity, and evolution. These results can
guide clinicians in establishing adequate preventive
and rehabilitative strategies, as well as in selecting
appropriate evaluation tests for this population. There-
fore, the aim of this study was to assess the respiratory
and functional repercussions in the short- and long-term
in individuals after COVID-19 hospitalization.

Methods

An observational, longitudinal, multicenter study was
conducted with individuals post-hospitalization for
COVID-19 from June to October 2021 in three tertiary
care hospitals, following the STROBE statement. Par-
ticipants were recruited during hospitalization and
invited to participate after discharge. The study was
approved by the research ethics committees (protocol
numbers: 4.002.358, May 1st, 2020; 4.056.210, May 28,
2020; and 4.013.533, May 7, 2020) and all participants
provided informed consent.
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Participants

This study enrolled a convenience sample of patients
aged = 18 years with confirmed COVID-19 by RT-PCR.
Exclusion criteria included physical limitations due to
neurological, musculoskeletal, or osteoarticular diseases
affecting tests execution; unstable cardiovascular dis-
ease; cognitive disorders; and participation in a post-
hospitalization physical rehabilitation program. To con-
duct an analysis comparing individuals at different
severity levels, participants were categorized into two
groups: those hospitalized in the ward (ward group) and
those admitted to the intensive care unit (ICU group).

Procedure

Assessments were conducted at participants' homes
by trained researchers to ensure standardized admin-
istration of tests and questionnaires. The same assessor
performed evaluations for each participant consistently
over time.

Anthropometric, demographic, and clinical data
were collected, including the level of consciousness
(Glasgow Coma Scale), Charlson Comorbidity Index,
Sequential Organ Failure Assessment (SOFA) score,
and Simplified Acute Physiology Score 3 (SAPS 3) upon
hospital admission. Additionally, the length of hospital
and ICU stays were recorded.

Forced vital capacity (FVC), assessed via spirometry,
and the number of steps in the é-minute step test
(6MST) were designated as primary outcomes. Lung
function measurements were conducted using a por-
table spirometer following established guidelines for
pulmonary function testing.'® FVC, forced expiratory
volume in the first second (FEV,), and the FEV,/FVC ratio
were recorded and compared with reference values.’

Functional capacity was assessed using the 6MST. The
protocol involved ascending and descending a single
20 cm step as quickly as possible for six minutes.’? The
number of steps climbed was recorded and compared
with reference values."

Respiratory muscle strength was assessed by mea-
suring the maximum inspiratory (MIP) and expiratory
pressures (MEP) and comparing with reference val-
ues."'> Dyspnea was assessed using the modified
Medical Research Council scale.® Peripheral muscle
strength was assessed by the handgrip test using a
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manual hydraulic dynamometer; data were expressed
in absolute and percentage of predicted values."”'®
Physical performance and lower limb strength were
assessed using the 30-second sit-to-stand test (30sSTS);
the number of complete repetitions was compared with
reference values.'” Physical activity level was assessed
using the International Physical Activity Questionnaire,
classifying individuals as very active, active, insufficiently

active (A or B), or sedentary.?°
Statistical analysis

The sample size was calculated using G*Power soft-
ware (Heinrich-Heine-Universitat Dusseldorf), based on
changes in lung function and functional capacity ob-
served in previous studies conducted with individuals
after COVID-19. A sample of 26 individuals was con-
sidered adequate, considering an effect size of 0.74 for
the evolution of FVC, an a error of 0.05, and a power
of 0.90.21 Similarly, a sample of 14 individuals was
considered adequate, considering an effect size of
1.05 for the change in performance in the step test.7
Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 20.0 (IBM
Corp, Chicago, lllinois). Shapiro-Wilk test verified data
normality.

Continuous variables with normal distribution were
expressed as mean and standard deviation, and those
with non-normal distribution were described as median
and 25% - 75% interquartile range. Categorical variables
were described as absolute and relative fre-quencies.
Predicted values and lower limits of normality (LLN) were
used to categorize continuous variables. Comparisons
between groups were performed using the analysis of
variance (ANOVA) 3-way repeated measures test with
Bonferroni post hoc. Pearson’s chi-square or Fisher's
exact test compared categorical variables. The analysis
of individuals who reached or not the LLN of the FVC
and 6MST was performed using Student's t test for
parametric variables, Mann-Whitney test for non-para-
metric variables and Chi-square test for categorical
variables. The variables associated with the FVC and
6MST at 15, 90 and 180 days after hospital discharge
were analyzed using the multivariate regression analy-
sis, inserting in the model the variables that presented
p < 0.10 in the univariate regression analysis. A p-value

< 0.05 was considered significant.
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Results

A total of 226 potentially eligible individuals were  the second assessment, there was a sample loss of 28
selected for the study. Of these, 161 were excluded, participants, resulting in 37 individuals. In the third
resulting in an initial sample of 65 individuals assessed assessment, there was a sample loss of 11 participants,
15 days after hospital discharge (first assessment). For  leaving a final sample of 26 individuals (Figure 1).

Eligible for the study

(n=226)
Excluded (n = 161)
e Refusal (n = 69)
) ® Musculoskeletal impairments (n = 63)
e Transfer to another hospital (n = 18)
¢ Institutionalized (n = 9)
* Rehospitalization (n = 2)
v

Eligible for the first assessment
(n=65)

Loss to follow up (n = 28)
EEEEEE— ¢ Refusal (n = 26)
* |nitiated rehabilitation (n = 2)

Eligible for the second assessment
(n=37)

Loss to follow up (n = 11)
- 5 * Refusal (n = 9)

e Lower limb injury (n = 1)

¢ |nitiated rehabilitation (n = 1)

Eligible for the third assessment
(n=26)

Figure 1 - Flowchart of the study.
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The patients had a mean age of 54.8 + 12.5 years
(54% male). Thirty-seven individuals were hospitalized
in wards, while 28 were in the ICU. Those in the ICU

Table 1 - Sample characteristics

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

had a longer length of hospital stay. No other significant
differences between the groups were observed, as
shown in Table 1.

Total (n = 65) Ward group (n = 37) ICU group (n = 28)
Age, years 54.8+125 54.6 £13.9 55.6 £10.5
Gender, M/F 35/30 19/18 16/12
Body mass index, kg/m? 292638 295+78 28.8+5.4
Glasgow, admission 15 15 15
Comorbidity index 1.0[0.0-2.5] 1.0[0.0-3.0] 1.0[0.0-2.0]
Length of hospital stay, days 13.9+13.9 8.1+5.6 21.5£17.6*
Length of ICU stay (n = 28), days 15.6 +14.3
Mehanical ventilation use,n (%) 11(16.9) 11(39)
Duration of MV (n = 11), days 16.6 £13.2
Tracheostomy, n (%) 3(4.6) 3(10.7)
SOFA score 2.0[2.0-3.0]
SAPS 3 score 38.9+11.2

Note: ICU = intensive care unit; M = male; F = female; MV = mechanical ventilation; SOFA = sequential organ failure; SAPS 3 = Simplified Acute

Physiology Score 3. Values are expressed in mean * standard deviation, median [interquartile range] and frequency (%). *p < 0.05 compared with

ward group.

Assessing the total sample, FVC showed a reduction
15, 90, and 180 days after hospital discharge, with no
improvement during this period. FEV, was within the
normal range and improved significantly between the
first and second assessments. MIP was reduced in the
first and second assessments. Although it presented a
normal average in the third period, 61.5% of participants
had a value below the LLN. MEP was within normal
ranges in all assessments. Dyspnea was reported in all
assessments. The number of steps climbed in the 6MST
was below the LLN in the first assessment and within the
LLN in the following assessments. Lower limb strength
and performance were reduced in all assessments,
while handgrip strength was within the LLN. The number
of active individuals remained reduced throughout
the study period. Except for the improvement in FEV,
between the first and second assessments, no other
variable showed a significant change among the three
evaluations (Tables 2 and 3).

When comparing patients categorized into two
groups (ward and ICU), we observed that in all three
assessments, the ICU group had poorer performance

Americano CV et al.

in the 6MST compared to the ward group. This trend
was also observed in the 30sSTS test during the third
assessment (Table 2). The results of the evaluation 15
days after hospital discharge, categorizing individuals
into groups that who reached or not the LLN of the FVC
and 6MST, demonstrated that those below the LLN in
the 6MST stayed more time in MV. No other differences
were found between groups (Table 4). FVC in the first
assessment was associated with male sex (p = 0.021)
and comorbidity index (p = 0.033); r2 = 0.315. In the
second assessment, FVC was associated with male sex
(p <0.0001) and age (p = 0.011); r2 = 0.413. In the third
assessment, FVC was associated with male sex (p =
0.026) and age (p = 0.002); r2 = 0.398.

The number of steps climbed in the 6MST in the first
assessment was associated with length of hospital stay
(p < 0.0001), male sex (p = 0.007), and BMI (p = 0.006);
r2= 0.394. In the second assessment, 6MST was associ-
ated with length of hospital stay (p = 0.002), male sex
(p = 0.035), and BMI (p = 0.009); r2 = 0.442. In the third
assessment, 6MST was associated with length of hospi-
tal stay (p = 0.008) and BMI (p = 0.016); r? = 0.376.

Fisioter Mov. 2025;38:¢38101 5



FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

Table 2 - Results at 15 days (first assessment), 90 days (second assessment), and 180 days after hospital discharge

(third assessment) for the total sample, intensive care unit (ICU) and ward groups

Assessment 1 (n = 65)

Assessment 2 (n = 37)

Assessment 3 (n = 26)

Total Ward ICU Total Ward ICU Total Ward ICU
(n=54) (n=37) (n=28) (n=37) (n=21) (n=16) (n = 26) (n=14) (n=12)
LF
FVC, % 67.6+254 70.7+287 63.5+201 767+205 784=x203 744+213 701%226 688=%21.8 71.7+243
pred.
FVC < LLN, 47(72.3) 26(70.3) 21(75.0) 21(56.7) 10 (47.6) 10(62.5) 17 (65.3) 10(71.4) 7(58.3)
n (%)
FEV,, % 81.4+234 83.6+x262 786x19.1 93.6x159* 959x169 90.7x144 898x214 895+x257 90.0+x14.4
pred.
FEV, < LLN, 30 (46.1) 19(51.4) 11(39.3) 8(21.6)* 4(19.0) 4(25.0) 6(23.0) 4(28.6) 2(16.7)
n (%)
FEV.,/FVC 825+127 83.1+x141 81.8+10.8 80.5+9.9 81.0+9.9 79.9+10.2 828+105 83.6+13.7 81.9 5.1
FEV,/FVC < 6(9.2) 4(10.8) 2(7.1) 4(10.5) 2(9.5) 2(12.5) 1(3.8) 1(7.1) 0(0.0)
LLN, n (%)
RMS
MIP, cmH,O0  69.7+37.9 69.2+37.8 698+38.6 61.6+303 571284 675%326 71.6x346 67.9x329 760x374
MIP, % pred. 77.4+498 69.4+337 678x297 765+488 624+294 67.7x284 840=x541 717320 76.0x31,1
MIP < LLN, 44 (67.7) 24 (64.9) 20(71.4) 26(70.2) 14 (66.7) 12(75.0) 16(61.5) 9(64.3) 7(58.3)
n (%)
MEP,cmH,0 84.9+347 85.0+355 84.71 = 82.8+348 740%343 944+33.0 964+389 88.2=%339 106.0 £
34.1 43.6
MEP, % 85.4+328 829+323 80.0+283 87.0%322 761+29.0 91.1+267 100.4 = 90.1+252 987357
pred. 34.4
MEP < LLN, 33(50.8) 18 (48.6) 15(53.6) 15(40.5) 11(52.4) 4(25.0) 8(30.8) 5(35.7) 3(25.0)
n (%)
Dyspnea
mMRC 2.0[0.0- 1.0[0.0- 20[1.0- 1.0[0.0 - 1.0[0.3- 1.0[0.3 - 1.0[0.0- 0.0[0.0- 1.0[1.0-
3.0] 3.0 3.0] 2.5] 3.0] 3.0] 3.0 2.3] 3.0
Grade 0# 17 (26.2) 13(35.1) 4(14.3) 16(43.2) 12(57.1) 4(25.0) 10(38.5) 8(57.1) 2(16.7)
Grade 1# 13(20.0) 6(16.2) 7(25.0) 10(27.0) 5(23.8) 5(31.3) 7(26.9) 2(14.3) 5(41.7)
Grade 2# 15(23.1) 8(21.6) 7(25.0) 2(5.4) 1(4.8) 1(6.3) 1(3.8) 1(7.1) 0(0.0)
Grade 3# 16 (24.6) 10(27.0) 6(21.4) 8(21.6) 3(14.3) 5(31.3) 8(30.8) 3(21.4) 5(41.7)
Grade 4# 4(6.1) 0(0.0) 4(14.3) 1(2.8) 0(0.0) 1(6.3) 0(0.0) 0(0.0) 0(0.0)
FC
Steps, n 93.8+34.7 102.3 82.6 + 38.5¢ 103.5 % 118.5 = 83.8 = 34.9+ 109.4 = 125.6 = 90.6 = 40.9+
29.3 40.2 38.0 41.4 35.6
Steps, % 70.7£25.9 76.8+21.1 627+29.7+ 80.2+29.8 940+267 622+240t 848+31.3 982226 69.2=+33.6t
pred
Steps < 39(60.0) 20 (54.1) 19(67.9) 21(56.8) 7(33.3) 14 (87.5) 10(38.5) 4(28.6) 6(50.0)
LLN, n (%)
LLS/P
30sSTS, 10.0 3.6 10.4+3.1 9.4 +4.1 10.5+3.2 10.9+3.4 9.9+28 11.4+3.2 12.8+2.9 9.8 %29
repetitions
30sSTS, % 61.3+23.8 620+20.7 605+27.7 656=%195 67.4+19.6 63.2+198 71.7+20.0 79.0+159 63.0=+21.34
pred
30sSTS < 55(84.6) 32(86.5) 23(82.1) 28 (75.6) 15(71.4) 13(81.3) 18(69.2) 8(57.1) 10(83.3)
LLN, n (%)

Note: LF = lung function; FVC = forced vital capacity; LLN = lower limits of normality; FEV, = forced expiratory volume in the first second; RMS =

respiratory muscle strength; MIP = maximal inspiratory pressure; MEP = maximal expiratory pressure; FC = functional capacity; LLS/P = lower limb

strength/performance. Values are expressed in mean * standard deviation, median [interquartile range] and frequency (%). *p < 0.05 in comparison to

assessment 1.4p < 0.05 in comparison to ward group. #Grades: n (%).
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Table 3 - Results at 15 days (first assessment), 90 days (second assessment), and 180 days after hospital discharge

(third assessment) for the total sample, intensive care unit (ICU) and ward groups

Assessment 1 (n = 65)

Assessment 2 (n = 37)

Assessment 3 (n = 26)

Total Ward ICU Total Ward ICU Total Ward ICU

(n=54) (n=37) (n=28) (n=37) (n=21) (n=16) (n=26) (n=14) (n=12)
PMS
Handgrip 346+150 37.0+x175 315105 32.9+10.1 31.3+94 349+109 344+116 348=x121 340x114
strength,
kgf
Handgrip 101.3 107.3 = 93.3+37.8 99.8+355 95.2+28.0 105.7 = 101.7 = 103.2 + 99.9£41.6
strength, % 40.1 41.2 43.6 31.2 19.9
pred
Handgrip 18(27.7) 9(24.3) 9(32.1) 9(24.3) 6(28.6) 3(18.8) 4(15.4) 1(7.1) 3(25.0)
strength <
LLN, n (%)
PAL, n (%)
Very active 3(4.6) 2(5.4) 1(3.6) 1(2.8) 0(0.0) 1(6.3) 0(0.0) 0(0.0) 0(0.0)
Active 18(27.7) 12(32.4) 6(21.4) 14 (37.8) 9(42.9) 5(31.3) 15(57.7) 8(57.1) 7(58.3)
Insufficiently 9(13.8) 5(13.5) 4(14.3) 9(24.3) 3(14.3) 6(37.5) 3(11.5) 2(14.3) 1(8.3)
active A
Insufficiently 20(30.8) 9(24.3) 11(39.3) 9(24.3) 7(33.3) 2(12.5) 2(7.7) 2(14.3) 0(0.0)
active B
Sedentary 15(23.1) 9(24.3) 6(21.4) 4(10.8) 2(9.5) 2(12.5) 6(23.1) 2(14.3) 4(33.3)

Note: PMS = peripheral muscle strength; LLN = lower limits of normality; PAL = physical activity level. Values are expressed in mean #* standard

deviation, median [interquartile range] and frequency (%).

Table 4 - Sample characteristics categorized by groups according to lung function (forced vital capacity) and

functional capacity (6MST) 15 days after hospital discharge

FVC < LLN FVC > LLN 6MST < LLN 6MST > LLN
(n=47) (n=18) (n=39) (n=26)

Age, years 56.5+11.5 509 +14.2 542 +12.8 56.1+12.2
Gender, M/F 31716 4/14 23/16 12/14
Body mass index, kg/m? 285=x7.1 31157 30475 27554
Length of hospital stay, days 14.5+15.0 12.2+10.7 15.7 £16.2 11.1+9.1
ICU hospitalization (n = 28), n (%) 21(44.7) 7 (38.9) 19 (48.7) 9(34.6)
Length of ICU stay (n = 28), days 6.7+£12.5 6.6 +11.6 7.6 £13.5 54+99
MV use (n =11), n (%) 8(17.0) 3(16.7) 8(20.5) 3(11.5)
Duration of MV (n = 11), days 175+ 14.9 14.0+95 20.1+13.9 7.0 = 4.0*
Comorbidity index 1.0[1.0-3.0] 1.0[0.0 - 3.0] 1.0[0.0-2.0] 1.5[0.0-3.0]
SOFA score (n = 28) 2.0[2.0-3.0] 2.0[0.6-3.0] 2.0[1.6-3.0] 2.0[2.0-4.0]
SAPS 3 score (n = 28) 39.7+12.0 362+7.38 37.9+7.1 409171
SAPS 3 score - - 38.9+£11.2 389112

Note: FVC = forced vital capacity; LLN = lower limit of normality; 6MST = six-minute step test; M = male; F = female; ICU = intensive care unit; MV =

mechanical ventilation; SOFA = Sequential Organ Failure; SAPS 3 = Simplified Acute Physiology Score 3. Values are expressed in mean * standard

deviation, median [interquartile range] and frequency (%). *p < 0.05 compared with 6MST < LLN group.
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Discussion

This study assessed the respiratory and functional
repercussions of individuals hospitalized with COVID-
19 at 15, 90, and 180 days post-discharge. Upon dis-
charge, individuals exhibited dyspnea, reduced FVC,
inspiratory muscle strength, functional capacity, physical
performance, lower limb strength, and physical activity
levels. At the 180-day follow-up, dyspnea persisted
along with reduced FVC, physical performance, lower
limb strength, and physical activity levels.

Despite significant advancements in our under-
standing of COVID-19, numerous questions remain
unanswered. Notably, even prior to the emergence
of SARS-CoV-2, various viral and bacterial infections
were recognized to cause post-infectious complica-
tions. Emerging evidence suggests that COVID-19 may
share similar characteristics, potentially leading to long-
term sequelae.®* It is plausible that there are multiple,
potentially overlapping causes for long COVID. Several
hypotheses regarding its pathogenesis have been pro-
posed, including the presence of persistent reservoirs
of SARS-CoV-2 in tissues; immune dysregulation, with or
without reactivation of underlying pathogens, including
herpes viruses such as Epstein-Barr virus and human
herpesvirus 6 (HHV-6); impacts of SARS-CoV-2 on the
microbiota, including the virome; autoimmunity and
pre-conditioning of the immune system by molecular
mimicry; microvascular blood clotting with endothelial
dysfunction; and dysfunctional signaling in the brainstem
and/or vagus nerve.>*

Lung function indicated a restrictive disorder, as
previously demonstrated in other studies.??2* Although
FEV, improved 90 days after the disease, no improve-
ment in FVC was observed. A restrictive disorder
occurs because the inflammatory process and lung
injury stimulate areas of consolidation and pulmonary
fibrosis with an interstitial pattern. The fibrous tissue
appears during the resolution of respiratory infection
(i.e., between 5 and 6 months after disease onset) and
gradually changes lung function, ventilation, and gas
diffusion.?*

Dyspnea is one of the most prevalent symptoms in
long COVID, affecting 31% of individuals one year after
the disease.?® Our study demonstrated that 61.5% of
individuals had dyspnea 180 days after hospitalization;
30.8% of these presented severe dyspnea. This result
was probably due to the inclusion of individuals after
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hospitalization, which may justify the disease severity.
Dyspnea is a multicausal symptom and may result from
several pathophysiological phenomena caused by
COVID-19, such as damage to the lung parenchyma,
cardiovascular dysfunction, and changes in lung func-
tion and gas exchange.?¢%’

Dyspnea can also be related to the reduced in-
spiratory muscle strength. In our study, 68% and 62%
of individuals presented reduced inspiratory muscle
strength 15 and 180 days, respectively, after hospital
discharge. Decreased inspiratory muscle strength is
common in post-COVID-19 individuals. For example,
previous studies demonstrated a prevalence of 49%
of individuals 30 days after hospital discharge, 40.9%
after 45 days,?® and 31.8% after 270 days of hospital
discharge.?’

Functional capacity was assessed using the 6MST,
demonstrating its feasibility in post-COVID-19 indivi-
duals, even hospitalized.®® The 6MST test can be an
alternative to the barriers for performing cardiopul-
monary exercise and walking-based tests because it is
a simple and low-cost test that requires little space and
can be performed at home. In our study, individuals
showed a mean functional capacity below the LLN after
hospital discharge and above the LLN at 90 and 180
days after hospital discharge. However, when evaluating
proportions, a considerable number of individuals were
below the LLN. Although functional capacity in post-
COVID-19 individuals has been mostly assessed using
the six-minute walk test, most individuals submitted to
this test do not present an altered functional capacity.?®
The difference between our study and others using
the six-minute walk test can be explained by the fact
that climbing stairs requires greater peripheral muscle
strengthandcardiacand metabolicdemandsthanwalking
on flat ground, mainly because of the effort needed
to lift the body against gravity.®' Physical performance
and lower limb strength were below predicted values
during the follow-up; mean handgrip strength values
were within the normality. A previous study showed
that individuals presented normal handgrip strength
within one year after hospital discharge;*? in contrast,
a reduced strength has been demonstrated in 52.2%
of individuals up to twelve months after hospital dis-
charge.?! This variability may be attributed to the broad
spectrum of disease severity among individuals.>?

Changes observed in functional capacity, lower limb
performance, and inspiratory and peripheral muscle
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strength can be explained by the effects of the virus on
muscle cells and the inflammatory process on muscle
tissue. These phenomena induce muscle fiber prote-
olysis, fibroblast activation, fibrosis, and blockage of
progenitor cells of new muscle fibers, which explains
why physical recovery is problematic after COVID-19.7
Muscle tissue is also affected by immobilization and cor-
ticosteroids used to control the inflammatory process.®?

A less active lifestyle is present in individuals after
COVID-19 in our study. Despite the increased number
of active individuals observed 90 days after hospital
discharge, 42.3% were classified as sedentary or insuf-
ficiently active. A previous study showed that individu-
als spent about 10 hours per day in a sedentary lifestyle
six months after hospitalization.*?

The longitudinal follow-up of this study provides
a detailed analysis of the prevalence, severity, and
persistence of respiratory and functional repercussions
following COVID-19. Our findings offer valuable in-
sights to aid clinicians in developing appropriate reha-
bilitative therapeutic strategies for this population. This
information can also guide professionals involved in
clinical practice to implement a preventive strategy,
aiming to prevent complications or mitigate their sever-
ity. The substantial number of individuals experiencing
long COVID necessitates specialized attention from re-
habilitation teams with knowledge about the sequelae
of the disease.

This study has some limitations. The low adherence
of individuals resulted in a significant sample loss.
Although sample losses are common in longitudinal
studies, factors such as social isolation and fear of
reinfection may have influenced the number of refusals,
despite reaching the calculated sample size. Different
researchers conducted the assessments; however, all
were previously trained, and tests were performed
following standardized guidelines. Due to the routine
of the participating hospitals, only the SAPS 3 and
SOFA scores of patients hospitalized in the ICU were
recorded. Further investigations are needed to explore
the findings of this study over a longer follow-up period.

Conclusion
Individuals after COVID-19 hospitalization showed

significant respiratory and functional consequences.
Following hospital discharge, there was a high degree
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of dyspnea, reduction in FVC, inspiratory muscle
strength, functional capacity, lower limb strength, and
performance, as well as a decrease in physical activity
level. At 180 days after hospital discharge, dyspnea,
reductions in FVC, lower limb strength and performance,
and physical activity level persisted.
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