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Abstract: A vaccine is a type of medicine that increases immunity and the number of antibodies
(IgM and IgG) when injected into the body, preparing it in case of an actual viral infection. It has
been shown in several studies that there is a significant relationship between physical activity and
vaccination. Furthermore, it has been documented that physical activity can play a major role in
reducing stress. Evidence also shows the existence of a relationship between immunity, vaccine
response, and sleep duration. To investigate the effects of physical activity on the level of COVID-19
antibodies and lifestyle-related factors, Health Science Center (HSC) students who had taken the third
dose of the vaccine and had no prior infection of the COVID-19 virus were investigated. To serve
the purpose of this study, an anti-SARS-CoV-2 test was applied by taking a blood sample from the
students. The Perceived Stress Scale (PSS) and Pittsburgh Sleep Quality Index (PSQI) questionnaires
and the Borg’s 15-point scale were given to the participants to fill out. The study utilized a two-arm
randomized control research design in which 40 participants were randomly assigned into one of two
groups, either the control group (n = 20) or the treatment group (n = 20). All tests and assessments
were performed before and after intervention for both groups. The control group walked less than
5000 steps every day for one month with a 20 min rest during the exercise session, while the treatment
group walked more than 12,000 steps every day for the same time and exercise task session. The
students’ steps were monitored using an Apple watch. There was a significant decrease in the IgG
antibody level in the treatment group compared to the control group (p < 0.001). The IgM antibody
level of all groups did not show any significant difference before starting the intervention. However,
there was a significant (p < 0.05) decrease in the IgM level of the treatment group after treatment
compared to before treatment. Moreover, there was a significant decrease in the treatment group’s
stress level and sleep disruption, indicating better sleep quality, compared to the control group
(p < 0.035). The levels of IgG and IgM did not improve for the treatment group. However, the
treatment group improved their stress level and sleep disruption. Therefore, further rigorous research
is needed to investigate vaccine efficacy among more physically active people.

Keywords: vaccine; physical activity; antibodies; lifestyle

1. Introduction

The current global COVID-19 pandemic has severely impacted health-related factors.
There are several groups of people who are considered at high risk of SARS-CoV-2 infec-
tion [1]. Exercise improves mitochondrial health, and healthy mitochondria are necessary
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for proper immune function [2]. However, during the pandemic, many people have be-
come less active, consumed unhealthier food, gained weight, and experienced an overall
decline in physical health, which, in turn, may have contributed to reduced immunity [3].
To counter such effects, healthcare professionals have recommended engaging in healthy
home programs, home exercise, and a healthy diet [4]. Furthermore, many lifestyle routines
have changed since the outbreak of the pandemic and its subsequent lockdowns, especially
sleep patterns and sleep quality [5]. The COVID-19 vaccines approved by the WHO include
Pfizer-BioNTech, Oxford/AstraZeneca, Johnson and Johnson, Moderna, Bharat Biotech,
Sinopharm, and Sinovac. However, Oxford/AstraZeneca, Pfizer-BioNTech, Johnson and
Johnson, and Moderna are the vaccines used in Kuwait. Pfizer and Moderna use messenger
RNA (mRNA) to deliver a message to the immune system that tells the cells to create a spike
protein foreign to the body, causing the immune system to attack it by creating antibodies
and making the immune system prepared for any future conduction of the virus [6]. A
lower risk of infection and a greater immunity can indeed be received through a regular
and active lifestyle for all ages. Multiple studies during the pandemic have investigated
whether the body’s physical activity relates to the vaccine’s response. In a recent study,
two groups of elderly women who were vaccinated using the influenza vaccine were
included in a study [7]. The first group included women who walked 18,000 steps daily for
two weeks, while the second group included women who walked less than 10,000 steps
daily for two weeks. A greater immune response was observed in the first group compared
with the second group after two days of receiving the vaccine. Furthermore, a greater
adaptive response was also spotted in the first group after one week of vaccination. In
another study that compared older men who were physically active and vaccinated by
influenza vaccine, the participants had engaged in regular aerobic exercises three times
a week for the past two years compared to older men who had absolutely no exercise for
at least three times a week for the past two years, with the results highlighting a higher
level of antibody response in the active men compared to the inactive men [8]. Similarly,
Kohut et al. reported that adults 62 years old and above who participated in at least 20 min
of intense exercise three times or more a week showed a significantly higher antibody
response after receiving the influenza vaccine than the same age group who had an inactive
lifestyle [9]. Sleep quality is another factor that is known to increase the immune system
and facilitate one’s ability to stay active and strong. In one study that investigated the effect
of sleep on immunity and vaccine response, a comparison was conducted between two
groups of young adults who took the hepatitis A vaccine. One group had a regular night’s
sleep, while the other group was not allowed to sleep for 36 h after vaccination. The results
showed that the group with regular sleep had a higher immune response compared to the
other group [10].

Having said that, physical activity affects the levels of COVID-19 antibodies, stress,
and sleep quality. In addition, to the best of our knowledge, there are no previous studies
that have investigated the effects of physical activity on the level of COVID-19 antibodies
and lifestyle-related factors following the third dose of the COVID-19 vaccine. Therefore,
our study objective was to investigate the effect of physical activity on COVID-19 antibodies
(IgG and IgM), stress, and sleep quality (lifestyle-related factors) in Health Sciences Center
(HSC) students who had taken the third dose of the COVID-19 vaccine and had no prior
COVID-19 infection. Several confirmation tests were performed. A rapid antigen test,
which can provide false negative results, was applied. However, these false negative results
were avoided by using the antibodies test level, patients self-report, and chest x-ray, which
was used to investigate any past infiltration in the lung.

2. Methodology
2.1. Participants

Forty (HSC) students were randomly selected from a student registry list. The in-
clusion criteria included no prior infection of COVID-19, having taken two doses of the
COVID-19 vaccine and intending to take the third dose of the vaccine. Students who
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had chronic illnesses, such as diabetes or heart disease, were excluded from the study.
Randomization was completed by using a computer-generated random number sequence.
Then, the students were randomly distributed into either Group 1 (control group; n = 20)
or Group 2 (treatment group; n = 20). The treatment was based on exercise and walking
more than 12,000 steps every day for one month, whilst the control group walked less than
5000 steps every day for the same amount of time (see (Figure 1)).

Figure 1. Study flow diagram.

2.2. Study Design and Instruments

This randomized controlled trial utilized the following standardized outcome mea-
sures: Perceived Stress Scale (PSS-10), Pittsburgh Sleep Quality Index (PSQI), and Borg’s
15-point scale. These assessments were validated outcome measures to demonstrate the
effectiveness of the intervention. The Perceived Stress Scale (PSS-10) screens for stress expe-
rienced during the past month, whilst the Pittsburgh Sleep Quality Index (PSQI) screens for
sleep quality. Meanwhile, Borg’s 15-point scale screens the exercise intensity. All of them
are standardized self-reported questionnaires [11,12]. For more elaboration, the purpose
and administration of these assessments were explained in administration of assessments
and perceived exertion and heart rate sections respectively.

Apple watches were used to monitor the students’ steps per day, as it is an accurate
device for counting steps and estimating heart rate [13]. The apple watch was lent to the
participants and they had to return it at the end of the study.



Vaccines 2022, 10, 2171 4 of 13

2.3. Blood Collection

Blood sample was taken from an antecubital vein (30 mL) of the subjects just be-
fore taking the third dose of the vaccine, and again at four weeks post-immunization
after intervention.

2.4. Anti-SARS-CoV-2 Test and Antibody Level

A GenScript (Genscript Biotech Corp, Piscataway, USA) SARS-CoV-2 Spike S1-RBD
IgG&IgM ELISA Detection Kit was used to measure the antibody levels. The manufac-
turer’s directions were followed, where serum was diluted at 1:100 and HRP-conjugated
mouse anti-human IgG Fc was added to the plate to detect anti-RBD [14].

2.5. Procedure

Before data collection, ethical approval was obtained from the institutional review
board (IRB) of Kuwait University. The date of getting ethical approval was 11/4/2022 and
the identification number was 567. To measure the baseline level of IgG and IgM antibodies,
an anti-SARS-CoV-2 test was applied for both the control and treatment groups by taking
blood samples from the students before taking their third dose of the COVID-19 vaccine
and before starting the intervention. The Perceived Stress Scale (PSS-10) and Pittsburg
Sleep Quality Index (PSQI) questionnaires were given to the participants to fill out before
the beginning of the intervention. Additionally, Borg’s 15-point scale was used. After
obtaining their baseline antibody level, the students took their third COVID-19 dose and
started the intervention immediately. A 15 min exercise task and a goal of 12,000 steps
were given to the treatment group, whereas 20 min rest and 5000 steps were allocated to
the control group. All of the mentioned tests and assessments were performed once before
the intervention before taking the third dose, and a second time after the third dose and
after a month of following the intervention for both groups.

2.6. Exercise Task and Walking Steps

Elastic resistance bands were used in the exercise task for the treatment group. This
exercise was performed in sets of 30 s of exercise. After this, the participant rested for
30 s. Three exercise movements, namely, a lateral raise, an upright row, and a chest
press, were performed by the participant. Motivation and encouragement to perform the
exercise were provided. The participants alternated movements and performed each five
times by completing 15 min of exercise. To maintain exercise for 30 s, the resistance band
strength was adjusted to remain challenging while still achievable [15]. Regarding walking
steps, Group 1 (control group) was instructed to walk less than 5000 steps a day for one
month whilst Group 2 (treatment group) was required to walk over 12,000 steps a day for
one month as well. The students’ steps were monitored using an Apple watch and they
had to provide a screenshot of their daily step count to the first author electronically [13].

Perceived Exertion and Heart Rate

Perceived exertion was recorded during the exercise task. This was achieved by
providing the participants the Borg’s 15-point scale immediately after each set as it is
shown in (Table 1) [16]. Their heart rate was recorded using an Apple watch [13].
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Table 1. The Borg Rating of Perceived Exertion Scale.

Rating Perceived Exertion

6 No Exertion

7 Extremely light

8

9 Very light

10

11 Light

12

13 Somewhat hard

14

15 Hard

16

17 Very hard

18

19 Extremely Hard

20 Maximum exertion

2.7. Administration of Assessments
2.7.1. Sleep Quality

The Pittsburg Sleep Quality Index (PSQI) is a standardized tool that can measure
the quality and patterns of sleep issues in seven domains of sleep. The participants were
instructed to answer all of the questions based on subjective views and rate them using
a four-point Likert scale, with 0 indicating good sleep quality, 1 fairly good sleep quality,
2 fairly bad sleep quality, and 3 bad sleep quality. The seven domains of concern were
covered by the questions randomly, meaning that some of the concerned areas had more
than one question. The researchers followed the standardized scoring criteria by summing
the responses corresponding to each domain separately [17].

2.7.2. Stress

The Perceived Stress Scale (PSS-10) is a self–reported questionnaire for measuring
psychological stress and how individuals perceive their life situations as stressful [18]. The
questionnaire evaluates how much the respondents believe their life has been unpredictable,
uncontrollable, and overloaded in the last month. The PSS-10 has good internal, convergent,
and concurrent validity, and is sensitive to measuring perceived stress [19]. The scale
consists of six negatively stated items (items 1, 2, 3, 6, 9, and 10) and four positively stated
items (items 4, 5, 7, and 8) that are measured on a five-point Likert scale. The total score
ranges from 0 to 40 with a higher score indicating higher levels of perceived stress [20].

2.8. Statistical Analysis

Descriptive statistics were utilized. Data are expressed as the mean ± standard error
of the mean and analyzed by independent samples t-tests. Normality of the distribution
was verified for all continuous variables by the Kolmogorov–Smirnov test. Comparisons
within the groups were performed by using paired t-test. Comparisons between the groups
were performed using multivariate analysis of variance (MANOVA), adjusting for sleep
and stress. p < 0.05 was considered statistically significantly different. SPSS version 27 was
used for the analysis. Potential confounders (stress and sleep quality) were selected for
adjustment based on directed acyclic graphs (DAG) taking into account prior knowledge
regarding their associations with physical activity and immunity. Regarding DAG results,
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stress and sleep quality had to be adjusted for in analyses of the association of physical
activity with immunity (Figure 2) [21].
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Figure 2. Directed acyclic graph (DAG) demonstrating relationship between physical activity and
immunity as well as associated variables.

3. Results

Forty Health Science Center (HSC) students (eight males and 32 females) participated
in this study. Their ages ranged from 18 to 23 years, with a mean age of 20.07 years
(SD = 1.654). All of the students received the Pfizer vaccine (Table 2). Table 1 shows
the demographic data of the participants: all 40 participants received the Pfizer vaccine;
eight (representing 20% of the respondents) were male, while the other 32 (80%) were
female; all 40 of the respondents were aged between 18 and 23 years (mean = 20.07);
21 (52.5%) of the respondents were from the Allied Health Faculty, nine (22.5%) were from
the Medicine Faculty, eight (20%) were from the Pharmacy Faculty, and two (5%) were from
the Dentistry Faculty.

Regarding the differences among the main study variables, it was noted that there
were not any significant differences between the control and intervention groups (Table 3).

Likewise, Table 4 shows the statistical paired t-test results of the pre and post values
of IgG, IgM, sleep quality and stress level outcomes of the control and intervention groups.
The table exhibits the mean, the standard deviation (SD), the mean change, the standard
error of the mean (SEM), the t value, and the p value of the outcome measure. Table 5
highlights comparisons between two groups, control (n = 20), and treatment (n = 20). The
mean value for IgG and IgM antibodies level was higher in the control group, specifically
in the IgG antibodies level (p < 0.002). The IgM antibodies level also showed the same trend
of differences, but with a marginal value (p = 0.05). The IgG and IgM antibodies level mean
score was not affected by sleep and stress as confounding factors. This was explored after
controlling for potential confounding effects of sleep and stress as it is shown in Table 5.
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Table 2. Demographic data of the participants: 40 participants received the Pfizer vaccine; eight
(20%) were male, while the other 32 (80%) were female; all 40 were aged between 18 and 23 years 40
(mean = 20.07); all 40 average BMI were 23.1; 21 (52.5%) were from the Allied Health Faculty, nine
(22.5%) from the Medicine Faculty, eight (20%) from the Pharmacy Faculty, and two (5%) from the
Dentistry Faculty.

Demographics N = 40 Mean
SD

Type of vaccine
Pfizer

Gender

Male
Female

8 (20)%
32 (80)%

Age

(18–23) 40 (100)% Mean: 20.07
SD: 1.654

BMI (Kg/m2)
Mean: 23.1

SD: 3.8

Faculities

Medicine
Allied Health Science

Pharmcy
Dentistry

9 (22.5)%
21 (52.5)%

8 (20)%
2 (5)%

Table 3. Baseline Characteristics of Participants.

Characteristic Control (n = 20) Treatment (n = 20) p-Value

Mean (±SD) Age 20.07 ± 1.654 21.02 ± 1.421 0.818

% Male 15% 25% 0.442

Mean (±SD) BMI (Kg/m2) 23.1 ± 3.8 22.9 ± 3.8 0.61

Mean (Min/day) *
Physical activity level 37.1 36.25 0.58

Mean (±SD) Antibodies level of IgG 147.68 ± 4.7 128.5 ± 11.1 0.073

Mean (±SD) Antibodies level of IgM 0.73 ± 0.188 0.81 ± 0.047 0.147

Mean (±SD) Disruption of Sleep
Quality 5.87 ± 1.77 7.54 ± 3 0.051

Mean (±SD) Stress level 21.77 ± 0.92 20.5 ± 2.4 0.22
* Physical activity level by using (MET).
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Table 4. Paired t-test comparing pre and post values of IgG, IgM, sleep quality and stress level.

Group Pair Outcome
Measure Mean SD Mean

Change SEM t-Value p-Value

Control
Group

Pair 1 Pre IgG
Post IgG

147.68
248.77

4.7
15.6 101.09 0.04 −3.012 * 0.0001

Pair 2 Pre IgM
Post IgM

0.62
0.69

0.188
0.12 0.07 7.85 −15.89 * 0.007

Pair 3

Pre sleep
quality

Post sleep
quality

5.87
10.11

1.77
0.99 4.24 0.46 −5.63 * 0.0001

Pair 4 Pre stress
Post stress

21.77
23.88

0.92
1.41 2.11 0.24 −20.78 * 0.0001

Treatment
Group

Pair 1 Pre IgG
Post IgG

128.5
84.08

11.1
15.19 44.42 12.8 3.29 * 0.004

Pair 2 Pre IgM
Post IgM

0.81
0.61

0.047
0.24 0.2 0.01 4.25 * 0.0001

Pair 3

Pre sleep
quality

Post sleep
quality

7.54
8.1

3
1.44 0.56 0.42 −3.955 * 0.001

Pair 4 Pre stress
Post stress

20.5
16.66

2.4
1.99 3.87 0.85 0.989 * 0.025

* p-value < 0.05. SD, standard deviation: SEM, standard error of the mean.

Table 5. Multivariate analysis between groups adjusted for sleep and stress.

Variables Total
(n = 40)

Control
(n = 20)

Treatment
(n = 20)

Group
Effect

p-Value

Sleep-
Adjusted
p-Value

Stress
Adjusted
p-Value

Sleep and
Stress

Adjusted
p-Value

IgG antibodies level 8.98 (18.3) 248.77 (15.6) 84.08 (15.9) 0.002 * 0.540 0.782 0.850

IgM antibodies level 0.04 (0.035) 0.69 (0.12) 0.61 (0.24) 0.05 * 0.164 0.174 0.088

* p < 0.05. significant differences between-subject effects.

3.1. Effects of the Physical Activity of Students Vaccinated with the Third Dose on IgG and IgM
Antibody Levels

Data from Figure 3A demonstrate that there was no significant difference between the
two groups before starting the intervention. However, there was a significant (p < 0.002)
increase in the IgG antibody level in the control group. The IgG antibody level of the
treatment group showed a significant decrease compared to the control group (p < 0.001).
Likewise, the IgM antibody level of all groups did not show any significant difference
before starting the intervention. However, there was a significant (p < 0.049) decrease in the
IgM level of the treatment group after treatment compared to before treatment (Figure 3B).
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Figure 3. (A) Graph comparing the IgG antibody level of the different experimental groups. The
control group showed an increased IgG antibody level (* p < 0.002), whereas the treatment group
showed a continuous decrease in IgG antibody level (** p < 0.002). (B) Graph comparing the IgM
antibody levels of the different experimental groups. The treatment group showed a decrease in
IgM antibodies (* p < 0.05). The values are the mean ± SE (n = 20). Group 1: Control group;
Group 2: Treatment group.
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3.2. Effects of the Physical Activity of Students Vaccinated with the Third Dose on Sleep Quality
and Stress

Regarding sleep quality, no significant differences between the two groups at baseline
were present; however, post-intervention, the analyses showed sleep disruption to be
significantly lower in the physically active group compared to the control group (p < 0.035)
(Figure 4). Likewise, the stress factor also significantly decreased in the exercise group
compared to the control group after the intervention (p < 0.023) (Figure 5).
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decreased in the treatment group compared to the control group after the intervention (* p < 0.023). The
values are the mean ± SE (n = 20). Group 1: Control group; Group 2: Treatment group.
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4. Discussion
4.1. Antibody Level

Both the IgG and IgM antibody levels were significantly decreased in the physically
active group, while the less active students (control group) had increased levels of IgM
and IgG. This may be related to the working mechanism of the Pfizer vaccine, which
interacts with the musculoskeletal system, possibly leading to a breakdown of the vaccine
itself after elevated levels of physical activity. This finding is in line with a recently
published study that reported the working mechanism of the Pfizer vaccine to possibly
be compromised by more physically active individuals [22]. That is, an increased level
of physical activity could contribute to a reduction in the IgG and IgM antibody levels of
the Pfizer COVID-19 vaccine. In addition, our outcome that the physical activity group
decreased their antibodies compared to the control group after 4 weeks of intervention
might have to do with the acute effects of physical activity on the development of antibodies.
For instance, a recent systematic review [23] showed that the immune system is affected
by acute exercise in healthy participants, with the specialized regulatory cells that are
enclosed in the CD4+ T cells either not altered or decreased following an exercise session.
Therefore, it is plausible that acute exercise/physical activity may, at least in the short-
term, compromise immune function, although some experts disagree with this point of
view [24]. Moreover, Erika and her colleagues indicated that acute exercise decreases
vaccine reactions following influenza vaccination among older adults [25]. This could
also support our experimental findings pertaining to young Health Science Center (HSC)
students. However, another study reported that physically active individuals experience a
better immune response compared to inactive individuals upon COVID-19 vaccination [16].
These conflicting findings warrant further high-quality research to investigate the effects
of physical activity on vaccines. Future studies with a larger sample size and various
vaccination types are needed to better understand this mechanism.

4.2. Sleep Quality and Stress

Our study results demonstrated that the physically active group, who had low IgG
levels, showed reduced levels of stress and improved quality of sleep. Studies have shown
that good sleep quality boosts immunity, while sleep deprivation produces a severe negative
effect on immunity [26]. This is further supported by the role of sleep on the frequency of
Ag-specific Th cells and IgG level post vaccination in adapting a better immune response
and immunological memory [27]. A strong association between sleep quality and immunity
within vaccine response has also been reported, where the IgG level was found to determine
a longer duration of recovery post vaccination [28]. Lammers-van der Holst showed that
the people infected with COVID-19 with higher levels of sleep quality had higher levels
of IgG [29]. Such reports confirm the association between sleep quality, vaccination, and
level of immune response and support our results, which show that the immune system
is boosted through having good sleep quality. This may be a potential factor to decrease
the IgG level of the exercise group. This is in agreement with other studies that have
reported physical activity to improve sleep quality and accounts for fewer disruptions
during sleep [30]. Physical activity has also been found to reduce the students’ stress levels,
which is in line with our study findings.

4.2.1. Limitations and Future Directions

The limitations of this study include the small size and the limited behavioral, clinical,
and biochemical parameter measurements. It would have also been informative to compare
the effects of physical activity with multiple vaccination types. Future studies with various
participant age groups and different vaccination types are needed to reach conclusive
findings regarding the benefits of COVID-19 vaccination.
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4.2.2. Conclusions and Implications

Physically active individuals are expected to have a better immune response and
a higher level of antibodies after vaccination, as vaccinations are intended to increase
the number of antibodies, while physical activity contributes to better immunity, thereby
decreasing stress and improving sleep quality. A COVID-19 booster dose has been ad-
ministered around the globe to increase immunity and antibody levels in the population.
However, such expected findings regarding antibodies after vaccination were not found in
the physically active individuals in this study. Further research is necessary to determine
the causes behind the significant decrease in IgM and IgG antibodies in physically active
participants, and to further understand the magnitude of the decrease in antibodies against
the COVID-19 virus in physically active individuals. This study could result in conse-
quences or recommendations applicable to the general population. One the other hand, in
future studies, a blood sample may be collected during the physical activity, for example
every week. This collection could help to better understand the immune system trend dur-
ing the sessions. Moreover, salivary samples can also be collected. This might not include
an invasive technique in order to collect and evaluate the levels of both immunoglobulins
and hormones such as cortisol and testosterone.
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