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The Effects of Covid-19 in Respiratory Functions and Exercise Capacity:

A Pilot Study in Young Adults
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Abstract: Background: The impact of coronavirus (COVID-19) on the pulmonary system and exercise capacity of young
adults is important in terms of early detection of the existing or future chronic disease risk and secondary prevention.
Objective: To compare the respiratory functions and exercise capacity of young adults who recovered from COVID-19 with
healthy peers. Methods: Fifteen individuals (7 male, 8 female) aged 18-25 years, diagnosed with COVID-19 and at least 8
weeks passed after diagnosis (mean time: 239.13+135.77 days; min-max: 67-494 days) were included in the study. Age-sex
matched 14 individuals (6 males, 8 females) without any diagnosis of COVID-19 and not been under quarantine because of
COVID-19 were invited to the study as a control group. Respiratory functions (FEV1, FVC, FEV1/FVC, PEF) and mouth
pressures (maximal inspiratory pressure-MIP, maximal expiratory pressure-MEP) were. Submaximal exercise capacity was
evaluated with the “6-minutes walking test”. The lower extremity muscle functions were determined with the “1-minute sit to
stand test". Results: All subjects were treated at home and fatigue (46%), persistent (40%) cough were the most reported
ongoing symptoms in subjects who had COVID-19. Ground-glass appearance consistent with viral pneumonia was detected
in radiological imaging of 3 (20%) subjects. The 6-minutes walking distance (p=0.037) and the number of sit-stands for 1
minute (p=0.007) were significantly lower in patients who had COVID-19 than age-gender matched healthy controls.
Conclusion: The results of our study show that exercise capacity and muscle strength may be affected in young adults with

mild COVID-19 compared to their peers.
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1. INTRODUCTION

The novel coronavirus (COVID-19) is a multisystem
disease that is commonly characterized by fever, cough,
dyspnea, the pain of muscles and joints, fatigue,
headache, diarrhea, and loss of taste and smell. These
symptoms can reveal a wide variety of clinical conditions
ranging from a mild cold to severe acute respiratory
distress syndrome (ARDS) that can cause death, as well
as being asymptomatic, especially in young individuals
[1,2].

Fatigue, dyspnea, muscle pain, and weakness are
the most frequently reported symptoms in COVID-19,
regardless of disease severity [2]. Paneroni et al.
showed a high rate of decrease in muscle strength and
low physical performance in the post-acute period in the
patients who had had pneumonia due to COVID-19 with
no previous locomotor disability [3]. These changes
pose a risk for decreased exercise capacity, fatigue, and
cardiovascular problems in individuals who had COVID-
19 [4]. The evaluation and routine follow-up are
recommended in the non-infectious period (6-8 weeks)
even in asymptomatic cases after COVID-19 to address
individual rehabilitation needs and to identify
physiological limitations [5]. It was stated that
parameters such as respiratory functions, exercise
capacity, functional capacity, musculoskeletal function,
and level of activity should be considered in the
evaluation. The 1 minute sit to stand test (SST) and 6-
minute walking test (6 MWT) are recommended for the
evaluation of lower extremity muscle functions and
exercise capacity in hospitalized patients due to COVID-
19 [6, 7].

A healthy young population ensures that national
heritage can be carried to the future with the increase in
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economic labor, brainpower, military power, and
production capacity in the country [8]. In the analysis of
the World Health Organization (WHO), which included
approximately 8.5 million cases with COVID-19, the
infection rate in young individuals aged 15-24 was
reported to be 9.6% between January and July 2020 [9].
The healthy growth of the young population, which
constitutes a large part of the population has an
important place in the development of society in the long
term. Greenhalgh et al. underlined that in addition to full
recovery and recovery of long COVID symptoms, it is
also necessary to aim returning to economic productivity
in their study [10].

Current studies focus on the functional disabilities of
patients with moderate to severe COVID-19. Current
studies focus on the functional disabilities of patients
with moderate to severe COVID-19. Evaluation of
COVID-19-induced exposures in young adults,
regardless of the severity of the disease, and early
determination of the risk of existing or future chronic
diseases are of great importance in terms of secondary
prevention. Our study aims to examine the respiratory
functions and exercise capacity of young adults who had
COVID-19 comparing with healthy age-gender matched
peers.

2. MATERIALS AND METHODS

Fifteen subjects aged 18-25 who were diagnosed as
COVID-19 based on a positive SARS-CoV-2 real-time
reverse transcriptase-polymerase chain reaction (RT-
PCR) on nasal swabs and at least 8 weeks since
diagnosis were included in the study. Fifteen aged and
gender-matched subjects those never diagnosed as
COVID-19 and not quarantined because of high risk
were invited to the study. Subjects who had a diagnosis
of any cardiac, pulmonary or systemic disease before
COVID-19, orthopedic  or neurologic  disabilities,
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included in a physiotherapy and rehabilitation program
in the last 3 months, lack of cooperation and whose
fever was >380C, resting blood pressure was < 90 / 60
mmHg or > 140 / 90 mmHg or oxygen saturation was
<95% excluded from the study.

The study was approved by the Ethics Committee of
the University (2015-KAEK-47-21-03) and was
conducted according to the Helsinki Declaration. All
participants signed an informed consent form.

Demographic characteristics of the participants
including age, gender, weight, height, body mass index
(BMI), and smoking status were recorded. The time of
COVID-19 diagnosis based on the RT-PCR test were
recorded. The respiratory functions and respiratory
muscle strength of the participants were measured.
Submaximal exercise capacity was assessed with the “6
MWT”. The lower extremity functional capacity was
evaluated with the “1-minute SST”.

Spirometric Evaluation

All patients underwent a spirometric evaluation to
determine forced expiratory volume in the first second
(FEV1), forced vital capacity (FVC), FEV1/FVC and
peak expiratory flow (PEF) using a mini spirometer
(Contec Mini Spirometre-SP10, China). The acceptance
criteria of the American Thoracic Society/European
Respiratory Society was used for spirometric
measurements [11].

Respiratory Muscle Strength

Maximal inspiratory (MIP) and expiratory pressures
(MEP) were measured using RP Check MD Diagnostic
(United Kingdom) device. Maximal inspiratory pressure
was assessed from the residual volume and MEP was
a using the total lung capacity [12].

Six Minutes Walking Test

Exercise capacity was evaluated with 6MWT in
accordance with the American Thoracic
Society/European Respiratory Society criteria [13].
Walking distance (6MWD), initial-final modified Borg
dyspnea and leg fatigue scores [14], blood pressure
(Beurer GmbH, Germany), heart rate, and oxygen
saturation (MaProlinx GmbH, Germany) were recorded.

1-minute Sit to Stand Test

The 1-minute STS test was performed with a
standard chair height of 46 cm without armrests. The
patient was instructed to be seated upright on the chair.
The subject sat with the knees and hips flexed to 90°,
feet placed flat on the floor hip-width apart, and the
hands crossed to the shoulders. Subjects were
instructed that if required, they can take a break and
resume the test as soon as possible. Each get-up from
the chair was checked if a complete sit-to-stand-to-sit
sequence was achieved [15]. The time was controlled
using a chronometer and the number of repetitions was
counted and checked by two researchers.

All assessments were performed by the same
researchers who were blind to the groups. Appropriate
rest periods were given between assessments to avoid
the limited effect of fatigue on tests. In all tests, attention
was paid to the use of materials suitable for pandemic
conditions, mask-distance and hygiene rules. The
spirometry and mouth pressure assessments were
conducted according to the recommendations of ERS
spirometry guideline during the COVID-19 pandemic
[16].

Data Analysis

Data were evaluated using the Statistical Package
for Social Science for Windows version 23.0 and by
analyzing descriptive statistics. Shapiro—Wilk test and
histograms were used to determine the normality
distribution of the data. Comparisons between patients
and healthy controls were analyzed using Mann-—
Whitney U test for continuous variables and the Chi-
square test for categorical variables because of non-
normal distribution. A p-value <.05 was considered
statistically significant.

3. RESULTS

Thirty subjects were included in the study. One
subject from the control group was excluded because of
high resting blood pressure. Fifteen subjects from the
COVID-19 group (8 women, 7 men) and fourteen
subjects (8 women, six men) from the control group
were completed all assessments. No adverse events
were observed during the assessments.

The mean time after the positive RT-PCR test was
239.13+135.77 days. 5 (33%) of the subjects who had
COVID-19 did not receive any medical treatment during
the disease, all subjects were treated at home. Seven
(46%) of the patients stated that fatigue, 6 (40%) cough,
4 (26.7%) dyspnea, 4 (26.7%) muscle-joint pain
complaints continued after the disease. Ground-glass
opacities consistent with viral pneumonia was detected
in radiological imaging in 3 (20%) cases.

The subjects in both groups were similar in terms of
demographic characteristics (p>0.05). The 6-MWD
(p=0.037, Z=-2.095) and the number of sit-stands in 1
minute (p=0.007, Z=-2.667) were found to be
significantly lower in the cases who had COVID-19 than
the control group. Although the mean pulmonary
function test parameters, MIP and MEP were decreased
in subjects who recovered from COVID-19, there was
no statistically significant difference with controls
(p>0.05 for all) (Table 1).
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Figure 1: The differences in SpO2, leg fatigue and dyspnea perception in the 6 MWT were also similar between the groups
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Table 1: Demographic and clinical features of the subjects.
Subjects recovered from COVID-19 n (%) | Age-gender matched healthy | p
or meanzSD controls n (%) veya meantSD
Age (years) 21.73+2.01 21.64+0.74 0.847
BMI (kg/m2) 22.36+2.82 21.69+2.42 0.780
Smoking status
Smoker 3 (% 20) 5 (% 35) 0.344
Non-smoker 12 (% 80) 9 (% 64)
Spirometry
FEV1 (pred %) 89.93+9.39 91.6449.69 0.646
FVC (pred %) 89.66+24.42 93.42+10.76 0.914
FEV1/FVC (%) 0.83+0.10 0.84+0.06 0.780
PEF (pred %) 74.53+18.51 80.71+16.23 0.354
Mouth pressures
MIP (cmH20) 92.33+18.39 105.28+22.45 0.146
MEP (cmH20) 101.80+25.88 120.85+26.47 0.051
6-minutes walking test
6-minutes walking | 574.60+47.45 616.14+49.22 0.037
distance (m)
A Sp0O2 (%) -0.80+1.01 -0.50+0.85 0.451
A Heart rate (beat/min) | 45.53+17.13 47.07+£19.03 0.533
A BORG dsypnea 0.46+1.12 0.78+1.36 0.652
A BORG leg fatigue 2.53+2.29 2.14+2.87 0.477

SD: Standard deviation, BMI: Body mass index, FEV1: Forced vital expiratory volume-1. Second, FVC: Forced vital capacity, PEF: Peak expiratory
flow, MIP: Maximal inspiratory pressure, MEP: Maximal expiratory pressure, A: posttest- pretest

4. DISCUSSION

The results of our study show that exercise capacity
and lower extremity functional capacity may be
adversely affected in young adults who recovered from
COVID-19 compared to their peers.

The COVID-19 is a systemic disease that mostly
affected the pulmonary system. There is still little known
about the respiratory and functional sequelae in long
term. Most of the studies investigating the pulmonary
sequelae after COVID-19 were reported normal
spirometry [17-20] but reduced diffusing lung capacity
for carbon monoxide (DLCO) [21]. Lv et al. reported
lower FVC and FEV1 with preserved FEV1/FVC ratio
that suggested restrictive patterns in patients with
severe disease (14 days after discharge) [22]. Vittaca et
al. found that FVC was lower in survivors of COVID-19
associated pneumonia or inter interstitial lung disease
patients than COPD patients [23]. In our study, %
predicted FEV1, FVC, FEV1/FVC and especially PEF
were under the normal range in subjects who had
COVID-19 but there was no statistically significant
difference with their peers. This finding needs further
investigation, including the DLCO assessment and

considering adverse effects of quarantine and smoking
status of healthy controls.

In the literature, it was suggested to assess exercise
capacity and functionality in subjects who had COVID-
19 even in young and asymptomatic subjects for
determining long-term clinical results of COVID-19 [24,
25]. A standardized exercise test can determine the
level of effect on the functionality and observe the
provocation of the fatigue and dyspnea symptoms with
exercise. A limited number of studies investigated the
exercise capacity at follow-up with 6 MWT [17, 19, 26,
27]. Rogliani et al. reported that predicted 6MWD
(101.89%) were in the normal range in mild to moderate
COVID-19 patients at follow up [19]. However, dyspnea
perception after 6 MWT was significantly increased
(median 1.5). Vittaca et al. documented that individuals
who had COVID-19 walked < 70% of predicted in 6MWT
and this performance similar to individuals with
interstitial lung disease [23]. In the study of Fugleberg et
al., 50 % of patients demonstrated desaturation during
6 MWT but 79 % were unable to reach the predicted
6MWD at the time of discharge [26]. Van der Borst noted
that 16 % of the patients were desaturated and 22%
walked below the predicted distance at three months of
discharge [27]. In contrast, Daher et al. reported that
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none of the patients were desaturated during the 6 MWT
at 60 days following discharge [17]. The population of
these studies were dominantly aged over 50 /years and
hospitalized due to COVID-19. Although the covered
distance was in the normal range [28] we observed a
significant difference in 6MWD (-~ 42 meters) between
young adults recovered from COVID-19 and their age-
gender matched peers. None of the subjects was
desaturated during the test and leg fatigue and dyspnea
change after the test were similar. We believe that this
difference arises from the different lower extremity
muscle functions that can limit walking endurance.

The muscular impairment predominantly in the lower
extremity was reported after discharge in subjects who
had COVID-19 [21, 29-31]. Clavario et al. found reduced
guadriceps force production in 86 % of COVID-19
patients (mean age: 61.7/year) at discharge [29].
Tanriverdi et al. investigated the extra-pulmonary
functions including quadriceps muscle testing in
subjects (mean age: 39.2/year) who recovered from
mild to moderate COVID-19 [30]. It was reported that 24
% of the subjects who recovered from mild COVID-19
represented quadriceps muscle weakness. Baririch et
al. focused on mid-term (3-6 months from hospital
discharge) functional sequelae in COVID-19 survivors
(mean age: 57.9/year) [31]. The mean 1 minute sit to
stand repetition was 19.72. In our study, the sit to stand
repetition in 1 minute was 26.13+6.02 which was under
the normal range in subjects who had COVID-19. In
addition, the sit-to stand repetition in 1 minute was found
lower than the age-gender matched peers. Our findings
are in line with previous results and point out that lower
extremity muscle function after COVID-19 may persist
despite young age and non-severe disease severity.

This study has some limitations. The sample size is
small and the time after the positive RT-PCR test range
is relatively large. The respiratory functions were only
evaluated using a spirometer, dynamic respiratory
volumes were not assessed. Future studies should be
examined the duration of this exposure comparatively,
by increasing the number of cases, compared to the
time elapsed after COVID-19.

To the best of our knowledge, this is the first study
that compared the respiratory functions including
respiratory muscle strength and exercise capacity of
young adults who recovered from COVID-19 with their
age-gender matched healthy peers. Our results showed
that exercise capacity and muscle strength may be
affected in young adults recovered from mild COVID-19
compared to their peers. These findings emphasized
that the need for rehabilitation in post-COVID-19
subjects is not limited to pulmonary rehabilitation, and
there may be a need for programs within the scope of
preventive rehabilitation, especially for young
individuals participating in economic production.
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