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ABSTRACT

International Journal of Exercise Science 17(3): 199-211, 2024. The COVID-19 pandemic affected many
aspects of everyday life including school, fitness regimens, and social interactions. The purpose of this study is to
understand how COVID-19 restrictions affect the cardiovascular and mental health of Doctor of Physical Therapy
(DPT) students as they progressed through the program. Data collection occurred in 16 DPT students (8F:8M, 24+3
years) over a total of 3 visits from 2020 to 2022, during high, moderate, and low COVID-19 restrictions. Outcome
measures included VO2max, Venous Occlusion Plethysmography (VOP), %fat mass measured via DEXA,
Perceived Stress Scale (PSS) and International Physical Activity Questionnaire (IPAQ). A RM-ANOVA with
pairwise comparisons was utilized. Significance was set prior at an a level of 0.05. There was a significant increase
(p<0.05) from visit 1 to 2 in VO2max, VOP baseline, BMI, and METs. There was a significant decrease (p<0.05) from
visit 2 to 3 in VO2max. Finally, a significant increase in visit 3 was seen from visit 2 in VOP peak. Overall, there was
no significant difference observed for PSS and %fat mass (p>0.05). Between high and moderate restrictions, there
was an increase in VO2max, VOP baseline, and METs. However, between moderate and low restrictions, only VOP
Peak increased. This could be attributed to gyms being closed and limiting the type of physical activity a person
could do to exercises like running or walking. When restrictions were lifted, traveling to and from classes, traveling
to gyms, and socializing all increased, limiting the time for physical activity.

KEY WORDS: VO2max, fat mass, physical activity, graduate school, sedentary behaviors
INTRODUCTION

In December 2019, the world saw the start of a novel virus, severe acute respiratory syndrome
coronavirus (SARS-CoV-2) that was characterized by its high infection and mortality rates (13,
29). This marked the outbreak of the third known coronavirus, causing the disease known as
COVID-19 (17). In order to mitigate the spread of the disease, a myriad of non-pharmaceutical
interventions (NPI) were implemented worldwide (7). The beginning of the pandemic was
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marked by restrictive NPIs that drastically changed the everyday routine of many individuals
(20). As time went on, especially after the emergency approval of the vaccines for COVID-19,
these restrictions tapered (7, 15).

The High Restriction (HR) period was defined from March 2020, when the United States
declared COVID-19 a national emergency and the first lockdown orders were implemented, to
December 2020, when the first COVID-19 vaccine was approved. These NPIs included
international and national travel bans, closing of schools and non-essential businesses, mask
mandates, social distancing, and stay-at-home orders (7). Additionally, gyms, restaurants, and
bars were also closed and the number of people that were allowed in health care facilities were
limited (1). Even though these kinds of restrictions varied by state and counties, El Paso, TX was
under strict restrictions until vaccines were available and, in general, the end result was similar
for the entire country.

The Moderate Restriction (MR) period was defined from December 2020, with the approval of
the first COVID-19 vaccine, to September 2021, when the booster dose was administered. As the
vaccine became more readily available to the general public, restrictions were decreased (7). In
March of 2021, the CDC announced that social distancing in schools was decreased from 6 feet
to 3 feet. Additionally, those who were fully vaccinated were allowed to gather indoors without
the use of masks, were deemed safe to travel domestically without a COVID-19 test, and they
no longer had to quarantine after coming in contact with someone that had contracted COVID-
19 (6, 7). El Paso County in Texas followed the CDC recommendations. The Low Restriction (LR)
period has been defined from September 2021 onwards, with the introduction of the booster
continuing to decrease the use of NPIs.

Although necessary to slow progression of the disease (16), the NPIs added social, emotional,
and economical stresses in addition to the already deleterious effects of the pandemic (5, 16).
After the start of the COVID-19 pandemic, a general decrease in mental health was seen around
the world including increased risk of anxiety and depression (5, 11). Stresses stemmed not only
from fear of contracting the disease but from financial instability, a lack of resources, and
disruption of normal daily activities and routines (5, 7, 15).

The COVID-19 pandemic also brought a decrease in physical activity that could be attributed to
the stay-at-home orders that discouraged people from doing activities outside of their homes
(22). Reduction in activity has been shown to correlate with decreases in leg muscle mass and
aerobic capacity (18). Prolonged immobilization and increased time in sitting have been tied to
endothelial dysfunction, which is one of the primary pathophysiological factors for
cardiovascular disease (24, 25, 31). While some data exist on the impact of the COVID-19
pandemic, especially associated with mental health in college undergraduate students (19),
there is a need for further research examining the effects of a pandemic on the physical and
mental health of specific populations, such as graduate students. Even with COVID-19 not being
a factor of low physical activity, graduate health care students already have a unique experience
that differs from undergraduate students since the learning workload increases while free time
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decreases, thus leading to potential diminished healthy behaviors and a possible decrease of
academic performance (10, 27). Therefore, the purpose of this study is to determine how the
COVID-19 pandemic and a graduate program in health sciences (i.e., Doctor of Physical Therapy
(DPT) program) impact the health outcomes of students as they progress through the program
and different COVID-19 restriction periods.

METHODS

Participants

Using a convenience sample, 18 students enrolled in the DPT class of 2023 at The University of
Texas at El Paso (UTEP) were recruited. Exclusion criteria included cardiovascular disease
diagnosed by a health care provider and/or any physical injury/limitation that prevented
physical activity. A pre-survey was administered to determine if the participant met eligibility
requirements. Additionally, participants were asked to refrain from taking over-the-counter
analgesics, such as NSAIDs, and nutritional supplements that have antioxidants for at least 12
hours before their testing session. Participants were assigned a subject code unrelated to any
personal information. The study was approved by the Institutional Review Board of UTEP, and
all individual participants included in the study signed the informed consent before beginning
testing. This research was carried out fully in accordance to the ethical standards of the
International Journal of Exercise Science (23).

Protocol

This study was a longitudinal study following the UTEP DPT class of 2023 cohort through the 2
years of their didactic program. Participants were recruited via an in-class presentation and
emails. The first data points were collected between October and November 2020, within 9
months of HRs, where all academic activities were online and hands-on activities were
postponed to December 2020. The second data points were collected between June and August
of 2021 during MRs, where all lectures were online and all hands-on activities were performed
face-to-face. The final data points were collected in April of 2022 during LRs where all academic
activities were back to face-to-face format. At each data point, participants were asked to attend
one visit at the Clinical Applied Physiology (CAPh) lab. Each visit had 4 stations where
participants completed 1) surveys regarding physical activity levels and perceived stress levels,
2) vascular testing via venous occlusion plethysmography (VOP) 3) body composition via Dual-
energy X-ray Absorptiometry (DEXA), and 4) cardiorespiratory fitness via maximal aerobic
capacity (VO2max) testing.

The following two self-report surveys were administered online to participants via QuestionPro:
Perceived Stress Scale 10 (PSS-10) and the International Physical Activity Questionnaire (IPAQ).
The PSS-10 is a reliable and valid survey for depression and anxiety (4). The survey has 10 items
and each item is scored from 0 to 4 for a maximal total score of 40 (4). Higher scores indicate
higher perceived stress. The IPAQ long form is a reliable and valid survey to estimate physical
activity (9). The IPAQ is scored using the participant's estimated time spent doing various
occupational and recreational physical activities at different intensities. These data are then
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converted to metabolic equivalent of task (MET) minutes per week. For this survey, sitting is
considered 1.0 METs, walking 3.3 METs, moderate activity 4.0 METs, and vigorous activity 8.0
METs (9, 10).

Height (Seca, Hamburg, Germany) and weight (WB-110A Class III, Tanita, Japan) of each
participant were taken at the beginning of each visit. VOP (AI6 Arterial Inflow System, D. E.
Hokanson, Inc., Bellevue, WA, USA), a measurement of microvascular endothelial function, was
assessed on the right arm of all participants as previously described in Adkisson et al. (2). Ten
baseline readings were taken followed by an ischemic event. The ischemic event was set to a
pressure of 180 mmHg and lasted 5 minutes. After the ischemic event concluded, 10 readings of
VOP were taken and the peak slope was selected for peak blood flow. Forearm blood flow was
determined and expressed as milliliters per minute per 100 mL of tissue (mL/min per 100 mL
tissue) by the slope of the plethysmograph signal.

Body composition was collected via a DEXA (Lunar DPX-NT, GE Lunar Corp., Madison, WI,
USA). The DEXA uses low-energy x-rays to obtain quick and reliable body composition data,
such as fat tissue mass (32). Each scan exposes the participant to a radiation dose of
approximately 0.4 to 0.86 millirem, less than most medical procedures (32). The DEXA machine
was calibrated each morning of data collection. Participants were asked to remove any metal,
such as piercings, glasses, or watches, from their body, and were asked if there was a chance of
pregnancy before testing commenced. The participants were then instructed to lay supine on
the DEXA machine and were positioned carefully within the testing field by the investigators to
ensure proper measurements of both sides of the body. A total body scan, using the default
settings, was taken once for each participant, and each scan took approximately 10-15 minutes
to complete.

Cardiorespiratory fitness capacity was obtained with a maximal oxygen consumption
(VO2max) test on a cycle ergometer (Corival, Lode, Groningen, Netherlands). The VO2max
metabolic cart (TrueOne 2400, Parvomedics Inc., Sandy, UT, USA) was calibrated at the
beginning of the day and again at mid-day. Participants were allowed to set the height of the
bike seat and were given the option to perform the test with music of their choice in order to
promote the best performance possible. Participants were instructed on the graded exercise
protocol for the VO2max test, which included increasing resistance levels every 2 minutes.
Borg's rate of perceived exertion (RPE) was used to determine the patient’s self-reported effort
and fatigue during the test. RPE ratings were recorded near the end of each stage. Participants
were instructed to make as much effort as they could and were encouraged verbally to continue
with the test for as long as possible. Indicators that participants were nearing completion of the
test included an RPE of greater than or equal to 17 and a respiratory exchange ratio (RER) of
1.10 (28). However, the participants were also instructed that they were able to terminate the
test whenever they needed.

Statistical Analysis
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Descriptive statistics, including mean and standard deviations were obtained. Normal
distribution for all dependent variables was evaluated by Kolmogorov-Smirnov test. A
repeated-measures analysis of variance (RM-ANOVA) with pairwise comparisons (Least
Significant Difference-LSD) was utilized. Significance was set prior at an a level of 0.05 and
observed power was calculated. The statistical analysis was performed with IBM SPSS Statistics
(version 25.0, IBM, Chicago, IL, USA).

RESULTS

Eighteen participants (9M, 9F) initially participated in the baseline data collection, followed by
16 (8M, 8F) during the second visit and 17 (9M, 8F) in the final visit. Attrition was due to failure
to meet inclusion criteria and scheduling conflicts. Data were confirmed normally distributed.
Demographics for the initial visit are listed in Table 1. Final analysis was performed in 16 (8M,
8F) participants that completed all 3 visits (Table 2).

Table 1. Baseline Characteristics of the Sample.

Age (years) Weight (kg) Mean  Height (cm) Mean BMI (kg/m?)

Mean (SD) (SD) (SD) Mean (SD)
Total (n=18) 24.65 (3.24) 71.56 (13.45) 170.52 (13.09) 24.48 (2.95)
Males (n=9) 23.89 (0.93) 75.26 (12.68) 173.37 (10.02) 24.86 (2.21)
Females (n=9) 25.50 (4.63) 66.71 (12.80) 176.33 (7.22) 23.75 (3.53)

Table 2. Data analysis at different timepoints for all studied variables

. Moderate .
_ High Restrictions ~ -OW Restrictions o\ Nova

n=16 Restrictions (HR) (MR) (LR) (p-value)

Mean (SD) Mean (SD) Mean (SD)
VO;max (ml/Kg/min) 36.95 (6.56) 41.66 (8.43) 35.82 (5.85) 0.003
Resting Blood Flow
(mL/min/100 mL tissue) 2.15 (0.57) 2.80 (0.86) 2.27 (0.85) 0.078
Peak Blood Flow
(mL/min/100 mL tissue) 17.06 (15.33) 25.67 (17.44) 40.84 (10.49) <0.001
BMI (kg/m?) 24.48 (2.95) 24.98 (3.30) 25.42 (3.46) 0.015
Fat Mass (%) 30.32 (6.57) 31.21 (6.72) 30.60 (6.99) 0.510
IPAQ (METs) 1396 (1242) 2510 (1839) 1974 (2268) 0.122
PSS (score) 15.63 (6.78) 17.19 (7.74) 15.44 (8.08) 0.330

VOomax: Maximal Oxygen Consumption; BMI: Body Mass Index; IPAQ: International Physical Activity
Questionnaire; MET: Metabolic Equivalent; PSS: Perceived Stress Scale; RM-ANOVA: Repeated Measures Analysis
of Variance

VOomax (Figure 1) had a significant increase between visit 1 and visit 2 (p=0.013; CI 95:
[1.154,8.259]); however, it had a significant decrease between visit 2 and visit 3 (p=0.002; CI 95:
[-9.140, -2.010]) to the point there was no difference between visit 1 data point and visit 3
(p=0.421; CI 95: [-4.313,2.575]). RM-ANOVA observed power for VO,max was 90.1%.
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Resting arm blood flow (Figure 2) had a significant increase between visit 1 and visit 2 (p=0.021;
CI 95: [0.089,1.206]); however, it had a no significant change between visit 1 and visit 3 (p=1.000;
CI 95: [-0.678,0.926]) or visit 2 and visit 3 (p=0.472; CI 95: [-9.140, -2.010]). RM-ANOV A observed
power for resting arm blood flow was 50.1%. Peak arm blood flow (Figure 3) had a significant
increase between visit 1 and visit 3 (p=0.002; CI 95: [8.892,38.657]) and visit 2 and visit 3 (p=0.005;
CI 95: [4.520,25.821]); however, it had a no significant change between visit 1 and visit 2 (p=0.550;
CI 95: [-8.009,25.217]). RM-ANOVA observed power for peak arm blood flow was 97.8%.

.

M visit 1 M Visit2 [ Visit 3

VO,ax (MIkg/min)

Figure 1. Maximal Oxygen Consumption (VO.max) in Visits 1,2, and 3 in UTEP DPT Students. *p<0.05 with Visit
2 significantly higher than Visit 1, Visit 3 significantly lower than Visit 2
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Figure 2. Resting Arm Blood Flow in Visits 1,2, and 3 in UTEP DPT Students. *p<0.05 with Visit 2 significantly
higher than Visit 1.
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BMI (Figure 4) showed a significant increase from visit 1 to visit 2 (p=0.004; CI 95: [0.354, 1.503])
and from visit 1 to visit 3 (p=0.028; CI 95: [0.115, 1.779]). RM-ANOVA observed power for BMI
was 76.0%. There was no significant change in the percentage of fat mass (Figure 5) between any
of the visits (p>0.05). RM-ANOVA observed power for percentage fat mass was 15.5%.
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Figure 3. Peak Arm Blood Flow after Ischemic Event in Visits 1,2, and 3 in UTEP DPT Students. *p<0.05 with Visit
3 significantly higher than Visit 1 and Visit 2.
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Figure 4. Body Mass Index in Visits 1,2, and 3 in UTEP DPT Students. *p<0.05 with Visit 2 and Visit 3 significantly
higher than Visit 1.

DISCUSSION
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The purpose of the current study was to determine how the COVID-19 pandemic and a graduate
doctoral program impact the health outcomes of students. The results of the current study show
improvements from HR to MR in aerobic capacity and resting blood flow and improvements
from MR to LR in vascular function. Additionally, a decline was seen from MR to LR in aerobic
capacity and BMI. Finally, no significant difference was seen across HR, MR, and LR for
perceived stress or fat mass.
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Figure 5. Fat Mass in Visits 1, 2, and 3 in UTEP DPT Students. *p<0.05 with no significant difference seen between
visits.
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Figure 6. Weekly Metabolic Equivalents of Time According to the International Physical Activity Questionnaire in
Visits 1,2, and 3 in UTEP DPT Students. *p<0.05 with Visit 2 significantly higher than Visit 1
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Because of the COVID-19 restrictions implemented for 9 months before the first visit, we
expected that the participants” health outcomes would be at their lowest levels at baseline. as
they were navigating both graduate level education as well as a pandemic. We predicted that at
MR participants would demonstrate improved results compared to HR; and by LR participants
would have statistically better results in most outcomes. This expectation was due to the
decrease in restrictions and increase in availability to have in-person social interactions and
perform physical activity outside the home. However, the only improvement at LR was in
vascular function.

Cardiopulmonary fitness capacity, measured via VO2max, is indicative of cardiovascular health
(12) and it might be associated with academic performance (27). Even though there was an
expected improvement in VO2max between HR and MR, due to students leaving their home
and accessing more recreational areas and fitness centers, there was a decrease in VO2max
during LR (Figure 1). Strong et al. (30) looked into the prison population and showed that
prolonged isolation affected prisoners” mental and physical health and reduced their desire to
be active. In addition, low levels of physical activity can lead to adverse effects including a
reduction in VO2max (18, 20). Therefore, the results of the present study align with the
hypothesis that increasing freedom can increase physical activity, improving cardiovascular
health (12), as an improved in METSs from HR to MR (Figure 6) is associated with an increase in
VO2max (Figure 1). Moreover, and based on Redondo-Flérez et al. (27), the increase in physical
activity observed in MR and LR would have helped with students’ academic performance.
Interestingly, the decrease in VO2max observed during LRs could be associated with an increase
in persons’” workload, where students needed to spend more time commuting, studying, and
doing less physical activity in a demanding and stressful environment. Unfortunately, the
present study was not able to determine this association as data from PSS and IPAQ did not
show any changes from MR to LR (Figures 6 and 7, respectively).

40
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Figure 7. Stress Levels according to the Perceived Stress Scale in Visits 1,2, and 3 in UTEP DPT Students. *p<0.05
with no significant difference seen between visits.
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Krogh-Madsen et al. (18) and Woods et al. (34) showed that a decrease in walking time over a
short period of time (i.e. 2 weeks) significantly decreases VO2max. These studies could support
a lower VO2max during HRs (Figure 1) as students might have been very sedentary during the
tirst months of the pandemic. However, IPAQ might not be sensitive enough to determine small
behavioral changes as it is a self-reported measure. For example, there was an increase in total
METs from HR to MR and no change between MR and LR (Figure 7). Since IPAQ only
categorizes activities into sitting, walking, moderate, and vigorous categories, and does not
differentiate between cardiovascular or resistance training, this could explain the discrepancy
between physical activity and VO2max seen from MR to LR. The initial improvement in
participants’” VO2max during the MR period may be attributed to an increase in physical
activity, as well as easier access to outdoor cardiovascular activities such as walking, running,
hiking, and biking, compared to resistance training activities due to the slow reopening of gyms
as restrictions lessened. As restrictions lessened and participants had more opportunities to
perform resistance training, participants may have maintained total physical activity while
engaging in different types of physical activity not differentiated by the IPAQ.

The present study showed some improvements in resting blood flow and endothelial function
associated with less pandemic restrictions (Figures 2 and 3, respectively). These changes were
associated with the increase with VO2max, especially from HRs to MRs. Interestingly,
endothelial function significantly improved during LRs, but this improvement was not
associated to VO2max or increase in physical activity, measured via IPAQ. Prolonged
immobilization or sitting can cause endothelial dysfunction (31) and exercise or active behaviors
can enhance endothelial function (21). For example, Thosar et al. (31) showed that just 3 hours
of seating decreased shear stress in the femoral artery, which elicited a decreased in endothelial
function, measured via flow mediated dilation (FMD). In addition, Morishima et al. (21) showed
that active behaviors, such as cycling before seating for 3 hours or working standing up, inhibit
the endothelial dysfunction (maintained FMD) observed when seating for 3 hours. Therefore,
physical activity would increase endothelial shear stress, which would enhance endothelial
function (3, 8, 14). However, there is a difference between sitting (or sedentary behavior) and
lack of exercise (26). Activities below 1.5 METs are considered detrimental to our health (e.g.,
sitting without otherwise being active or bed rest). Even the simple act of standing, which
generates only 2.0 METs, is beneficial for the endothelial health (21, 26). During HRs, students
were mostly seated and confined to their homes engaged in virtual learning with little physical
activity. Then, during MRs, physical activity levels increased what could explain the increase in
resting blood flow. Finally, once restrictions were lifted, they came back to a more normal
schedule where daily walking and less sedentary behaviors were more predominant. This
behavior could explain the lack of improvement in VO2max but an increase in endothelial
function observed in the present study (Figures 1 and 3, respectively).

Finally, the present study showed some interesting results associated with body composition.
Even though there were no changes in fat mass between data points, BMI systematically
increased with lesser restrictions (Figures 4 and 5, respectively). This could be due to an increase

International Journal of Exercise Science http:/ /www.intjexersci.com

208

—
| —



Int | Exerc Sci 17(3): 199-211, 2024

in muscle mass rather than fat mass as BMI is not very sensitive to changes in muscle mass,
especially in young healthy individuals (33).

The present study is not without limitations. First, we were unable to obtain a real baseline
measurement as students were able to come back to campus for practical lab sessions during the
transition of HR and MR. Some of the changes between HR and MR observed in the present
study could have been larger if data had been collected in the middle of HRs, what was unsafe
and undoable because of the high contagious nature of the virus and the local restrictions,
respectively. Additionally, the study used a small sample size recruited through convenience
sampling thereby increasing bias of the results. Another variable that could have played an
important role in the current study is nutrition. The original data collection included a food
journal; however, participants’ compliance was very low. Including the nutritional data would
have impacted sample size even more. Finally, scheduling of data collection could have
impacted some results as dates were chosen according to the participant’s schedule, where
weeks with decreased academic workloads were given priority. This might have affected self-
report surveys, such as the PSS and IPAQ, as the students’ perception of stress and activity may
fluctuate with varying school workload.

The results of the present study showed that lesser restrictions during the COVID-19 pandemic
could improve cardiopulmonary fitness levels and endothelial function in students of a
graduate doctoral health sciences program, regardless of the teaching demands of the program.
Moreover, some of the academic activities (e.g., hands on practical labs) might have helped
decreasing pandemic sedentary behaviors improving some of the health markers. To determine
the effects of graduate doctoral education in health outcomes, future studies may focus on the
impact of graduate school alone outside of a pandemic, recruit a larger sample size, include
multiple disciplines or schools, test during periods of high academic load, and focus on
additional objective measures for weekly physical activity.
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