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Abstract 

Background: Long-term symptoms after SARS-CoV-2 infection such as fatigue, shortness 
of breath and cognitive impairment represent a major burden on society. Risk factors in-
clude female sex, smoking, comorbidities and socioeconomic deprivation. Physical activ-
ity (PA) has been suggested as a potential protective factor, although all population 
groups, including athletes, were affected. Therefore, this study aimed to investigate the 
influence of PA duration and intensity on the odds of the presence of long-term symp-
toms. Methods: This cross-sectional study included 5413 individuals following acute 
COVID-19 within the CoCo-Fakt online monitoring study. The type, duration and inten-
sity of exercise in the four weeks before quarantine were recorded, and the odds of the 
presence of long-term symptoms beyond 12 weeks after infection were determined, ad-
justed for demographics, health status and acute COVID-19 outcomes. Results: Among 
participants, 561 (10.4%) reported long-term symptoms. Those with long-term symptoms 
reported a longer duration (p = 0.019, d = −0.61) of exercise in the four weeks before quar-
antine compared to those without long-term symptoms. Adjusted for demographics, 
health status and acute COVID-19 outcomes, higher exercise intensity (MET/day) was as-
sociated with 16.7% increased odds of long-term symptoms (Nagelkerke R2 = 18.0%). After 
the Bonferroni–Holm correction, this association did not remain significant. Conclusions: 
Current data suggests that PA has a protective effect on post-COVID-19 condition when 
performed at a moderate level. In our study, however, neither PA intensity nor duration 
emerged as a predictor of long-term symptoms. Future studies must clarify which inten-
sities and types of exercise can help to maintain overall physical and mental health and to 
prevent or improve the long-term outcomes following SARS-CoV-2 infection, considering 
individual circumstances. 
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1. Introduction 
Although the coronavirus disease 2019 (COVID-19) pandemic has now become en-

demic, patients are still affected by the long-term effects of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection. A recent meta-analysis by Hou et al. found 
that the global prevalence of post-COVID-19 condition is 36% (33–40%) among individu-
als with a confirmed COVID-19 diagnosis [1]. However, its exact spread cannot yet be 
reliably determined due to its nonspecific manifestation, lack of biomarkers and limita-
tions in current studies [2,3]. 

According to the World Health Organization (WHO)’s definition, post-COVID-19 
condition presents with various physical, mental and cognitive symptoms that usually 
develop three months after SARS-CoV-2 infection and last for at least two months [3,4]. 
Symptoms can develop anew after initial recovery or persist after infection and cannot be 
explained by another diagnosis. Common symptoms include fatigue, shortness of breath, 
cognitive impairment and headache [5,6], which can lead to long-term absence from work, 
thereby imposing a social burden with high costs [7] and an increased individual burden 
due to a reduced quality of life [8], impaired cognitive and physical function and dimin-
ished participation in society [9]. 

Risk factors for post-COVID-19 condition include symptomatic acute COVID-19 
courses, female sex, smoking, comorbidities and socioeconomic deprivation [10]. Limited 
research has explored vaccination [11], higher education [12,13] and living in urban areas 
[13] as possible protective factors for post-COVID-19 condition. Physical activity (PA) is 
considered a factor that not only contributes to prevention of SARS-CoV-2 infection [14] 
but that can also, when performed regularly prior to infection, lead to better outcomes in 
individuals with acute COVID-19, such as shorter recovery time, lower rates of hospitali-
zation and severe disease course [15–19]. Furthermore, exercise training in rehabilitation 
programs seem to play a beneficial role in the recovery of respiratory symptoms [20]. Pos-
sible explanations for this observation include the link between physical inactivity and 
chronic diseases, which are associated with more severe disease progression, as well as 
inflammatory processes [21,22]. Concerning several manifestations of post-COVID-19 
condition, a persistent increase in inflammatory cytokines, which could cause various sys-
temic and organ-specific impacts, has been discussed [23]. Conversely, a healthy lifestyle 
including high PA levels, a healthy diet and non-smoking could reduce the risk of long-
term symptoms due to anti-inflammatory mechanisms. Some studies have already shown 
an association between the risk of long-term symptoms and PA [24,25] or a healthy life-
style [26], albeit with an exclusively female cohort, a lack of differentiation in intensity 
and a small sample size. However, one study involving a cohort of fit young adults found 
a prevalence of post-COVID-19 condition ranging from 1 to 4%, which, at that time, was 
comparable to the average prevalence of around 2% in individuals aged 18–24 years [27]. 

As part of the CoCo-Fakt (Cologne-Corona-Beratung und Unterstützung Für Index- 
und KontAKt-Personen während der Quarantäne-ZeiT [Cologne-Corona counseling and 
support for index and contacts during the quarantine period—author’s translation]) cross-
sectional study, we investigated the association of PA duration and intensity and long-
term symptoms after SARS-CoV-2 infection. We hypothesized that engaging in physical 
activity four weeks before quarantine would decrease the odds of the presence of long-
term symptoms. 

2. Materials and Methods 
2.1. Study Design 

The CoCo-Fakt study is a cross-sectional, mixed-methods online survey, conducted 
in three waves with individuals infected with SARS-CoV-2 (confirmed by quantitative 
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real-time polymerase chain reaction or rapid testing from the second wave onwards) and 
their contacts in Cologne (first to third waves) and the county of Augsburg (third wave). 
Inclusion criteria were a minimum age of 16 years and a valid email address. Deceased 
individuals, individuals in medical or nursing facilities, and non-compliant individuals 
were excluded. All participants provided informed consent prior to participation. 

Corresponding cases were reported to the health departments, where they were en-
tered into a database [28], and isolated or quarantined for the applicable period in accord-
ance with the German Infection Protection Act. 

The survey waves included individuals who were in isolation or quarantine from the 
start of the COVID-19 pandemic until 9 December 2020 (first wave, not included here), 
between 1 January and 30 June 2021 (second wave), and between 1 July 2021 and 31 De-
cember 2021 (third wave). Individuals who met the inclusion criteria for the CoCo-Fakt 
study were extracted from the databases and received an invitation via email with a link 
to the online survey. They were sent a reminder two and four weeks after the invitation. 
The email addresses were not linked to the survey data at any time, ensuring that the 
survey was completely anonymized. 

The survey was developed and modified based on the COVID-19 Snapshot Monitor-
ing (COSMO) study [29] and conducted using the Unipark survey tool (Tivian XI GmbH, 
Munich, Germany) [30]. Individuals who were pregnant and their partners received a 
supplement to the questionnaire containing pregnancy-related questions. Individuals 
who stated that they had children were redirected to a children’s questionnaire after com-
pleting the survey. The study protocol of the first wave has been published previously 
[31]. For the second and third waves, the survey was modified according to arising 
knowledge during the pandemic (Supplementary File S1). Completing the questionnaire 
took approximately 30–45 min. 

2.2. Study Sample 

Since no common definition existed for post-COVID-19 condition at the time of the 
first wave, only data from the second and third waves were evaluated in this analysis. A 
total of 105,376 individuals who were infected with SARS-CoV-2 or had been a contact 
person between 1 January and 31 December 2021 were contacted. Of these, 21,116 indi-
viduals clicked the questionnaire. This analysis included 5413 individuals who were aged 
at least 16 years, were in quarantine as infected individuals, and provided information on 
sex, acute and long-term symptoms after SARS-CoV-2 infection and PA habits before 
quarantine (Figure 1). 

2.3. Survey 

2.3.1. Demographic Data 

Participants’ age (in years), sex (female or male), socioeconomic status (SES) and mi-
gration background (no or yes) were recorded. SES was calculated from participants’ 
school and vocational education and classified into ‘low’, ‘medium’ or ‘high’ according to 
the first wave of the German Health Interview and Examination Survey for Adults [32]. 
Due to small numbers, the ‘low’ and ‘medium’ categories were combined. Migration back-
ground was classified based on the language predominantly spoken at home (German = 
no, all other languages = yes). 

2.3.2. Health Status 

The participants were asked to report their height (cm) and weight (kg), which was 
used to calculate their body mass index (BMI) and classify them as underweight, normal 
weight, overweight or obese according to WHO guidelines [33]. We further recorded 
whether one or more of the following chronic diseases were present: pulmonary disease, 
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cardiovascular disease, neurological disease, musculoskeletal disease, metabolic disease, 
chronic gastrointestinal disease, chronic kidney problems or kidney failure, mental illness, 
dermatological disease, cancer, allergies, autoimmune disease, or other. Based on the in-
formation provided for ‘other’, the participants were classified into further categories (gy-
necological disease, hematological or infectious disease, ophthalmological disease, otorhi-
nolaryngologic disease, rheumatic disease, and vascular disease). 

 

Figure 1. Study population flow chart. 

2.3.3. COVID-19-Related Questions 

We recorded the participants’ COVID-19 vaccination status (vaccinated once, twice 
or three times; infected and vaccinated once, twice or three times; not vaccinated yet, but 
would like to be vaccinated; does not want to be vaccinated) and then categorized them 
as “vaccinated” or “unvaccinated”. We also assessed all SARS-CoV-2 mutations known at 
the time of the survey (no mutation, Alpha [B.1.1.7], Beta [B.1.351], Gamma [P.1], Delta 
[B.1.617.2], multiple mutations, unknown, and other) and categorized them as ‘virus mu-
tation present’ or ‘no virus mutation present’. 
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We asked the participants about the severity of their acute symptoms (‘Completely 
symptom-free’; ‘Mild symptoms, on how many days?’; ‘Significant symptoms, on how 
many days?’; ‘Severe feeling of illness, on how many days?’; ‘Illness-related anxiety’; 
‘Long-term symptoms [post-COVID-19 condition/>4 weeks]’; and ‘Other’, modified ac-
cording to [34]). When reporting symptoms, we determined the respective duration (in 
days) and intensity (‘did not occur’, ‘mild symptoms’, ‘moderate symptoms’, and ‘severe 
symptoms’) for nine symptoms frequently described in the literature (fever > 38 °C, cough, 
loss of appetite, fatigue, mild flu symptoms, muscular exhaustion, diarrhea, shortness of 
breath, and headache) [35] within the first two weeks after the positive test. Based on the 
type and severity, we classified the symptoms as follows and ranked them according to 
the most severe manifestation: 

• Asymptomatic course (‘completely symptom-free’); 
• Mild course: any intensity of loss of appetite or mild other symptoms; 
• Moderate course: severe or moderate symptoms of cough, fatigue, muscular exhaus-

tion, headache or diarrhea, or moderate symptoms of fever, flu or shortness of breath; 
• Severe course: severe symptoms of fever, flu or shortness of breath. 

If the participants reported long-term symptoms (indication of ‘post-COVID-19 con-
dition/>4 weeks’ in the acute symptoms section), they were asked which of the most com-
mon post-COVID-19 condition symptoms (fatigue, cognitive impairment [‘brain fog’, loss 
of concentration or memory issues], loss of taste, loss of smell, respiratory symptoms 
[breathlessness, shortness of breath], psychological or psychiatric symptoms [depression, 
anxiety or post-traumatic stress disorder], sleep disturbance, muscular exhaustion, head-
aches, hair loss, and other) [36] were still present or had newly occurred at least four weeks 
after the positive test. For each of the listed symptoms, the course (‘no symptoms’, ‘mild 
symptoms’, ‘moderate symptoms’, or ‘severe symptoms’) was asked in relation to the pe-
riod of occurrence (up to four weeks after illness, four to eight weeks after illness, more 
than eight weeks to less than three months, and more than three months). If the partici-
pants reported symptoms beyond 12 weeks after illness, they were assigned to the group 
‘with long-term symptoms’. If they either reported not having post-COVID-19 condition 
in the acute symptom section or being asymptomatic beyond 12 weeks after illness, they 
were assigned to ‘without long-term symptoms’. 

The long-term symptoms were then summarized for periods of four weeks to less 
than three months and more than three months, classified according to the type and in-
tensity of the symptoms as follows, and assigned to the most severe category: 

• Mild course: any intensity of loss of smell, loss of taste or hair loss, or mild other 
symptoms; 

• Moderate course: severe or moderate symptoms of cognitive impairment, sleep dis-
turbance, muscular exhaustion or headache, or moderate respiratory symptoms or 
fatigue; 

• Severe course: severe symptoms of respiratory symptoms or fatigue. 

2.3.4. Physical Activity 

We recorded participants’ daily life activities (e.g., gardening, occupational or home 
activities), exercise and relaxation habits four weeks before and during quarantine, as well 
as in the last two weeks before the survey (second wave only, modified according to [37]). 
In the current analysis, only PA habits before quarantine were evaluated; all other infor-
mation, including daily life activities, was excluded. The participants were asked about 
the types of activity, frequencies (days/week) and number of minutes per day for both 
moderate and vigorous activities. A general metabolic equivalent of task (MET) value was 
derived for each sporting activity based on the Compendium of Physical Activities [38]. 
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Where possible, differentiated MET values were assigned for moderate and vigorous ac-
tivities. From this information, duration (minutes/week) and intensity (MET/week) were 
summed for moderate, vigorous and total PA (moderate and vigorous activities) and a 
mean score of minutes/day and MET/day calculated. 

2.4. Data Analysis 

We calculated the frequency (percentage), central tendency (mean) and variation 
(standard deviation [SD]) to describe the sample. Comparisons between participants with 
and without long-term symptoms as well as their demographic (age, sex, migration back-
ground, SES, BMI, chronic diseases, and smoking status) and COVID-related characteris-
tics (COVID-19 vaccination status, SARS-CoV-2 mutations, and severity and duration of 
the acute COVID-19 course), respectively, were analyzed descriptively using Pearson’s χ2 
tests and independent t-tests. Effect sizes for significant differences were calculated using 
Cramer’s V (Pearson’s χ2 test; small: 0.06–0.15; moderate: 0.16–0.26; large ≥ 0.26) or Co-
hen’s d (t-test; trivial: <0.2; small: 0.2–0.5; moderate: 0.5–0.8; large: ≥0.8). 

To determine the effects of lifestyle on symptoms, we performed binary logistic re-
gression analyses. The covariates included age, sex, migration background, SES, BMI, 
chronic diseases, COVID-19 vaccination status, SARS-CoV-2 mutation, severity of acute 
symptoms, duration of acute symptoms and smoking status. 

All analyses were performed using IBM SPSS Statistics (version 31.0; IBM Deutsch-
land GmbH, Ehningen, Germany). p < 0.05 was considered statistically significant. To ad-
dress the issue of multiple testing, p-values of the two regression models were corrected 
using the Bonferroni–Holm method. 

3. Results 
3.1. Sample Characteristics 

Among participants, the mean age was 43.5 (SD 13.8) years, and 60.6% were female 
(Table 1). Further, 1430 (26.5%) reported having at least one chronic disease (Table A1). 
Long-term symptoms were reported by 561 participants (10.4%) and occurred more often 
in females (p < 0.001, V = 0.05), individuals with a higher BMI (both absolute and categories 
p < 0.001, d = −0.16, V = 0.06), individuals with chronic diseases (p < 0.001, V = 0.12) and the 
presence of a SARS-CoV-2 mutation (p = 0.012, V = 0.05). The effect sizes of all significant 
results were trivial to moderate. Sex-stratified sample characteristics are presented in Ap-
pendix A (Table A2). 

Table 1. Sample characteristics of participants with versus those without long-term symptoms. 

 Total 
Participants Without 

Long-Term Symptoms 
Participants with Long-

Term Symptoms p 
Effect 
Size 

Sample, n (%) 5413 4852 (89.6%) 561 (10.4%) - - 

Age (years), mean (SD), range 43.5 (13.8) 
16–99 

43.4 (13.9) 
16–99 

43.8 (13.4) 
17–81 

0.558 a - 

Sex, n (%)      
Female 3279 (60.6%) 2896 (59.7%) 383 (68.3%) 

< 0.001 b 0.05 c 
Male 2134 (39.4%) 1956 (40.3%) 178 (31.7%) 

Height (cm), mean (SD), range 172.5 (9.2) 
142.0–206.0 

172.6 (9.3) 
142.0–206.0 

171.2 (8.8) 
150.0–200.0 

< 0.001 a 0.15 d 

Weight (kg), mean (SD), range 
78.3 (18.5) 
39.0–190.0 

78.1 (18.4) 
39.0–190.0 

79.5 (19.4) 
46.0–167.0 0.104 a - 

BMI (kg/m2), mean (SD), range 
26.2 (5.3) 
14.7–61.3 

26.1 (5.3) 
14.7–61.3 

27.0 (5.8) 
16.5–55.8 < 0.001 a −0.16 d 
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BMI classification, n (%)      
Underweight 91 (1.7%) 79 (1.7%) 12 (2.2%) 

< 0.001 b 0.06 c 
Normal weight 2480 (46.6%) 2254 (47.2%) 226 (40.9%) 

Overweight 1746 (32.8%) 1569 (32.9%) 177 (32.1%) 
Obesity 1009 (18,9%) 872 (18.3%) 137 (24.8%) 

Migration background (yes), n (%) 340 (6.4%) 303 (6.4%) 37 (6.7%) 0.773 b - 
SES, n (%)      

Low/medium 1869 (37.7%) 1676 (37.7%) 193 (37.4%) 
0.890 b - High 3091 (62.3%) 2768 (62.3%) 323 (62.6%) 

Chronic disease (yes), n (%) 1430 (26.5%) 1198 (24.7%) 232 (41,5%) < 0.001 b 0.12 c 
Smoker (yes), n (%) 737 (16.0%) 650 (15.7%) 87 (18.3%) 0.155 b - 

COVID-19 vaccination (yes), n (%) 3922 (73.0%) 3540 (73.4%) 382 (69.1%) 0.030 b 0.03 c 
SARS-CoV-2 mutation (yes), n (%) 2087 (71.8%) 1778 (71.0%) 309 (77.1%) 0.012 b 0.05 c 

Note: BMI = body mass index; COVID-19 = coronavirus disease 2019; SARS-CoV-2 = severe acute 
respiratory syndrome coronavirus 2; SES = socioeconomic status. a unpaired t-test. b χ2 test. c 
Cramer’s V. d Cohen’s d. 

3.2. Acute and Post-COVID-19 Condition Symptoms 

Participants with long-term symptoms more often reported severe acute infection 
symptoms within the first two weeks (p < 0.001, V = 0.25) and a longer duration of acute 
symptoms (7.9 [SD 5.0 days] vs. 5.4 [SD 4.1 days], p < 0.001, d = −0.61, Table 2), both results 
with moderate effect sizes. Participants most frequently reported moderate symptoms 
within the first 4–12 weeks (n = 354, 52.8%, Figure 2), and mild symptoms beyond 12 weeks 
after infection (n = 272, 42.1%). The most commonly reported long-term symptoms beyond 
12 weeks were fatigue (n = 374, 18.9%), cognitive impairment (n = 289, 14.6%) and respir-
atory symptoms (n = 242, 12.2%, Table A3). Sex- and age-stratified descriptive results on 
the presence of long-term symptoms are presented in Appendix A (Table A4). 

Figure 2. Symptom severity 4–12 weeks and >12 weeks after SARS-CoV-2 infection of participants 
with long-term symptoms. 

Table 2. Acute COVID-19 symptoms of recovered participants versus those with post-COVID-19 
condition. 

 Total 
Participants Without 

Long-Term Symptoms 
Participants with 

Long-Term Symptoms 
p 

Effect 
Size 



Sports 2026, 14, 293 8 of 18 
 

https://doi.org/10.3390/sports14070293 

Presentation of acute COVID-19 symp-
toms, n (%) 

     

Asymptomatic 451 (8.5%) 450 (9.4%) * 1 (0.2%) 

<0.001 a 0.25 b Mild 1613 (30.5%) 1561 (32.6%) * 52 (10.6%) 
Moderate 1783 (33.8%) 1642 (34.3%) * 141 (28.8%) 

Severe 1434 (27.2%) 1138 (23.8%) * 296 (60.4%) 
Duration of acute COVID-19 symptoms 

(days), mean (SD), range 
5.6 (4.2) 

0–14 
5.4 (4.1) 

0–14 
7.9 (5.0) 

0–14 
<0.001 c −0.61 d 

Note: COVID-19 = coronavirus disease 2019. a χ2 test. b Cramer’s V. c unpaired t-test d Cohen’s d. * 
rounding error. 

3.3. Physical Activity 

Among all participants, 3909 (72.2%) reported participating in PA in the four weeks 
before quarantine (Table 3). The mean PA duration was 43.7 (SD 38.5) minutes/day, and 
the mean intensity of PA was 1.3 (SD 1.3) MET/day. Participants with long-term symp-
toms reported a longer duration than those without long-term symptoms (49.5 [SD 43.6] 
vs. 43.0 [SD 37.9] MET/day, p = 0.019) with a trivial effect size (d = −0.17). Sex- and age-
stratified descriptive results on PA participation, duration and intensity are presented in 
Appendix A (Table A4). 

Table 3. PA participation, duration (min/day) and intensity (MET/day) in the four weeks before 
quarantine. 

 Total 
Participants Without 

Long-Term Symptoms 
Participants with 

Long-Term Symptoms p 
Effect 
Size 

PA participation four weeks before quarantine, n (%) 
Yes 3909 (72.2%) 3512 (72.4%) 397 (70.8%) 

0.419 a – 
No 1504 (27.8%) 1340 (27.6%) 164 (29.2%) 

PA duration (minutes/day), mean 
(SD), range 

43.7 (38.5) 
0.0–372.9 

43.0 (37.9) 
0.0–372.9 

49.5 (43.6) 
0.0–282.9 

0.019 b −0.17 c 

PA intensity (MET/day), mean 
(SD), range 

1.3 (1.3) 
0.0–8.4 

1.3 (1.3) 
0.0–8.4 

1.4 (1.4) 
0.0–7.5 0.054 b – 

Note: COVID-19 = coronavirus disease 2019; MET = metabolic equivalent of task; PA = physical 
activity. a χ2 test. b unpaired t-test. c Cohen’s d. 

3.4. Regression Analyses 

Binary logistic regression analyses revealed that female vs. male sex (OR: 0.668, 95% 
confidence interval [CI]: 0.463–0.965, p = 0.031), higher vs. lower BMI (OR: 1.037, 95% CI: 
1.003–1.072, p = 0.034), having no migration background vs. having a migration back-
ground (OR: 0.375, 95% CI: 0.142–0.992, p = 0.048), chronic diseases (OR: 1.796, 95% CI: 
1.242–2.598, p = 0.002), moderate versus asymptomatic/mild acute disease progression 
(OR: 2.689, 95% CI: 1.576–4.588, p < 0.001), severe versus asymptomatic/mild acute disease 
progression (OR: 4.010, 95% CI: 2.303–6.980, p < 0.001), longer versus shorter duration of 
acute symptoms (OR: 1.106, 95% CI: 1.058–1.156, p < 0.001), and higher versus lower PA 
intensities (OR: 1.167, 95% CI: 1.031–1.321, p = 0.015) increased the odds of the presence of 
long-term symptoms (Table A5). After the Bonferroni–Holm correction, this association 
did not remain statistically significant. The model explained 18.0% of the variance in long-
term symptoms (Nagelkerke R2). Notably, PA duration showed no significant influence 
on the odds of the presence of long-term symptoms in the regression analysis (Table A6). 
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4. Discussion 
4.1. Main Findings 

This cohort study investigated the association between the presence of long-term 
symptoms and pre-quarantine exercise behavior. About 11% of individuals infected with 
SARS-CoV-2 reported symptoms beyond 12 weeks after infection. Fatigue and cognitive 
impairment were the most frequently reported symptoms, followed by respiratory symp-
toms. This observation aligns with the results of a previous meta-analysis on the most 
common general, neurological and cardiopulmonary symptoms [39]; however, the fre-
quencies in our study were lower overall (fatigue: 19% vs. 29%; cognitive impairment: 
15% vs. 29%; dyspnea: 12% vs. 21%). 

Unexpectedly, participants with long-term symptoms reported a longer PA duration 
in the four weeks before quarantine than those without long-term symptoms, albeit with 
a trivial effect size. Adjusted for demographics, health status and COVID-19–specific pa-
rameters, the main predictors of the presence of long-term symptoms were chronic dis-
eases, acute COVID-19 symptom severity and longer duration of acute symptoms. 

In the context of long-term symptoms, the evidence on the role of PA is currently 
sparse and inconsistent. Feter et al. showed that PA reduced the odds of fatigue, neuro-
logical complications, coughing and headaches; however, PA did not affect the overall 
incidence of post-COVID-19 condition [24]. Another study examined six lifestyle factors 
(BMI, smoking, diet, alcohol consumption, PA and sleep) in relation to the risk of post-
COVID-19 condition in 2000 women [26], showing a 50% reduced risk of post-COVID-19 
condition in those with five or six healthy lifestyle factors, adjusted for sociodemographic 
factors and pre-existing conditions. Looking at PA separately, inactive individuals (0 to 
30 min of moderate or vigorous PA per week) were at a 20% increased risk of post-COVID-
19 condition compared to those who were active for more than 210 min per week, adjusted 
for age, race and ethnicity, and SES. However, in the further model that also adjusted for 
healthcare worker status and chronic disease history, no effects of PA were found. 

Athletes may experience greater limitations than inactive individuals due to their en-
hanced body awareness and greater physiological demands. Vollrath et al. showed that 
70% of athletes still exhibited related symptoms 4.1 (SD 3.8) months after acute SARS-
CoV-2 infection and although this proportion dropped to 62% three months later [40], the 
number remained considerably higher than the 36% reported by the general population 
in other studies [1]. At both examination points, fatigue and performance decrease were 
most frequently reported among symptomatic athletes. However, even asymptomatic 
athletes showed a deterioration in performance metrics due to the acute infection. Another 
study reported that although only 10% of Olympic athletes remained symptomatic one 
month after SARS-CoV-2 infection, the infection appeared to have a more pronounced 
impact on return to full sport participation as more than a quarter of athletes were affected 
[41]. Since our study examined self-reported symptoms without a medical diagnosis, a 
possible explanation might be that a sustained decline in performance is interpreted as 
persistent symptom, such as fatigue. Although most physically active individuals experi-
ence asymptomatic or mild courses of the disease, those who engage in high-intensity 
exercise training place greater demands on their physiological functioning in order to re-
gain their pre-infection level of performance. 

Additionally, post-COVID-19 condition is characterized by persistent inflammation 
and immunological dysregulation, such as elevated levels of conventional inflammatory 
mediators, sometimes lasting for months [42], which may contribute to the clinical picture, 
including fatigue. Evidence suggests persistent activation of the innate immune system, 
including increased monocyte–platelet aggregates and imbalances in the complement sys-
tem, as well as associated thromboinflammatory processes and endothelial dysregulation 
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[43]. Concurrently, dysregulation of adaptive immunity has been described, characterized 
by the expression of exhaustion markers by cluster of differentiation 8 (CD8)+ and 4 (CD4)+ 
T cells [44] and a reduction in naïve T cells [45], indicating persistent immunological stim-
ulation. 

Regular moderate PA has beneficial effects on the immune system through activation 
of anti-inflammatory signaling pathways like the release of myokines such as interleukin 
(IL)6, with downstream induction of IL10 and inhibition of tumor necrosis factor [46]. 
Contrary, high-intensity exercise can lead to transient immune depression resulting in a 
higher infection risk during these periods. However, since no biomedical parameters were 
measured in our study, the interpretation remains speculative. 

Next to performance measures and immunological parameters, engaging in PA is 
known to be beneficial for overall physical and mental health. The measures taken to mit-
igate the viral spread, as well as the disease itself, led to a reduction in PA across all age 
groups [47] as well as a decrease in mental health outcomes [48]. One study found that 
particularly physically active individuals were negatively affected by home confinement 
and the accompanying reduction in PA compared to physically inactive individuals, as 
they experienced a significant decline in sleep quality and general well-being [49]. Never-
theless, returning to pre-pandemic PA levels is crucial for all individuals, as especially 
individuals with chronic diseases are at increased risk for long-term symptoms following 
COVID-19 [10]. However, long-term reductions in PA were observed specifically among 
people with chronic conditions [50] and those who had severe courses of COVID-19 [51]. 
Therefore, future studies are crucial to investigate negative long-term effects of reduced 
PA on physical and mental health and to gain a better understanding of the effects of high-
intensity PA on long-term symptoms associated with COVID-19. These studies should 
consider differentiated approaches to the intensity of PA, the length of recovery phases, 
individual adaptation to symptom dynamics and the monitoring of mental health out-
comes. 

4.2. Strengths and Limitations 

This study’s strengths include broad recruitment from both urban and rural areas as 
well as a comprehensive survey capturing diverse influencing factors. 

However, this study also had limitations that must be considered. Firstly, the ques-
tionnaire took around 30–45 min to complete, which may have led to incomplete re-
sponses or fatigue. Secondly, the questionnaire was predominantly completed by individ-
uals with high SES, which is associated with positive lifestyle factors; therefore, a potential 
selection bias toward more health-conscious respondents cannot be ruled out. Thirdly, 
some surveys were completed long after infection, which may have led to misreporting. 
Fourthly, the lack of objective activity monitoring may have led to recall bias, self-report 
inflation and socially desirable responses. Seventy-four percent of participants reported 
meeting the WHO’s PA recommendations of at least 150 min per week (Table A2). That 
proportion is higher than national data from 2019/2020, which was 45% of women and 
51% of men [52], suggesting overestimation. Further, MET values of the sporting activities 
were derived using the Compendium of Physical Activities meaning that the MET values 
for some activities may not be sufficiently differentiated. Fifthly, information on long-term 
symptoms was based on self-reported information rather than medical diagnosis. Accord-
ing to the WHO definition, symptoms of post-COVID-19 condition also last at least for 
two months and cannot be explained by another diagnosis which we both did not assess. 
Therefore, comparisons with studies on post-COVID-19 condition are limited. Finally, the 
questionnaire only covered the most common of the over 200 symptoms of post-COVID-
19 condition [36]. 



Sports 2026, 14, 293 11 of 18 
 

https://doi.org/10.3390/sports14070293 

5. Conclusions 
PA appears to play a dual role in post-COVID-19 condition. While immunological 

and epidemiological data suggest that moderate PA has protective effects, studies on ath-
letes show prolonged recovery phases in terms of their sporting activities. In our study, 
neither PA intensity nor duration showed an association with the presence or absence of 
long-term symptoms. Future studies must clarify which intensities and types of exercise 
can help to maintain overall physical and mental health and to prevent or improve the 
long-term outcomes after SARS-CoV-2 infection, considering individual circumstances. 
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COVID-19 Coronavirus disease 2019 
IL Interleukin 
LL Lower limit 
MET Metabolic equivalent of task 
OR Odds ratio 
PA Physical activity 
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SES Socioeconomic status 
UL Upper limit 
WHO World Health Organization 

Appendix A 

Table A1. The frequencies of chronic diseases in the study cohort. 

Disease Type Total 
Participants Without 

Long-Term Symptoms 
Participants with Long-Term 

Symptoms 
Dermatological disease/allergies 564 (19.8%) * 472 (20.3%) * 92 (17.5%) * 

Cardiovascular disease 510 (17.9%) * 424 (18.2%) * 86 (16.4%) * 
Metabolic disease 480 (16.8%) * 408 (17.5%) * 72 (13.7%) * 

Pulmonary disease 331 (11.6%) * 261 (11.2%) * 70 (13.3%) * 
Musculoskeletal disorder 231 (8.1%) * 180 (7.7%) * 51 (9.7%) * 

Mental illness 155 (5.4%) * 121 (5.2%) * 34 (6.5%) * 
Neurological disorders 141 (4.9%) * 105 (4.5%) * 36 (6.9%) * 
Autoimmune disease 136 (4.8%) * 110 (4.7%) * 26 (5.0%) * 

Chronic gastrointestinal disease 133 (4.7%) * 100 (4.3%) * 33 (6.3%) * 
Cancer 57 (2.0%) * 50 (2.2%) * 7 (1.3%) * 

Rheumatic disease 27 (0.9%) * 23 (1.0%) * 4 (0.8%) * 
Chronic kidney problems/kidney failure 22 (0.8%) * 19 (0.8%) * 3 (0.6%) * 

Hematological/infectious disease 21 (0.7%) * 18 (0.8%) * 3 (0.6%) * 
Gynecological disease 15 (0.5%) * 11 (0.5%) * 4 (0.8%) * 

Vascular disease 14 (0.5%) * 12 (0.5%) * 2 (0.4%) * 
Otorhinolaryngologic disease 7 (0.2%) * 6 (0.3%) * 1 (0.2%) * 

Ophthalmological disease 6 (0.2%) * 5 (0.2%) * 1 (0.2%) * 
Note: COVID-19 = coronavirus disease 2019. * rounding error. 

Table A2. Sex-stratified sample characteristics. 

 Total Females Males p Effect Size 
Sample, n (%) 5413 3279 (60.6%) 2134 (39.4%) – – 

Age (years), mean (SD), range 
43.5 (13.8) 

16–99 
41.8 (13.4) 

16–99 
46.0 (14.2) 

16–88 
<0.001 a −0.30 b 

Height (cm), mean (SD), range 
172.5 (9.2) 

142.0–206.0 
167.3 (6.4) 

142.0–197.0 
180.4 (7.0) 

156.0–206.0 
<0.001 a −1.97 b 

Weight (kg), mean (SD), range 
78.3 (18.5) 
39.0–190.0 

71.3 (16.1) 
39.0–175.0 

88.9 (16.8) 
43.0–190.0 

<0.001 a −1.07 b 

BMI (kg/m2), mean (SD), range 
26.2 (5.3) 
14.7–61.3 

25.5 (5.6) 
15.6–61.3 

27.3 (4.7) 
14.7–51.5 <0.001 a −0.34 b 

BMI classification, n (%)      
Underweight 91 (1.7%) 84 (2.6%) 7 (0.3%) 

<0.001 c 0.24 d 
Normal weight 2480 (46.6%) 1763 (54.9%) 717 (33.9%) 

Overweight 1746 (32.8%) 812 (25.3%) 934 (44.2%) 
Obesity 1009 (18,9%) 552 (17.2%) 457 (21.6%) 

Migration background (yes), n (%) 340 (6.4%) 181 (5.6%) 159 (7.6%) 0.005 c 0.04 d 
SES, n (%)      

Low/medium 1869 (37.7%) 1170 (38.9%) 699 (35.8%) 
0.025 c 0.03 d 

High 3091 (62.3%) 1836 (61.1%) 1255 (64.2%) 
Chronic disease (yes), n (%) 1430 (26.5%) 908 (27.8%) 522 (24.5%) 0.008 c 0.04 d 

Smoker (yes), n (%) 737 (16.0%) 428 (15.4%) 309 (16.9%) 0.172 c – 
COVID-19 vaccination (yes), n (%) 3922 (73.0%) 2377 (73.1%) 1550 (72.7%) 0.741 c – 
SARS-CoV-2 mutation (yes), n (%) 2087 (71.8%) 1250 (71.5%) 837 (72.3%) 0.652 c – 
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PA duration, n (%)    <0.001 b 0.06 c 
<150 minutes/week 824 (25.9%) 536 (28.1%) 288 (22.7%)   
≥150 minutes/week 2352 (74.1%) 1374 (71.9%) 978 (77.3%)   

Note: BMI = body mass index; COVID-19 = coronavirus disease 2019; SARS-CoV-2 = severe acute 
respiratory syndrome coronavirus 2; SES = socioeconomic status. a unpaired t-test. b χ2 test. c 
Cramer’s V. d Cohen’s d. 

Table A3. The frequencies of long-term symptoms in the study cohort. 

Long-Term Symptom n (%) 
Fatigue 374 (18.9%) 

Cognitive impairment (‘brain fog’, loss of concentration or memory issues) 289 (14.6%) 
Respiratory symptoms (breathlessness, shortness of breath) 242 (12.2%) 

Muscle pain 189 (9.6%) 
Sleep disturbance 181 (9.1%) 

Headache 136 (6.9%) 
Loss of smell 123 (6.2%) 

Psychological/psychiatric symptoms (depression, anxiety or post-traumatic stress disorder) 123 (6.2%) 
Hair loss 116 (5.9%) 

Loss of taste 107 (5.4%) 
Other 99 (5.0%) 

Note: COVID-19 = coronavirus disease 2019. 

Table A4. Sex- and age-stratified descriptive results on the presence of long-term symptoms, PA 
participation, PA duration (minutes/day) and PA intensity (MET/day). 

Sex Age 
Group 

Long-Term Symptoms (Yes) PA Participation 
(Yes) 

PA Duration 
(Minutes/Day) 

PA Intensity (MET/Day) 

  n (%) n (%) n Mean (SD), Range n Mean (SD), Range 

Female 

16–29 83 (12.6%) 435 (66.1%) 322 
46.1 (35.9) 

0–244.3 
410 

1.7 (1.4) 
0–7.3 

30–44 136 (10.6%) 897 (70.1%) 606 
38.6 (38.0) 

0–372.9 
854 

1.2 (1.3) 
0–8.4 

45–59 124 (12.2%) 755 (74.3%) 535 
40.5 (33.0) 

0–231.4 740 
1.2 (1.3) 

0–8.2 

≥60 40 (12.3%) 245 (75.2%) 148 
46.5 (49.3) 
5.7–278.6 242 

0.9 (1.1) 
0–5.8 

Male 

16–29 17 (5.6%) 225 (74.0%) 163 
60.2 (50.1) 

0–368.6 209 
1.7 (1.5) 

0–7.2 

30–44 59 (8.7%) 497 (72.9%) 349 
45.7 (37.1) 

0–250 470 
1.5 (1.4) 

0–7.3 

45–59 80 (10.4%) 573 (74.8%) 384 
42.5 (37.8) 

0–368.6 560 
1.2 (1.2) 

0–7.5 

≥60 22 (5.8%) 282 (73.8%) 174 
46.5 (37.8) 

0–214.3 277 
1.0 (1.1) 

0–4.2 
Note: MET = metabolic equivalent of task; PA = physical activity. 

Table A5. Influence of the intensity of moderate and vigorous PA (MET/day) on the odds of the 
presence of long-term symptoms, adjusted for age, sex, migration background, SES, BMI, chronic 
diseases, COVID-19 vaccination, SARS-CoV-2 mutation, acute symptoms, symptom duration and 
smoking status, as determined by binary logistic regression. 

 Regression Coefficient B SE p OR 95% CI 
     LL UL 
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Age (years) −0.005 0.007 0.452 0.995 0.981 1.008 
Sex       

Female ref.      
Male −0.403 0.187 0.031 0.668 0.463 0.965 

BMI (kg/m2) 0.036 0.017 0.034 1.037 1.003 1.072 
Migration background (yes) −0.981 0.497 0.048 0.375 0.142 0.992 

SES       
Low/medium ref.      

High 0.145 0.209 0.487 1.157 0.767 1.744 
Chronic disease (yes) 0.586 0.188 0.002 * 1.796 1.242 2.598 

Smoker (yes) −0.136 0.267 0.609 0.873 0.517 1.472 
COVID-19 vaccination (yes) −0.105 0.181 0.561 0.900 0.631 1.284 
SARS-CoV-2 mutation (yes) 0.094 0.208 0.653 1.098 0.731 1.651 

Acute symptoms       
Asymptomatic/mild ref.      

Moderate 0.989 0.273 <0.001 * 2.689 1.576 4.588 
Severe 1.389 0.283 <0.001 * 4.010 2.303 6.980 

Symptom duration (days) 0.101 0.023 <0.001 * 1.106 1.058 1.156 
Total intensity of moderate and vigorous PA 

(MET/day) 
0.154 0.063 0.015 1.167 1.031 1.321 

Presence of long-term symptoms (yes) ref.      
Note: n = 1416; Nagelkerke R2 = 18.0%; BMI = body mass index; CI = confidence interval; COVID-19 
= coronavirus disease 2019; LL = lower limit; MET = metabolic equivalent of task; ref. = reference; 
SARS-CoV-2 = severe acute respiratory syndrome coronavirus disease 2; SES = socioeconomic sta-
tus; UL = upper limit; * p < 0.05 after the Bonferroni–Holm correction. 

Table A6. The influence of duration of moderate and vigorous PA (minutes/day) on the odds of the 
presence of long-term symptoms, adjusted for age, sex, migration background, SES, BMI, chronic 
diseases, vaccination, SARS-CoV-2 mutation, acute symptoms, symptom duration and smoking sta-
tus, as determined by binary logistic regression analysis. 

 Regression Coefficient B SE p OR 95% CI 
     LL UL 

Age (years) −0.012 0.008 0.146 0.999 0.973 1.004 
Sex       

Female ref.      
Male −0.360 0.211 0.088 0.698 0.461 1.055 

BMI (kg/m2) 0.040 0.020 0.047 1.040 1.000 1.082 
Migration background (yes) −1.612 0.756 0.033 0.200 0.045 0.878 

SES       
Low/medium ref.      

High 0.097 0.242 0.689 1.102 0.685 1.771 
Chronic disease (yes) 0.654 0.212 0.002 * 1.924 1.270 2.914 

Smoker (yes) 0.032 0.326 0.921 1.033 0.545 1.958 
COVID-19 vaccination (yes) −0.129 0.207 0.532 0.879 0.586 1.318 
SARS-CoV-2 mutation (yes) −0.095 0.228 0.676 0.909 0.582 1.421 

Acute symptoms       
Asymptomatic/mild ref.      

Moderate 1.094 0.328 <0.001 * 2.985 1.570 5.674 
Severe 1.529 0.340 <0.001 * 4.612 2.368 8.983 

Symptom duration (days) 0.104 0.026 <0.001 * 1.110 1.055 1.167 
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Total duration of moderate and vigorous PA 
(minutes/day) 0.003 0.002 0.255 1.003 0.998 1.007 

Presence of long-term symptoms (yes) ref.      
Note: n = 1082; Nagelkerke R2 = 20.0%; BMI = body mass index; CI = confidence interval; COVID-19 
= coronavirus disease 2019; LL = lower limit; ref. = reference; SARS-CoV-2 = severe acute respiratory 
syndrome coronavirus disease 2; SES = socioeconomic status; UL = upper limit; * p < 0.05 after the 
Bonferroni–Holm correction. 
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