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ABSTRACT
Introduction: Studies on lung capacity and functionality in people recovering 
from COVID-19 often focus on hospitalized patients and/or those who underwent 
mechanical ventilation, while research on mild cases of the disease is less common. 
Objective: To evaluate the relationship between functional capacity and reduced 
lung function in adults with long COVID. Methods: This was a cross-sectional 
study. The dependent variables were peripheral muscle strength, balance, functional 
mobility, exertional dyspnea, and reduced lung function as the exposure variable. 
The relationship between peripheral muscle strength, balance, and the independent 
variable was assessed. Poisson regression models with robust variance adjustment were 
used to calculate the crude and adjusted prevalence ratios (PR) with 95% confidence 
intervals (95% CI) and p-values. To analyze the association between functional 
mobility, exertional dyspnea, and the independent variable, linear regression was 
applied, both crude and adjusted, to calculate the β coefficient with corresponding 
95% CIs and p-values. A significance level of 5% was adopted for two-tailed tests. 
Results: Individuals with reduced lung function were 2.69 times more likely (95% 
CI: 1.45-4.97) to have reduced peripheral muscle strength and 2.85 times more 
likely (95% CI: 1.29-6.30) to have reduced balance. Functional mobility decreased 
by an average of -2.85 points (95% CI: -4.66 to -1.04), while exertional dyspnea 
increased by 1.46 points (95% CI: 0.68-2.24) in people with reduced lung function. 
Conclusion: Individuals with mild acute infection and no pre-existing comorbidities 
experienced reduced lung function associated with decreased functional capacity.
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INTRODUCTION
Infection with SARS-CoV-2 has presented a significant chal-

lenge to global public health, affecting individuals both in the 
acute phase of the infection and in the post-infection1. Long 
COVID is defined by the persistence of symptoms for at least 
three months, with symptoms lasting at least two months that 
cannot be explained by an alternative diagnosis2,3. Among non-
hospitalized individuals, the prevalence of long COVID can reach 
up to 34.0%4.

The respiratory system is particularly vulnerable to the detri-
mental effects of COVID-195. Inflammatory responses triggered 
by the virus can result in symptoms such as a dry cough, de-
creased oxygen levels, and dyspnea5. These changes can lead to 
impairments in lung and muscle function and might result in re-
duced tolerance for physical activity, consequently reducing func-
tional capacity6.

Persistent respiratory symptoms and impaired pulmonary 
function have been increasingly recognized as sequelae of 
COVID-197. A study with a median follow-up period of 75 days 
after diagnosis showed that pulmonary function impairment was 
significantly associated with worsening dyspnea, assessed through 
the modified Medical Research Council Dyspnea Scale (mMRC), 
and the score obtained in the ‘functional capacity’ domain of the 
Medical Outcomes Study 36-Item Short-Form Health Survey (SF-
36) 45 days after hospital discharge8.

However, most studies on lung function and functional capac-
ity in COVID-19 survivors typically focus on patients who were 
hospitalized and/or received mechanical ventilation, and studies 
involving mild cases of the disease are scanty9.

Therefore, this study aimed to assess the relationship between 
functional capacity and reduced lung function in adults experi-
encing long COVID symptoms.

METHODS
Data were analyzed from the Sulcovid-19 study, a longitudinal 

study that monitors the health of individuals infected with SARS-
CoV-2 in the city of Rio Grande, in the state of Rio Grande do 
Sul, Brazil. Participants were required to be ≥18 years old, have 
received a COVID-19 diagnosis through RT-PCR testing between 
December 2020 and March 2021, have experienced COVID-19 
symptoms during the acute phase, and have received medical care 
in Rio Grande. The study protocol was approved by the Health 
Research Ethics Committee (CEPAS) of the Federal University of 
Rio Grande (FURG) (CAAE: 39081120.0.0000.5324).

To identify adults who had been infected with SARS-CoV-2, we 
contacted the Epidemiological Health Surveillance department of 
the city of Rio Grande. Subsequently, a list consisting of 4,014 in-
dividuals who had tested positive for SARS-CoV-2 through RT-
PCR, along with their corresponding information, such as name, 

address, telephone number, and presence of symptoms, was com-
piled. Subsequently, inclusion and exclusion criteria were applied, 
resulting in 3,822 individuals considered eligible for the study 
(Figure 1).

Data collection was conducted through telephone interviews 
carried out by trained interviewers who underwent a selection 
process and received training for questionnaire administration. 
When necessary, home visits were offered as an alternative for in-
person data collection. Further information about the study de-
sign and recruitment process can be found elsewhere10.

Overall, 348 individuals aged between 18 and 59 were deemed 
eligible to participate: they had no pre-existing comorbidities, 
were non-smokers, and presented at least one persistent respirato-
ry symptom such as fatigue, cough, or shortness of breath. Those 
with cognitive impairment, difficulties, or functional limitations 
that would hinder the evaluation process, as well as individuals 
diagnosed with diabetes mellitus, hypertension, asthma, chronic 
obstructive pulmonary disease, heart disease, active smokers, 
obesity, and pregnant women, were excluded.

All eligible participants for functional capacity and pulmonary 
function assessment were contacted by telephone at least three 
times to provide information about the study and schedule the 
evaluation sessions. A trained professional conducted the appoint-
ments and evaluations, which took place at the participants’ homes.

Figure 1: Recruitment and exclusion process of individuals infected 
with SARS-CoV-2. Sulcovid-19 Survey.

*Excluded due to lack of information, such as address and telephone. 
**Individuals who did not respond to the three telephone contacts and 
who were not found at home during home visits were considered losses. 
Individuals whose addresses could not be found were also considered lost. 
***Individuals’ refusals included, among others, a lack of time and interest in 
talking about their infection.
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Functional capacity was defined as participants’ balance, 
strength, and perceived effort. We used four tests to assess func-
tional capacity, as follows: Timed Up and Go (TUG - balance), 
handgrip strength, Berg Balance Scale (BBS) (functional balance 
in task performance), and the Modified Borg Scale (assessment of 
perceived effort and dyspnea).

To perform the TUG test, the participant was instructed to sit 
in a chair with lateral arm support. Subsequently, the evaluator 
asked the participant to stand up without leaning on the sides 
of the chair, walk three meters, turn 180º, return to the starting 
point, and sit down again. Normal values were in accordance 
with11: less than 10 seconds for completely free and independent 
individuals; 10-19 seconds for independent individuals with rea-
sonable balance; and 20-29 seconds for subjects with significant 
difficulties in performing daily tasks. For analysis purposes, the 
results of this test were dichotomized into “normal balance” and 
“reduced balance”.

Handgrip strength was assessed using a dynamometer (Saehan 
dynamometer). Participants were seated with their arms positioned 
parallel to the trunk, shoulder in a neutral position, and elbow 
flexed at 90°. Additionally, the wrist was maintained in hyperex-
tension of up to 30° and ulnar deviation of up to 15°. Three mea-
surements were taken for both hands, with a minimum 30-second 
interval between each. The tests alternated between the dominant 
and non-dominant sides to minimize the impact of muscle fatigue. 
The highest value obtained for each hand was subjected to data 
analysis12. For analysis purposes, the results were categorized into 
reduced and non-reduced peripheral muscle strength12.

The Berg Scale consists of 14 common items from daily life, with 
a maximum score of 56 points to be achieved, and each item has 
an ordinal scale comprising 5 options ranging from 0 to 4 points 
based on the level of difficulty. The overall score can range from 
0 (severely impaired balance) to 56 (excellent balance); a score 
lower than 45 points was predictive of recurrent falls13. We chose 
to present this outcome in the form of mean and standard devia-
tion, as it is a discrete numerical variable, with higher values rep-
resenting better conditions of functional balance13,14.

Modified Borg Scale allows the measurement of exercise in-
tensity, providing an individualized assessment of dyspnea, fa-
tigue, or pain during exercise15. Numeric values were used in 
accordance with16, where 0 represents an absence of fatigue/
dyspnea sensation; 0.5 very, very slight; 1 very slight; 2 slight; 
3 moderate; 4 somewhat intense; 5 intense; 6 and 7 very intense; 
8 and 9 very, very intense, and 10 maximum. Self-reported sen-
sations of fatigue and dyspnea were collected using a printed 
visual scale at the beginning of the tests and after their comple-
tion. At the initial moment of the tests, the individual was asked 
to report their sensation of dyspnea using the printed Modified 
Borg Scale. Following this, pulmonary function testing, periph-
eral muscle strength testing, balance testing, and functional 

mobility assessments were conducted. Finally, the individual 
was asked to report their sensation of dyspnea after the tests us-
ing this printed material. Dyspnea on exertion is a numerical 
scale, and we chose to present the results as mean and standard 
deviation. However, this outcome was constructed considering 
the difference between the score before and after exertion17.

Pulmonary function was assessed through spirometry using a 
portable spirometer from the Minispir brand. The Minispir por-
table spirometer is a compact and easy-to-use device designed to 
measure respiratory functions, such as forced vital capacity (FVC), 
forced expiratory volume in the first second (FEV1), and other 
important pulmonary parameters. It is ideal for monitoring in 
clinical settings or for home use, allowing healthcare profession-
als to perform quick and accurate spirometry tests. Participants 
were seated upright without back support and wore a nose clip. 
Subsequently, the participant was instructed to breathe calmly, 
completely inhaling to reach full lung capacity, followed by an ex-
plosive and steady exhalation. This maneuver was repeated three 
times, and the highest recorded value was selected, according to 
recommendations from the literature18. The results obtained were 
initially categorized as (0) normal, (1) obstructive, and (2) restric-
tive18. For analysis purposes, we dichotomized this variable into 
reduced pulmonary function (No/Yes). Therefore, those individu-
als with obstruction and/or restriction were considered to have 
reduced lung function, regardless of the degree of impairment.

The control variables used were: sex (female; male), age group 
(tertile), skin color (white; black/brown), marital status (with and 
without a partner), education (no education/ 1st grade or elemen-
tary school; 2nd grade or high school; 3rd grade or higher edu-
cation) and monthly income (no income; less than R$500.00  to 
R$1.000.00; between 1.001.00 to R$2.000.00; between 2.001.00 
to R$4.000.00; more than R$4.001.00).

Data were analyzed using the Stata 16.1 statistical package. 
Univariate analysis was performed to describe the sample, using 
absolute and relative frequency for each variable of interest. To ex-
amine the relationship between exposure and outcome variables, a 
Poisson regression model with robust adjustment for variance was 
used. Crude and adjusted prevalence ratios (PR) were calculated, 
along with their corresponding 95% confidence intervals (95% 
CI) and p-values. For assessing the association between outcome 
and functional capacity, as well as dyspnea on exertion, crude and 
adjusted linear regression models were used. The β coefficients, 
along with their respective 95% confidence intervals (95%CI) and 
p-values, were calculated. The significance level was set at 5% for 
two-tailed tests.

RESULTS
Overall, 348 individuals were eligible, and 166 were interviewed, 

resulting in a response rate of 47.7%. Most of the participants were 
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women (65.7%), white (77.0%), lived with a partner (72.1%), and 
had completed high school (83.5%). The mean age was 41.1±8.7, 
ranging from 18 to 59 years (Table 1). Among the participants as-
sessed, 0.99% (95% CI: 0.68% – 1.43%) were underweight, while 
25.73% (95% CI: 24.16% – 27.38%) had a normal weight. The 
overweight category was observed in 40.35% (95% CI: 38.55% 
– 42.17%) of the participants, and 32.93% (95% CI: 31.23% – 
34.69%) were classified as obese. Regarding physical activity, 
73.04% of individuals did not engage in physical activity (95% CI: 
71.39% – 74.62%), while 26.96% do (95% CI: 25.38% – 28.61%). 
When analyzing physical activity in categorized terms, consider-
ing a minimum of 150 minutes per week, 84.01% of participants 
are inactive (95% CI: 82.63% – 85.29%), and 15.99% are active 
(95% CI: 14.71% – 17.37%).

In the group of participants assessed, 89.21% (95% CI: 87.91% – 
90.39%) reported being reinfected with COVID-19, while 9.94% (95% 
CI: 8.89% – 11.10%) stated they were not reinfected. Additionally, 
0.85% (95% CI: 0.57% – 1.26%) reported reinfection confirmed by 
testing. Regarding COVID-19 vaccination, 14.42% (95% CI: 13.19% 
– 15.76%) of participants reported having received no doses. In con-
trast, 35.51% (95% CI: 33.78% – 37.27%) indicated they had received 
both doses, while 50.07% (95% CI: 48.24% – 51.89%) reported hav-
ing received only one dose.

Table 2 shows the prevalence of residual respiratory symptoms 
and functional capacity outcomes. Briefly, 82.4% reported fatigue, 
and 28.6% pain/discomfort in breathing. Abnormal spiromet-
ric pattern was observed in 19.9% of the participants, reduced 

peripheral muscle strength in 27.9%, and reduced balance in 
17.5% (Table 2).

Participants with reduced pulmonary function were more 
likely to have reduced peripheral muscle strength (PR 2.69, 95% 
CI: 1.45; 4.97) and reduced balance (PR 2.85, 95% CI: 1.29–6.30). 
Also, functional mobility decreased (β -2.85; 95% CI -4.66; -1.04), 
and dyspnea on exertion increased (β 1.46, 95% CI 0.68; 2.24) 
(Table 3).

DISCUSSION
Fatigue was highly reported by participants with reduced lung 

function, as expected. We found that experiencing reduced lung 
function due to COVID-19 infection was associated with reduced 
muscle strength, balance, and functional mobility. Additionally, dys-
pnea was positively associated with reduced pulmonary function.

We revealed that even after six months of infection, 19.9% of 
individuals with mild infection and long COVID had reduced 
pulmonary function. A meta-analysis involving 380 individuals 
after SARS-CoV-2 infection found that 15.0% of participants as-
sessed exhibited a restrictive pattern of pulmonary function, and 

Table 1: Characteristics of the sample with long COVID residents 
of southern Brazil. 2021 (n=166)

Variable n %
Gender (n=166)

Male 57 34.3

Female 109 65.7

Age group (tertiles) (n=166)
1 tertile 18-36 years 60 36.1

2 tertile 37-41 years 52 31.3

3 tertile 42-59 years 54 32.5

Marital status (n=165)
With partner 119 72.1

Without partner 46 27.9

Skin color (n=165)
White 127 77.0

Black/brown 38 23.0

Education (n=164)
No study / 1st grade or elementary school 27 16.5

2nd grade or high school 70 42.7

3rd degree or higher education 67 40.8

Income (n=148)
No income 20 13.5

Less than BRL 500,00 to BRL 1,000.00 19 12.8

Between BRL 1,001.00 to BRL 2,000.00 45 30.4

Between BRL 2,001.00 and BRL 4,000.00 42 28.4

More than BRL 4,001.00 22 14.9

Table 2: Residual respiratory symptoms and functional capacity 
outcomes (n=166).

Variable n %
Shortness of breath (n=93)

No 55 59.1

Yes 38 40.9

Cough with phlegm (n=28)
No 16 57.1

Yes 12 42.9

Dry cough (n=99)
No 76 76.8

Yes 23 23.2

Pain/discomfort to breathe (n=77)
No 55 71.4

Yes 22 28.6

Fatigue/ Tiredness (n=159)
No 28 17.6

Yes 131 82.4

Abnormal spirometric pattern (n=166)
No 133 80.1

Yes 33 19.9

Reduced peripheral muscle strength (n=166)
No 119 72.1

Yes 46 27.9

Reduced balance (n=166)
No 137 82.5

Yes 29 17.5

Functional mobility Mean SD
53.2 4.2

Dyspnea on exertion Mean SD
Initial 1.5 2.0

End 3.2 2.8

SD= standard deviation

https://doi.org/10.7322/abcshs.2024168.2909


Soares Junior et al.� ABCS Health Sci. 2026;51:e026208

https://doi.org/10.7322/abcshs.2024168.2909 Page 5 of 7

7.0% exhibited an obstructive pattern19. SARS-CoV-2 infection 
promotes diffuse destruction of the alveolar epithelium, capillary 
damage/bleeding, hyaline membrane formation, fibrous prolifera-
tion of the alveolar septum, and lung consolidation, which might 
result in reduced pulmonary function20. Our results are relevant 
to raise awareness among healthcare professionals about the im-
portance of monitoring not only individuals hospitalized due to 
SARS-CoV-2 but also those who were not hospitalized and con-
tinue to experience residual symptoms of COVID-19, such as fa-
tigue, cough, and shortness of breath. These individuals must have 
their lung function assessed even after three months of infection, 
as these symptoms can lead to changes in pulmonary function21,22.

A study demonstrated that 6 months after intensive care unit 
discharge, grip strength values were significantly lower in the 
COVID-19 patients compared to healthy controls23. The vul-
nerability of skeletal muscle to the SARS-CoV-2 virus through 
the angiotensin-converting enzyme-2 (ACE-2) might explain 
strength reductions24. With the coronavirus active in the lungs, 
leukocytes infiltrate lung tissue, and cytokines (especially IL-6) 
are secreted by these leukocytes, disrupting metabolic homeo-
stasis and causing muscle loss24. This may result in reduced exer-
cise tolerance and increased susceptibility to fatigue, impairing 
the quality of life24.

A meta-analysis showed that individuals affected by COVID-19 
presented prevalence rates of 26.4% dizziness, which is related to 
the loss of balance25. SARS-CoV-2 affects the central nervous sys-
tem through the olfactory bulb, causing neuroinflammation that 
damages neurons, and since neurons rarely regenerate, results in 
long-lasting neuronal dysfunction26. Furthermore, the virus’s ac-
tion on the brain can trigger transient or long-term orthostatic 
intolerance syndrome, leading to balance impairments27.

The reduction in peripheral muscle strength is a common ef-
fect observed in restrictive respiratory diseases such as chronic 
obstructive pulmonary disease, resulting in a decreased state of 
health, reduced ability to perform daily activities, poorer quality 
of life, and a higher risk of mortality28,29. These findings can be 

extrapolated to individuals infected with SARS-CoV-2, given the 
similarity of symptoms between these respiratory diseases.

Reduced lung function affects functional capacity due to the re-
duction of physical activity and increases exertional dyspnea30. The 
chronic dyspnea experienced by individuals with long COVID may 
be a consequence of residual lung involvement31. Even asymptom-
atic COVID-19 patients can develop lung involvement that can re-
sult in fibrosis, leading to persistent dyspnea32. Additionally, these 
patients may have pulmonary scarring resulting from the acute 
phase of COVID-19, which can also explain the dyspnea33.

This study has limitations and strengths. It is necessary to men-
tion that the sample size restricts the generalization of the results, 
and it is also important to consider the possibility of reverse cau-
sality. We sought to minimize this possibility by applying exclu-
sion criteria. To the best of our knowledge, no studies have in-
vestigated that have investigated pulmonary function, peripheral 
muscle strength, exertional dyspnea, and functional mobility in 
adults with long COVID symptoms who were not hospitalized 
during the acute phase of the infection and had no previous co-
morbidities. It is important to highlight that we used instruments 
considered gold standards to collect the main outcomes.

Conclusion
Individuals with long COVID symptoms who had a mild acute 

infection with SARS-CoV-2 and no pre-existing comorbidities 
exhibited a reduction in peripheral muscle strength and bal-
ance. Furthermore, those with decreased lung function had an 
increased likelihood of experiencing reduced functional capac-
ity. These findings may inform public health policy and direct 
future research efforts to understand the long-term implications 
of this condition, emphasizing the importance of surveillance 
and follow-up for individuals infected with SARS-CoV-2, includ-
ing those who were not hospitalized. Additionally, our findings 
can contribute to the adaptation of specific treatments for long 
COVID and the effective management of healthcare services to 
meet the evolving demands associated with this condition.

Table 3: Adjusted analysis between pulmonary function and functional capacity in individuals with long COVID, residents of southern Brazil. 
2021 (n=166).

Crude Analysis Adjusted analysis*
Effect measure

(Prevalence Ratio)
95% CI p-value

Effect measure
(Prevalence Ratio)

CI95% p-value

Outcome: Reduced peripheral muscle strength PR=3.36 (1.88;6.00) <0.001 PR=2.69 (1.45;4.97) 0.002

Outcome: Reduced balance PR=3.27 (1.57;6.80) 0.001 PR=2.85 (1.29;6.30) 0.009
Effect measure

(beta coefficient)
Effect measure

(beta coefficient)

Outcome: Functional balance β=-2.64 (-4.20; -1.09) 0.001 β=-2.85 (-4.66; -1.04) 0.002

Outcome: Dyspnea on exertion β=1.37 (1.07-1.67) <0.001 β=1.46 (0.68;2.24) <0.001

PR: Prevalence Ratio; β = beta coefficient 
*Adjust for sex, age group, skin color, marital status, education, and income.

https://doi.org/10.7322/abcshs.2024168.2909


Soares Junior et al.� ABCS Health Sci. 2026;51:e026208

https://doi.org/10.7322/abcshs.2024168.2909 Page 6 of 7

REFERENCES

1.	 Wong AW, Shah AS, Johnston JC, Carlsten C, Ryerson CJ. Patient-
reported outcome measures after COVID-19: a prospective cohort 
study. Eur Respir J. 2020;56(5):2003276.
https://doi.org/10.1183/13993003.03276-2020

2.	 Lippi G, Sanchis-Gomar F, Henry BM. COVID-19 and its long-
term sequelae: what do we know in 2023? Pol Arch Intern Med. 
2023;133(4):16402.
https://doi.org/10.20452/pamw.16402

3.	 Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major 
findings, mechanisms and recommendations. Nat Rev Microbiol. 
2023;21(6):408.
https://doi.org/10.1038/s41579-023-00896-0

4.	 Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, 
Mukherjee B. Global Prevalence of Post COVID-19 Condition or 
Long COVID: A Meta-Analysis and Systematic Review. J Infect 
Dis. 2022;226(9):1593-607.
https://doi.org/10.1093/infdis/jiac136

5.	 Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, et al. Radiological 
findings from 81 patients with COVID-19 pneumonia in Wuhan, 
China: a descriptive study. Lancet Infect Dis. 2020;20(4):425-34.
https://doi.org/10.1016/S1473-3099(20)30086-4

6.	 Salehi S, Reddy S, Gholamrezanezhad A. Long-term Pulmonary 
Consequences of Coronavirus Disease 2019 (COVID-19): What We 
Know and What to Expect. J Thorac Imaging. 2020;35(4):W87-9.
https://doi.org/10.1097/RTI.0000000000000534

7.	 Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis-
Navarro L, Burgos F, Puppo H, et  al. Respiratory function in 
patients post-infection by COVID-19: a systematic review and 
meta-analysis. Pulmonology. 2021;27(4):328-37.
https://doi.org/10.1016/j.pulmoe.2020.10.013

8.	 van der Sar-van der BS, Talman S, Winter LB, Mol M, Hoefman E, 
van Etten RW, et al. Pulmonary function and health-related quality 
of life after COVID-19 pneumonia. Respir Med. 2021;176:106272.
https://doi.org/10.1016/j.rmed.2020.106272

9.	 Benedetto IG, Silva RMC, Hetzel GM, Viana GS, Guimarães AR, 
Folador L, et al. Impact of impaired pulmonary function on clinical 
outcomes in survivors of severe COVID-19 without pre-existing 
respiratory disease. J Bras Pneumol. 2023;49(3):e20220452.
https://doi.org/10.36416/1806-3756/e20220452

10.	 Saes MO, Rocha JQS, Rutz AAM, Silva CN, Camilo LS, Oliveira 
BC, et al. Aspectos metodológicos e resultados da linha de base 
do monitoramento da saúde de adultos e idosos infectados pela 
covid-19 (Sulcovid-19). Rev Contexto Saude 2024;24(48):e14140.
https://doi.org/10.21527/2176-7114.2024.48.14140

11.	 Podsiadlo D, Richardson S. The Timed Up and Go: A Test of Basic 
Functional Mobility for Frail Elderly Persons. J Am Geriatr Soc. 
1991;39(2):142-8.
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x

12.	 Caporrino FA, Faloppa F, Santos JBG, Réssio C, Soares FHC, 
Nakachima LR, et  al. Estudo populacional da força de preensão 
palmar com dinamômetro Jamar. Rev Bras Ortop. 1998;33(2):150-4.

13.	 Müjdeci B, Aksoy S, Atas A. Evaluation of balance in fallers and 
non-fallers elderly. Braz J Otorhinolaryngol. 2012;78(5):104-9.
https://doi.org/10.5935/1808-8694.20120016

14.	 Miyamoto ST, Lombardi IJ, Berg KO, Ramos LR, Natour J. 
Brazilian version of the Berg Balance Scale. Braz J Med Biol Res. 
2004;37(9):1411-21.
https://doi.org/10.1590/S0100-879X2004000900017

15.	 Brunetto AF, Paulin E, Yamaguti WPS. Comparação entre a escala 
de Borg modificada e a escala de Borg modificada análogo 
visual aplicadas em pacientes com dispneia. Rev Bras Fisioter. 
2002;6(1):41-5.

16.	 Cavalcante TMC, Diccini S, Barbosa DA, Bittencourt ARC. The 
use of Borg’s modified scale in asthma crises. Acta Paul Enferm. 
2008;21(3):466-73.
https://doi.org/10.1590/S0103-21002008000300014

17.	 Portela A. A influência da fadiga no tempo de reação de 
praticantes de escalada de rocha [Master´s thesis]. [Santa 
Catarina]: Universidade Federal de Santa Catarina; 2005.

18.	 Azambuja RL, Lopes AJ. Orientações para os testes de função 
pulmonar: espirometria. Pulmão RJ. 2018;27(1):5-10.

19.	 Fonseca A, Lima R, Ladeira I, Guimarães M. Evaluation of 
pulmonary function in post-COVID-19 patients - when and how 
should we do it? J Bras Pneumol. 2021;47(3):e20210065.
https://doi.org/10.36416/1806-3756/e20210065

20.	 Mo X, Jian W, Su Z, Chen M, Peng H, Peng P, et  al. Abnormal 
pulmonary function in COVID-19 patients at the time of hospital 
discharge. Eur Respir J. 2020;55(6):2001217.
https://doi.org/10.1183/13993003.01217-2020

21.	 George PM, Barratt SL, Condliffe R, Desai SR, Devaraj A, Forrest I, 
et al. Respiratory follow-up of patients with COVID-19 pneumonia. 
Thorax. 2020;75(11):1009-16.
https://doi.org/10.1136/thoraxjnl-2020-215314

22.	 Sibila O, Molina-Molina M, Valenzuela C, Ríos-Cortés A, Arbillaga-
Etxarri A, García YT, et al. Spanish Society of Pulmonology and 
Thoracic Surgery (SEPAR) Consensus for post-COVID-19 Clinical 
Follow-up. Open Respir Arch. 2020;2(4):278-83.
https://doi.org/10.1016/j.opresp.2020.09.002

23.	 Sirayder U, Inal-Ince D, Kepenek-Varol B, Acik C. Long-Term 
Characteristics of Severe COVID-19: Respiratory Function, 
Functional Capacity, and Quality of Life. Int J Environ Res Public 
Health. 2022;19(10):6304.
https://doi.org/10.3390/ijerph19106304

24.	 Ferrandi PJ, Alway SE, Mohamed JS. The Interaction between 
SARS-CoV-2 and ACE2 May Have Consequences for Skeletal 
Muscle Viral Susceptibility and Myopathies. J Appl Physiol (1985). 
2020;129(4):864-7.
https://doi.org/10.1152/japplphysiol.00321.2020

25.	 Pinzon RT, Wijaya VO, Jody AA, Nunsio PN, Buana RB. Persistent 
neurological manifestations in long COVID-19 syndrome: A 
systematic review and meta-analysis. J Infect Public Health. 
2022;15(8):856-9.
https://doi.org/10.1016/j.jiph.2022.06.013

26.	 Gandhi S, Srivastava AK, Ray U, Tripathi PP. Is the Collapse of 
the Respiratory Center in the Brain Responsible for Respiratory 
Breakdown in COVID-19 Patients? ACS Chem Neurosci. 
2020;11(10):1379-81.
https://doi.org/10.1021/acschemneuro.0c00217

27.	 Dani M, Dirksen A, Taraborrelli P, Torocastro M, Panagopoulos D, 
Sutton R, et al. Autonomic dysfunction in ‘long COVID’: rationale, 
physiology and management strategies. Clin Med (Lond). 
2021;21(1):e63-e67.
https://doi.org/10.7861/clinmed.2020-0896

28.	 Barnes PJ, Celli BR. Systemic manifestations and comorbidities of 
COPD. Eur Respir J. 2009;33(5):1165-85.
https://doi.org/10.1183/09031936.00128008

https://doi.org/10.7322/abcshs.2024168.2909
https://doi.org/10.1183/13993003.03276-2020
https://doi.org/10.20452/pamw.16402
https://doi.org/10.1038/s41579-023-00896-0
https://doi.org/10.1093/infdis/jiac136
https://doi.org/10.1016/S1473-3099(20)30086-4
https://doi.org/10.1097/RTI.0000000000000534
https://doi.org/10.1016/j.pulmoe.2020.10.013
https://doi.org/10.1016/j.rmed.2020.106272
https://doi.org/10.36416/1806-3756/e20220452
https://doi.org/10.21527/2176-7114.2024.48.14140
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.5935/1808-8694.20120016
https://doi.org/10.1590/S0100-879X2004000900017
https://doi.org/10.1590/S0103-21002008000300014
https://doi.org/10.36416/1806-3756/e20210065
https://doi.org/10.1183/13993003.01217-2020
https://doi.org/10.1136/thoraxjnl-2020-215314
https://doi.org/10.1016/j.opresp.2020.09.002
https://doi.org/10.3390/ijerph19106304
https://doi.org/10.1152/japplphysiol.00321.2020
https://doi.org/10.1016/j.jiph.2022.06.013
https://doi.org/10.1021/acschemneuro.0c00217
https://doi.org/10.7861/clinmed.2020-0896
https://doi.org/10.1183/09031936.00128008


Soares Junior et al.� ABCS Health Sci. 2026;51:e026208

https://doi.org/10.7322/abcshs.2024168.2909 Page 7 of 7

29.	 Holden M, Fyfe M, Poulin C, Bethune B, Church C, Hepburn P, et al. 
Handgrip strength in people with chronic obstructive pulmonary disease: 
a systematic review and meta-analysis. Phys Ther. 2021;101(6):pzab057.
https://doi.org/10.1093/ptj/pzab057

30.	 Cortés-Telles A, López-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.
https://doi.org/10.1016/j.resp.2021.103644

31.	 Raveendran AV, Jayadevan R, Sashidharan S. Long COVID: An 
overview. Diabetes Metab Syndr Clin Res Rev. 2021;15(3):869-75.
https://doi.org/10.1016/j.dsx.2021.04.007

32.	 Sankari A, Chapman K, Ullah S. Idiopathic Pulmonary Fibrosis. 
Available from: https://www.ncbi.nlm.nih.gov/books/NBK448162/

33.	 Swigris JJ, Streiner DL, Brown KK, Belkin A, Green KE, Wamboldt 
FS, et al. Assessing exertional dyspnea in patients with idiopathic 
pulmonary fibrosis. Respir Med. 2014;108(1):181-8.
https://doi.org/10.1016/j.rmed.2013.12.009

34.	 Lippi G, Sanchis-Gomar F, Henry BM. COVID-19 e suas sequelas 
de longo prazo: o que sabemos em 2023? Pol Arch Intern Med. 
2023;133(4):16402.
https://doi.org/10.20452/pamw.16402

35.	 Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, 
Rebolledo PA, Cuapio A, et  al. More than 50 long-term effects 
of COVID-19: a systematic review and meta-analysis. Sci Rep. 
2021;11:16144.
https://doi.org/10.1038/s41598-021-95565-8

36.	 Hua J, Sun L, Teng Y. Effects of High-Intensity Strength Training in 
Adults With Knee Osteoarthritis: A Systematic Review and Meta-
analysis of Randomized Controlled Trials. Am J Phys Med Rehabil. 
2023;102(4):292-9.
https://doi.org/10.1097/PHM.0000000000002088

37.	 Low DC, Walsh GS. The minimal important change for measures of 
balance and postural control in older adults: a systematic review. 
Age Ageing. 2022;51(12):afac284.
https://doi.org/10.1093/ageing/afac284

https://doi.org/10.7322/abcshs.2024168.2909
https://doi.org/10.1093/ptj/pzab057
https://doi.org/10.1016/j.resp.2021.103644
https://doi.org/10.1016/j.dsx.2021.04.007
https://www.ncbi.nlm.nih.gov/books/NBK448162/
https://doi.org/10.1016/j.rmed.2013.12.009
https://doi.org/10.20452/pamw.16402
https://doi.org/10.1038/s41598-021-95565-8
https://doi.org/10.1097/PHM.0000000000002088
https://doi.org/10.1093/ageing/afac284

