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Abstract

Introduction: Step-based tests are commonly utilized to
assess the exercise capacity of individuals with respiratory
diseases. However, the feasibility and safety of the step
tests have not yet been studied in individuals after
COVID-19. Objective: To investigate the feasibility and
safety of the six-minute step test (6MST) and the modified
incremental step test (MIST) in assessing exercise capacity
at home in individuals after hospitalization for COVID-19,
and to identify factors associated with performance
in these tests. Methods: Cross-sectional multicenter
study with individuals hospitalized for COVID-19 fifteen
days after hospital discharge. Participants performed
spirometry, 6MST, and MIST during a single home visit.
Adverse events were registered during and immediately
after the tests. Results: Sixty-five participants were
studied (50 * 10 years old, 55% male). The feasibility was
96.9% and the incidence of adverse events was 13.8%
in 6MST and 6.2% in MIST. The individuals performed
76.9% of the predicted on the 6MST, with 40% of the
participants reaching 80% of the maximum HR and 31%
presenting exercise-induced oxygen desaturation. In the
MIST, the individuals performed 20% of the predicted,
23% of the participants reached 80% of the maximum
heart rate, and 17% presented exercise-induced oxy-
gen desaturation. Length of hospital stay and the use
of mechanical ventilation were associated with test
performance. Conclusion: 6MST and MIST are feasible,
safe, and can be used to assess exercise capacity in a
home environment in individuals after hospitalization for
COVID-19. The performance in these tests was associated
with a prolonged hospital stay and the use of mechanical

ventilation.
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Resumo

Introducédo: Testes baseados em degraus sdo comumente
utilizados para avaliar a capacidade de exercicio de individuos
com doengas respiratérias. No entanto, a viabilidade e segu-
ranca dos testes de degrau ainda ndo foram estudadas em
individuos apds hospitalizagdo por COVID-19. Objetivo: In-
vestigar a viabilidade e seguranca do teste do degrau de seis
minutos (TDé) e do teste do degrau incremental modificado
(TDIM) na avaliagédo da capacidade de exercicio no domicilio
em individuos apds hospitalizacdo por COVID-19, e identificar
fatores associados ao desempenho nesses testes. Métodos:
Estudo transversal multicéntrico com individuos internados por
COVID-19 quinze dias apds a alta hospitalar. Os participantes
realizaram espirometria, TDé e TDIM durante uma Unica visita
domiciliar. Eventos adversos foram registrados durante e ime-
diatamente apds os testes. Resultados: Foram estudados 65
participantes (50 = 10 anos, 55% do sexo masculino). A via-
bilidade foi de 96,9% e a incidéncia de eventos adversos foi
de 13,8% no 6MST e 6,2% no TDIM. Os individuos realizaram
76,9% do previsto no TD6, sendo que 40% dos participantes
atingiram 80% da frequéncia cardiaca méxima e 31% apresen-
taram dessaturacdo de oxigénio induzida pelo exercicio. No
TDIM, os individuos realizaram 20% do previsto, 23% dos
participantes atingiram 80% da frequéncia cardiaca méaxima
e 17% apresentaram dessaturagdo de oxigénio induzida pelo
exercicio. O tempo de internagdo e o uso de ventilacdo mecéni-
ca estiveram associados ao desempenho do teste. Conclusao:
O TDé e o TDIM s&o vidveis, seguros e podem ser usados para
avaliar a capacidade de exercicio em ambiente domiciliar em
individuos apds hospitalizacdo por COVID-19. O desempenho
nesses testes esteve associado ao tempo prolongado de

internagédo e ao uso de ventilagdo mecénica.

Palavras-chave: Avaliagdo. COVID 19. Diagndstico. Teste de

exercicio. Fisioterapia. Seguranga.

Introduction

COVID-19 is an infectious disease, which in its
severe form causes lung injury, changes in ventilation
and gas diffusion, and a systemic inflammatory response
that can affect the musculoskeletal system, leading to
a reduction in muscle mass, strength, and endurance.
These mechanisms can lead to a reduction in exercise

capacity.?
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Cardiopulmonary exercise testing is considered the
gold standard for evaluating exercise capacity, but its use
is limited due to cost, the need for specific equipment,
and qualified personnel. For this reason, the 6-minute
walk test (6MWT) has been widely used for evaluating
individuals with chronic respiratory diseases.* The 6MWT
has also been performed in individuals after COVID-19
and is a test capable of detecting a reduction in exercise
capacity in this population.® However, the performance
of the 6MWT may encounter some barriers, including
the requirement for a spacious area, suitable corridor
without inclinations or obstacles, difficulties in evaluating
patients with supplemental oxygen, and dependence on
good weather conditions if performed outdoors.*

In this context, step-based tests may be an alternative
to overcome these barriers. The six-minute step test
(6MST) and modified incremental step test (MIST) are
used to evaluate the exercise capacity of individuals with
respiratory diseases, such as chronic obstructive pul-
monary disease,® bronchiectasis,” idiopathic pulmonary
fibrosis,® and asthma.” However, the feasibility and safety
of these tests in evaluating physical performance have
not yet been studied in individuals after COVID-19 in
home environment. The use of these tests could be
an alternative for evaluating exercise capacity in this
population. This study aimed to investigate the feasibility
and safety of the 6MST and MIST in assessing exercise
capacity at home in individuals after discharge from
the hospital for COVID-19, and secondarily, to identify
factors associated with performance in these tests.

Methods

This is a cross-sectional multicenter study following
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines,'® conducted with
individuals who were hospitalized for COVID-19. After 15
days of hospital discharge, assessments were conducted
in a single stage during a visit to the participants' homes
by researchers who had been previously trained. The
6MST andMIST were performed in a randomized order
with at least 30 minutes of rest between each test. The
recruitment, exposure, follow-up, and data collection
were realized between June 2020 and October 2021.

The study protocol was approved by each participant
hospital's Human Research Ethics Committee (No. 4.
002.358; 4.056.210, 4.013.533). All participants signed
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an informed consent form, and all data were preserved
in accordance with ethical norms and professional stan-
dards of confidentiality, following Brazilian legislation
(General Data Protection Law).

Participants

Individuals were recruited from three public general
hospitals in Juiz de Fora/MG, Brazil: University Hospital
of the Federal University of Juiz de Fora, Hospital Santa
Casa de Misericérdia de Juiz de Fora, and Hospital
Doutor Jodo Penido.

The participants were recruited by the research
team, which also consisted of clinical physiotherapists
working in the participating hospitals of the study. The
team systematically reviewed the records of the three
participating hospitals daily. They personally examined
the COVID-19 patients who were hospitalized and
monitored their progress until discharge. Subsequently,
using this information, all patients were contacted via
phone after their hospital discharge and were extended
an invitation to participate in the study.

This study included a convenience sample of
patients with COVID-19 confirmed by RT-PCR, aged
> 18 years, who were discharged from the participant
hospitals. The exclusion criteria were as follows: physical
limitations, including neurological, musculoskeletal,
and osteoarticular diseases that prevented the correct
execution of the tests; severe and unstable cardiovascular
disease; and cognitive disorders.

The eligibility criteria were assessed by a single
researcher (CVA) at two stages: first, during the initial
phone call after hospital discharge, when individuals
were invited to participate in the study. At this point, the
individual's clinical condition, comprehension ability
through appropriate responses in conversation, bed
confinement status, and compliance with all eligibility
criteria were queried. Secondly, during the subsequent
home visit, when the individual was thoroughly
evaluated, and both inclusion and exclusion criteria were

confirmed.
Outcomes and procedures

The assessments were conducted in a single visit
by physiotherapists who were trained and qualified
to perform evaluations and respond to emergencies.
The procedures were conducted at the participant's
residence, with the specific location chosen through
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collaborative analysis and decision-making between the
researcher and the participant. The selection of these
locations depended on factors such as available space,
furniture arrangement, absence of obstacles, and safety
considerations. The chosen areas were appropriately
prepared for test administration and participant safety.
The day and time of assessments were scheduled
based on the participant's preference and availability,
allowing for flexibility on any day of the week, either in
the morning or afternoon. Uniformity was maintained
in the evaluation and monitoring equipment used, as
identical devices were employed for all participants.
The instruments included a 20 cm high and 50 cm
wide step, a blood pressure monitor, a stethoscope,
a modified Borg symptom perception scale, a pulse
oximeter, and printed protocols for annotation. The
instruments were duly calibrated and transported in the
researcher's personal vehicle.

The study did not include provisions for emergency
oxygen supplementation during its execution. Neverthe-
less, examiners were instructed to suspend procedures if
the peripheral oxygen saturation (SpO,) dropped below
85%, representing a key safety criterion. In the case of a
serious adverse event, emergency response procedures
in accordance with the procedures outlined by the
Brazilian Unified Health System (SUS) would be initiated,
involving communication with the Mobile Emergency
Care Service (SAMU).

Sociodemographic information, health conditions,

comorbidity index,"

and data related to the hospital-
ization were recorded (laboratory tests, hospital and ICU
stay, and use of mechanical ventilation).

Spirometry was performed using a portable spirom-
eter following technical procedures, acceptability, and
reproducibility criteria determined by the ERS/ATS
technical standard for lung function tests."? Forced vital
capacity (FVC), forced expiratory volume in one second
(FEV1), and FEV1/FVC ratio were recorded. The data
were expressed in absolute values and percentages of
predicted values.'®

The 6MST test requires the individual to ascend and
descend a single step with a height of 20 cm as quickly
as possible for six minutes. It is a self-paced, submaximal
test that allows individuals to adjust their pace during
exercise according to their limitations. The test was
performed according to the standardized procedures
previously described.® The primary outcome of the test
was the number of steps climbed during the six minutes,
which were compared to predicted values.
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The MIST test requires the individual to ascend
and descend a single step with a height of 20 cm at a
progressively increasing and externally paced rate.
The test was performed according to the standardized
procedures previously described.’ The pace of the test
was determined by previously recorded sound signals,
starting at 10 steps per minute and increasing by one
step every 30 seconds. The participant was encouraged
to reach their maximum performance capacity, and the
test was completed when the individual could no longer
keep up with the pace dictated by the sound signals.
The primary outcome was the number of steps climbed
during the test and compared to predicted values.'®

The physiological responses of participants were
recorded before, during, and after each test, monitoring
heart rate (HR), arterial blood pressure, and SpO,. Based
on this information, exercise capacity, cardiovascular
responses, and oxygen desaturation during the step tests
were analyzed. HR was presented in absolute values and
as a percentage of the predicted maximum (220-age)."”
Target HR was calculated using the Karvonen formula,
using 60 and 80% of HR reserve: HR = HRrest + 60 or
80% (HRpeak - HRrest)."” Rate pressure product was
calculated by multiplying the HR by the systolic blood
pressure.'’

Before and after the tests, the perception of dyspnea
and lower limb fatigue were measured using the modi-
fied Borg scale."® Exercise-induced oxygen desaturation
was defined as a decrease in SpO, by 4% or more
compared to the initial value."” Additionally, individuals
who reached or did not reach 80% of predicted number
of steps in the 6MST were compared.

Feasibility and safety assessment

The feasibility of each step test was determined by
the number of participants who were able to complete the
test properly divided by the total number of participants.
To assess the adequacy of participants in completing the
tests without risks or with the lowest possible risk to their
health status, safety criteria were established, including
tachycardia or bradycardia, SpO, < 85%, irregular pulse,
chest pain, self-reported intolerable dyspnea and ex-
treme weakness, pallor, dizziness, fainting, loss of bal-
ance, sweating, bronchospasm, intense back pain or
lower limb pain, signs of neurological changes, palpi-
tations, and cramps.*?? Safety was analyzed by the pro-
portion of adverse events that occurred during each test.
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Data analysis

Data analysis was performed using IBM Statistical
Package for the Social Science software (version 22.0;
SPSS Inc., Chicago, IL, USA). The normality of the data
was analyzed using the Shapiro-Wilk test. Variables
with a normal distribution were expressed as mean
and standard deviation, variables without a normal
distribution were expressed as median and interquartile
range, and categorical variables were expressed as
frequency and percentage. The feasibility of each step
test was obtained by the number of participants who
were able to perform the test properly divided by the
total number of participants. Safety was analyzed by
the frequency of adverse events that occurred during
each test. Comparisons between the tests regarding the
number of individuals who reached 80% of the predicted
HR and the number of individuals who desaturated
were performed using the chi-square test. Comparisons
between individuals who reached and those who did
not reach 80% of the predicted number of steps during
the 6MST were performed using the Student's t-test
for independent samples, Mann-Whitney test, and
chi-square test, when appropriate. Multivariate linear
regression was performed to evaluate factors associated
with performance in the tests by inserting variables that
had a p < 0.1 in the univariate regression analysis into
the model. A p < 0.05 was considered significant.

Results

A total of 191 individuals were considered eligible
for the study, of which 126 were excluded (68 refused
to participate, 37 could not be located, 18 were trans-
ferred to other hospitals, two were readmitted, and one
could not perform spirometry). At the end of the study,
65 participants were evaluated, with a mean age of 55
* 12 years; 55% male; body mass index: 28.8 * 6.7 kg/
m2; VEF1: 76.2 + 16.7% predicted; FVC: 74.8 = 15.3%
of predidcted; VEF1/FVC: 82%. Sample characteristics
during hospitalization are described in Table 1.

The two-step tests were completed by 63 partici-
pants, demonstrating a feasibility of 96.9%. Two partici-
pants were unable to perform the step tests adequately
due to self-reported extreme fatigue and dyspnea. In
the safety assessment of the tests, there were no severe
adverse events, and there was no need to activate
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emergency medical services. The incidence of adverse
events during 6MST was 13.8%, with nine events
observed during the test (joint pain = 3, desaturation =
2, extreme fatigue in the lower limbs = 2, dyspnea = 2).
The incidence of adverse events during MIST was 6.2%,
with four events observed during the test (dyspnea =
2, knee joint pain = 1, desaturation = 1). These adverse
events were completely resolved with rest. The total time
to conduct both tests averaged one hour.

Table 1 - Sample characteristics during hospitalization

(n=65)
Variables Results
Age (years) 55+12
Gender (male/female) 36/29
Comorbidity index (points) 1.0(0.0, 2.0)

10.0 (6.5, 15.5)
11(17)
11.0(7.0, 19.0)
55£9.1
51(78)

Length of hospital stay (days)

Use of mechanical ventilation, n (%)
Mechanical ventilation time (n = 11), days
Length of ICU stay (n = 11), days

Use of corticosteroids, n (%)

Laboratory tests at hospital admission
PaO, (mmHg)

Sa0, (%)

Hemoglobin (g/dL)

91.0(73.5, 108.0)
97.0(95.0, 98.0)
13.3+1.8

Note: ICU = intensive care unit; PaO, = partial pressure of oxygen;
mmHg = millimeters of mercury; SaO, = peripheral oxygen saturation;
g/dL = gram per deciliter. Data presented as mean * standard deviation,

median (interquartile range), and frequency (%).

Participants achieved 72.7% of predicted perfor-
mance on 6MST and 23.9% on MIST. The HR reached
80% of the maximum in 40% of individuals on 6MST
and 23% on MIST (chi-square test with r> = 4.311; p =
0.029). Desaturation occurred in 31% of individuals on
6MST and 17% on MIST (chi-square test with r2 = 3.431;
p = 0.049). The results of performance and physiological
responses observed in the step tests are described in
Table 2. No differences were found in demographic
variables, clinical data, and laboratory tests when
comparing individuals who had a performance in 6MST
higher and lower than 80% of predicted (Table 3).

Carvalho LB et al.

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

The stepwise multiple linear regression model
demonstrated that length of hospital stay and the use of
mechanical ventilation were independent predictors of
the number of steps climbed in 6MST, explaining 15%
of the variance in this test. The length of hospital stay
was the independent predictor of the number of steps
reached in MIST, explaining 8% of the variance in the
performance of this test.

Table 2 - Results of step tests (n = 63)

Variables 6MST MIST
Steps (n) 96.0 +29.5 50.8+41.5
Steps (% of pred.) 727 £22.6 23.9+18.1
HR rest 83.8+13.2 86.7+14.4
HR peak 123.0 £20.1 112.9£22.3
HR reserve 39.2 145 26.3+18.7
% of max. HR 752 +12.6 69.2£13.9
80% of max. HR* 26 (41) 15(24)
HR Karv 60% 107.3+£16.2 102.4+17.8
HR Karv 80% 115.2+18.0 107.7 £17.3

Initial SBP 120.0(110.0,131.0) 120.0(110.0, 130.0)
Final SBP 140.0(126.0, 149.0)  130.0(120.5, 142.0)
Initial DBP 70.0(60.0, 80.0) 80.0(70.0, 85.5)
Final DBP 70.0(60.0, 80.0) 80.0(70.0, 90.0)
Initial RPP 10289.9 £ 1859.2 10557.3 £2121.3
Final RPP 17544.1 = 4072.8 15325.9 + 4564.7

Initial dyspnea
Final dyspnea

Initial LLF

Final LLF

Initial SpO, (%)
Final SpO, (%)
O, desat.”

Delta O, desat.

0.0(0.0, 1.5)
3.9+24
0.0(0.0, 1.0)
3.6+29
955+1.8
92.9+43
20(32)
68x28

0.0(0.0, 2.0)
3.3%23
0.0 (0.0, 2.0)
3.1+24
953 2.1
93.5+3.4
11(17)
7.2x26

Note: 6MST = six-minute step test; MIST = modified incremental step

test; pred. = predicted; HR = heart rate (bpm

= beats per minute);

max. = maximum; HRKarv= HR calculated with the Karvonen formula

using 60% and 80% of heart rate reserve; SBP = systolic blood pressure
(mmHg = millimeters of mercury); DBP = diastolic blood pressure
(mmHg); RPP = rate-pressure product (bpm*mmHg); LLF = lower limb
fatigue SpO, = peripheral oxygen saturation; desat. = desaturation. Data
presented as mean * standard deviation, median (interquartile range),

and in frequency (%). #n (%).

Fisioter Mov. 2024;37:e37112 5



FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

Table 3 - Comparison between individuals with six-minute step test (6MST) greater and lower than 80% of predicted

(n=63)
Variables 6MST = 80% predicted (n =25)  6MST < 80% predicted (n = 38) p-value
Age (years) 565+12.2 545+12.9 0.54
Gender (male/female) 10/15 24/14 0.13
BMI (kg/m?) 27.6+53 29.6+7.5 0.21
Length of ICU stay (n = 28), days 5.6 +10.0 5486 0.94
Length of hospital stay (days) 7.0(5.7,13.0) 11.0(7.0, 16.0) 0.19
Use of mechanical ventilation (n =11), n (%) 3(27.3) 8(72.7) 0.50
Mechanical ventilation time (n =11), days 7.0(3.0,7.0) 14.0(7.5,19.7) 0.15
Comorbidity index (points) 2.0(0.0,3.0) 1.0(0.0, 2.0) 0.29
PaO, (n = 61), mmHg 96.0(79.0,109.5) 88.5(70.5,100.0) 0.24
Sa0, (n=61),% 98.0(95.0, 98.0) 97.0(94.2,98.0) 0.47
Hemoglobin (n = 61), g/dL 13115 13.4+2.0 0.55

Note: BMI = body mass index; ICU: intensive care unit; PaO, = arterial oxygen pressure; SaO, = arterial oxygen saturation; mmHg = millimeters of

mercury; g/dL = gram per deciliter. Data presented as mean * standard deviation, median (interquartile range), and frequency (%).

Discussion

This study showed that the 6MST and MIST are
feasible and safe for assessing exercise capacity in
individuals after hospitalization for COVID-19 in a
home environment. Length of hospital stay and use of
mechanical ventilation were variables associated with
performance on the tests.

In our study, 96.9% of individuals were able to
complete both step tests, demonstrating their high
feasibility. The same individuals who were unable to
perform one test were also unable to perform the other,
due to debilitating fatigue. Post-COVID-19 individuals
undergoing the 6MWT and sit-to-stand test were unable
or failed to complete the tests in a proportion of 16%.?'
Therefore, the tested step tests were appropriate to be
used in this population, which presents a new health
condition with scarce evidence of the feasibility and
safety of functional tests.

The tests also proved to be safe. This also implies
the possibility of performing the tests even in the home
environment, where the study was conducted. No severe
adverse events were recorded, and any adverse events
that occurred were quickly reversed with rest. Due to the
aim of assessing the safety of step tests and analyzing
the incidence of adverse events during the tests,
participants who experienced any adverse events were
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not excluded from the study. The characteristics of the
tests enable this.®'® In the 6MST, individuals may pause
to rest if needed, and this interruption can last until the
end of the six minutes. In the MIST, participants may stop
if necessary or if they can no longer keep up with the
pace of the signal, concluding the test. In either case,
the tests are considered adequately performed and
successful.

The safety of step tests has already been attested in a
previous study that performed them even in the hospital
environment and with individuals in the acute phase of
respiratory diseases.?? Complications associated with the
performance of the field tests are unusual. In individuals
attending an outpatient pulmonary rehabilitation pro-
gram who completed the 6MWT, adverse events were
noted in 6% of patients. The most common adverse
event was oxygen desaturation < 80%.2° The step tests
were successfully conducted in the home environment,
with a quick application time, and only one evaluator is
required. The tests were per-formed in the participants'
living room, bedroom, or backyard, with minor
adaptations to the surroundings, such as removing rugs,
repositioning furniture, and improving lighting. These
adaptations were minimal because step tests require

little space and resources for implementation.®'®
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Our participants presented a reduction in exercise
capacity, measured both in the 6MST and the step
test, demonstrated by a performance 80% below
of predicted. This may be explained by the fact that
COVID-19 presents systemic manifestations, particularly
in the musculoskeletal system.®> COVID-19 stimulates
the formation of a potent systemic inflammation,
which affects, among other structures, the peripheral
muscles,® reducing muscle mass by decreasing protein
synthesis and inducing proteolysis of muscle fibers and
causing fibrosis.?*?* Prolonged bed rest and immobility,
common in hospitalized individuals, may exacerbate
deleterious muscular effects.?>2¢ In addition, exercise-in-
duced hypoxemia can also reduce the performance of
the musculoskeletal system.?” Our findings corroborate
a study that investigated other functional tests, such as
the 6-minute walk test, the 1-minute sit-to-stand test, and
the Chester step test in post-COVID-19 patients, all of
which showed impaired functional performance in these
patients compared to the healthy control group.?®

The performance in the step tests was associated
with the length of hospital stay. Additionally, individuals
who used mechanical ventilation during their hospital
stay exhibited a poorer performance in the number of
steps climbed in the MIST compared to those who did
not use mechanical ventilation. Although we did not find
significant differences when comparing performance
in the 6MST (20 steps), the difference in the number of
steps is considered clinically significant (11 steps).?’

The smaller portion of participants reached 80%
of the maximum HR in the step tests (41% in the
6MST and 24% in the MIST). This may be explained
by the reduction in exercise capacity caused by the
deleterious effects caused by the disease, influencing
test performance and causing individuals to not reach
the expected maximum HR.>2327 |t was also expected
that the chronotropic response in the MIST, a maximal
test, would be greater than the response presented in
the 6MWT, which is characterized as a submaximal test.
This may have occurred due to the low tolerance that
individuals exhibited for performing the MIST because it
is an incremental test, characterized by load increments
every minute, causing greater exercise intolerance and
early test termination."®

After COVID-19, individuals may exhibit good
arterial oxygenation at rest but are susceptible to
30 It

a decrease in oxygenation during exertion. is

known that about 50% of individuals hospitalized for
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COVID-19 present exercise-induced hypoxemia.®' Our
study included indi-viduals without resting hypoxemia,
but 31% of them showed desaturation when submitted
to 6MST. However, only 17% of our sample showed
desaturation in MIST. This can be explained by the early
termination of the test, which did not provide enough
time for substantial desaturation. When undergoing a
maximal test, such as MIST, individuals could not tolerate
a long enough test period to present a substantial drop
in saturation. Our findings agree with the Vittaca et
al.,*? who showed that survivors of COVID-19 also had
exercise-induced desaturation despite normal resting
oxygen saturation.

Our study provides information on the feasibility
and safety of performing step tests on individuals who
were hospitalized for COVID-19. This allows these tests
to be used by professionals involved in clinical practice,
providing a simple and practical option for assessing
exercise capacity in this population. A large number of
individuals with COVID-19 and new individuals who may
develop the disease require specialized attention from
rehabilitation teams with knowledge about the disease’s
sequelae.

This study has some limitations. A large number of
individuals were excluded due to refusal and individuals
who could not be located. The main reasons were
fear of COVID-19 reinfection and relocation to more
isolated areas. The participants were recruited through
convenience sample and were not stratified by severity
level due to a lack of available data. The assessments
were conducted by different researchers, which may
introduce variability in the measured variables of
the tests. We attempted to minimize this effect by
providing adequate training to the assessors and strictly
adhering to international guidelines for the step tests
administration. Finally, only survivors of the disease
were evaluated, so the feasibility of the tests in the intra-
hospital environment still needs to be investigated.

Conclusion

We conclude that both the 6MST and MIST are
feasible and safe tests and can be used for assessing
exercise capacity in a home environment in individuals
after hospitalization for COVID-19. Poor performance
in these tests was associated with the length of hospital
stay and the use of mechanical ventilation.

Fisioter Mov. 2024;37:€37112 7



Authors’ contributions

The authors would like to thank Empresa Brasileira
de Servicos Hospitalares (Ebserh) for the funding
(01/2020), as well as the University Hospital of Juiz de
Fora, Yuri Augusto de Sousa Miranda, Rafaella Polato,
and Alice Carvalho Gomes.

References

1. Han Q, Zheng B, Daines L, Sheikh A. Long-term sequelae
of COVID-19: a systematic review and meta-analysis of one-
year follow-up studies on post-COVID symptoms. Pathogens.
2022;11(2):269. DOI

2. Hekmatikar AHA, Ferreira Jr JB, Shahrbanian S, Suzuki K.
Functional and psychological changes after exercise training
in post-COVID-19 patients discharged from the hospital: a
PRISMA-compliant systematic review. Int J Environ Res Public
Health. 2022;19(4):2290. DOI

3. Hasan LK, Deadwiler B, Haratian A, Bolia IK, Weber AE,
Petrigliano FA. Effects of COVID-19 on the musculoskeletal
system: clinician’s guide. orthopedic research and reviews.
2021;13:141-50. DOI

4. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey
D, et al. An official European Respiratory Society/American
Thoracic Society technical standard: field walking tests in
chronic respiratory disease. Eur Respir J. 2014;44(6):1428-46.
DOI

5. Cortés-Telles A, Lépez-Romero S, Figueroa-Hurtado E, Pou-
Aguilar YN, Wong AW, Milne KM, et al. Pulmonary function
and functional capacity in COVID-19 survivors with persistent
dyspnoea. Respir Physiol Neurobiol. 2021;288:103644. DOI

6. Andrade CHS, Camargo AA, Castro BP, Malaguti C, Dal
Corso S. Comparison of cardiopulmonary responses during
2 incremental step tests in subjects with COPD. Respir Care.
2012;57(11):1920-6. DOI

7. José A, Holland AE, Selman JPR, Camargo CO, Fonseca DS,
Athanazio RA, et al. Home-based pulmonary rehabilitation in
people with bronchiectasis: a randomized controlled trial. ERJ
Open Res. 2021;7(2):00021-2021. DOI

Carvalho LB etal.

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

8. Rammaert B, Leroy S, Cavestri B, Wallaert B, Grosbois JM.
Home-based pulmonary rehabilitation in idiopathic pulmonary
fibrosis. Rev Mal Respir. 2011;28(7):e52-7. DOI

9. Jaakkola JJK, Aalto SAM, Hernberg S, Kithamaki SP, Jaakkola
MS. Regular exercise improves asthma control in adults: A
randomized controlled trial. Sci Rep. 2019;9(1):12088. DOI

10. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche
PC, Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol.
2008;61(4):344-9. DOI

11. Kuswardhani RAT, Henrina J, Pranata R, Lim MA, Lawrensia
S, Suastika K. Charlson comorbidity index and a composite of
poor outcomes in COVID-19 patients: A systematic review and
meta-analysis. Diabetes Metab Syndr. 2020;14(6):2103-9. DOI

12. Stanojevic S, Kaminsky DA, Miller MR, Thompson B,
Aliverti A, Barjaktarevic |, et al. ERS/ATS technical standard on
interpretive strategies for routine lung function tests. Eur Respir
J.2022;60(1):2101499. DOI

13. Pereira CAC, Barreto SP, Simdes JG, Pereira FWL, Gerstler
JG, Nakatani J. Valores de referéncia para espirometria em
uma amostra da populacdo brasileira adulta. J Pneumol. 1992;
18(1):10-22.

14. Arcuri JF, Borghi-Silva A, Labadessa IG, Sentanin AC, Candolo
C, Di Lorenzo VAP. Validity and reliability of the 6-minute step test
in healthy individuals. Clin J Sport Med. 2016;26(1):69-75. DOI

15. Dal Corso S, Camargo AA, Izbicki M, Malaguti C, Nery LE.
A symptom-limited incremental step test determines maximum
physiological responses in chronic obstructive pulmonary
disease patients. Respir Med. 2013;107(12):1993-9. DOI

16. Amaral DP, José A, Correia NS, Furlanetto KC, Dal Corso S.
Normative values and prediction equations for the modified
incremental step test in healthy adults aged 18-83 years.
Physiotherapy. 2024;122:40-6. DOI

17. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel
R, Fleg J, et al. Exercise standards for testing and training: a
statement for health care professionals from the American
Heart Association. Circulation. 2001;104(14):1694-740. DOI

Fisioter Mov. 2024;37:e37112 8


https://doi.org/10.1016/j.rmr.2011.06.006
https://doi.org/10.1038/s41598-019-48484-8
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.dsx.2020.10.022
https://doi.org/10.1183/13993003.01499-2021
https://doi.org/10.1097/jsm.0000000000000190
https://doi.org/10.1016/j.rmed.2013.06.013
https://doi.org/10.1016/j.physio.2023.08.004
https://doi.org/10.1161/hc3901.095960
https://doi.org/10.3390/pathogens11020269
https://doi.org/10.3390/ijerph19042290
https://doi.org/10.2147/orr.s321884
https://doi.org/10.1183/09031936.00150314
https://doi.org/10.1016/j.resp.2021.103644
https://doi.org/10.4187/respcare.01742
https://doi.org/10.1183/23120541.00021-2021

18. Borg GA. Psychophysical bases of perceived exertion. Med
Sci Sports Exerc. 1982;14(5):377-81. Full text link

19. Hadeli KO, Siegel EM, Sherrill DL, Beck KC, Enright PL.
Predictors of oxygen desaturation during submaximal exercise
in 8,000 patients. Chest. 2001;120(1):88-92. DOI

20.Jenkins S, Ce&ins N. Six-minute walk test: observed adverse
events and oxygen desaturation in a large cohort of patients
with chronic lung disease. Intern Med J. 2011;41(5):416-22.
DOI

21.Prasannan N, Heightman M, Hillman T, Wall E, Bell R, Kessler
A etal. Impaired exercise capacity in post-COVID-19 syndrome:
the role of VWF-ADAMTS13 axis. Blood Adv. 2022;6(13):4041-
8. DO

22. José A, Dal Corso S. Step tests are safe for assessing
functional capacity in patients hospitalized with acute lung
diseases. J Cardiopulm Rehabil Prev. 2016;36(1):56-61. DOI

23. Reid MB, Li YP. Tumor necrosis factor-a and muscle wasting:
a cellular perspective. Respir Res. 2001;2(5):269-72. DOI

24. Otis JS, Niccoli S, Hawdon N, Sarvas JL, Frye MA, Chicco AJ,
et al. Pro-inflammatory mediation of myoblast proliferation.
PLoS One. 2014;9(3):e92363. DOI

25. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder

C, Stevens JS, et al. Post-acute COVID-19 syndrome. Nat Med.
2021;27(4):601-15. DOI

Carvalho LB et al.

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

26. Wall BT, Dirks ML, Snijders T, Senden JMG, Dolmans J, van
Loon LJC. Substantial skeletal muscle loss occurs during only
5 days of disuse. Acta Physiol (Oxf). 2014;210(3):600-11. DOI

27. Romer LM, Haverkamp HC, Lovering AT, Pegelow DF,
Dempsey JA. Effect of exercise-induced arterial hypoxemia
on quadriceps muscle fatigue in healthy humans. Am J Physiol
Regul Integr Comp Physiol. 2006;290(2):R365-75. DOI

28. Peroy-Badal R, Sevillano-Castafio A, Torres-Castro R, Garcia-
Ferndndez P, Maté-Mufioz JL, Dumitrana C, et al. Comparison
of different field tests to assess the physical capacity of post-
COVID-19 patients. Pulmonology. 2024,30(1):17-23. DOI

29. Bui KL, Nyberg A, Maltais F, Saey D. Functional tests in
chronic obstructive pulmonary disease, part 2: measurement
properties. Ann Am Thorac Soc. 2017;14(5):785-94. DOI

30.Kalin A, Javid B, Knight M, Inada-Kim M, Greenhalgh T. Direct
and indirect evidence of efficacy and safety of rapid exercise
tests for exertional desaturation in COVID-19: a rapid systematic
review. Syst Rev. 2021;10(1):77. DOI

31. Fuglebjerg NJU, Jensen TO, Hoyer N, Ryrsg CK, Lindegaard B,
Harboe ZB. Silent hypoxia in patients with SARS CoV-2 infection
before hospital discharge. Int J Infect Dis. 2020;99:100-1. DOI

32. Vitacca M, Paneroni M, Brunetti G, Carlucci A, Balbi B,
Spanevello A, et al. Characteristics of COVID-19 pneumonia
survivors with resting normoxemia and exercise-induced
desaturation. Respir Care. 2021;66(11):1657-64. DOI

Fisioter Mov. 2024;37:€37112 9


https://doi.org/10.1111/apha.12190
https://doi.org/10.1152/ajpregu.00332.2005
https://doi.org/10.1016/j.pulmoe.2022.07.011
https://doi.org/10.1513/annalsats.201609-734as
https://doi.org/10.1186/s13643-021-01620-w

https://doi.org/10.1016/j.ijid.2020.07.014
https://doi.org/10.4187/respcare.09029
https://journals.lww.com/acsm-msse/abstract/1982/05000/psychophysical_bases_of_perceived_exertion.12.aspx
https://doi.org/10.1378/chest.120.1.88
https://doi.org/10.1111/j.1445-5994.2010.02169.x
https://doi.org/10.1182/bloodadvances.2021006944
https://doi.org/10.1097/hcr.0000000000000149
https://doi.org/10.1186/rr67
https://doi.org/10.1371/journal.pone.0092363
https://doi.org/10.1038/s41591-021-01283-z

	Introduction
	Methods
	Participants
	Outcomes and procedures
	Feasibility and safety assessment
	Data analysis

	Results 
	Discussion
	Conclusion
	References

