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Abstract: To determine the effects of a virtual physical activity (PA) program in college students during social
distancing due to COVID-19. 44 college students, male and female. Methods: Participants completed self-reported
measures of the International Physical Activity Questionnaire, weekly PA, and a short-survey of the educational
experience during social distancing. Participants completed the instruments at baseline and after 10-weeks of an
on-line virtual PA program. Increased overall PA (p = 0.040) and transportation PA (p = 0.004), leisure-time PA (p
= 0.031) domains increased following the program. The sitting time increased following the intervention (p =
0.0001). Students who failed to comply with at least 150 min/week of PA reduced the frequency of positive
emotions compared to those who complied (p = 0.017). Social distancing and daily college tasks seem to lessen
the effect of PA on sedentary behavior in college students regardless of an increase in PA.
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1. Introduction

Sedentary behavior is a risk factor for
developing a myriad of negative health outcomes,
including cardiovascular disease, cancer, diabetes, an
increased mortality [1]. Physical activity (PA) guidelines
have been developed and encouraged worldwide to
reduce the deleterious effects of sedentary behavior [2
-4]. These guidelines are supported by an abundant
body of evidence showing the short- and long-term
positive effects of different modes of PA, including
exercise training.

Exercise has been called a polypill given its
potential for preventing or treating chronic diseases
[5]. Several health benefits have been summarized
before in systematic reviews and meta-analyses [6-9],
including enhanced mood, cognitive and brain function
from childhood to senescence, and an attenuated risk
for cognitive impairment and dementia during ageing
[10]. Other metabolic and physiological benefits
include reductions in systolic and diastolic blood
pressure, endothelial function, cardiorespiratory
function, glucose regulation, fat oxidation [11-17].

Exercise training strategies have shown
positive changes in body composition in spite of
unobserved reductions in sedentary behavior [18].
Thus, engaging and maintaining a physically-active
behavior (i.e., adherence) has been a challenge for
sedentary people. Recent evidence on athletes [19],
suggest that past behavior exert a residual effect on
the future intention to exercise (i.e., adherence), and
that supportive environments increase levels of
autonomous motivation and higher rates of future
exercise behavior. On sedentary subjects the
motivations predicting exercise adherence are
different; for example, a perceived enjoyment, a sense
meeting a challenge, positive health, and better or
enhanced strength and endurance [20].

During the late 2019 and early 2020, a form of
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) caused the coronavirus disease (COVID-
19) that spread worldwide causing thousands of
deaths. Extensive hand sanitation, social distancing
and isolation were recommended by international and
national health organizations to reduce the virus
contagious and mortality among the population [21];
thus, majority people stay at home working and
studying remotely.

Costa Rica implemented measures to fight the
pandemic (e.g., closing education institutions, public
and private transportation restrictions), and as of July
2020 the mortality rate ranked among the lowest in
America [22]. Virtual tools, on-line platforms (e.g.,
Skype®, Zoom®, MS Teams®) and social media Apps
(e.g., Facebook®, WhatsApp®, Instagram®), were
suggested to educators to assist in lecturing their
students and maintain constant communication. No-
one in the world was prepared for the pandemic, and
these measures provoked the population, including
students and faculty, to increase their sedentary time
by seating for several hours in front of a computer,
telephone, tablet or television screen [23, 24].

The effects of the increased sedentary
behavior during COVID-19 are unknown [25];
however, the negative health impact may include
increases in biomarkers related to metabolic syndrome
(i.e., insulin resistance, obesity, inflammatory
cytokines), as well as changes in dietary habits [26,
27]. Yet, exercise science specialists still recommend to
remain active during the pandemic while keeping all
necessary protection measures [28, 29]. Therefore, the
purpose of this study was to determine college
students’ PA behavior and experiences obtained during
a 10-week virtual PA program.

2. Methods
2.1 Participants

All procedures followed the standards set forth
by the latest revision of the Declaration of Helsinki. A
non-probabilistic sample of forty-four college students
who signed for a required PA class, consented to
participate in a 10-week virtual PA program. The
inclusion and exclusion criteria to participate in this
study indicate that students had to be healthy as
determined by the PAR-Q instrument, enrolled in a
sport class, willing to complete all online self-reported
questionnaires, and the virtual 10-week PA program.

2.2 Measures

Anthropometrics. For descriptive purposes,
participants were asked to self-report their estimated
body weight (kg) and height (cm). Then, body mass
index (kg/m?) was computed. This procedure has been
used before in large-scale health surveys [30].

Physical Activity Assessment. The PA was
assessed using the Spanish long version of the
International Physical Activity Questionnaire (IPAQ)
(www.ipaqg.ki.se.). The IPAQ is a global standardized
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instrument used to record physical activity levels in 18-
69 years old adult population. Psychometric properties
include a validity of 0.67 and reliability 0.80 [31]. This
IPAQ version is comprised of 27 items providing
information on time spent walking, vigorous and
moderate intensity PA and in sedentary activity during
the previous seven days. The instrument measures of
level of PA through questions in four domains: work,
home, transportation, and leisure time. The sitting time
questions, is an additional indicator and is not included
as part of any summary score of PA as indicated by the
scoring protocol of IPAQ. This is used as the indicator
to reflect time spent in sitting rather than MET-
minutes, which would suggest an estimate of energy
expenditure. In addition to the original IPAQ, a few
questions were added in order to record how much
time participants spent doing college homework,
watching TV and playing video games.

The PA indicator is expressed continuously in
units of metabolic equivalent of task (MET) as MET-
min/week, and categorically following these criteria
(Table 1).

The MET is defined as an objective measure of
the ratio of the rate at which a person expends energy,
relative to the mass of that person, while performing
some specific PA compared to a reference set by
convention at 3.5 ml Ox:kg body mass*!-mint (i.e.,
energy expended when sitting quietly) [32].

METs are a way to calculate energy
requirements and exercise intensities [33], and the unit
used, MET-minute, is calculated by multiplying the MET
corresponding to the type of activity by the minutes of
its execution in a day or in one week, this is how it is
expressed in MET-minute/week for each domain.
These were calculated as follows: walking activities=
(3.3 x walking minutes x walking days); moderate
activity= (4.0 x moderate activity minutes x moderate
activity days); vigorous activity = (8.0 x vigorous
activity minutes x vigorous activity days) [32].

Report of weekly PA. This instrument allowed
participants to register all physical activities performed
within the week. The instrument comprised seven
items to evaluate the number of sessions performed,
time invested and intensity of each session. Also,
participants reported the time spent sitting, time spent
watching TV, and time spent playing video games.

Educational experience in virtuality: This
instrument comprised four items to evaluate the
perceived feelings related to the university
requirements for students and the limitations that
prevented the adequate accomplishment of the
exercise program.

2.3 Procedures

By design and due to the social distancing
situation caused by the COVID-19, college students
enrolled in sport courses, consented to participate in a
virtual PA program. At baseline, participants completed
the IPAQ and immediately were given the
corresponding PA program to be completed.

Table 1 Criteria for evaluating the level of physical activity categorically

Physical Activity Level

Description

High Vigorous-intensity activity on at least 3 days and accumulating

at least 1500 MET-min/week

Moderate A combination of walking, moderate-intensity or vigorous
intensity activities achieving a minimum of at least 600 MET-
min/week.

Low Those individuals who not meet criteria for categories 2 or 3

are considered low/inactive.
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Participants were asked to accomplish at least
150 min of PA during each week. The PA program
consisted in one supervised session per week, via
Zoom® platform; the other sessions had to be
performed by themselves without supervision.
Participants had access to a YouTube channel
previously set up with short videos showing over a
hundred exercises from which the specific workouts,
included in the program, were chosen. The PA program
was designed to allow participants to achieve the PA
recommendations during COVID-19 set up by de
American College of Sports and Medicine [34]. Every
week, participants completed a PA report to track the
program accomplishment. After 10 weeks, participants
completed again the IPAQ and a final report
instrument designed to collect data from the feeling
experiences obtained during and after the virtual
process.

2.4 Statistical analysis

All analyses were performed with SPSS 26.0
(IBM SPSS, Armonk, NY). Descriptive statistics are
presented as the mean * SD. Paired-samples t-student
tests compared mean MET-minutes/week between
baseline and week-10 PA. Sitting time reliability was
studied by Pearson correlation between IPAQ scores
and the mean weekly PA report. The participant’s
emotions before and after the PA intervention were
categorized into negative and positive feelings; then,
chi-squared tests for each set of emotions studied the
association between those participants who achieved
at least 150 min of PA per week and those who did not
meet the goal. Statistical significance was set a priori
at p < 0.05.

3. Results

Participants were 34 males and 10 females.
The physical characteristics of the participants are
summarized in table 2.

Paired-samples t-student tests were used to
compare mean MET-minutes/week between baseline
and week-10 PA (Table 3). The sitting time increased
in ~ 2 h from baseline to the end of the intervention
(229.55 + 76.55 vs. 342.84 + 36.87 min; p = 0.0001).

The weekly report of PA indicated that there
were no changes in the volume of PA (p = 0.987)
performed and the time spent in sedentary activities (p
= 0.398) during the 10 weeks of the intervention
(Figure 1). The self-reported sitting times were
consistent as registered in the IPAQ and the weekly
report (r = 0.47; p = 0.001).

The negative (i.e., exhaustion, low motivation,
disappointment, I haven't learned anything, perception
of low educational quality, low academic performance,
dispersion, irritability, anxiety, indecision, detachment,
and insomnia) and positive (i.e., interested, deluded,
better performance, I have discovered my self-taught
skills, high motivation, better academic performance,
tranquility, determination, concentration, relaxation,
patience, and vigor) feelings and symptoms were
grouped for analysis.

A chi-square test of independence was
performed to examine the relation between students
lacking to perform at least 150 min/week and those
performing =150 min/week of PA before and after the
intervention on the frequency of negative emotions.

Table 2. Physical characteristics of the participants (n = 44). Values are M + SD

Variables Females (n = 10) Males (n = 34) Cohort (n = 44)
Age (vr.) 18.81 = 0.67 1961175 1943 =160
Weight (kg) 5530%5. 70.76 = 11.97 67251259
Height (cm) 159.80=6.00 17444 £599 171.11 =858
Body Mass Index (kg/m?) 2167=1091 23.21+3.48 22.86=3.24
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Table 3 Comparison of total and domain physical activity between baseline (week 0)
and week 10 of the intervention. Values are M £ SD MET-min/week

Physical Activity Domain Baseline Week 10 P=
Work 22527 +517.39 451.33+599.88 0.119
Transportation 275.66 = 386.31 672.27 + 880.08 0.004

Domestic and garden

Leisure-time

All Physical Activity

596.70 = 782.36

662.68 = 74221

440.83 £334.25

441.52 £ 405.87 0.291

1041.61 £1322.58 0.031

651.68 + 635.04 0.040
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Figure 1. Minutes per week spent in sedentary and physical activities.

Values are mean % SD. The line crossing the “Y” axis shows the recommended physical activity
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Figure 2. Responses of students unable to meet 150 min/week of PA and those meeting the weekly PA
recommendation. Different letters are statistically different (p = 0.017).
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Table 4 Barriers and limitations to successfully completing the prescribed exercise

program
Barriers %
I did not have any limitations and I participated without any problem 38.64
I need more time to dedicate to physical activity 29.55
The internet connection is poor 22.73
Physical aches or pains 1591
My physical condition is poor and I find difficult to improve it 13.64
I don't have enough materials or a suitable space to perform the exercises 11.36
I lack motivation to perform physical activity 9.09
I have never exercised and I am very inexperienced 455
I need the accompaniment of a professional to comply with the program 455

The association between these variables was
not significant (x> = 0.249; p = 0.618); students who
failed to achieve at least 150/week of PA and those
who complied with the international recommendations
of at least 150 min/week of PA showed a similar
frequency of negative emotions. Also, a chi-square test
of independence was performed on positive emotions.
The relation between these variables was significant
(x> = 6.415;p = 0.017); students who failed to
achieve at least 150 min/week of PA reduced the
frequency of positive emotions compared to those who
complied with the international recommendations of at
least 150 min/week of PA (Figure 2).

The limitations to completing successfully the
prescribed exercise PA program reported by the
participants are summarized in table 4.

4. Discussion

The purpose of the study was to determine the
adherence of college students to a virtual PA program,
as well as to record their PA-related experiences during
social distancing within the context of the COVID-19
pandemic. The main findings were that students not
only increased their PA level, but also their sitting time
in almost 2-h over the 10 weeks of intervention. In
addition, the students who failed to achieve at least
150 min/week of PA significantly reduced their positive
feelings compared to those who complied with the
recommendation, who managed to maintain similar
positive feelings after 10 weeks. The lack of time was
mentioned as the main barrier to complete the virtual
PA program.

The contention measures adopted by Costa
Rican government to reduce social contact during the
pandemic focused on the regulation of different public
and private services, including education, which
focused on 100% virtuality. Other measures were
implemented, such as public transportation reduction,
temporary closure of non-essential commerce (e.g.,
parks, fitness facilities, restaurants), and promoting
social distancing in general. Overall, these measures
might have caused an increase in the time invested in
sedentary activities in the population, as it has been
reported in other countries [24].

In the present study, on average, the sitting
time increased by almost 2-h after 10-weeks of
intervention. Yet, the weekly report of PA confirmed
that there were no changes in the time spent seated
during the intervention and that these results were
consistent with the IPAQ data. Thus, the participants
before the intervention showed a highly sedentary
behavior (~8.8 h), and this behavior remained
unchanged after 10-weeks of the virtual PA program;
although, the volume of PA prescribed met the
recommendations by the American College of Sports
and Medicine during COVID-19 [34, 35]. Furthermore,
before the intervention, the sitting time (3.8 h/day)
was similar to what was reported in an upper-middle
income country (3.9 h/day) and by the end of the
program was higher compared to high-income
countries (4.7 h/day) [36].

There is compelling evidence indicating that
regardless of PA, total sitting time is associated with an
increased risk of cardiovascular disease, type 2
diabetes, and obesity [23, 37-40]. Also, recent cross-
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sectional evidence on the effects of social distancing
and confinement measures during the COVID-19
pandemic shows dramatic increases in food
consumption [41], decreases in PA [24], and increased
psychological disorders such as anxiety, depression,
and stress [42]. These conditions are established as
disease risk factors likely to increase cardiovascular
and cognitive impairment, which will decrease the
quality of life of the population.

The prescribed PA program elicited a
significant increase in the overall PA (Table 3).
According to the categorical assessment of the IPAQ,
this result indicates that the participants moved from a
low to a moderate level of PA; yet, not enough for
everyone to achieve the recommended 150 min/week
of PA and to increase the weekly energy expenditure.
However, this finding represents a relevant
improvement in terms of the ability to carry out
scheduled physical activities during a period of social
distancing, given that participants do not have access
to fitness centers and other facilities that would
stimulate the regular practice of physical activities or
sports. These improvements in PA can be counted as
preventive  strategies against  cardiorespiratory
impairment and have the potential to improve immune
and musculoskeletal function and prevent depression,
among other deleterious factors associated with
COVID-19 [28, 35, 43, 44].

In this study, the negative feelings did not
change between the students who did not achieve at
least 150 min/week of PA and those who did. However,
non-complaint students significantly reduced their
positive feelings compared to those who achieved the
recommendation. The students who met the PA
recommendation maintained similar positive feelings
after 10-weeks of social distancing, which could be
interpreted as a positive finding given that positive
feelings did not decrease. The psychological
interpretation and potential mechanisms explaining this
finding lie beyond the scope of this study, and perhaps
factors related to emotions management, personality,
self-regulation, self-efficacy, motivation, and student's
state and trait characteristics might be needed to
explain this finding. Nevertheless, these results suggest
a greater resilience of those who performed larger
amounts of physical exercise than those who had
difficulty complying with the time of PA prescribed in
the intervention. Our findings agree with the positive
association reported between exercise and the
prevention of psychological disorders such as stress or

anxiety [45-47] because chronic PA elicits good
feelings across time [48].

The novelty of this study was to offering an
overview in the context of the application of a virtual
PA program for college students in the midst of a
pandemic situation, and how to adapt and understand
physical programming for this population. As such, this
exploratory study aimed at quantifying the effects that
the COVID-19 pandemic had on a sample of university
students concerning physical activity behavior and
feelings at a time when social and educational
dynamics underwent profound mandatory changes.

There are methodological limitations that
prevent determining more precise effects on general
health status. For instance, all data were obtained by
self-report measures, and there is evidence suggesting
that this data collection strategy may underestimate PA
scores and sedentary behavior in college students [49,
50]. However, previous studies have shown that self-
reported PA is a valid strategy to record people’s
behavior under specific circumstances (e.g., social
distancing), it is practical, has a low cost, and it is easy
to apply [51, 52]. Indeed, since there is no “gold
standard” to objectively measure PA and sedentary
behavior, and each measure has their own limitations,
the use of self-report for these variables remains as an
applicable method to determine free-living PA and
sedentary behavior and the recommendation is to be
cautious when applying these methods [53, 54].

We also found deeply rooted sedentary habits
similar to those reported previously in adolescents
[55], as well as a prevalence of negative feelings and
important limitations for implementing PA programs at
home, such as a poor internet connection, not having
adequate spaces and materials for the practice of PA,
or lack of motivation, among others (Table 4). This
first glance offers an overview of the context of virtual
PA during the pandemic, which offers inputs to better
adapt physical programming to university students.

5. Conclusion

The sedentary behavior in Costa Rican college
students did not change after 10-weeks of a PA virtual
program. An increase in PA levels was observed, yet,
insufficient to comply with international
recommendations, which is a major concern, implying
that college activities and daily live conditions from
social distancing, caused by COVID-19 virus, refrained
students from decreasing sedentary behavior and this
might carry out subsequent implications on their
quality of life and health. On the other hand,
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participants who complied with PA recommendations
were resilient against the social distancing caused by
the COVID-19 pandemic. Keeping high physical activity

levels

in college students should counteract the

deleterious effect of forced isolation on students life.
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