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Background: Physical activity is a known preventive measure for many worldwide public health issues. The purpose of this study is
to assess the association between physical activity and the susceptibility to COVID-19 infection.

Patients and Methods: This was a retrospective matched case—control study involving adult participants quarantined with IAU,
Dammam, Saudi Arabia. The total randomized sample of study participants were 142, in which 73 of them were tested positive for
COVID-19 test and matched for both age and sex with their respective healthy controls who tested negative for COVID-19 test to
determine the risk associated with that exposure.

Results: Several variables are assessed regarding their influence on the susceptibility of COVID-19 infection. Exactly half indicated
that they were physically active (n = 71). Physical activity did not show any significant association with COVID-19 contraction (x*=
0.254, P=0.614) nor self-rated level of physical activity (x>= 0.122, P= 0.727). Less than half of the participants who had contact with
a COVID-19 patient within 14 days of admission to quarantine appeared to have a significantly higher incidence of positive COVID-
19 swab results compared to those who did not (x*= 27.121, P=<0.001). While third of the participants who indicated that they have
had a contact with someone who have Respiratory symptoms or fever within 14 days before admission were tested positive for
COVID-19. Participants with lower educational degrees are more likely to be infected with COVID-19. While the rest of the
demographic variables appear to be not significantly related to the likelihood of being COVID-19 infected, these include gender,
marital status, employment status, age, and BMI.

Conclusion: The present study showed no significant association between physical activity and susceptibility to COVID-19 infection.
We recommend a larger sample size to further clarify the relationship between other variables and susceptibility of COVID-19.
Keywords: physical activity, COVID-19, quarantine, susceptibility, prevention

Introduction
The world faced a new challenge with the emergency outbreak of severe acute respiratory syndrome coronavirus 2
(SARS-CoV2), which causes coronavirus disease 2019 (COVID-19). It initially appeared in China, where they reported
the first case to the World Health Organization (WHO) on 31 December 2019 in Wuhan. On 30 January 2020, the WHO
declared a public health emergency of international concern. Unfortunately, this virus has spread rapidly and aggres-
sively worldwide, creating a pandemic.” COVID-19 has drastically affected the whole world and individuals’ lifestyles.”
The first COVID-19 case was reported in Saudi Arabia on 2 March 2020.* Several precautions were taken to prevent
the spread of infection and protect individuals’ health. One of the measures undertaken in Saudi Arabia facilitates the
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safe return of expatriate citizens to their homeland, with efforts being made to self-quarantine in order to restrict
movement in the event that such persons have the disease or have been exposed to it.”

People infected with COVID-19 may be asymptomatic and could thus greatly contribute to the spread of infection.®
Used during the influenza and severe acute respiratory syndrome (SARS) epidemics, quarantine has proven to be one of
the most successful and effective measures to limit the spread of contagious disease amidst various pandemic events.”””
It is meant to restrict the activities of people suspected to be infected in whom symptoms have not yet appeared either
because such persons are still in the viral incubation period or because they are not actually infected.” Due to quarantine,
the community’s physical activity dropped significantly,'® as people were stuck at home with no access to spaces in
which to exercise and adapting sedentary behaviors.'"'

It is well established that regular physical activity increases immune function; hence, those who are physically active
on a regular basis show a lower incidence and severity of symptoms of and death from numerous viral infections.''*
Specifically, it can be concluded that regular physical activity helps reduce the unsatisfactory effects of COVID-19 on
individuals. The immune system is highly responsive to exercise, with exercise intensity and duration mirroring
physiological stress.'* During global crisis like COVID-19, physical inactivity has an impact not only on human
physiology, but also on multiple body systems. For example, physical inactivity has been linked to poor mental health
and has been shown to degrade mood profiles. These psychological factors may lower immunity and have a negative
impact on healing and recovery.'” Several years ago, it was reported that the global prevalence of physically inactive
people was higher than that of smokers and that a sedentary lifestyle is potentially associated with a higher risk of death
than smoking.'® Thus, it is important to measure the effect of physical activity on COVID-19 prevention.

A thorough understanding of the clinical characteristics of COVID-19 aids in mapping the disease, identifying high-
risk patients, and future management of the disease. It is hypothesized that increased physical activity can reduce
a person’s susceptibility to contracting COVID-19. It is important to stratify people according to their likelihood of
receiving the intended care required during the quarantine period. Consequently, the purpose of this paper is to provide
data and discuss the relationship between physical activity and susceptibility to COVID-19 infection. In addition, this
study aimed to evaluate the physical activity levels of infected quarantined individuals for comparison with uninfected
individuals in all quarantine programs run by the Imam Abdulrahman Bin Faisal University (IAU) in the Eastern
Province, Saudi Arabia.

Materials and Methods

This was a retrospective matched case—control study involving adult participants quarantined with IAU, Dammam, Saudi
Arabia from April to June 2020. All males and females, Saudi and non-Saudi, aged above 18 who arrived from multiple
countries to Saudi Arabia, were admitted within our study period, and received a COVID-19 test were included.

Data was obtained from the medical records of IAU Quarantine’s data, where participants were stratified to positive
swab results and matched with negative swab results participants. The database was designed by the hospital health
informatics department for quarantine use. Participants were contacted through phone call interviews to obtain more
information related to other variables. Written informed consent was obtained from all participants upon admission time
to use their health and sociodemographic data for research purposes. Since the study was conducted using a telephone
interview, verbal consent was also obtained from all the respondents prior to the interview to inquire about additional
information. The participants were provided with information about the study, including guidelines for withdrawal.
Confidentiality was guaranteed regarding all data obtained.

The total number of quarantine data was 1846, of those, 150 were tested positive for Covid-19, and were matched
with 166 controls from the quarantine data to determine the risk associated with exposure. Participants with incomplete
data or invalid COVID-19 test results were excluded. Out of the 150 cases, only 73 responded and were willing to
participate, and 69 controls (Figure 1). The study complies with the Declaration of Helsinki, and was approved by the
Institutional Review Board of IAU (IRB-UGS- 2021-01-154).

Inter-examiner reliability with at least 0.7 for Cohen’s kappa value was measured based on interviews with 25 cases
that were then included in the final sample. The data extracted from the participants included demographic data, such as
age, nationality, marital status, level of education, employment status, body mass index (BMI), COVID-19 test results,
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Figure | Sampling process for the case—control study.

reason for quarantine (international arrival, contracted infection, or companion of a person infected with COVID-19),
regular exercise (yes or no), and rate of physical activity (low, moderate, or vigorous intensity). Translational validity was
ensured by translating Arabic to English, back-translating to Arabic, and then comparing the two versions.

For data analysis, t-tests and Chi-square tests were used to compare the two study groups (positive and negative
COVID-19 test results) in relation to sociodemographic features and physical activity outcomes. Statistical analysis was
performed using SPSS software version 27."7

Results

The study included 142 participants, of whom 73 (51.4%) tested positive (Table 1). The study included 107 men and 35
women (75.4%). The study participants’ average age was 33.46 (SD= 11.16). Most participants were Saudis (n= 130,
91.5%). More than half indicated that they were married (n= 78, 54.9%).

Most respondents were high school graduates (n= 51, 35.9%), while only 16.2% were postgraduates (n= 23). The
majority were employed (n= 89, 62.7%), while only 4% were retired (n= 6). Most quarantined because they arrived
from an overseas country (n = 85, 59.9%), while only 1.4% were the companion of an infected person (n= 2)
(Table 1).

The study participants’ average BMI was 27. Exactly half indicated that they were physically active (n= 71). Half
indicated that they were sedentary or engaged in low-intensity activities (n= 35, 49.3%), while the other half reported
moderate intensity activity (n= 36, 50.7%) (Table 1). The majority indicated that their health status was very good (n=
117, 82.4%).
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Table | Study Participants’ Demographic Characteristics

Variables Frequency (%) Swab Test Test (P-value)
+ -
n=73 (%) | n=69 (%)
Age (Mean * SD) 3346 £ 11.16 32+ 11.10 35+11.20 t=—1.151 (0.252)
BMI (Mean * SD) 2742 £ 538 27.55 + 6.09 | 27.28 £ 5.60 | t= 0.272 (786)
Gender x* = 0.603 (0.437)
Male 107 (75.4) 57 (78.1) 50 (72.5)
Female 35 (24.6) 16 (21.9) 19 (27.5)
Nationality x* = 12.389 (< 0.001)
Saudi 130 (91.5) 61 (83.6) 69 (100)
Non-Saudi 12 (8.5) 12 (16.4) 0 (0)
Marital status x> = 1.093 (0.296)
Married 78 (54.9) 37 (50.7) 41 (59.4)
Not married 64 (45.1) 36 (49.3) 28 (40.6)
Education x* = 9.095 (0.028)
High school or lower 60 (42.3) 35 (47.9) 25 (36.2)
Diploma 16 (11.3) I (15.1) 5(7.2)
Bachelor’s degree 43 (30.3) 21 (28.8) 22 (31.9)
Postgraduate degree 23 (16.2) 6(8.2) 17 (24.6)
Employment x* = 1.335 (0.248)
Unemployed/retired 37 (26.1) 16 (21.9) 21 (30.4)
Employed/student 105 (73.9) 57 (78.1) 48 (69.6)
Reason for quarantine x> = 78.620 (< 0.001)
Contracted COVID-19 in SA 55 (38.7) 54 (74.0) 1 (1.4)
International arrival or companion of a COVID-|9-infected person | 87 (61.3) 19 (26.0) 68 (98.6)
Contact with a COVID-19 patient x* =27.121 (< 0.001)
No 106 (74.6) 41 (56.2) 65 (94.2)
Yes 36 (254) 32 (43.8) 4 (5.8)
Contact with someone with respiratory symptoms or fever x* =18.929 (< 0.001)
No 112 (78.9) 47 (64.4) 65 (94.2)
Yes 30 (21.1) 26 (35.6) 4 (5.8)
How would you rate your health status? X = 6.960 (0.031)
Bad/Very bad 4 (2.8) 4 (5.5) 0 (0)
Acceptable 3 (2.1 3 (4.1) 0 (0)
Good/Very good 135 (95.1) 66 (90.4) 69 (100)
Pets x*= 4.414 (0.036)
No 131 (92.3) 64 (87.7) 67 (97.1)
Yes I (7.7) 9 (12.3) 2 (29)
Type of pet (if applicable) x*= 5.958 (0.202)
Bird 4 (2.8) 4 (44.4) 0 (0)
Cat 4 (2.8) 3(333) 1 (50)
Chicken I (0.7) 1 (1 0(0)
Dog I (0.7) 0 (0) 1 (50)
Horse 1 (0.7) 1 (11.1) 0 (0)

Note: Bold text indicates significant associations.
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Table 2 Association Between Physical Activity and COVID-19 Infection Susceptibility

Variables Frequency Swab Results x* Test
(%) + (P-value)
n =73 (%) n = 69 (%)

Physically active 0.254 (0.614)
Yes 71 (50) 35 (47.9) 36 (522)
No 71 (50) 38 (52.1) 33 (47.8)

Physical activity self-rating 0.122 (0.727)
Sedentary or low intensity 35 (49.3) 18 (47.4) 17 (51.5)
activities
Moderate intensity activities 36 (50.7) 20 (52.6) 16 (48.5)

Most of the participants indicated that they had not been in contact with COVID-19-infected patients or with someone
who exhibited respiratory symptoms or had a fever within 14 days of their stay (n= 106, 74.6%, n= 112, 78.9%,
respectively) (Table 1). Pet owners were significantly more likely to contract COVID-19 (x*= 4.414, P= 0.036). Among
the participating pet owners, 81.82% tested positive for COVID-19.

Physical activity did not show any significant association with COVID-19 contraction (x*= 0.254, P=0.614) nor self-
rated level of physical activity (x’= 0.122, P=0.727) (Table 2). Persons who reported being physically active were equally
likely to become infected as those who were physically inactive in the current study (Figure 2).

Several variables were assessed with regard to their influence on susceptibility to COVID-19 infection (Table 1). All
non-Saudis in the study appeared to be infected with COVID-19, while 83.6% of Saudis were infected (x*= 12.389, P=
<0.001). Participants with lower educational levels were more likely to be infected with COVID-19 (x*= 9.095,
P=0.028), while the other demographic variables, such as gender, marital status, employment status, age, and BMI,
appear not to be significantly related to the likelihood of COVID-19 infection.

Less than half of the participants who had contact with a COVID-19 patient within 14 days of admission to quarantine
appeared to have a significantly higher incidence of positive COVID-19 swab results compared to those who did not (x*=

Swap
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c
3
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Figure 2 Association between physical activity and COVID-19 infection.
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Table 3 Multivariable Logistic Regression Analysis for the Significant Variables in the Study and lts Association with the COVID-19
Swab Results

Variables Crude Odds Ratio Adjusted Odds Ratio
OR 95% CI OR 95% CI
Nationality
Saudi | |
Non-Saudi 1.827 (0.999) 0.00 492,234,072.13 (0.998) 0.00
Education

High school or lower | |

Diploma 1.571 (0.451) 0.49, 5.09 1.008 (0.994) 0.12, 823
Bachelor’s degree 0.682 (0.341) 0.31, 1.50 1.088 (0.894) 0.32, 3.76
Postgraduate degree 0.252 (0.011) 0.09, 0.73 1.024 (0.974) 0.25, 4.14

Reason for quarantine
-International arrival or companion of | |
a COVID-19-infected person
-Contracted COVID-19 in SA 193.263 (<.001) 25.07, 1489.84 165.860 (<.001) 11.56, 2378.93

Contact with a COVID-19 patient
No | |
Yes 12.683 (<.001) 4.18. 38.50 0.405 (0.533) 0.02, 6.93

Contact with someone with

respiratory symptoms or fever
No | |
Yes 8.989 (<.001) 2.94, 27.48 2.553 (0.430) 0.25, 26.15

How would you rate your health
status?
Good/Very good | |

Acceptable 1,688,905,517.53 (0.999) 0.000 41,139,769.99 (0.999) 0.000

Bad/Very bad 1,688,905,517.53 (0.999) 0.000 31,674,571.93 (0.999) 0.000
Pets

No | I

Yes 4.711 (0.053) 0.98, 22.64 4.374 (0.168) 0.54, 35.72

Physically active
No | |
Yes 1.184 (0.615) 0.613, 2.29 0.884 (0.851) 0.24, 3.21

Physical activity self-rating
Sedentary or low intensity activities |
Moderate intensity activities 1.181 (0.727) 0.46, 3.00 1.085 (0.916) 0.24, 4.96
Vigorous intensity activities 0.918 (0.836) 0.41, 2.06 0.884 (0.851) 0.24, 3.21

Note: Bold text indicates significant associations.

27.121, P=<0.001) (Table 1). A third of the participants who indicated that they had contact with someone who exhibited
respiratory symptoms or had a fever within 14 days of admission to quarantine tested positive for COVID-19 (x*=
18.929, P=<0.001).

In addition, 90% of the participants who tested positive for COVID-19 indicated that their health status was “good” or
“very good,” while only 5.5% (4 participants) indicated that their overall health status was “poor” or “very poor” (x* =
6.960, P= 0.031) (Table 1).
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Further, multivariable logistic regression analysis is conducted to find the differences in the crude and adjusted odds
ratio for the significant variables in the bivariate analysis, while the dependent variable in the model is the swab result
(Table 3). Several variables were significant at the crude level of analysis, these variables are Education, Reason for
quarantine, Contact with someone with covid-19 in the past 14 days prior to quarantine, and Contact with someone with
respiratory symptoms or fever 14 days prior to quarantine.

All the above-mentioned variables were no longer significant at the adjusted level of analysis, except the reason for
quarantine which stayed significant after adjusting for the rest of the variables in the model. The odds of having a positive
swab result if the participant was in the quarantine because they contracted Covid-19 in Saudi Arabia is 166 times higher
than if they were in the quarantine because they were international arrivals or being a companion of a COVID-19-
infected person (P=<.001).

Discussion

The present study assessed the association between physical activity and COVID-19 susceptibility. In addition, several
demographic factors were assessed for their association with COVID-19 contraction. The assessed participants were all
from the quarantine areas managed by IAU in Eastern Saudi Arabia.

The study showed no significant association between physical activity and the possibility of COVID-19 contraction.
However, several other factors were significantly correlated with positive COVID-19 swab results. These factors include
contact history, education level, pet ownership, and health status.

Although the literature makes extensive mention of physical activity’s relationship with immune responses,'> '® the
current study showed no significant influence of physical activity on the prevention of COVID-19 infection. The current
study results differ from those of Maugeri et al,'® which showed that regular physical activity significantly improves
a person’s immune response. Moreover, da Silveira et al'> mentioned that a lack of physical activity can exacerbate
psychological conditions, weaken immunity, and increase the likelihood of various infections. This dissimilarity between
the current study and the literature can be attributed to the risk of recall bias, altering the interpretation of results.
Engaging in physical activity is generally effective to improve a person’s overall health.

The current study found that lower education levels are significantly correlated with susceptibility to COVID-19
infection. A study conducted in the United States of America examined factors relevant to perceived COVID-19 suscept-
ibility between urban and rural adults in Alabama.”® Scarinci et al*” revealed that educational attainment was significantly
associated with perceived susceptibility to COVID-19, whereas less educated participants perceived lower susceptibility to
COVID-19. The study also showed that people with high school education or less have reduced awareness of the risk of
COVID-19 infection.”® Nevertheless, recent evidence has shown that educational attainment is positively associated with
stronger engagement in healthy behaviors.?' Therefore, a lower educational level can be said to be related to increased
infection potential due to lower awareness of the risk of infection and hence increased COVID-19 infection susceptibility.

The results of the current study showed a significant association between a history of contact with infected people and
positive COVID-19 swab results, regardless of whether the infected people were symptomatic. This result coincided with
that of another study conducted in Wuhan, China, where contact with confirmed case patients was one of the definitions
of definite exposure.?? This association is justified, as several pieces of evidence have proved that COVID-19 is mainly
spread through contact and respiratory transmission modes.”? 2 Nevertheless, Tian et al and Chen et al found this
relationship to be insignificant.?’*®

BMI is an internationally standardized tool used to identify and measure overweight and obesity. BMI is calculated as
the ratio of weight in kilograms (kg) to the squared height in meters (m?). According to the WHO, BMI scores are
categorized into six groups: underweight (< 18.5 kg/m?), normal (18.5-24.9 kg/m?), pre-obesity (25-29.9 kg/m?), obesity
class T (30-34.9 kg/m?), obesity class II (35-39.9 kg/m?), and obesity class III (> 40 kg/m?).2** The average BMI in our
study population was in the pre-obesity range.

In regard to COVID-19 and BMI, our study did not show a statistically significant relationship between BMI and the
likelihood of COVID-19 contraction. This is in agreement with Lopez-Bueno et al as they have shown no significant
relation between BMI and cardiorespiratory fitness among 89 adolescents. However, they have concluded that it might
delay the normal development of maximum oxygen intake levels for the same sample age.*' On the contrary, other studies
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have shown that obesity is an emerging independent risk factor for COVID-19. It plays a significant role in disease
susceptibility and severity.*> Previous data have shown that obesity is related to nearly one-third of hospitalized cases
during the pandemic.’® Therefore, it can be concluded that a high BMI is associated with a greater risk of COVID-19
complications, and a low BMI is not associated with severe symptoms.>® This agrees with Busetto et al, who stated that
overweight and obese patients required assisted ventilation and intensive care admission more frequently than normal
weight patients,*® as well as Hussain et al, who concluded that obesity was significantly associated with COVID-19
mortality [OR: 3.68, 95% CI: < 0.003].%

Furthermore, the impact of the COVID-19 pandemic on eating habits has also been addressed in the literature. One
study on the immediate impact of COVID-19 in the Italian population showed increased weight in 48.6%.>° The
differences between our study and the aforementioned studies could be attributed to our small sample size. Despite
this, an ideal BMI is crucial for preventing and reducing poor outcomes of COVID-19 infection.

Lower respiratory tract infections are strongly associated with obesity and a higher BMI. For instance, airway
narrowing is caused by the mechanical effects of obesity on the respiratory tract, leading to increased exposure to
COVID-19.*7 Furthermore, obesity is associated with increased levels of inflammatory mediators such as tumor
necrosis factor alpha (TNF-a), interleukin (IL) —8, IL-6, high-sensitivity C-reactive protein (hs-CRP), and monocyte
chemoattractant protein-1 (MCP-1).*>® These immune system changes predispose obese patients to respiratory
infections.'>*

The present study has certain limitations that could have been improved upon through the elimination of recall bias
regarding responses to questionnaire items about physical activity and body weight. Such bias may have contributed
significantly to the data results. Moreover, the data collected may be subject to unintentional operator bias, where
respondents answer some questions subjectively. Another limitation is not recording body weight before and after the
quarantine period to address habitual trends in BMI changes. Nevertheless, this study could serve as a baseline for future
cohort studies involving more confounding factors targeting different regions around the world.

Conclusion

The present study showed no significant association between physical activity and susceptibility to COVID-19 infection.
Other variables, however, were significantly associated with positive COVID-19 swab results, including history of
contact with an infected person, lower education level, and having pets.

Although the intensity of physical activity was not found to influence COVID-19 susceptibility in the current study,
other studies have shown that it is associated with the severity of the infection. For this reason, we recommend raising
awareness within the community through campaigns, including on social media platforms, about the importance of
physical activity to prevent and reduce the susceptibility of respiratory infections.

Moreover, our current understanding of physical activity as an independent risk factor for the severity of COVID-19
is based on an observational study with a small sample size. This limited the variability of the data and the general-
izability of our results. We therefore recommend a larger sample size and a prospective cohort study design to further
clarify the relationship between other variables and COVID-19.
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