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Abstract. Background: Coronavirus is a novel viral infection that emerged in late 2019. The World Health
Organisation declared it a pandemic and life-threatening illness due to its detrimental impacts on multiple
organ systems. Objective: 'The aim of this study was to investigate the long-term impact of Covid-19 on maxi-
mal oxygen uptake (VO, max), physical activity, and fatigue in Saudi recreational athletes. Mezhods: A total of
42 Saudi male and female recreational athletes participated in a cross-sectional study. They were equally and
non-randomly assigned to either an experimental group (21 athletes with a history of Covid-19 infection) or
a matched control group (21 healthy athletes). VO, max, physical activity, and fatigue were measured using
the COSMED Quark cardiopulmonary exercise test (CPET) system, the International Physical Activity
Questionnaire (IPAQ), and a hand-held blood analyser, respectively. Independent t-tests and Mann-Whitney
tests were used to assess significant differences between the two groups. Resu/ts: Significant reductions were
observed in mean values of VO, max (40.88 + 12.94 & 50.16 + 1.72; d = 0.75; p = 0.019), physical activity
(6.81 +1.36&7.90 + 0.89; 4 = 0.49; p = 0.006), and metabolic equivalents (12.19 + 3.01&14.5 + 3.39; 4= 0.36;
p = 0.025), in contrast, no significant differences were found in mean values for lactic acid (13.91 = 7.44
&16.33 +5.44;d=-0.37; p = 0.473) or respiratory quotient (1.01 + 0.15&0.95 + 0.07; 4= - 0.27; p = 0.512) in
the Covid-19 & matched control groups respectively. Conclusion: Covid-19 was associated with significant re-
ductions in VO, max, physical activity, and metabolic equivalents among Saudi recreational athletes compared
to healthy controls. However, no significant differences were found in mean values of lactic acid or respiratory
quotient. Health care providers are advised to prescribe individualised rehabilitative tailored programmes for
recreational athletes with Covid-19, regardless of the time since infection. (www.actabiomedica.it)

Key words: athletes, covid-19, aerobic capacity, exercise capacity, fatigue, physical activities

Introduction

Coronavirus disease 2019 (Covid-19) is a vi-
ral infection that affects multiple organs, causing a
range of systemic and physical impairments, resulting
in a series of consequences, including neurological,

musculoskeletal, and psychological disturbances (1-3).
The pandemic originated in Wuhan, China, and was
declared a global health emergency by the World
Health Organisation (WHO) due to its high mortal-
ity rate and economic impact (3,4). Covid-19 is caused
by the severe acute respiratory syndrome coronavirus
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(SARS-CoV-2), as the diseases share similar symp-
toms and consequences (5). The incidence of Covid-19
among athletes remains unclear, although recent find-
ings indicate a higher prevalence among swimmers
(9.6%), cyclists (8.0%), triathletes (6.0%), and runners
(4.1%) (6). Recreational athletes, who engage in sport
primarily for enjoyment rather than competition, do
not follow systematic training regimens and typically
compete at lower levels (2). These individuals were sig-
nificantly affected by lockdown restrictions, virus in-
fections, and the suspension of sporting events, leading
to declines in motivation and training consistency (7).
Consequently, their focus shifted further from com-
petition to the intrinsic pleasure of participation (2).
Reductions in physical performance may stem from
decreased aerobic capacity, myalgia, fatigue, and
breathing difficulties (8). Elevated C-reactive protein
and polymerase chain reaction (PCR) levels are mark-
ers of Covid-19 infection and associated with inflam-
matory conditions (9). Covid-19 may cause pulmonary
complications such as pulmonary fibrosis, interstitial
lung fibrosis (10), and pulmonary embolism (11),
alongside cardiac involvement. This may result in
anaemia of inflammation (AI) or functional iron de-
ficiency (FID). AI was present in 24.7% of patients
with Covid-19 on admission and 68.8% after hospi-
talisation (11,12). FID, secondary to impaired iron
regulation and absorption, that leads to insufficient
circulating iron for haemoglobin production, causing
tissue damage, poor outcomes, and compromised oxy-
genation (13). Covid-19 patients may also experience
reduced respiratory functions (14), impaired aerobic
performance, general wellness, muscular strength and
endurance, particularly among athletes. One study
found a 95% reduction in exercise capacity among
athletes with Covid-19 (12) and a 39% reduction in
the general Covid-19 patient population (8,15). Lung
dysfunction is typically indicated by a reduced VO,
max, which reflects the efficiency of the cardiopul-
monary system in supplying the muscles with oxygen
and exporting waste from active muscles (16). Genetic
and environmental factors, such as age and sex, also
influence VO, responses to exercise training (17). VO,
max is further determined by cardiac output, blood
oxygen-carrying capacity, and muscular oxidative ef-
ficiency (17). Hence, it serves as a valuable metric for

evaluating muscular oxidative function, training pro-
gramme effectiveness, fatigue thresholds, and cardio-
pulmonary dysfunctions (18-20). A diagnosis of long
Covid-19 is made when symptoms persist for more
than 12 weeks following initial infection, as defined
by the United Kingdom, National Institute for Health
and Care (21). Approximately 10% of patients are sus-
pected of developing long Covid, although the preva-
lence may reach 70% in some SARS-CoV-2 cases (21).
Fatigue is characterised by a reduced ability of muscles
to maintain required force , it is a common symptom
of viral and bacterial infections and leads to decreased
physical performance, altered joint sense, impaired
balance, and increased fall risk (22). Fatigue was the
most reported symptom in Covid-19 cases, with prev-
alence rates reaching up to 64% (23). Pictogram fa-
tigue scales showed that 19.3% and 32% of patients
with long Covid reported mild and moderate fatigue,
respectively (24), while another study reported fatigue
in 80% of Covid-19 patients (25). Maintaining op-
timal physical performance is critical for athletes to
prevent premature fatigue (26). Cardiopulmonary fit-
ness, evaluated by VO, max and lactate threshold, is
the gold standard method for assessing performance
capacity (27). To sustain cardiopulmonary efficiency,
athletes must maintain adequate levels of physical ac-
tivity and VO, max (27). After Covid-19, levels of VO,
max fell from superior to good categories among ath-
letes (28), and they dropped by more than 10% within
45 days of infection (19). Full recovery from Covid-19
may occur within three months (29,30), and six-week
rehabilitation programmes have shown significant
improvements in respiratory muscular strength, pul-
monary function, and general muscle endurance (24).
Physical capacity is an early predictor of disease pro-
gression (31). Post-lockdown studies reported reduced
endurance capacity in elite handball players despite
home-based training (32), alongside declines in cardi-
opulmonary function (33,34) and endurance capacities
even among athletes without Covid-19 histories (35).
Moreover, the pandemic significantly disrupted sport-
ing events worldwide (36). To the best of our knowl-
edge, previous studies (24,32-35) have reported wide
variability in Covid-19 outcomes. Some patients
recover spontaneously (29,30), others benefit from
therapeutic interventions (24), and some experience
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prolonged impairments (32-35). Long Covid has been
defined as a distinct condition, and current guidelines
call for translational research (37), a nuanced under-
standing of its diverse manifestations (38), and large-
scale trials (37,38). However, protection strategies,
therapeutic outcomes, and recovery trajectories vary
widely by country and population. While many pa-
tients seek symptom relief, the long-term impact on
aerobic capacity and cardiopulmonary fitness remains
critical especially for athletes. Yet, this topic has not
been examined in Saudi population particularly recre-
ational athletes. Accordingly, the aim of this study was
to investigate the impact of long Covid on VO, max,
physical activity, fatigue, and metabolic equivalents in
Saudi recreational athletes.

Materials and Methods
Study design

This was a cross-sectional study.
Sample size

The sample size was calculated using an online
tool  (http://www.stat.ubc.ca/~rollin/stats/ssize/n2a.
html) and based on the mean and standard deviation
(SD) of the VO, max variable from a previous study
(28): ul = 51.97, u2 = 123.3, sigma/SD = 81.97. The
significance level was set at 0.05 with a power of 0.80.
The total required sample size was 42 athletic partici-
pants, with 21 in each group.

Participants

Forty-two athletic participants were screened
and recruited from various sports clubs in the East-
ern region, specifically in the cities of Dammam and
Al-Khobar. They were non-randomly assigned into
two groups:

- Experimental group: Twenty-one male and fe-
male recreational athletes who had been diag-
nosed with Covid-19 (37) at least 12 months
prior to the time of study participation. Recovery

was defined as being free from fever and respira-
tory symptoms for at least three days.

- Control group: Twenty-one male and female
healthy matched athletes with no history or signs
of Covid-19 infection, confirmed by absence of
symptoms suggestive of acute infection (39).

Inclusion criteria

Male and female Saudi recreational athletes aged
18 to 35 years were included in this study. For the ex-
perimental group, a positive PCR test for Covid-19
recorded in the Tawakkalna application one year prior
to data collection was required. For the control group,
a negative PCR test for Covid-19 was required, with
no reported symptoms of infection.

Exclusion criteria

Participants were excluded if they were non-Saudi
recreational athletes; smokers; had acute infections,
recent surgeries, unstable cardiovascular conditions,
chronic respiratory or neurological diseases, or mental
illness; were unable to walk; or had any other condition
that contraindicated participation in the study (40,41).

Procedure of the study

After informed consent was obtained, demo-
graphic data were collected, including age, body
weight, body mass index (BMI), oxygen saturation,
heart rate, and blood pressure. The following assess-
ments were then conducted for all participants:

a.  Chest X-ray: As one of the most cost-effective
and accurate diagnostic imaging tools, chest
X-ray was used to detect lung infection or any
tissue abnormalities (42-44). All images were
evaluated by specialised radiologists for poten-
tial abnormalities secondary to Covid-19.

b.  Physical activity: This was assessed using the
valid International Physical Activity Ques-
tionnaire (IPAQ) Arabic version (45), which
measures physical activity over the previous
seven days across five domains: work-related
activities, transportation, domestic, sports, and
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leisure time each day (45). Results were clas-
sified into three categories based on MET
(metabolic equivalent) minutes per week: low
(3.3 METs), moderate (4 METs), and high or
vigorous activity (8 METs). MET is a standard
measure of energy expenditure during physical
activity. These values were calculated by multi-
plying the MET value by the duration of the
activity in minutes and the number of days
per week. One MET is equal 3.5 millilitres of
oxygen consumed per kilogram (kg) of body
weight per minute at rest (44,46). Each partici-
pant completed all items of the IPAQ, and their
total score and activity level were recorded.

c. Fatigue level: Fatigue was assessed using a porta-
ble handheld blood analyser, which is considered
the gold standard for fatigue estimation via blood
lactate concentration (47). With the participant
in a seated and relaxed position, a fingertip was
pricked using a lancet, and a drop of blood was
placed on a test strip, which was then inserted
into the Lactate Pro device. The resulting lactate
level was recorded from the device screen.

d.  Cardiopulmonary functions: They were meas-
ured using the COSMED Quark CPET
system, it is a valid and reliable method for de-
termining maximal oxygen consumption (VO,
max), heart rate, and respiratory rate (48).
Participants attended the physiological lab
wearing their appropriate sports attire and
footwear. Chest hair was shaved, and electro-
cardiograph leads were applied. An oxygen
exchange mask was fitted securely to avoid
leakage. After a detailed explanation of the
procedure, the Bruce treadmill protocol was
followed, involving four progressive stages
of increasing speed and incline. Participants
were encouraged to exert a maximal effort.
Upon completion, a gradual cool-down was
conducted. VO, max, METs, and respiratory
quotient were recorded during this test (49).

Statistical analysis

Data were analysed using SPSS statistical soft-
ware (version 25). Normality was tested using the

Kolmogorov-Smirnov test. Independent t-test and
Mann-Whitney test were used for comparisons be-
tween groups for normally and non-normally dis-
tributed variables, respectively. Cohen’s d was used to
determine effect sizes, while Chi-squared tests were
used to compare categorical variables. Statistical sig-
nificance was set at p < 0.05, with a 95% confidence
interval.

Results

Out of 80 recreational athletes screened,
42 were recruited into the study. Twenty-one were as-
signed to the Covid-19 group (positive PCR at least
12 months prior) 21 to the healthy matched control
group (negative PCR). Demographic characteristics
(age, gender, BMI, resting and maximal heart rate,
types of sports activities (football, basketball, run-
ning) and physical activity levels (moderate, and high)
did not differ significantly between groups (p > 0.05)
(Table 1). Most participants were male (81% in the
Covid-19 group and 85% in the control group), with
football and basketball as the most common sports
(52% and 28% in the Covid-19 group; 42% and 28% in
controls). All images of chest X-ray were not included
in the analysis as they did not show any tissue abnor-
malities for all participants. High physical activity lev-
els were reported by the majority of our participants
(90% and 71%), and similar proportions were classi-
fied as overweight (28% and 27%) in the Covid-19 and
control groups respectively (Table 1).

Mann-Whitney and independent t-tests revealed
significant differences in mean values of the IPAQ
scores, VO2 max, METS, and exercise breathing rates
between the Covid-19 and healthy matched control
groups (p < 0.05), (Figure 1 ,Table 2). However, no sta-
tistically significant differences were obtained in mean
values of the respiratory quotient, lactic acid, VE (Min-
ute volume), or VE/VCO2 (Validation of carbon diox-
ide production) between groups (p > 0.05). There was
no statistically significant difference in mean values of
lactic acid between groups, although values were slightly
lower in the Covid-19 group (Table 2, Figure 2).

Results of Pearson correlation analysis show posi-
tive correlations between lactic acid and respiratory
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Table 1. Demographic data of recruited participants.

Covid -19 Confidence
athletes Effect sizes Matched athletes | interval at 95%
Variables Mean + SD Cohen’sd Mean + SD (Lower; upper) p-values
Age in years 24.05+1.91 -0.31 23.24 + 3.46 (-2.55;0.93) 10.134M
BMI in kg/m2 28.27 £ 2.65 -0.20 27.74 £ 2.55 (-2.15;1.09) +0.512!
Resting HR 78.0 + 2.93 0.21 78.71 + 3.72 (-1.37;2.80) +0.598 M
Resting HR, . 195.95 + 1.91 0.30 196.76 + 3.46 (-0.93;2.55) 10.134 M
Gender (N)% male (17) 81%, male (18) 85.7%, +0.679€
female (4) 19% female (3) 14.3%
Types of sports running (4) 19%, football (11) 52.4%, | running (6) 28.6%, football (9) 42.8 %, +0.183€
activities (N)% basketball (6) 28.6% basketball (6) 28.6%
Physical activities moderate (2) 9.5 %, high (19) 90.5 % moderate (6)28.6%, high (15) 71.4% +0.116¢
categories (N)%

€ Chi-square test was used to compare categorical variables between groups, : Independent -t test was used to compare between two groups for
normal distributed variables, ™: Mann-Whitney test was used to compare between two groups for non-normal distributed variables, CI at 95%:
Confidence interval of the difference at 95%. Abbreviations: BMI: body mass index in kilogram/meter squared, HR: heart rate in beats / minute,
HR max: maximal heart rate in beats/minute. T: non-significant differences as p- value > 0.05.
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Figure 1. Mean values of VO2max and IPAQ physical ac-
tivity scores of athletes with Covid-19 and healthy matched
athletes. Covid-19: Coronavirus disease 2019. Abbreviations:
IPAQ: International physical activity questionnaire; VO2 max:
the maximum rate of oxygen consumption measured during
incremental exercise. MET: is a way to measure body’s expendi-
ture of energy it is equal to 3.5 ml O2 per kg body weight x min.

quotient (r = 0.399, p = 0.009) and between IPAQ
0.343,

p = 0.026). Spearman correlations revealed significant

scores and exercise breathing rate (r =

positive associations between VO2 max and METs
(r = 0941, p = 0.00), VO2 max and minute
volume (r = 0.676, p = 0.000), and VO2 max and IPAQ
scores (r = 0.417, p = 0.006).

Discussion

This study aimed to investigate the long-term im-
pact of Covid-19 on aerobic capacity, physical activity,
fatigue, and metabolic equivalents in Saudi recrea-
tional athletes. The current results show significant re-
ductions in mean values of aerobic capacity, physical
activity, and metabolic equivalents in Saudi recrea-
tional athletes with a history of Covid-19 on compari-
son with healthy matched athletes. Our findings
indicate negative impact of Covid-19 on cardiopulmo-
nary functions, physical activity levels, and METs,
while no significant differences were gained in mean
values of lactic acid and respiratory quotient between
the two groups. Other meaning, individuals with a his-
tory of Covid-19 consistently exhibited higher albeit
non-significant mean values of respiratory quotient
than those matched healthy athletes. Our findings
agree with the results of Barbagelata et al., Beyer et al.,
and Baratto et al., who detected significant negative
impacts of viral infection on aerobic capacity (50),
physical performance (51), oxygen contents and en-
durance performance (12) in patients with Covid-19.
Similarly, our results are supported by Alshammari
and Lépez-Bueno et al., they detected significant re-
ductions in exercise capacity in both non-athletes (52)
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Table 2. Mean values of the IPAQ, METs, lactic acid and respiratory measures of athletic Covid-19 and healthy matched athletes.

Healthy matched
Covid-19 athletes athletes Effect sizes CI at (95%)

Variables Mean + SD Mean + SD Cohen’sd (Lower; upper) | p-values
IPAQ Score of physical activity 6.81 £ 1.36 7.90 £ 0.89 0.49 (0.38;1.81) *0.006M
Maximal oxygen consumption 40.88 + 12.94 50.16 £ 1.72 0.75 (1.58;16.97) *0.019"

(Vo2 max) in (ml/kg.min)

Metabolic equivalent METs 12.19 + 3.01 14.5 £ 3.39 0.36 (0.31;4.30) *0.025"

Exercise breathing rate 57.48 + 19.08 44.01 + 18.06 -0.72 (-24.97;-1.97) | *0.025"

Respiratory quotient (RQ) 1.01 £0.15 0.95 +0.07 -0.27 (-0.13;-0.01) +0.512!

Lactic acid 13.91 + 7.44 16.33 + 5.44 -0.37 (-1.65;6.48) t0.473M
Minute volume (VE) 79.46 + 29.9 91.67 + 32.15 0.39 (-7.16;31.57) 10.210"

VE /Vco2 slope 26.54 + 6.81 30.19 = 5.12 0.61 (-0.11;7.40) +0.057!

M: Mann-Whitney test was used to compare between two groups for non-normal distributed variables, :: Independent -t test was used to compare
between two groups for normal variables. Abbreviations: IPAQ: International physical activity questionnaire; VO2 max: the maximum rate of oxygen
consumption measured during incremental exercise; it is the gold standard measure of acrobic fitness. MET: is a way to measure body’s expenditure
of energy it is equal to 3.5 ml O2 per kg body weight x min. VE: Minute volume = tidal volume/ respiratory rate its increases mean increases work of
breathing, VE / Vo2 slope is an index of ventilatory response to exercise, Respiratory quotient: >1.0 might suggest excessive carbohydrate or calorie
provision that can result in increased CO2 production. CI at 95%: Confidence interval of the difference at 95%. t: non-significant differences as

p-value > 0.05, *: non-significant differences as p-value < 0.05

u METs
m Lactic acid

18 1633
16 13.91 14.5

14 12.19
12
10 I

Covid-19 athletes Matched healthy

(o]

(=1 S I SN

Metabolic equivalent in METs & lactic acid in Millimoles per Litre

Figure 2. Mean values of metabolic equivalents in METs & lactic
acid in mmol/L of athletes with Covid-19 and healthy matched
athletes. Covid-19: Coronavirus disease 2019. Abbreviations:
VO2 max: the maximum rate of oxygen consumption measured
during incremental exercise. METSs: means metabolic equiva-
lent, it is a way to measure body’s expenditure of energy, one

MET is equal to 3.5 ml O2 per kg body weight x min.

and adolescents with Covid-19 (53). In contrast,
Komici et al. they found that patients with Covid-19
exhibited optimal exercise capacity and no impair-
ments in pulmonary or cardiovascular functions (54).
Likewise, studies by Gervasi et al., Savicevic et al., and

Ceglie et al. who determined no significant differences
in athletes’ performance before and after Covid-19 in-
fection, including minutes played, rebounds, turnovers,
and field goals (55-57). Gervasi et al. found no signifi-
cant differences in cardiovascular functions between
Covid-19 and non-Covid-19 groups, nor within the
Covid-19 group pre- and post-infection in players
from an Italian soccer team (55). Furthermore, no sig-
nificant changes were reported in performance among
National Basketball Association players before and af-
ter Covid-19 infection (58). Savicevic et al. also they
found no significant differences in professional
Croatian soccer players post-infection, which reflects
preserved anaerobic endurance (59). Several previous
studies explored the effect of time on disease progres-
sion and patients’ recovery (29,30). Their results indi-
cate improvements in impairments and consequences
of Covid-19 over time. They attributed these improve-
ments to various mechanisms for example, cardiopul-
monary function may improve naturally due to
normalisation of myocardial extracellular proteins and
reduction of the inflammatory cytokines within six
months of infection (59), also their findings have
shown non-significant differences in cardiopulmonary
function between groups (60), further, exercise
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interventions may improve immune response and
functional outcomes via increasing stress hormones,
reducing of local inflammatory changes (61), and en-
hancing respiratory and physical status in recovered
patients (62). Some authors found intact of cardiopul-
monary functions with good exercise capacity post-
infection (63), which appears to contradict our
findings, however, those authors assessed athletes
within 30 days of the first negative PCR test. In con-
trast, the current study involved participants who were
assessed at least one year after infection, a period gen-
erally considered sufficient for complete recovery (64).
Post-infection improvements which may appear sig-
nificant over time, on comparison of them with healthy
matched controls still reveals persistent differences.
Moreover, despite physiological recovery, the time lost
from sports participation has markedly decreased
(from 27 days to 10 days), indicating a safe return to
activity (63,66). This recovery may be due to wide-
spread vaccination, spontaneous healing, greater pan-
demic awareness, a healthy diet, physical activity, and
compliance with health guidelines (63,65,66). While
the majority of participants from both groups in the
current study were categorised as highly active, the
findings reveal significantly reductions in mean values
of the IPAQ scores and VO, max among athletes with
prior Covid-19 infection on comparison with matched
healthy controls. This discrepancy may help to explain
the observed differences in aerobic capacity. This high-
lights the need for individualised rehabilitation tai-
lored programmes for previously infected individuals,
regardless of the duration since infection or their gen-
eral physical activity. These conclusions align with
WHO recommendations and previous studies, which
have advocated physical activity since the beginning of
the pandemic and promoted home-based exercise to
mitigate adverse effects of the viral outbreak (67,68).
Similar recommendations include the promotion of
healthy behaviours, physical activity participations,
and increases of global awareness (53). It is also widely
acknowledged that physically active individuals are less
vulnerable to Covid-19 complications and hospitalisa-
tion (69). Pulmonary recovery of participants may be
delayed as a result of comorbidities, advanced age, se-
vere viral infection (70), and smoking (71). VO, max
values reduces significantly in smoker athletes than in

non-smokers (72). Fortunately, all participants in the
current study were non-smokers, had no comorbidi-
ties, and had normal chest X-rays. which might be a
solid aspect to eliminate pulmonary consequences.
Smoking is significantly associated with Covid-19
progression, and it has a detrimental effect on cardio-
pulmonary function (73). Vaccination also played a
major role in mitigating the long-term consequences
of Covid-19 infection (74). Two doses of mRNA vac-
cine were associated with significant reductions in
long-term symptoms (75,76), earlier return to work (75),
and improvement in aerobic capacity compared to un-
vaccinated patients (74). All Covid-19 participants of
the current study received three doses of the vaccine,
both before and after infection. This may explain the
similarities in some outcome measures e.g., lactic acid,
minute volume, and respiratory quotient in both
groups. Our findings show no significant differences in
mean values of lactic acid between athletes with and
without prior Covid-19, suggesting a comparable fa-
tigue threshold. Physiologically, as exercise intensity
increases, glycolysis intensifies, resulting in greater lac-
tate utilisation in the mitochondria, particularly within
adjacent slow-twitch muscle fibres, alongside fat oxi-
dation. The ability to clear blood lactate is a useful in-
dicator of mitochondrial function (77-79). While
evidence on Covid-19’s impact on mitochondrial me-
tabolism remains limited, our findings contrast with
the previous results showing impairment in fat oxida-
tion and increases in accumulation of blood lactate
during exercise in non-athletic patients with Covid-19
(77-79). These earlier findings were linked to risk fac-
tors such as age over 60, being female, admission at the
onset of infection in intensive care unit, breathing dif-
ficulties, and pre-existing health conditions (80).
Physically fit individuals generally have better mito-
chondrial function and higher fat oxidation rates dur-
ing exercise. Well-conditioned athletes exhibit superior
mitochondrial function, demonstrating enhanced ca-
pacity to oxidize both fatty acids and carbohydrates
(81). For instance, cycling at 70% to 90% of VO, max
significantly improves oxidative and glycolytic capacity
(82), while 12 weeks of endurance training can double
mitochondrial enzyme levels and increase total protein
content by 60% (83). Our findings on mitochondrial

function are consistent with the physical condition of
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)

our study population and support the ‘open window
which

intensity exercise best enhances immunity by reducing

theory, suggests that moderate-
inflammation, preserving thymic mass, and boosting
Finally, the

results show positive correlations between lactic acid

immunosurveillance  (84). current
and respiratory quotient, indicating that increases in
lactic acid levels may be associated with increases in
respiratory quotient. This may suggest that excessive
carbohydrate or calorie provision results in increased
CO, production and greater lactic acid accumulation.
However, there is a lack of evidence supporting this
explanation. The observed positive correlation between
physical activity and breathing rate during exercise is
consistent with findings reported by Biernat et al., who
stated that vigorous activities involve breathing much
harder than normal and may include heavy lifting, dig-
ging, aerobics, or fast bicycling (85). The positive cor-
relation observed between VO2 max and METs
supports the use of METS in estimating VO, max and
aligns with Paterson et al., who reported that increases
in VO, max correspond with increases in METs (86).
These correlations among different outcome measures
facilitate interpretation of the current results although,
overall, there remains a shortage of evidence in this
area.

Conclusion

Mean values of VO, max, physical activity, and
metabolic equivalent reduced significantly in Saudi rec-
reational athletes with Covid-19 on comparison with
healthy matched controls. In contrast, non-significant
differences were found in mean values of lactic acid
and respiratory quotient. Health care providers are ad-
vised to prescribe individualised rehabilitative training
programmes for recreational athletes with Covid-19,
regardless of the time since infection.

Strengths of the study

The use of the Cosmed Quark CPET ensured ac-
curate determination of VO, max, and blood analysis
enabled reliable detection of lactic acid concentrations.
The Saudi athletic population warrants investigation

due to lack of evidence regarding the impact of long
Covid-19 on the sports sector in the Middle East.

Limitations

The small sample size and predominance of male
participants may limit the generalisability of the find-
ings. Additionally, the non-randomised recruitment of
participants may have introduced bias to the current
results.

Recommendations

Individualised rehabilitative training programmes
should be prescribed by health care providers for recre-
ational athletes with prior Covid-19, regardless of the
time since infection. Further research is needed with a
larger, randomly selected sample, focusing on a single
sport and gender pattern to enhance the generalisabil-
ity of the results.
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