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Abstract

The COVID-19 pandemic has posed significant challenges to healthcare systems, with physiotherapy playing a crucial role in the
management of post-infection patients. This descriptive study investigated the Six-Minute Walk Test (6MWT) as an assessment tool to
monitor physiological and functional changes in post-COVID patients. Conducted at the Outpatient Clinic of Physiotherapy in Cardiology
and Pulmonology at Universidade S3ao Francisco, Braganca Paulista/SP, the study included 18 individuals referred for pulmonary
rehabilitation, with a median age of 47 years (+13.40), body mass of 74.50 kg (£20.48), and mean height of 1.65 m (£0.09). The median
distance covered in the 6MWT was 481 meters (¥106.20), corresponding to 78.9% of the predicted value according to the guidelines
of the American Thoracic Society and the European Respiratory Society, indicating reduced tolerance to submaximal aerobic exercise.
Statistically significant differences were observed between initial and final values of systolic blood pressure (p < 0.005), heart rate (p <
0.002), rate-pressure product (p < 0.001), and Borg’s Rating of Perceived Exertion scale, both respiratory (p < 0.006) and muscular (p <
0.007). However, no significant differences were found in oxygen saturation (p > 0.34) or diastolic blood pressure (p > 1.00). The results
suggest that cardiovascular and hemodynamic adjustments occurred physiologically, reinforcing the use of the 6MWT as a valuable
tool for assessing submaximal functional capacity and physiological responses to exercise. The 6MWT proved to be useful in evaluating
exercise tolerance in post-COVID individuals.
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INTRODUCTION

The COVID-19 pandemic, caused by the SAR-
S-CoV-2 virus, posed significant challenges to he-
althcare systems worldwide. In addition to efforts
to contain viral spread, ensuring appropriate tre-
atment for infected patients was essential. Physio-
therapy emerged as a crucial intervention in the
management of these patients, who developed
acute respiratory failure (ARF), playing a key role in
pulmonary and functional recovery, particularly in
those with severe respiratory symptoms/.

Most COVID-19 infections resolved naturally
without severe sequelae2. However, a subset of
patients who developed severe disease progres-
sed to a hyperinflammatory state, leading to severe
hypoxemia and reduced pulmonary compliance,
culminating in Acute Respiratory Distress Syndro-
me (ARDS)?*?. Following ARDS, a proportion of pa-
tients exhibited impaired functional capacity of the
respiratory muscles and generalized neuromuscu-
lar weakness*.

Thus, the functional rehabilitation of these indivi-
duals, through strategies to improve functional per-
formance—usually implemented by physiotherapy—
became not only essential but indispensable. Clinical
experience with rehabilitated COVID-19 patients
who were discharged demonstrated that timely res-
piratory and musculoskeletal rehabilitation was effec-
tive in improving prognosis, maximizing functional
preservation, and enhancing quality of life’.

MATERIALS AND METHODS

Study design: This was an observational and re-
trospective study, comprising a data collection pha-
se.

Participants: The sample was obtained through
the sequential inclusion of all eligible patients who
were treated at the research site during the esta-
blished data collection period, following approval
by the Institutional Research Ethics Committee.

Research setting: All assessments were conduc-
ted at the Outpatient Clinic of Physiotherapy in Car-
diology and Pulmonology, School of Physiotherapy,
Universidade S3o Francisco, in the city of Braganca
Paulista, located in the interior of the State of Sao
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Once the rehabilitation process begins, the need
arises for tests that provide objective quantifiable
parameters capable of demonstrating pathophysio-
logical changes, thereby allowing quantitative mo-
nitoring of patient progress. According to the Ame-
rican Thoracic Society (2002), the Six-Minute Walk
Test (6MWT) stands out as an excellent option, with
its strongest indication being the measurement of
therapeutic intervention responses in patients with
moderate-to-severe cardiac or pulmonary disease.
The 6MWT has also been used as a single measure
of patients’ functional status, as well as a predictor
of morbidity and mortality®.

The applicability of this test is particularly feasi-
ble in clinical settings, as it requires minimal equi-
pment, limited space, and low cost. Therefore, in
this study, the 6MWT was employed as a tool to
collect quantitative data and to evaluate measured
variables in individuals with post-COVID-19 se-
quelae. This study sought to address the following
question: Is the 6MWT safe and clinically useful for
assessing the functional capacity and physiological
responses of individuals with post-COVID-19 se-
quelae undergoing pulmonary rehabilitation?

Accordingly, the objective of this study was to
evaluate the applicability of the 6MWT in individu-
als with post-COVID-19 sequelae, comparing pre-
dicted values with those obtained, and analyzing
physiological and perceptual responses to exertion.

Paulo, Brazil. The study was approved by the Rese-
arch Ethics Committee (REC) of Universidade S3o
Francisco (CAEE: 53287021.60000.5514), in accor-
dance with the ethical and legal recommendations
set forth in Resolution 466/2012 of the Brazilian Na-
tional Health Council for research involving human
subjects.

Inclusion criteria: The sample consisted of indi-
viduals over 18 years of age, of both sexes, referred
by a physician for participation in pulmonary reha-
bilitation (PR), and presenting low risk for physical
training according to the criteria established by the
American Heart Association (Figure 1).
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CLASS A:

Men > 45 years and women > 55 years without symptoms or diagnosis of cardiovascular disease (CVD),
presenting with two or more major risk factors for CVD.

CLASS B:

teristics:

2. Exercise capacity < 6 METs.
3. Absence of heart failure symptoms.

Individuals with stable CVD and at low risk of complications during vigorous exercise. This classifi-
cation includes patients with CAD (myocardial infarction, stable angina, myocardial revascularization,
angioplasty), valvular heart disease, heart disease with LVEF < 30% without hypertrophic cardiomyopa-
thy or recent myocarditis, and congenital heart disease, who present at least one of the following charac-

1. New York Heart Association (NYHA) functional class I or II.

4. Absence of myocardial ischemia or angina at rest or during exercise testing at or below 6 METs.
5. Expected increase in systolic blood pressure during exercise.

6. Absence of sustained or non-sustained ventricular tachycardia at rest or during exercise.

7. Ability to self-monitor physical activity intensity through heart rate monitoring.

Source: adapted from FLETCHER, BALADY, AMSTERDAM, et al. 2011. Exercise Standards for Testing and Training: A Statement for
Healthcare Professionals from the American Heart Association. Circulation, vol. 104, p.1694-1740, 2011".

Figure 1 - American Heart Association criteria for a Cardiovascular Rehabilitation program in low-risk
patients. Universidade Sao Francisco, Braganca Paulista, 2024.

Exclusion criteria: Patients with musculoskele-
tal disorders, peripheral neuropathy, and/or Parkin-
son’s disease; moderate and high risk (Classes C
and D) for physical training, according to the crite-
ria of the American Heart Association®. Participants
who did not attend the evaluations, those who pre-
sented increased blood pressure levels, exertional
angina and/or any symptoms during the evaluation,
and those with incomplete data were also discon-
tinued from the study, as well as participants who
had to interrupt the test, even during its six-minute
execution.

Procedures: After agreeing to participate in the
study, sociodemographic and clinical data were
collected, as well as anthropometric data such as
body weight, height, and body mass index (BMI)?,
in addition to cardiac and pulmonary auscultation'®.
Participants were evaluated on a single occasion,
during which the following parameters were as-
sessed: heart rate (HR), oxygen saturation (SpO,),
Borg’s Rating of Perceived Exertion scale, systolic
blood pressure (SBP) and diastolic blood pressure

(DBP), rate-pressure product (RPP), predicted and
actual distance in the 6MWT.

Assessment instruments

Systemic blood pressure (BP) measurement: BP
values were obtained using a previously tested and
calibrated sphygmomanometer. Measurement was
performed in accordance with the recommenda-
tions of the Brazilian Guidelines on Arterial Hyper-
tension (2020)'". The values obtained supported
the classification of subjects according to the Bra-
zilian Society of Hypertension (2020): optimal BP
(SBP <120 and DBP <80 mmHg); normal (SBP <130
and DBP <85 mmHg); borderline (SBP 130-139
and DBP 85-89 mmHg); Stage 1 hypertension
(SBP 140-159 mmHg and DBP 90-99 mmHg);
Stage 2 hypertension (SBP 160-179 mmHg and
DBP 100-109 mmHg); Stage 3 hypertension (SBP
>180 mmHg and DBP >110 mmHg); isolated sys-
tolic hypertension (SBP >140 mmHg and DBP
<90 mmHg). BP was measured using a Premium®
sphygmomanometer and a Littmann® Classic Il ste-
thoscope.
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RPP assessment: The rate-pressure product
(RPP) is a measure used to evaluate cardiovascu-
lar demand during physical activities, particularly
in the context of submaximal exercise such as the
6MWT. RPP is calculated by multiplying HR by SBP,
reflecting cardiac workload, since the simultaneous
increase of these two parameters indicates greater
myocardial effort to deliver oxygen to the tissues.
This parameter is an important hemodynamic indi-
cator as it indirectly reflects cardiac work'2

Oxygenation assessment: Measured using pul-
se oximetry with a portable Oled Graph G-TECH®
pulse oximeter authorized by ANVISA. Reference
values of 95% to 98% were adopted.

Heart rate assessment: Measured as beats per
minute (bpm). Reference values for healthy adults
at rest range from 60 to 100 bpm. HR was measu-
red using a Polar® heart rate monitor.

Body mass and height measurement: Body
mass was obtained using a calibrated anthropo-
metric scale (Marte®) verified by INMETRO, with
a capacity of up to 150 kg. Patients were asked
to remove footwear during measurement. Height
was measured in the standing position using a sta-
diometer fixed to the scale platform and resting on
the head, with the patient standing upright, back
against the stadiometer, and gaze directed at the
horizon. Based on body mass and height, BMI was
calculated according to the World Health Organi-
zation (2000)° recommendations.

Exercise tolerance measurement: Participants
underwent the 6MWT to compare predicted dis-
tance with the distance achieved, as well as to veri-
fy and document cardiovascular responses to phy-
sical exertion through RPP, and to assess dyspnea
levels during the test. The 6MWT is considered the
most representative test of activities of daily living
compared with other walking tests. The test was
conducted according to the guidelines of the Ame-

RESULTS

rican Thoracic Society and European Respiratory
Society®. Participants were instructed to walk as far
as possible for six minutes in a flat, straight, indoor
corridor 30 m in length. Two traffic cones marked
the turning points, and the corridor was marked
every 3 meters. Standardized instructions and ver-
bal encouragement were provided at each minute.
Distances covered in the 6MWT were recorded
in meters, as well as the percentage of predicted
values™. Predicted distance for each participant
was calculated prior to the test using the formulas:
Women = (7.57 x height in cm) - (5.02 x age in
years) - (1.76 x weight in kg) - 309, Men = (2.11
x height in cm) - (2.29 x weight in kg) - (5.78 x
age in years) + 667 as described by Enright & Sher-
rill (1998)'. At the beginning and end of the test,
subjective perception of respiratory exertion and
lower limb fatigue were assessed using the adapted
Borg scale'.

Data collection: Data collection was carried out
by one of the researchers at the research site.

Data analysis: Statistical analyses were perfor-
med using SPSS software, version 27 (IBM Statis-
tics). The Shapiro-Wilk test was applied to assess
data normality. Descriptive statistics were used to
characterize the sample, and the non-parametric
Wilcoxon test was applied for comparisons betwe-
en time points regarding the studied variables. Di-
fferences were considered significant at p < 0.05.

Ethical considerations: In compliance with ethi-
cal standards for research involving human sub-
jects (Resolution 466/2012 of the Brazilian Natio-
nal Health Council), this study was submitted to
and approved by the Research Ethics Committee
(REC) of Universidade Sao Francisco [Opinion no.
5.952.479] (CAEE: 53287021.6.0000.5514). Vo-
lunteers were included in the study only after pro-
viding informed consent by signing the Free and
Informed Consent Form (FICF).

The anthropometric characterization of the final sample is presented in the table 1 below:

Table 1 - Anthropometric characterization of the sample (n = 18), Braganca Paulista, Universidade Sao
Francisco, 2024.

Median Standard Deviation
Age (years) 47 13.40
Body mass (kg) 74.50 20.48
Height (m) 1.65 0.09
BMI (kg/m?) 27.52 6.13

Legend: kg: kilograms; m: meters; BMI: body mass index; kg/m?* body weight in kilograms divided by squared height.
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The study sample consisted of 23 individuals; howe- two were excluded for not presenting a referral letter
ver, three were excluded due to non-attendance, and for pulmonary rehabilitation (Figure 2).

Eligible
(N = 23)

Not included
Did not attend
(N=3)

Allocated
(N =20)
Excluded
Did not meet
inclusion criteria(2)
Analyzed
(N=18)

Figure 2 - Study Flowchart.

As shown in Table 2, regarding the predicted and Borg’s Rating of Perceived Exertion scale after
and achieved distance in the 6MWT, a significant the test.
difference was observed between initial and final No significant differences were observed betwe-
values. Significant differences were also identified en initial and final values for oxygen saturation and
between initial and final values for SBP, HR, RPP, DBP.

Table 2 - Distribution and comparison of variables assessed in the 6MWT (n = 18). Braganca Paulista,
Universidade S3o Francisco, 2024.

p-value
Predicted distance (m) Achieved distance (m)
608,98 481 <0.001*
SpO, inicial (%) SpO, final (%)
97 95 0.34
SBP initial (mmHg) SBP final (mmHg)
120 130 0.005*
SBP initial (mmHg) SBP final (mmHg)
80 80 1
HR initial (bpm) HR final (bpm)
86 95 0,002*
HR initial (bpm) HR final (bpm)
Borg perceived exertion — respiration (initial) Borg perceived exertion — respiration (final)
2 4 0.006*
Borg perceived exertion — lower limbs (initial) Borg perceived exertion — lower limbs (final)
0 2 0.007*

Legend: SpO:: oxygen saturation; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; RPP: rate-pressure product; LL: lower limbs.
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DISCUSSION

The present study aimed to evaluate and com-
pare the predicted and achieved distances in the
6MWT, as well as to analyze initial and final test
values for SpO,, SBP, DBP, HR, RPP, and Borg’s
Rating of Perceived Exertion (respiratory and mus-
cular) in post-COVID-19 patients referred for pul-
monary rehabilitation.

The 6MWT provides quantitative data on sub-
maximal exercise tolerance and allows compari-
son with predicted values'. The median distance
covered by the participants was 481 meters, indi-
cating a possible reduction in exercise tolerance,
corresponding to approximately 78.9% of the pre-
dicted value according to the literature'. Thus, it
can be observed that following COVID-19-related
dysfunction, there is a reduction in tolerance to
physical exertion, as evidenced at the time of as-
sessment. In the study conducted by Mantha et al.
(2020)'¢, the authors demonstrated the usefulness
of the 6MWT in the initial diagnosis of COVID-19,
enabling early discrimination between mild and se-
vere cases. Similarly, in a cross-sectional study in-
volving 34 post-COVID-19 patients and 33 healthy
individuals, assessed one month after a non-severe
infection using the six-minute step test (6MST), the
6MWT, and pulmonary function tests, the authors
found that, regarding 6MWT performance, the dis-
tance covered by the post-COVID-19 group (423
t 7 m) was 94 m shorter than that of the healthy
group'®. Although the present study did not include
a healthy control group for comparison, its findings
are consistent with those of Omar et al. (2023)"7, as
the participants presented distances 21.10% below
predicted values.

With respect to HR behavior, a physiological
response was observed when comparing initial and
final 6GMWT values (p < 0.002). Similar responses
were also observed for SBP (p < 0.005), RPP (p
< 0.001), and Borg’s perceived exertion for both
respiration (p < 0.006) and lower limbs (p < 0.007).
These findings indicate that participants, when sub-
jected to the 6MWT, exhibited physiological ad-
justments resulting from exposure to submaximal
aerobic effort. The study by Alonso et al. (2002)'®
reported that exposure of healthy patients to ae-
robic exercise is a direct predictor of increased
HR, reinforcing the results of the present study, in
which such physiological adjustments occurred in
response to exertion, even in individuals with se-
quelae from SARS-CoV-2 infection.

The results of this study regarding BP, HR, and

Mundo Saiide. 2025,49:e17442025

RPP demonstrated that cardiovascular and hemody-
namic adjustments occurred physiologically, which
are essential to ensure adequate tissue perfusion
and maintain BP within acceptable limits in respon-
se to exercise intensity. These adjustments involve
sensory receptor input and efferent responses that
modulate HR, venous return, and redistribution of
blood flow to working muscles, generating a series
of physiological responses arising from autonomic
and hemodynamic adaptations that influence the
cardiovascular system'2°, Furthermore, it should
be emphasized that the increase in RPP provides an
indirect estimate of cardiac workload and myocar-
dial oxygen consumption??, reflecting once again
the expected adjustment to exertion, even when
submaximal. Fletcher et al. (2001)” noted that RPP
is an important tool for assessing cardiovascular
responses to exercise, since the combination of HR
and SBP reflects the total hemodynamic load on
the heart. Stewart et al. (2016)?? also highlighted
that RPP is an effective parameter for identifying
patients with heart failure, as elevated RPP values
are associated with increased cardiovascular mor-
bidity and mortality. In addition, RPP has been used
in studies assessing functional recovery in postope-
rative patients and in the rehabilitation of respira-
tory diseases such as chronic obstructive pulmo-
nary disease (COPD) and in post-COVID patients.
Regarding subjective perception of effort, assessed
using Borg’s Rating of Perceived Exertion scale, an
increase was observed in response to exertion, de-
monstrating that exercise produced dyspnea and
muscular fatigue in the lower limbs. Data from a
meta-analysis conducted by Pouliopoulou et al.
(2023)?%, which synthesized 14 studies, showed
that dyspnea was assessed in eight of them, highli-
ghting the importance of this variable as a key para-
meter of analysis in this population, as was carried
out in the present investigation. This variable was
also similarly emphasized in the classic study publi-
shed by Enright et al. (1998)'*. The adapted Borg
scale (0-10 version) used in this study is an effec-
tive and widely employed tool to assess exercise
intensity, particularly in clinical and rehabilitation
settings, due to its simplicity, versatility, and low
cost, making it an excellent option to monitor wor-
kload in patients with different health conditions,
such as chronic respiratory diseases. Despite its
limitations, including subjectivity and the possibi-
lity of psychological influences, the scale remains
a valuable method to tailor exercise programs and
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ensure patient safety and comfort'.

In the studied sample, no differences were ob-
served between initial and final values of oxygen
saturation and DBP. In the study by Mazza et al.
(2020)?%, involving a sample of 402 subjects with
post-COVID-19 psychiatric symptoms, the authors
found oxygen saturation values within reference
ranges, consistent with the findings of the present
investigation, although the populations presented
distinct dysfunctions. It is also noteworthy that,
even during the 6MWT, oxygen saturation beha-
vior reflected the continuous delivery of oxygen
to active tissues, demonstrating the adequacy
between exertion and oxygen consumption?'. Si-
milarly, DBP behavior in response to submaximal
exertion is known to physiologically decrease or
remain unchanged, and its increase may indicate
diastolic impairment, which can reduce myocardial
oxygen supply®. In the present study, no signifi-
cant differences were observed between initial and

CONCLUSION

In conclusion, the 6MWT results indicate that
the dysfunction present in the studied population
negatively impacted performance, as the distance
covered was below predicted values. Neverthe-
less, SpO, and DBP did not show significant va-
riation between the initial and final test moments,
suggesting that, despite residual dysfunction, the
cardiovascular system was able to adjust adequate-
ly, maintaining effective ventricular relaxation. On
the other hand, the changes observed in SBP, HR,

CRediT author statement

final DBP values, which may have contributed to
the stability of SpO.. In line with these results, Zile
et al. (2022)% also reported no significant changes
in DBP among individuals affected by COVID-19.
The literature indicates that survivors of COVID-19
pneumonia may present persistent multisystem in-
volvement (lungs, pulmonary vessels, heart, mus-
cles, red blood cells), which can negatively impact
exercise capacity?®. In this context, it is necessary
to employ a tool capable of measuring variables
related to exercise tolerance and monitoring treat-
ment progression, which may also serve as a the-
rapeutic discharge criterion?®, as is the case with
evaluation through the 6MWT.

Although the results of the present study are re-
levant, some limitations must be acknowledged, in-
cluding the small sample size and the absence of a
healthy control group. Additionally, it was not possi-
ble to conduct follow-up assessments after a poten-
tial intervention through pulmonary rehabilitation.

RPP, and Borg’s Rating of Perceived Exertion de-
monstrate that the body responded physiologically
to submaximal exertion, promoting the necessary
adjustments in cardiovascular and hemodynamic
parameters.

These findings suggest that, despite performan-
ce limitations, cardiovascular function was able to
adapt during submaximal testing, underscoring the
importance of monitoring physiological parameters
during the 6MWT in this population.
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