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Introduction
Coronavirus disease-2019 (COVID-19) has caused a 

pandemic because of its rapid transmission (1). The virus 
severely affects various human tissues, including the lungs 
and heart, leading to serious and even fatal health issues 
(2). It has been reported that there is a rapid onset of 
fatigue, loss of strength and endurance, and a decrease 
in aerobic and lung capacity due to multisystemic effects 
following the COVID-19 illness (3). Immobility resulting 
from hospitalizations and long periods of staying at home 
due to pandemic conditions also contributes to these 
effects (4).

In a study on the severe acute respiratory syndrome 
(SARS) outbreak, patients were followed for fatigue at 3, 6, 
and 12 months after hospital discharge. Findings showed 

persistent fatigue during recovery: 64% at three months, 
54% at six months, and 60% at 12 months (5). Another 
study related to COVID-19 reported that persistent fatigue 
affected a significant group of patients (13-33%) after 16-
20 weeks of symptom onset (6). During early recovery, 
patients with severe COVID-19 showed reduced functional 
capacity, as evidenced by shorter 6-min walking distances 
compared with those with milder disease. This suggests 
weaker exercise capacity in severely affected patients (7). 
In addition, a systematic review highlighted that 41% of 
patients experienced a decline in aerobic capacity during 
the 3-month period following the disease (8). It has 
not been proven that COVID-19 directly affects muscle 
weakness and atrophy. However, it has been noted that 
both symptoms are commonly observed (9).
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Aim: The coronavirus disease-2019 (COVID-19) infection directly impacts fatigue and exercise performance. More studies have focused 
on these problems and were conducted with hospitalized patients and/or adult and geriatric populations. The aim of this study was 
to explore the effects of mild COVID-19 on fatigue, muscle strength, balance, and exercise performance, specifically in young adults.

Methods: This research was designed as a case-control study, and tests were conducted between January 2022 and June 2022. 
The study included 60 participants aged 18-28, consisting of individuals who had a mild COVID-19 diagnosis within the past year 
(study group, n=30) and tested negative during the study, as well as a control group of individuals who had no COVID-19 diagnosis 
or symptoms within the past year (control group, n=30). The participants’ fatigue levels (Chalder Fatigue Scale), lower (Biodex 
Isokinetic-Dynamometer) and upper (Jamar-Handgrip Dynamometer) extremity muscle strength, balance (Y-Balance Test), and exercise 
performance (Queen’s College Step Test) were evaluated using various standardized tests.

Results: Measurements showed that individuals with COVID-19 had an increase in fatigue scores (p=0.02). It was determined that 
fatigue was particularly prominent in women. Due to this difference that arose according to gender, it was observed that fatigue scores 
in those who had experienced COVID-19 were negatively correlated with muscle strength measurements.

Conclusion: This study showed that symptoms of fatigue persisted in younger individuals, especially women, even after the COVID-19 
infection. We think the next research should focus on COVID-19 symptoms, surveillance, and therapy in different age groups.
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Studies related to COVID-19 have evaluated exercise 
capacity, functional capacity, muscle strength, and fatigue 
(10-12). They focused mainly on individuals who had to be 
hospitalized or required intensive care and oxygen therapy. 
Research on the effects of COVID-19 on young populations 
who experienced the disease while standing and without 
known respiratory distress is limited. However, given the 
potential long-term effects of the disease on physical 
performance, muscle strength, balance, and fatigue, it is 
important to compare these outcomes between individuals 
who have and those who have not experienced COVID-19 
(13,14). This will help to better understand the impact of 
the disease on young populations and inform strategies for 
prevention and treatment. In this context, the aim of the 
study was to compare fatigue, muscle strength, balance, 
and physical performance between young individuals who 
have and have not experienced COVID-19.

Methods

Compliance with Ethical Standards

Participants were informed about the study, and 
written consent was obtained. The study was conducted 
in accordance with the Declaration of Helsinki. Ethical 
permission for this study was obtained from the Ethics 
Committee of Marmara University, Faculty of Health 
Sciences for Non-Interventional Clinical Studies (date: 
27.01.2022, approval no: 16).

Study Design and Participants

The study population consisted of young individuals 
aged 18-28 who had mild COVID-19 in the past year 
without any history of immobilization or hospitalization 
and known respiratory distress, as well as young individuals 
who had never been diagnosed with COVID-19. Individuals 
with neuromusculoskeletal problems, regular physical 
activity, and a history of orthopedic, rheumatologic, 
systemic diseases, and psychological problems in the past 
six months were excluded from the study. Volunteers 
were divided into two groups: the study group (n=30), 
consisting of individuals who had been diagnosed with 
COVID-19 in the past year, and the control group (n=30), 
consisting of individuals who had never been diagnosed 
with COVID-19 (Figure 1).

Applied Tests and Assessments

The Chalder Fatigue Scale (CFS), Y Balance Test 
(YBT), Queen’s College Step Test (QCST), Jamar Handgrip 
Dynamometer (JHD), and Biodex System 3 Pro isokinetic 
dynamometer were used for the evaluations. The 
content of the tests applied in the study was explained 
to the volunteers at the beginning of the tests. After the 
necessary directions were given, the relevant tests were 
applied. After each completed test application, 15-minute 
rest periods were allowed. The order of the tests was 
conducted in the same way for each participant.

Figure 1. Flow diagram of the study 
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Chalder Fatigue Scale

The CFS measures fatigue levels over the past month 
using 11 questions. Seven questions focused on physical 
fatigue and four on mental fatigue. Scores for each 
question range from 0 to 3, and a higher total score 
indicates greater fatigue (15).

“Y” Balance Test 

The YBT, validated by Plisky et al. (16), was used to 
measure dynamic balance. Participants tested barefoot and 
reached in three directions: anterior (A), posteromedial 
(PM), and posterolateral (PL). Reach distances on surface 
tapes were measured from specific points on the foot. 
Participants kept their hands on their iliac crests and their 
heels on the surface while reaching. Before the official 
test, they practiced six times in each direction for both 
legs. Tests were repeated if balance was lost or if other 
specific criteria were not met (16).

Jamar Handgrip Dynamometer

The JHD was used to measure grip strength as an 
objective assessment of overall body strength and upper 
extremity performance. Participants were seated with their 
elbows flexed at 90 degrees and their wrists in a neutral 
position. Grip strength was measured for both hands 
through three repetitions, and the dominant hand was 
noted. The average of the three repetitions was recorded 
as the final measurement (17).

Biodex Isokinetic Dynamometer

The Biodex System 4 ProTM device was used to 
assess the maximum isokinetic torque production of 
the quadriceps femoris and hamstring muscle groups. 
Tests were conducted at speeds of 180 s1, 120 s1, 90 
s1, and 60 s1 in the isokinetic concentric mode, which is 
known for its statistically significant test-retest reliability. 
Maximum voluntary contractions lasting up to 3 s were 
performed, with 1-min rest periods between assessments. 
The maximum torque force parameters were used for the 
evaluation (18).

Queen’s College Step Test

Queen’s College Step Test is a method used to 
determine cardiorespiratory fitness in terms of VO

2max
 

(19). The test was conducted according to the manual 
and was performed using a 41.3 cm (16.25 inches) high 
step. Participants were asked to step onto the platform for 
three minutes, maintaining a rhythmic pace of 22 steps 
per minute for females and 24 steps per minute for males. 
At the end of the 3 min, their heart rate was measured 
by taking their pulse at the carotid artery during the 15-s 
recovery period between the 5th and 20th s. The heart rate 
was then used to estimate VO

2max
.

Estimated VO
2max

 calculation using QCST (20):
For men: VO

2max
=111.33 - [0.42 × pulse/min]

For women: VO
2max

=65.81- [0.1847 × pulse/min]
Flow chart of the study (CFS: Chalder Fatigue Scale, 

YBT: Y Balance Test, JHD: Jamar Handgrip Dynamometer, 
QCST: Queen’s Collage Step Test) (Figure 2).

Sample Size

When the statistical significance level was determined 
as p≤0.05 and the test power was determined as 90%, 
a minimum of 40 participants were required for the 
study when t-tests and Wilcoxon-Mann-Whitney U tests 
were applied to the two-group means. This analysis was 
performed using G Power 3.1.9.7. To account for the 
risk of participants discontinuing the study because of 
secondary issues or dropping out, 60 volunteers were 
included in the study.

Statistical Analysis

Statistical Package for Social Sciences (SPSS) Windows 
v22.0 (SPSS Inc., IBM Corp., Armonk, New York) was used 
for all statistical analyses. The mean and standard deviation 
were used for quantitative results, and percentage (%) 
values were used for qualitative results. The normal 
distribution of data was assessed by the one-sample 
Kolmogorov-Smirnov test and by examining histograms. 
Independent samples t-tests were used to determine 
the differences between group parameters, and Pearson 
correlation analysis was used to evaluate the relationship 
between parameters. The level of statistical significance 
was set at p≤0.05.

Figure 2. Flow chart of the study
CFS: Chalder Fatigue Scale, YBT: Y Balance Test, JHD: Jamar Handgrip 
Dynamometer, QCST: Queen’s Collage Step Test
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Results
Our study included 60 volunteers, including a study 

group with a history of COVID-19 (n=30) and a control 
group without (n=30). The demographic characteristics of 
both groups were statistically similar in the comparisons 
(Table 1).

In assessing fatigue via the CFS, the study group 
exhibited a significantly higher mean CFS score of 16±4 
compared with 13.7±3.4 in the control group. This 
difference was statistically significant with a p value of 
0.02 (Figure 3), indicating that post-COVID-19 individuals 
exhibited increased levels of fatigue.

Physical performance metrics such as balance (YBT), 
grip strength (JHD), and knee muscle strength showed 
no significant differences between the two groups (all 
p>0.05, Table 2).

The physical performance measurements, balance 
(YBT), grip strength (JHD), and knee muscle strength 
showed no significant difference between the two groups 
(all p>0.05, Table 2).

Cardiovascular measures were assessed using the 
QCST. Heart rate and estimated VO

2max
 were found to 

be similar between the groups (p=0.6 for heart rate and 
p=0.58 for VO

2max
, Table 2).

After the gender-specific analysis, while male 
participants’ results were similar, the CFS scores of females 
with COVID-19 histories were higher (p<0.05).

Correlation Analysis

In the study group, moderate correlations were found 
between gender and balance tests (p<0.05), as well as 
between gender and fatigue scores (r=-0.503, p=0.005). 
Negative correlations were observed between CFS scores 
and knee muscle strength measurements, specifically at 
60° knee extension (r=-0.487, p<0.05), 90° knee extension 
(r=-0.478, p<0.05), and others. Additionally, a moderate 
negative correlation was found between CFS scores and 
JHD measurements for both the right hand (r=-0.424, 
p=0.019) and the left hand (r=-0.438, p=0.016).

Heart rate metrics from the QCST were negatively 
correlated with knee angular torque measurements at 
various angles in the study group, with coefficients ranging 
from r=-0.472 to r=-0.571 (all p<0.05). Moreover, strong 
positive correlations were identified between estimated 
VO

2max
 and knee flexion-extension angular torque 

measurements, with r-values up to 0.783 (all p<0.05, 
Study group correlation analyzes in Table 3, Control group 
correlation analyzes in Table 4).

Discussion
In this study, we aimed to compare exercise 

performance, muscle strength, balance, and fatigue levels 
between young individuals with mild COVID-19 in the past 
year and those without COVID-19. Our results showed 
that individuals who had COVID-19 in the past year had 
increased fatigue compared with those who did not, but 
there were no significant changes in muscle strength, 
balance, or exercise performance.

Studies on the effects of COVID-19 on muscle strength 
and exercise performance have often focused on cases 
that require hospitalization or intensive care unit stays 
(21,22). The systemic effects of the disease, the intense 
and severe cytokine storm, and the adverse effects of 
steroid treatments administered in response, as well 
as complications in the musculoskeletal system, are 

Table 1. Socio-demographic characteristics of individuals

Demographic headlines
Control group
Mean ± SD

Study group
Mean ± SD

p-value

Average age (years) 22.46±1.5 23±1.1 0.12a

Height (cm) 167.93±9.57 169±9.22 0.47a

Body weight (kg) 62.6 ±10.49 64.36±13.78 0.58a

Female/Male (n) 18/12 17/13 0.79a

Cigarette (use/not use) 19/11 18/12 0.79a

Dominant side (right/left) 27/3 29/1 0.31a

a Independent samples t-tests were applied, SD: Standard deviation

Figure 3. Graph of chalder fatigue scale means (p=0.02)
CFS: Chalder Fatigue Scale
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Table 2. Balance, grip strength, knee muscle strength and exercise performance test results of the groups

Test Methods and Parameters
Study Group Control Group

p-value
Mean ± SD Mean ± SD

Y Balance Test Reach Direction

Right Anterior (cm) 70.17±7.15 70.73±10.58 0.81a

Right Posterolateral (cm) 96.41±12.85 96.1±12.81 0.93 a

Right Posteromedial (cm) 87.98±14.06 90.3±11.06 0.49 a

Left Anterior (cm) 69.78±7.25 72.3±9.87 0.26 a

Left Posterolateral (cm) 94.1±13.99 98.65±13.05 0.2 a

Left Posteromedial (cm) 89.6±13.45 91.3±12.08 0.6 a

Jamar Hand-Grip Dynamometer Related Limb

Right Hand (kg) 30.38±11.39 30.09±9.54 0.92 a

Left Hand (kg) 27.3±10.21 28.29±9.13 0.69 a

Biodex Isokinetic System Measurement Angles

Extension 60° (Nm) 74.84±35.51 77.51±35.49 0.77 a

Flexion 60° (Nm) 107.54±40.48 105.72±47.93 0.87 a

Extension 90° (Nm) 70.02±31.44 71.86±28.28 0.81 a

Flexion 90° (Nm) 94.8±34.8 92.59±37.86 0.82 a

Extension 120° (Nm) 64.2±27.89 66.46±24.53 0.74 a

Flexion 120° (Nm) 84.29±30.68 80.08±30.70 0.6 a

Extension 180° (Nm) 57.25±25.36 60.26±20.16 0.61 a

Flexion 180° (Nm) 69.93±29.65 68.17±24.97 0.81 a

Queen’s Collage Step Test Parameters

Heart Rate Per Minute (Beats/Minute) 163.47±12.32 165.3±14.73 0.6 a

Estimated VO
2max

38.71±5.77 37.86±6.25 0.58 a

a Independent samples t-tests were applied, SD: Standard deviation, cm: Centimetre, kg: Kilogram, Nm: Newton Meter, Tests Applied: Y Balance Test - Jamar Hand-Grip 
Dynamometer - Biodex Isokinetic Dynamometer System - Queen’s Collage Step Test

Table 3. Study group correlation analyzes of gender, fatigue, exercise performance, and balance measurements with knee flexion-
extension angular torque measurements

Study Group
(Isokinetic 
Dynamometer 
Measurement 
Angles)

Gender Chalder

QCST YBT

HR VO2Max

Right Leg 
Anterior

Right 
Leg PL

Right Leg 
PM

Left Leg 
Anterior

Left Leg 
PL

Left Leg 
PM

60° Knee Extension
r 0.721** -0.487** -0.539** 0.783**

NS
0.500** 0.521**

NS
0.579** 0.519**

p 0.000 0.006 0.002 0.000 0.005 0.003 0.001 0.003

60° Knee Flexion
r 0.541** -0.411* -0.571** 0.689** 0.407* 0.558** 0.475**

NS
0.546** 0.508**

p 0.002 0.024 0.001 0.000 0.025 0.001 0.008 0.002 0.004

90° Knee Extension
r 0.779** -0.478** -0.486** 0.787** 0.361* 0.501** 0.522**

NS
0.561** 0.545**

p 0.000 0.008 0.007 0.000 0.050 0.005 0.003 0.001 0.002

90° Knee Flexion
r 0.622**

NS
-0.519** 0.702** 0.484** 0.553** 0.493**

NS
0.536** 0.536**

p 0.000 0.003 0.000 0.007 0.002 0.006 0.002 0.002

120° Knee 
Extension

r 0.743** -0.478** -0.504** 0.779**

NS
0.542** 0.528**

NS
0.597** 0.569**

p 0.000 0.008 0.005 0.000 0.002 0.003 0.001 0.001

120° Knee Flexion
r 0.627** -0.369* -0.566** 0.741** 0.426* 0.563** 0.491**

NS
0.568** 0.545**

p 0.000 0.045 0.001 0.000 0.019 0.001 0.006 0.001 0.002

180° Knee 
Extension

r 0.726** -0.482** -0.472** 0.740**

NS
0.561** 0.545**

NS
0.605** 0.574**

p 0.000 0.007 0.008 0.000 0.001 0.002 0.000 0.001

180° Knee Flexion
r 0.639** -0.387* -0.466** 0.680** 0.456* 0.632** 0.530**

NS
0.593** 0.598**

p 0.000 0.035 0.009 0.000 0.011 0.000 0.003 0.001 0.000

Pearson Correlation Analysis Applied, *: p≤0.05, **: p≤0.01, Isokinetic Dynamometer Measurement Angles: Biodex Isokinetic System Measurement Angles, QCST: Queen’s 
Collage Step Test, YBT: Y Balance Test, HR: Heart rate, PL: Posterolateral, PM: Posteromedial, NS: Not significant
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considered the main causes of losses in muscle strength 
and exercise performance in this group (23). Additionally, 
statistically significant decreases in muscle strength and 
exercise performance after COVID-19 have been reported 
in cases followed up on the ward (21).

Our study was conducted with the participation of 
young individuals (aged 18-28) who had mild COVID-19 
and did not require hospitalization. Our measurements 
showed no significant differences between the two 
groups, except for fatigue scores. This finding is consistent 
with the literature results for young individuals in the mild 
COVID-19 category and may explain why no significant 
changes were observed in our study.

Fatigue is influenced by many factors, such as age, 
gender, disease status, and mental conditions. It also 
impairs the quality of life and reduces functionality (12). 
Due to these effects, fatigue is an important factor that 
affects life throughout the lifespan. Fatigue, which is also 
one of the most common symptoms of COVID-19 infection, 
is seen as the most persistent and performance-reducing 
symptom among COVID-19 symptoms. In a systematic 
review and meta-analysis study, it was reported that 
fatigue developed in 99.1% of cases, especially in patients 
with post-COVID-19 syndrome lasting 12 weeks or longer 
(24). The exact cause of the fatigue observed because 
of the COVID-19 infection is not yet fully understood. 
However, it is thought to be caused by factors such as 

inflammation, mitochondrial dysfunction, autonomic 
nervous system anomalies, poor nutritional conditions, 
respiratory complications, obesity, and physical inactivity, 
according to some estimates (25,26).

In our study, it was found that there was a difference in 
fatigue between individuals who had COVID-19 and those 
who did not, based on the results of CFS (p=0.02). This 
result is consistent with those of previous studies (24). 
However, statistical analysis between the study and control 
groups showed no difference in fatigue scores between 
men who had COVID-19 and those who did not (p=0.748), 
whereas a difference was observed in women (p=0.001). 
This result is consistent with the research conducted by 
Rudroff et al. (27). Rudroff et al. (27) stated that the exact 
reason for higher fatigue scores in women is unknown. 
However, they concluded that anxiety, depression, and 
sex hormones may be causative factors. None of our 
participants had any known psychological problems. 
The effect of the menstrual cycle and hormonal factors 
on fatigue is emphasized in the literature (28). Because 
we did not inquire about participants’ ovarian hormone 
concentrations and menstrual phase parameters, as well 
as their depression and anxiety scores, and we could not 
perform a correlation analysis on this topic, we cannot 
make a clear interpretation. However, the use of CFS in 
our evaluation, which is mainly used to assess physical 
fatigue and whose exclusion criteria include psychogenic 

Table 4. Control group correlation analyzes of gender, exercise performance, and balance measurements with knee flexion-extension 
angular torque measurements

Control Group
(Isokinetic 
Dynamometer 
Measurement Angles)

Gender Chalder

QCST YBT

HR
VO2Max

Right Leg 
Anterior

Right 
Leg PL

Right 
Leg PM

Left Leg 
Anterior

Left Leg 
PL

Left Leg 
PM

60° Knee Extension
r 0.681**

NS
-0.379* 0.631**

NS NS NS NS NS NS
p 0.000 0.039 0.000

60° Knee Flexion
r 0.641**

NS NS
0.418*

NS NS NS NS NS NS
p 0.000 0.022

90° Knee Extension
r 0.683**

NS
-0.415* 0.685** 0.412*

NS NS NS NS NS
p 0.000 0.023 0.000 0.023

90° Knee Flexion
r 0.686**

NS NS
0.457*

NS NS NS NS NS NS
p 0.000 0.011

120° Knee Extension
r 0.732**

NS
-0.381* 0.683** 0.439*

NS NS NS
0.378*

NS
p 0.000 0.038 0.000 0.015 0.039

120° Knee Flexion
r 0.678**

NS NS
0.494**

NS NS NS NS NS NS
p 0.000 0.006

180° Knee Extension
r 0.747**

NS NS
0.613** 0.365*

NS NS NS
0.389*

NS
p 0.000 0.000 0.047 0.033

180° Knee Flexion
r 0.667**

NS NS
0.416*

NS NS NS NS NS NS
p 0.000 0.022

Pearson Correlation Analysis Applied, *: p≤0.05, **: p≤0.01, Isokinetic Dynamometer Measurement Angles: Biodex Isokinetic System Measurement Angles, QCST: 
Queen’s Collage Step Test, YBT: Y Balance Test, HR: Heart rate, PL: Posterolateral, PM: Posteromedial, NS: Not significant
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problems, strengthens the claim that our fatigue 
measurements are not related to psychological conditions 
and that our results are reliable.

Previous studies have emphasized muscle strength loss 
and balance loss due to physical inactivity and inflammation 
encountered during the COVID-19 process (29,30). 
However, some studies have reported that rapid recovery 
of muscle strength occurs in young individuals (31). The 
similarity of the strength and balance measurements 
between the groups in our study may be related to the 
rapid recovery process of the young population. While the 
literature shows cases where this difference occurs due to 
prolonged post-COVID-19 syndrome, the mild COVID-19 
status of our cases, the age factor, and the normal course 
of the recovery process can be associated with obtaining 
results independent of prolonged COVID-19 (32).

Soares et al. (23) showed that skeletal muscle atrophy 
can develop because of COVID-19 infection. In the 
study conducted by de Andrade-Junior et al. (22) on 32 
patients, it was observed that individuals who had severe 
COVID-19 with an average age of 64.1 years had 30% 
atrophy in their rectus femoris cross-sectional areas. In 
this regard, when our study was reviewed again, it was 
determined that the individuals included in the study had 
a mild COVID-19 infection, so there was no exposure to 
the adverse effects of medication or long-term inactivity. 
Therefore, we anticipate that any potential muscle atrophy 
did not develop, or if it did, it was not at a level that 
would affect muscle strength. In addition, due to the age 
range of the participants in the sample being composed 
of young individuals, we anticipate that any potential 
atrophy would regenerate rapidly and not be reflected in 
the tests conducted. This view is supported by the study 
by Muehlbauer et al. (30), which showed that muscle 
atrophy is rapidly eliminated in young individuals. In our 
study, a moderate negative correlation was observed 
between fatigue score, JHD measurements, and Biodex 
angular torque measurements in the correlation analysis 
conducted among the study group. This is thought to 
be due to the significant difference between the fatigue 
scores of women (mean: 17.52±2.83) and men (mean: 
13.36±4.61) in the study group (p=0.005). This difference 
may be related to gender.

Coronavirus disease-2019 has also been shown to 
have neurological effects. These effects include hyposmia, 
anosmia, myalgia, headache, confusion, delirium, dizziness, 
encephalopathy, stroke, epilepsy, Guillain-Barré syndrome, 
Miller-Fischer syndrome, and acute myelitis. Many of these 
diseases adversely affect the balance. Adverse effects on 
balance are important factors for mobility, functionality, 
and quality of life. Studies have reported that balance is 
negatively affected in COVID-19 patients compared with 

healthy individuals (33). In a study by de Sousa et al. 
(34), conducted on post-acute COVID-19 patients who 
were not hospitalized and had an average age of 35, it 
was stated that the balance of COVID-19 patients was 
negatively affected compared with the control group, 
and their quality of life was also adversely affected. In 
addition, they found that changes in balance values were 
correlated with physical capacity, hand grip strength, and 
mental health evaluation parameters (34). In a functional 
balance assessment study conducted by Guzik et al. (35) 
on young individuals with an average age of 22 years who 
had a moderate level of COVID-19, balance was negatively 
affected. However, in contrast to this information, 
Ychowska et al. (36) reported no significant difference in 
stabilometric measurements between individuals who had 
mild COVID-19 within two-four weeks and those who did 
not (average age 40 and 38.9, respectively). In addition, 
they noted that balance impairment increased in COVID-19 
patients who had respiratory complaints compared with 
those without respiratory involvement (36).

In the correlation analysis performed within our study 
groups, it was determined that the balance scores of 
individuals with COVID-19 were associated with gender. 
No relationship was found among individuals without 
COVID-19. Plisky et al. (16) reported a difference in 
YBT scores based on gender in their study on healthy 
individuals, with higher scores in males. In our study, the 
high YBT scores in both groups of males were associated 
with anatomical differences compared with females. 
Shamsi et al. (37) predicted that gender is an important 
variable for YBT (38), and their study results support our 
view. Regarding COVID-19, our study found no loss of 
balance performance, which is similar to Ychowska et al.’s 
(36) studies.

Lewis et al. (38) highlighted the effect of heart rate 
variability during exercise on physical work capacity, stating 
that decreases in heart rate were inversely proportional 
to increases in muscle strength. The negative correlation 
between heart rate measurements during QCST, angular 
torque measurements, and JHD measurements obtained 
from the Biodex device in the study group is consistent 
with the findings of Lewis et al. (38). Additionally, the 
young age of the participants is consistent with the 
level of results obtained. In the control group, there 
were differences in angular torque and grip strength 
measurements by gender. The difference between our 
groups can be attributed to the COVID-19 infection, which 
can cause a loss in heart performance that may not cause 
complaints in daily life but may become apparent during 
submaximal exercise testing. This idea is supported by Wu 
et al.’s (39) study, where they found similar heart rate 
values after a 6-minute walk test in COVID-19 patients 
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with and without cardiac damage. They interpreted this 
result as cardiac fibrosis developing in COVID-19 patients 
who developed cardiac damage; however, because the 
fibrosis was in the early stages, there was no difference 
between the two groups.

The correlation between the estimated VO
2max

 
measurements obtained from QCST and the isokinetic 
angular torque measurements obtained from Biodex agrees 
with the expected results. Lovell et al. (40) demonstrated 
that as lower extremity muscle strength increased, VO

2max
 

measurements also increased. The negative correlation 
between estimated VO

2max
 measurements and fatigue 

scores in the study group was attributed to the lower 
fatigue scores of male participants in the study group. This 
is because male participants had higher muscle strength 
than females, and a negative correlation between fatigue 
scores and VO

2max
 measurements was expected because 

of the higher fatigue scores in female participants.

Study Limitations

This study has some limitations that should be 
considered. The difficulty of implementing the QCST 
and the requirement for continuous step cadence with a 
metronome may have negatively affected the participants’ 
adaptation to the test. However, this test was chosen 
because of its ease of use, practical estimation of VO

2max
, 

and minimal equipment requirements. For balance 
assessment, the decision not to use a computerized 
system may be attributed to the ease of using YBT in 
different clinical conditions and its frequent preference. In 
addition, limited access and the high cost of computerized 
systems played an effective role in our choice to use the 
YBT. Despite these limitations, our research has strengths. 
The researchers who administered the tests and evaluated 
the results during the study were different. In addition, the 
tests used in the assessments were selected in accordance 
with the target parameters. These tests are basic, non-
invasive, cheaper, easy to understand, and suitable for 
every clinical situation. The sample of the study was 
selected from young adults, and our results contributed to 
the literature from this perspective.

Conclusion
The study focuses on the impact of COVID-19 on 

young adults, especially women, emphasizing that 
fatigue is a significant issue even in mild cases that do not 
require hospitalization. While muscle strength, exercise 
performance, and balance were generally unaffected in 
this group, fatigue symptoms were notably higher in the 
first year post-diagnosis than in those without COVID-19. 
The study also found some correlation between fatigue 
and other physical parameters, suggesting that the issue 

is complex. The data on the fatigue of COVID-19-related 
events are limited; therefore, these outcomes may be 
valuable for future research. The researchers believe that 
the mild disease history and young age of the participants 
could be factors in these outcomes. We think the next 
research should focus on COVID symptoms, surveillance, 
and therapy in different age groups.
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