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ARTICLE INFO ABSTRACT
Am‘c{e history: Objectives: The study investigated the longitudinal association between physical activity and the risk of
Received 21 February 2023 long COVID in patients who recovered from COVID-19 infection.
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Study design: We analyzed longitudinal data of the Prospective Study About Mental and Physical Health
cohort, a prospective cohort study with adults living in Southern Brazil.

Methods: Participants responded to an online, self-administered questionnaire in June 2020 (wave 1)
and June 2022 (wave 4). Only participants who self-reported a positive test for COVID-19 were included.
Physical activity was assessed before (wave 1, retrospectively) and during the pandemic (wave 1). Long

I;fl};‘;‘;g;fz ctivity COVID was assessed in wave 4 and defined as any post-COVID-19 symptoms that persisted for at least 3
Long COVID months after infection.

COVID-19 Results: A total of 237 participants (75.1% women; mean age [standard deviation]: 37.1 [12.3]) were
Cohort included in this study. The prevalence of physical inactivity in baseline was 71.7%, whereas 76.4% were
Symptoms classified with long COVID in wave 4. In the multivariate analysis, physical activity during the pandemic

was associated with a reduced likelihood of long COVID (prevalence ratio [PR]: 0.83; 95% confidence
interval [CI]: 0.69—0.99) and a reduced duration of long COVID symptoms (odds ratio: 0.44; 95% CI: 0.26
—0.75). Participants who remained physically active from before to during the pandemic were less likely
to report long COVID (PR: 0.74; 95% CI: 0.58—0.95), fatigue (PR: 0.49; 95% CI: 0.32—0.76), neurological
complications (PR: 0.47; 95% CI: 0.27—0.80), cough (PR: 0.40; 95% CI: 0.22—0.71), and loss of sense of
smell or taste (PR: 0.43; 95% CI: 0.21—0.87) as symptom-specific long COVID.
Conclusion: Physical activity practice was associated with reduced risk of long COVID in adults.

© 2023 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction noticed that many survivors may suffer from a long, persistent form
of the disease known as long COVID.? Long COVID condition refers

More than 671 million have been diagnosed with COVID-19 to patients with probable or confirmed SARS-CoV-2 infection
since March 2020.! However, the World Health Organization has whose symptoms persisted for at least 3 months.> Recent estimates
suggested a prevalence as high as 75% of long COVID in the general

population. The most common symptomology is fatigue, followed

by respiratory and neurological complications.* Identifying pro-

* Corresponding author. tective mechanisms to reduce the risk of this condition is an
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emerging priority in public health to reduce the projected burden
of long COVID.

Physical activity is associated with reduced risk of infection,
hospitalization, and mortality related to COVID-19.>° However, the
levels of physical activity were drastically disrupted during social
distancing restrictions.”® A body of evidence demonstrates the
deleterious impact of physical inactivity on cardiovascular,
muscular, respiratory, neurological, and immune systems, which
are all affected by COVID-19 infection.'®!" Previous studies have
suggested an association between physical inactivity and the risk of
long COVID.'*'® Although these investigations suggested a higher
prevalence of long COVID-19 in physically inactive adults, the as-
sociation between different trajectories of physical activity from
before to during the pandemic is scanty. Therefore, this study
aimed to investigate the longitudinal association between physical
activity and the risk of long COVID.

Methods
Study design

We analyzed data from the Prospective Study About Mental and
Physical Health (PAMPA) cohort, a prospective study that evaluates
the effects of the COVID-19 pandemic on health parameters in
Southern Brazil. The ethics board approved the study from the
Physical Education Faculty (Universidade Federal de Pelotas, Brazil;
CAAE: 31906920.7.0000.5313). More details about study design and
recruitment can be found elsewhere.'*

Participants recruitment and sample

Adults (aged >18 years) living in the Rio Grande do Sul state
were recruited by a four-arm approach aiming to reach participants
in all state regions. Researchers spread the questionnaire's weblink
via (1) messages to their personal and professional contacts over
the state, (2) social media campaigns, (3) local media and state
agencies, and (4) universities' staff and students.'* For this study,
we used data from wave 1 (assessed in June and July 2020) and
wave 4 (assessed in June and July 2022), as we first included
questions on persistent symptoms after COVID-19 infection in the
latest wave. Wave 1 assessed two periods: before (retrospectively)
and during the first months of the pandemic (present). A total of
2239 participants were recruited in wave 1, and 462 participants
were followed up in wave 4. Overall, 237 participants reported a
positive COVID-19 test and were included in the study (Fig. 1).

Outcome

Participants who reported a positive test for COVID-19 were
asked to indicate for how long they had COVID-related symptoms.
A list of symptoms was displayed (e.g. fatigue, cough, headache),
and for each one, there were the following answering options: (1)
did not have, (2) 3 months, (3) 6 months, (4) 12 months, (5) 15
months, and (6) >18 months. Based on this information, two
outcome variables were built, as follows: (1) presence of general
long COVID symptoms (any COVID-related symptoms that lasted at
least 3 months) and (2) duration of long COVID symptoms (<6
months, >6 and <12 months, and 12 or more months). We also
analyzed the association between physical activity and the pres-
ence of each persistent symptom, henceforward referred to as
symptom-specific long COVID. Only symptoms with a prevalence
>20% were analyzed for analysis purposes. Memory and concen-
tration problems, irritability, depression, and anxiety were grouped
as neurological complications in these analyses.
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N =2,239
Non-eligible for
follow-up (n=907)
N = 1,353
Losses to follow-up
(n=891)
v
N =462
No positive COVID-
19 test
v (n=225)
N =237

Fig. 1. Study sampling process.

Exposure

Physical activity was assessed on wave 1, with two-time refer-
ences: before (retrospectively) and during the pandemic (at sur-
vey's week). Participants were asked if they engaged in regular
physical activities before the pandemic and in the last 7 days. Those
who answered yes were asked about the frequency (days per week)
and time (minutes per day) the activities lasted.”” Two main
exposure variables were built. Participants were considered inac-
tive if they engaged in <150 min/week and active if they engaged in
>150 min/week.13 The trajectory of physical activity from before
(retrospectively) to during wave 1 (baseline) was examined using a
four-category variable that classified participants based on their
physical activity status in both periods as follows: remained inac-
tive, became inactive, remained active, or became active.

Potential confounders

Sex, age, educational level, ethnicity, marital status, comorbid-
ities, body mass index (BMI), pandemic routine behavior (stayed at
home always, left home to essentials only, left home all days),
family income, and vaccination status (unvaccinated, one to four
doses) were used as possible confounders. Self-reported weight
and height were assessed to calculate BMI, which was categorized
as follows: normal (<25 kg/m?), overweight (>25 and <30 kg/m?),
and obese (>30 kg/m?). Participants reported their daily routine
during wave 1 and were categorized as follows: stayed at home
always, left home to essentials only, and left home all days. Nega-
tive economic impact of COVID-19 was assessed, with participants
reporting whether monthly income decreased from before to dur-
ing the social distancing restrictions (wave 1). Finally, participants
were asked about the number of vaccine doses they took until wave
4 (June 2022).

Data analyses

Descriptive data are presented as total and relative frequencies.
A Chi-square test was used to check for associations between out-
comes and exposures, and when necessary, the Fisher exact test
was used. Robust Poisson regression models were used to evaluate
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the association between physical activity assessed in wave 1 and
the presence of general and specific long COVID symptoms 2 years
later in wave 4. Data are presented as prevalence ratio (PR) with
their respective 95% confidence interval (95% CI). Ordinal logistic
regression models were used for the association between physical
activity and duration of general and specific long COVID symptom:s,
with data presented as odds ratio (OR) with their respective 95% CI.
Because of our low follow-up rate (51.3%), we conducted inverse
probability weights models for successful follow-up for general and
specific long COVID symptom and physical activity variables. This
method is used in situations with unequal selection probabilities to
avoid censoring or non-response bias.'® All models were adjusted
for age, sex, education, ethnicity, income, presence of comorbid-
ities, and vaccination status. In addition, we used structural equa-
tion modeling to examine the possible mediation role of income
and education in the association between physical activity and the
long CovID."”

Results

We included 237 participants with a mean age of 37.1 + 12.3
years, with most being women, White, and with at least one uni-
versity degree (Table 1). The prevalence of physical inactivity
increased from before (49.8%) to during (71.7%) the pandemic
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(wave 1). Three in four participants had general long COVID (76.4%;
95% CI: 70.5%, 81.4%). The most common symptomatology was fa-
tigue (53.2%), followed by neurological complications (40.1%),
cough (39.7%), headache (35.9%), and loss of sense of smell or taste
(27.8%). Symptoms lasted from 3 to 6 months in 38.5% and more
than 6 months in 37.5% of the included participants.

Participants who reported being physically active during the
pandemic showed a lower likelihood of general long COVID as well
as fatigue, neurological complications, and cough as symptom-
specific long COVID (Table 2). Participants who were active before
the pandemic showed a lower likelihood of fatigue, neurological
complications, and headache as symptom-specific long COVID.
Structural equation modeling indicated that income (P = 0.834 for
indirect effect) and education (P = 0.849 for indirect effect) do not
mediate the association between physical activity and the likeli-
hood of long COVID.

We also investigated the association between changes in phys-
ical activity status and long COVID, as described in Table 3. Partic-
ipants who were physically active before and during the pandemic
showed a lower probability of long COVID than those who
remained physically inactive. This protective association was also
observed for persistent fatigue, neurological complications, cough,
loss of sense of smell or taste, and headache. In addition, those who
became active showed a lower likelihood of neurological

Table 1
Characteristics of the included participants (N = 237).
Variables Overall, n (%) Long COVID, n (%) P-value
No (n = 56) Yes (n = 181)
Sex 0.074°

Male 59 (24.9) 19 (33.9) 40 (22.1)

Female 178 (75.1) 7 (66.1) 141 (77.9)

Age in years 0.937°

18-30 92 (38.8) 23 (41.1) 69 (38.1)

31-59 131 (55.3) 30 (53.6) 101 (55.8)

>60 14 (5.9) (5.4) 11(6.1)

Skin color 0.086"

White 213 (89.9) 46 (82.1) 167 (92.3)

Mixed 14 (5.9) 6(10.7) 8 (44)

Black 10 (4.2) 4(7.1) 6(3.3)

Highest education achievement 0.632°

High school or less 66 (27.8) 17 (304) 49 (27.1)

University degree or higher 171 (72.2) 9 (69.6) 132 (72.9)

Conjugal situation 0.387°

Living with partner 158 (66.7) (71.4) 118 (65.2)

Living alone 79 (33.3) 16 (28.6 63 (34.8)

Daily routine during pandemic 0.161°

Stayed at home always 11 (4.6) 3(5.4) 8 (44)

Left home to essentials only 160 (67.5) 43 (76.8) 117 (64.6)

Left home all days 66 (27.8) 10 (17.9) 56 (30.9)

Chronic conditions, yes (%) 141 (59.5) 29 (51.8) 112 (61.9) 0.179°
Reduced income during pandemic, yes (%) 100 (42.2) 20 (35.7) 80 (44.2) 0.261°
COVID-19 vaccine 0.866"

Two doses 19(8.0) 4(7.1) 15(8.3)

Three doses 131 (55.3) 33(58.9) 98 (54.1)

Four doses 87 (36.7) 19 (33.9) 68 (37.6)

Physical activity before pandemic 0.035%

No 118 (49.8) 21 (37.5) 97 (53.6)

Yes 119 (50.2) (62.5) 84 (46.4)

Physical activity during pandemic 0.015%

No 170 (71.7) 33 (58.9) 137 (75.7)

Yes 67 (28.3) 23 (41.1) 44 (24.3)

Change in physical activity status 0.017°

Sustained inactive 95 (41.5) 17 (31.5) 78 (44.6)

Become inactive 67 (29.3) 14 (25.9) 53 (30.3)

Become active 15 (6.6) 2(3.7) 13(74)

Sustained active 52(22.7) 21(38.9) 31(17.7)

Physical activity before the pandemic was assessed retrospectively during wave 1 (June 2020).

Physical activity during the pandemic was assessed during wave 1 (June 2020).
2 Pearson's Chi-squared.
b Fisher exact.
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Table 2
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Association of physical activity before and during the pandemic with the presence of general and symptoms specific long COVID in adults (N = 237).

Outcome Before pandemic During pandemic
PR (95% CI) P-value PR (95% CI) P-value
Long COVID 0.88 (0.76, 1.02) 0.090 0.83 (0.69, 0.99) 0.041
Symptom-specific long COVID
Fatigue 0.67 (0.52, 0.86) 0.002 0.66 (0.48, 0.92) 0.015
Neurological complications 0.71 (0.51,0.97) 0.032 0.48 (0.30, 0.77) 0.002
Cough 0.73 (0.53, 1.01) 0.056 0.58 (0.38, 0.89) 0.013
Loss of sense of smell or taste 0.72 (0.47, 1.10) 0.131 0.63 (0.37, 1.09) 0.097
Headache 0.57 (0.40, 0.82) 0.003 0.75 (0.49, 1.16) 0.197

CI, confidence intervals; PR, prevalence ratio.

General long COVID was defined as any post-COVID-19 symptoms that persisted for at least 3 months.

Symptom-specific long COVID were based on individual symptoms.

Physical activity before the pandemic was assessed retrospectively during wave 1 (June 2020).

Physical activity during the pandemic was assessed during wave 1 (June 2020).

PR was estimated using robust Poisson regression models adjusted for age, sex, education, skin color, income, presence of comorbidities, and vaccination status.

complications after COVID-19 infection. Physical activity before the
pandemic was associated with a lower probability of fatigue as
symptom-specific long COVID, even in participants who became
inactive during the pandemic.

Finally, physical activity was associated with a shorter duration
of symptoms (Table 4). Physical activity before the pandemic was
associated with briefer fatigue, neurological complications, and
headache as symptom-specific long COVID. Participants who
became physically inactive from before to during the pandemic
were less likely to report persistent fatigue and headache, whereas
neurological complications were less likely in those who became
active in the same period (Table 5). Persistent fatigue, neurological
complications, and cough after COVID-19 infection were briefer in
participants who were physically active during the pandemic than
in inactive participants in the same period (Table 4). General and
symptom-specific long COVID was less likely in participants who
remained physically active during the pandemic (Table 5).

The association between physical activity and long COVID
remained significant after inverse probability weighting for suc-
cessful follow-up (Supplementary Table 1). In this sensitivity
analysis, cough and headache were associated with physical ac-
tivity before the pandemic. In contrast, loss of sense of smell or
taste was associated with physical activity during the pandemic.

Table 3

Remaining physically active from before to during the pandemic
was consistently associated with long COVID, although becoming
physically inactive was no longer related to long COVID
(Supplementary Table 2).

Discussion

Our findings demonstrate the protective association between
physical activity and long COVID. Adults who persisted physically
active during the COVID-19 pandemic showed a lower likelihood
of long COVID, including long-lasting fatigue, neurological com-
plications, cough, loss of sense of smell or taste, and headache.
Up to 80% of COVID-19 survivors live with persistent symptoms
after SARS-CoV-2 infection.*'>!® Considering the 640 million
cases of COVID-19 since the pandemic's beginning, physical ac-
tivity has been shown as a potential non-pharmacological strat-
egy to reduce the forecasted burden of long COVID-19
worldwide. Consequently, public policies focused on reducing the
risk of long COVID, especially in those at higher risk, are urgently
needed.

We demonstrated that people who survived COVID-19 and were
physically active before and during the pandemic showed a lower
likelihood of respiratory sequelae after SARS-CoV-2 infection.

Association between change in physical activity status and the presence of general and symptoms specific long COVID in adults (N = 237).

Outcome Persisted inactive Became inactive Became active Persisted active
PR (95% CI) PR (95% CI) PR (95% CI)
Long COVID Ref 0.98 (0.83, 1.15) 1.06 (0.85, 1.33) 0.74 (0.58, 0.95)
P-value 0.811 0.581 0.016
Symptom-specific long COVID
Fatigue Ref 0.74 (0.56, 0.99) 0.87 (0.56, 1.33) 0.49 (0.32, 0.76)
P-value 0.035 0.519 0.001
Neurological complications Ref 0.75 (0.53, 1.07) 0.34 (0.13, 0.88) 0.47 (0.27, 0.80)
P-value 0.112 0.025 0.006
Cough Ref 0.99 (0.69, 1.41) 1.17 (0.69, 1.97) 0.40 (0.22, 0.71)
P-value 0.956 0.566 0.002
Loss of sense of smell or taste Ref 0.85 (0.53, 1.36) 1.00 (0.47, 2.11) 0.43 (0.21, 0.87)
P-value 0.452 0.988 0.018
Headache Ref 0.65 (0.43, 0.99) 1.14 (0.68, 1.92) 0.48 (0.27, 0.86)
P-value 0.049 0.579 0.015

Cl, confidence interval; PR, prevalence ratio.

General long COVID was defined as any post-COVID-19 symptoms that persisted for at least 3 months.

Symptom-specific long COVID were based on individual symptoms.

Physical activity before the pandemic was assessed retrospectively during wave 1 (June 2020).

Physical activity during the pandemic was assessed during wave 1 (June 2020).

PR was estimated using robust Poisson regression models adjusted for age, sex, education, skin color, income, presence of comorbidities, and vaccination status.

151



N. Feter, E.L. Caputo, EM. Delpino et al.

Table 4
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Association of physical activity before and during the pandemic and duration of general and symptoms specific long COVID in adults (N = 237).

Outcome Before pandemic During pandemic
OR (95% CI) P-value OR (95% CI) P-value
Long COVID 0.62 (0.38, 1.00) 0.051 0.44 (0.26, 0.75) 0.003
Symptom-specific long COVID
Fatigue 0.35(0.21, 0.59) <0.001 0.41 (0.23, 0.74) 0.003
Neurological complications 0.53 (0.31, 0.90) 0.018 0.30 (0.15, 0.59) 0.001
Cough 0.60 (0.35, 1.03) 0.064 0.39 (0.21, 0.74) 0.004
Loss of sense of smell or taste 0.60 (0.33, 1.08) 0.087 0.54 (0.27, 1.08) 0.081
Headache 0.39 (0.22, 0.68) 0.001 0.61 (0.32, 1.15) 0.124

CI: confidence interval; OR: odds ratio.
OR >1 indicates higher odds for persistent symptoms lasting longer.

General long COVID was defined as any post-COVID-19 symptoms that persisted for at least 3 months.

Symptom-specific long COVID were based on individual symptoms.

Physical activity before the pandemic was assessed retrospectively during wave 1 (June 2020).

Physical activity during the pandemic was assessed during wave 1 (June 2020).

OR were estimated using proportional ordinal logistical regression models adjusted for age, sex, education, skin color, income, presence of comorbidities, and vaccination

status.

Fatigue was the most common long COVID symptomatology, with
previous corroborating studies on COVID-19, SARS-CoV-1, and
MERS-COV.*18-20 Most patients with decreased respiratory func-
tion after SARS-CoV-1 infection also presented muscle wasting and
fatigue.27 In addition, Ahmed et al.'? estimated a reduction of 461 m
in a six-minute walking test, an indicator of exercise capacity, in
patients who survived SARS-CoV-1 and MERS-COV. Decreased ex-
ercise tolerance may also be associated with modifications in
peripheric oxygen uptake. After COVID-19 infection, patients
showed preserved oxygen availability with reduced peripheral
oxygen extraction rate and increased venous saturation, which may
explain the lower cardiorespiratory fitness in these patients
compared with healthy controls.>! On the other hand, physical
activity can improve mitochondrial activity and oxygen uptake,
preserving energy production during cellular respiration.??> For
example, a previous study revealed that eight weeks of endurance
and resistance training was safe and more effective than self-care
recommendations and inspiratory muscle training alone to regain
cardiovascular and muscular fitness and improve symptom severity
and health status in adults with long COVID.?* Thus, physical ac-
tivity maintenance before and during the COVID-19 pandemic may

Table 5

have promoted cellular and systemic protective mechanisms, pre-
serving pulmonary function in COVID-19 survivors.

Our findings suggest that physical activity was associated with a
lower likelihood of neurological complications after COVID-19.
Neurological complications were among the most common
symptomatology of long COVID, known as brain ‘fog’.*!® Different
mechanisms have been suggested for the beneficial effects of
physical activity on brain function. For example, regular physical
activity seems to preserve brain health through the upregulation of
neurotrophic factors and anti-inflammatory cytokines,?>?® result-
ing in the generation of new astrocytes and promotion of neuro-
genesis and synaptic plasticity. These physical activity—induced
modifications can improve cognitive function and reduce the risk of
neurological complications and degenerative processes. Also, pre-
vious evidence suggests the critical role of astrocytes in this
complication.”’ 2% Astrocytes are the most abundant cells in the
central nervous system and perform various functions, such as
regulating the concentration of neurotransmitters and other sub-
stances with the potential to interfere with neuronal functioning,
the integrity of the blood—brain barrier, and helping to maintain
cerebral homeostasis.

Association between change in physical activity status and duration of general and symptoms specific long COVID in adults (N = 237).

Outcome Persisted inactive Became inactive Became active Persisted active
OR (95% CI) OR (95% CI) OR (95% CI)
Long COVID Ref 0.76 (0.42, 1.37) 0.58 (0.23, 1.49) 0.33 (0.17,0.64)
P-value 0.364 0227 0.001
Symptom-specific long COVID
Fatigue Ref 0.42 (0.23, 0.78) 0.68 (0.24, 1.88) 0.20 (0.09, 0.41)
P-value 0.025 0.494 <0.001
Neurological complications Ref 0.60 (0.32, 1.12) 0.21 (0.05, 0.79) 0.26 (0.12, 0.58)
P-value 0.110 0.016 0.002
Cough Ref 1.01 (0.53, 1.92) 1.18 (041, 3.43) 0.23 (0.10, 0.53)
P-value 0.953 0.799 0.001
Loss of sense of smell or taste Ref 0.72 (0.36, 1.43) 0.98 (0.31, 3.09) 0.30(0.13, 0.75)
P-value 0.313 0.882 0.009
Headache Ref 0.45 (0.23, 0.88) 1.14 (0.39, 3.30) 0.28 (0.12, 0.64)
P-value 0.022 0.836 0.003

CI: confidence interval; OR, odds ratio.
OR >1 indicates higher odds for persistent symptoms lasting longer.

General long COVID was defined as any post-COVID-19 symptoms that persisted for at least 3 months.

Symptom-specific long COVID were based on individual symptoms.

Physical activity before the pandemic was assessed retrospectively during wave 1 (June 2020).

Physical activity during the pandemic was assessed during wave 1 (June 2020).

OR were estimated using proportional ordinal logistical regression models adjusted for age, sex, education, skin color, income, presence of comorbidities, and vaccination

status.
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Physical activity before and during the pandemic was associated
with shorter lengths of long COVID symptoms. A previous cross-
sectional, population-based analysis suggested an inverse associa-
tion between physical activity and the duration of symptoms.>°
However, to our knowledge, this is the first study to assess the lon-
gitudinal association of physical activity with the presence and
duration of long COVID. Exposure to physical activity across the life
course results in long-term benefits in different body systems. For
example, physical activity during adolescence showed a lower risk of
depression®! and improved cognitive function®? in adulthood. How-
ever, during the more restricted phases of the COVID-19 pandemic,
physical activity practice in sports clubs, gyms, and public spaces were
limited to control virus spreading. Alternative methods, such as online
platforms, surged as options to preserve physical activity levels. Un-
fortunately, inequity in opportunities to continue physical activity
practice during these stages may lead to an increased burden of long
COVID in some population groups. Based on the available scientific
literature and our findings, physical activity surges as a potential
strategy to reduce the likelihood of long COVID in adult populations.

Despite this being the first study to assess the longitudinal as-
sociation between physical activity and long COVID in Brazil, an
epicenter of the COVID-19 pandemic, our study presents some
limitations. First, physical activity, persistent symptoms, and
COVID-19 infection were self-reported. However, the local ethics
committee did not allow in-person research activities during
baseline assessments. Also, we acknowledged the low response
rate from baseline to wave 4. Data collection for wave 4 occurred
between June and August 2022, simultaneously with political
campaigns for the Brazilian Presidential Election. The anti-science
movement that arose in Brazil during the pandemic resulted in
offenses of some eligible participants against the research.>> In
addition, the results may be biased by the limited number of non-
long COVID people, explained as a result of loss of follow-up.
However, the results were robust after sensitivity analysis with
inverse probability weighting to account for losses to follow-up.

Conclusions

In conclusion, physical activity was associated with a lower
likelihood of long COVID in adults. Although experimental studies
are needed to confirm our findings, public policies focused on
reducing the risk of long COVID, especially in those at higher risk,
are urgently needed.
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