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Abstract: The study was conducted in October 2020 and March 2021 among Wroclaw Medical
University students of different years and faculties. The objective of the study was to establish the
relationship between some determinants, such as gender and the levels of physical activity, and the
quality of sleep of medical students during the pandemic. Ultimately, 696 responses from October
and 652 from March were included. To determine the level of physical activity, the International
Physical Activity Questionnaire (IPAQ) was used, and for sleep quality, the Pittsburgh Sleep Quality
Index (PSQI) was used. The findings pointed to a higher Total MET m/w (metabolic equivalent of
task in minutes a week) in men compared to women in both study periods (2020: 1845.8 to 1542.5,
p = 0.009; 2021: 2040.7 to 1826.6, p = 0.025). This was mainly due to a higher Vigorous Exercises MET
m/w in men (2020: 837.3 to 635.8, p = 0.008; 2021: 773.3 to 490.3, p = 0.0006). Moreover, women had
a lower quality of sleep resulting from problems in Habitual Sleep Efficiency, Sleep Disturbances,
and Daytime Dysfunctions. An adequate level of physical activity and a good night’s rest are the
fundaments of health; therefore, it is necessary to determine the causes of their deficiencies in order
that we can counteract them.

Keywords: COVID-19; medical students; physical activity; sleep; mental health; personal
protective equipment

1. Introduction

In December 2019, a novel infectious disease outbreak has occurred in the Chinese
city of Wuhan. The virus causing COVID-19 (coronavirus disease) was eventually called
the SARS-CoV-2 virus, and it has been rapidly spreading across the world ever since [1,2].
In March 2020, the World Health Organization declared a state of pandemic [3], which
led to the implementation of countrywide lockdown measures by the Polish government
authorities. An epidemic emergency state in Poland enforced social isolation by banning
public or state gatherings of more than 50 people, shutting down cultural events venues,
restaurants, bars, and shopping centers, restricting access to churches, gyms, and what is
more, educational facilities and other workplaces [4]. It caused a switch to online learning in
schools and universities as well as remote work in many industries. The restriction of direct
interpersonal interactions was connected with a sudden and rapid need of accommodating
to a new, extraordinary reality [5]. Numerous studies show that all of the factors mentioned
above could have had a great negative impact on people’s mental health causing increased
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levels of fear, grief, numbness, anxiety-induced insomnia [6] and an elevated sense of
depression or troubles with attention and concentration [7].

The SARS-CoV-2 virus can be transmitted with small liquid particles that are spread
with coughing, sneezing, speaking, or breathing by an infected person [8]. Because of the
contagious nature of COVID-19, in addition to lockdown measures, people were advised
to implement various personal protective equipment (PPE) procedures, such as wearing
well-fitted face masks and gloves, using hand sanitizers, and frequently washing hands [9].
A study conducted in Poland shows that most Polish students, in fact, followed these main
countermeasures, although their protocol was rarely entirely proper, as for example, many
students used disposable masks more than once [10].

All the social, environmental, and economic alterations mentioned above posed an-
other great challenge to people: the maintenance of their physical activity. It became
less attainable to the general public as a result of the house confinement in inadequate
conditions or locking down sports centers and gyms. Disadvising any unnecessary outdoor
activities at the beginning stages of the pandemic, in order to encourage social distancing,
was also enforced by shutting down outdoor sports fields [11]. These issues, combined
with a commonly weakened motivation, due to a higher level of stress and unexpected
lifestyle changes [11–13], were the reason of switching toward a more sedentary lifestyle,
and therefore, a decreased frequency of exercise [14]. Recent research shows that during
the lockdown, medicine students’ total physical activity and metabolic expenditure was
reduced, while their sedentary behavior was increased [15]. Another study, conducted
amongst nursing students, showed that almost half of the research group gained weight
and did not exercise regularly during that period of time [16]. This tendency is even more
worrying, as physical activity is well known to be beneficial to general health as it reduces
the level of stress, anxiety, and depression [17–19]. Therefore, many students developed
harmful coping mechanisms, in many cases leading to increased addictive behaviors and
even further decreased frequency of physical activity [17,19,20].

In addition to these changes, many studies suggest a negative impact of the COVID-19
pandemic on sleep patterns as well [21,22]. A healthy sleeping routine is a crucial element
of maintaining general well-being as it is known to affect the immune system and immuno-
logical response. Therefore, the pandemic can cause sleep disturbances and harm the health
system’s function [23]. Sleep loss, short sleep duration and other sleep disturbances are
associated with a rise of inflammation, as they impair adaptive immunity. It can also reduce
a response to vaccines and cause an increased susceptibility to infectious diseases [24],
which created a significant threat during the SARS-CoV-2 virus spread. Short-term conse-
quences of sleep disruption can include somatic pain, emotional distress, mood disorders
and memory deficits, whereas some of the long-term repercussions include hypertension,
cardiovascular disease and weight-related disorders [25]. Moreover, in prepandemic times,
multiple researchers examined the sleep hygiene of medical students in particular. They re-
ported an increased level of sleep disturbances and a lower quality of their sleep compared
to different control groups [26,27]. It is more concerning because sleep disorders can be
correlated with a burnout amongst medical students [28], and the pandemic reality could
have worsened the students’ sleep patterns even more.

The aim of the following study is to determine the correlation as well as to characterize
the level of physical activity, sleep quality and the use of personal protective equipment by
medical students during the COVID-19 Pandemic. The results of the longitudinal study
presented later may show various coping strategies with an elevated sense of anxiety and
stress that students experienced at this period of time. Examining such factors is the most
valid issue in this specific research group, as its future professions in the medical fields will
require high resilience to stressors and to the negative effects of isolation during long-hour
hospital shifts [29–31]. Furthermore, they will be expected to encourage their patients
to a healthier lifestyle, also by illustrating it with their own habits, as they perform an
essential social function [32–34]. Hence, it is substantial to monitor different habits and
coping mechanisms of medical-related degree students.
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2. Materials and Methods
2.1. Study Design and Participants

The study was conducted between October 2020 and March 2021. The participant
selection process is crucial for a reliably conducted study. The study size was planned to
include all eligible students at Wroclaw Medical University having Physical Education
classes in the current year in order to collect the most significant data for this cross-sectional
study. The exclusion and inclusion criteria, along with the entire process of preparation
and selection of participants for the study, are presented in Figure 1.
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Figure 1. Selection process of the study.

2.1.1. October 2020

In Phase 1, which took place in October 2020 and lasted for 1 month, students selected
as eligible for the study were notified of the invitation via university email and in phys-
ical education classes, and the links to the online questionnaire were sent to them. The
questionnaire consisted of the International Physical Activity Questionnaire (IPAQ), the
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Pittsburgh Sleep Quality Index (PSQI), and the authors’ questionnaire, which included met-
ric questions and questions about the COVID-19 pandemic. In Phase 2, 845 responses were
collected. In Phase 3, all responses were verified. Responses in which participants failed to
complete questionnaires, returned incomplete questionnaires, or where non-compliance
in verification questions was identified, were removed. As a result, 696 respondents were
accepted after the entire verification process. Possible non-response to all questions in the
questionnaire, and the respondents’ chronic diseases were the exclusion criteria, as the
results would have been insignificant for this study.

2.1.2. March 2021

In Phase 1, which took place in March 2021 and lasted for 1 month, students selected
as eligible for the study were notified of the invitation via university email and in phys-
ical education classes, and the links to the online questionnaire were sent to them. The
questionnaire consisted of the International Physical Activity Questionnaire, the Pittsburgh
Sleep Quality Index, and the authors’ questionnaire, which included metric questions
and questions about the COVID-19 pandemic. In Phase 2, 755 responses were collected.
In Phase 3, all responses were verified. Responses in which participants failed to com-
plete questionnaires, returned incomplete questionnaires, or where non-compliance in
verification questions was identified, were removed. As a result, 652 respondents were
accepted after the entire verification process. Possible non-response to all questions in the
questionnaire and chronic diseases in the respondents were exclusion criteria, as the results
would have been insignificant for this study.

2.1.3. Overall Information

The difference in the number of responses obtained between the genders was expected,
as roughly 70% of Wroclaw Medical University students are females.

Wroclaw Medical University trains in all medical professions licensed in Poland. It
has more than 6000 students.

Participation in the research was voluntary, anonymous, and had the approval of the
Bioethics Committee at the Wroclaw Medical University (No. KB-251/2020).

The diagram below shows the entire process of preparation and selection of study
participants (Figure 1).

2.2. Level of Physical Activity

The Short Polish version of the International Physical Activity Questionnaire (IPAQ)
can be used to measure and compare the physical activity of different populations. We used
the short form to assess the level of physical activity among students. As the study shows,
the completion of the questionnaire by respondents may exaggerate the results; therefore,
all participants of the survey were trained by our research team [35]. The respondents
answered the same questions in October 2020 and March 2021. Then, we compared the
results with each other. The results of the study were presented in energy expenditure
expressed in MET units, i.e., the equivalent of resting metabolism. This is equal to the
consumption of 3.5 mL of oxygen per kilogram of body weight per minute. In resting
metabolism, MET level = 1. The questionnaire divided the respondents according to the
following values: for walking MET = 3.3; for moderate intensity MET = 4; for vigorous
activities MET = 8 [36]. Most of the data, unless noted otherwise, were given in minutes a
week (m/w).

2.3. Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) [37] is a questionnaire consisting of 19 self-
rated questions, concerning the last 4 weeks, that examine seven components of sleep
quality, and 5 questions rated by a person sleeping with the respondent (which were
excluded in our analysis due to the fact they are not used in the scoring and the fact that
most students sleep alone). The score of each component ranges from 0 (lack of an issue)
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to 3 (the greatest issue). The total score ranges from 0 (the best possible sleep quality) to
21 (the worst possible sleep quality). The assumed value for “good sleep” was less than
5 points in the Total Score. The components are:

- Sleep Duration—0 points for sleeping 7+ hours;
- Sleep Disturbances—score depending on whether there were things that disturbed

the continuity of night sleep, e.g., feeling too hot or too cold, bad dreams, uncomfort-
able breathing;

- Sleep Latency—0 points for latency less than 15 min and 3 for more than 60 min;
- Daytime Dysfunctions—score depending on the number of situations in which lack

of nighttime rest affected daytime behavioral disturbances, e.g., eating meals, attend-
ing meetings;

- Habitual Sleep Efficiency—score depending on the ratio of actual hours of sleep to
time spent in bed;

- Subjective Sleep Quality—score depending on the subjective sleep quality of the respondent;
- Use of Sleep Medication—score depending on how often the respondent took sleep medication.

2.4. Own Questions Questionnaires

The questions in the “metrics” section included basic information about the partic-
ipants: age, gender, body height, body weight, and place of residence according to city
size. In addition, the body mass index was calculated. The last part of our questions con-
cerned the COVID-19 pandemic. BMI was calculated using the data declared by individual
participants. It was not measured using the bioimpedance method due to the limitations
of COVID. This group of questions examined the impact of the pandemic on students in
March 2021 after one year of the COVID-19 pandemic. Respondents answered questions
about their status, i.e., the restrictions imposed on them, their well-being, and the real
impact on themselves. The reliability of the metrics and COVID-19 of the related questions
was calculated using Cronbach’s Alpha test.

2.5. Statistical Analysis

Excel (Microsoft, Redmond, WA, USA) was used for statistical processing and the
search for significant dependencies. The values obtained in the survey had a distribution
that differed from the norm (an assessment of the correspondence of the obtained values to
the normal distribution of the variation series using the Shapiro–Wilk W-test). A descriptive
analysis was performed with frequency and percentages for the qualitative variables and
with mean + standard deviation (±SD) for quantitative variables. To compare scores
between two variables, the Mann–Whitney U test was used; for three or more variables,
the Kruskal–Wallis test was used. For comparison between nominal variables (such as BMI
and good/bad sleep quality), the Chi-square (χ2) test was performed. The significance
level for all the analyses was set at p < 0.05.

3. Results

Table 1 presents basic information about survey participants. The study was conducted
twice on different groups of medical university students. In October 2020, 696 students
took part in the survey, and their average age was 20.2 years, while in March 2021, there
were 652 students and their average age was 20.4 years. The number of women in the study
was initially 527 (75.7%), but in March 2021, this value was 522 (80.1%). The rest of the
survey participants were men (in 2020, it was 169, 24.3%; in 2021, it was 130, 19.9%). When
determining the place of residence, in both periods of the survey, the largest number of
answers was obtained for the city with more than 500,000 inhabitants (in 2020, 206 people,
and in 2021, 199 people) and for the rural area (in 2020, 186, and in 2021, 191 people). The
rest of the respondents chose the other options from the survey in similar proportions; a city
with less than 20,000 inhabitants received 72 responses in 2020 and 63 responses in 2021;
a city of 20,000–50,000 received 80 responses in 2020 and 73 in 2021; a similar number of
responses was given to the city of 50,000–100,000 option in 2020 and 2021 (73 and 72 people,
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respectively). For the city of 100,000–500,000, 79 responses were obtained in 2020 and 54
responses were obtained in 2021.

Table 1. Characteristics of study participants.

Variables October 2020,
n = 696 (%)

March 2021,
n = 652 (%)

Age 20.2 ± 1.6 20.4 ± 1.8

Gender
Male 169 (24.3) 130 (19.9)
Female 527 (75.7) 522 (80.1)

Place of residence
Rural area 186 (26.7) 191 (29.3)
City <20,000 * 72 (10.3) 63 (9.7)
City 20,000–50,000 * 80 (11.5) 73 (11.2)
City 50,000–100,000 * 73 (10.5) 72 (11.0)
City 100,000–500,000 * 79 (11.4) 54 (8.3)
City 500,000+ * 206 (29.6) 199 (30.5)

BMI
Mean 21.5 ± 3.1 21.9 ± 3.4
Underweight (<18.5) 81 (12.0) 68 (10.0)
Normal (18.5–24.9) 543 (78.0) 487 (75.0)
Overweight (>25) 72 (10.0) 97 (15.0)

Faculty
Medical laboratory 41 (5.9) 29 (4.4)
Dietetics 31 (4.5) 33 (5.1)
Pharmacy 128 (18.4) 112 (17.2)
Physiotherapy 78 (11.2) 69 (10.6)
Medicine 329 (47.3) 184 (28.2)
Dentistry 10 (1.4) 27 (4.1)
Nursing 22 (3.2) 128 (19.6)
Midwifery 17 (2.4) 25 (3.8)
Paramedic 28 (4.0) 24 (3.7)
Public health 12 (1.7) 21 (3.2)

Impact of the pandemic on well-being
Positive 18 (2.6) 19 (2.9)
Negative 51 (7.3) 47 (7.2)
None 242 (34.8) 266 (40.8)
Hard to decide 385 (55.3) 320 (49.1)

Mental condition
I feel the same 106 (15.2) 150 (23.0)
I feel lonely 53 (7.6) 60 (9.2)
I feel anxious 85 (12.2) 32 (4.9)
I am more stressed 0 (0.0) 79 (12.1)
I cannot function 52 (7.5) 42 (6.4)
I am overwhelmed 351 (50.4) 242 (37.1)
I feel happy 49 (7.0) 47 (7.2)

Note: n is the number of observations; * Number of inhabitants.

BMI was also measured in the study groups. The average for 2020 was 21.5, while in
2021, it increased to 21.9. The highest percentage in both years was normal BMI (18.5–24.9)—
in 2020, it was 543 people (78%), and in 2021, it was 487 people (75%). There were 72 over-
weight people (BMI > 25) in 2020 (10%), and in 2021, there were 97 overweight people
(15%). BMI indicating underweight (<18.5) was shown in 81 people in 2020 (12%), and in
2021, it was shown in 68 people (10%). Members of the Medical University of Wroclaw
were asked about their field of study. The largest group was medical students both in 2020
(329 people; 47.3%) and in 2021 (184 people; 28.8%). The second largest group in 2020 was
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composed of pharmacy (128 people; 18.4%): in 2021, there were 112 people (17.2%). The
second largest group of students in 2021 was nursing (128, 19.6%), while in 2020, there
were 22 people (3.2%). In 2020 (5.9%), there were 41 people from the medical laboratory
field, and there were 29 in 2021 (4.4%). The answers of students from dietetics in 2020 and
2021 were similar (31 people, 4.5% and 33 people, 5.1%, respectively). From physiotherapy,
78 people (11.2%) responded to the survey in 2020, and 69 people (10.6%) responded in
2021. There were 10 students of dentistry in the survey in 2020 (1.4%), and in 2021, there
were already 27 people (4.1%). In 2020, people from the fields of midwifery (17, 2.4%),
paramedic (28, 4%), and public health (12, 1.7%) also responded to the survey. In 2021,
there were 25 people (3.8%), 24 people (3.7%), and 21 people (3.2%), respectively, from these
majors. We checked how the respondents assess the impact of the pandemic on well-being
in both time periods. In both cases, most people said that the pandemic had no impact (in
2020, 242 people, 34.8%; in 2021, 266 people, 40.8%) and that it was hard to assess the impact
of the pandemic on their well-being (in 2020, there were 385 such answers, 55.3%, and in
2021, there were 320, 49.1%). The smallest group was composed of people for whom the
pandemic had a positive impact on well-being both in 2020 and 2021 (18 people, 2.6% and
19 people, 2.9%, respectively). In 2020, 51 people (7.3%) responded that the pandemic had
a negative impact on their well-being, and in 2021, this number had decreased to 47 people
(7.2%). During the study, mental condition during the COVID-19 pandemic was examined.
The majority of people felt overwhelmed in 2020 (354, 50.4%) and in 2021 (242, 37.1%). A
large group of people also felt the same (in 2020 106 people, 15.2% and in 2021 150 people,
23%). The other answers to this question were: ‘I feel lonely’ (in 2020 53 responses, 7.6%
and in 2021 60 responses, 9.2%), ‘I feel anxious’ (in 2020, 85 responses, 12.2% and in 2021
32 responses, 9.2%), ‘I am more stressed’ (in 2020 none, 0% and in 79 people, 12.1%), ‘I
cannot function’ (52 people, 7.5% in 2020 and in 2021 42 people, 6.4%) and ‘I feel happy’ (in
2020, 49 people, 7% and in 2021, 47 people, 7.2%).

Table 2 describes the amount of different personal protective equipment (PPE) among
medical students in October 2020 and March 2021. Each year, most of the survey partici-
pants were washing their hands (in 2020 682, 98% and in 2021 644, 98.8%) and were using
face masks outside the home (in 2020 690, 99.1% and in 2021 637, 97.7%). A high number of
students also declared that they use hand sanitizers in 2020—629 (90.4%) and in 2021—571
(87.6). Overall, 123 people (17.7%) in 2020 were using gloves outside the home and in 2021,
this number was 86 (13%). None of the study participants admitted that they did not use
any form of PPE. The rest of the answers reached a score under 5% of study participants.

Table 2. Personal Protective Equipment use between the study periods.

PPE Form October 2020,
n = 696 (%)

March 2021,
n = 652 (%)

Washing hands 682 (98.0) 644 (98.8)
Using hand sanitizers 629 (90.4) 571 (87.6)
Using face mask outside the home 690 (99.1) 637 (97.7)
Using gloves outside the home 123 (17.7) 85 (13.0)
Using goggles 13 (1.9) 4 (0.6)
Using gloves inside the home 1 (0.1) 4 (0.6)
Using face mask inside the home 4 (0.6) 7 (1.1)
I do not use any 0 (0.0) 0 (0.0)

Table 3 shows the score in MET minutes a week (m/w) for different activities in 2020
and 2021. It was measured how much people walked—in 2020, the average MET m/w was
840.8 (median 627), while in 2021, this value increased to 1181.3 (median 792); this difference
is statistically significant (p < 0.0001). Another statistically significant result (p = 0.0051)
was the increase in total physical activity in March 2021 (average MET m/w was 1865.9,
median 1386) compared to October 2020 (average MET m/w was 1615.7, median 1332).
People practicing vigorous physical activity scored lower MET m/w in 2021 (546.7, median
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160) than in 2020 (635.8, median 240). This result is significant (p = 0.023). For moderate
physical activities, people scored on average MET m/w 139 in 2020 and 138 in 2021, but
the difference between them was statistically insignificant (p = 0.053). Qualitative physical
activity level among medical students was also examined. In October 2020, 541 students
(77.7%) were ‘inactive’, 74 of the survey participants were minimally active (10.6%), and
only 81 (11.6) of them reached health-enhancing physical activity (HEPA). In 2021, the
results were slightly different. Overall, 526 (80.7%) students were inactive, 63 of them
(9.3%) were minimally active, and the same amount of people achieved HEPA.

Table 3. Comparison of physical activity levels between the study periods.

Variables October 2020,
n = 696

March 2021,
n = 652 p-Value

Physical activity MET m/w 1

Walking MET m/w 840.8 2 (627 3) 1181.3 (792) p < 0.0001
Moderate MET m/w 139.1 (120) 138.0 (100) p = 0.053
Vigorous MET m/w 635.8 (240) 546.7 (160) p = 0.023
Total MET m/w 1615.7 (1332) 1865.9 (1386) p = 0.0051

Physical activity level
Inactive 541 4 (77.7 5) 526 (80.7)
Minimally active 74 (10.6) 63 (9.7)
HEPA 81 (11.6) 63 (9.7)

Note: 1—minutes a week; 2—mean; 3—median; 4—n; 5—percentage.

Table 4 presents the dependences of gender on the achieved MET m/w scores for
various activities in two different periods during the pandemic. MET m/w for walking
among both females and males had grown from October 2020 to March 2021. Females were
scoring 835.0 on average in 2020 and 1207.1 in 2021. The result is statistically significant
(p < 0.0001). Males achieved higher scores than women in both years (for 2020—819.2 and
for 2021 1077.3), but these differences are statistically insignificant (in 2020 p = 0.22 and in
2021 p = 0.25). The increase in male walking MET m/w during the pandemic is statistically
significant (p = 0.019). In moderate physical activities, women reached on average MET
m/w 135.8 in 2020 and 129.2 in 2021. The decrease of that value is statistically significant
(p = 0.023). Males reached on average a higher score in both years (in 2020 149.6, and in 2021
173.3), but that difference was statistically significant only in 2021 (p = 0.038 for 2021 and in
2020—p = 0.47). The increase in the values achieved by men was insignificant (p = 0.33).
Male and female MET m/w for vigorous physical activity decreased during the pandemic.
Women scored in October 2020 635.8 and in 2021 490.3 (p = 0.025), while men in 2020 scored
837.3 on average and 773.3 in 2021 (p = 0.039). It is worth noting that the median MET m/w
for vigorous physical activity for women in 2021 was equal to 0. The difference between
both genders in 2020 and 2021 was also statistically significant (in 2020, p = 0.008 and in
2021, p = 0.0006). Adding everything up, the total MET m/w for females was 1542.5 on
average in 2020 and 1826.6 on average in 2021. An increase in that value was statistically
significant (p = 0.0077). Men reached on average in both years higher scores than women;
the difference was statistically significant p = 0.009 and the same in 2021 with p = 0.025.
Men had 1845.8 on average in 2020 and 2040.7 in 2021, but that increase is not statistically
significant (p = 0.15).

Table 5 presents the data associated with sleep quality scores reached in the group
of survey participants in 2020 and 2021. Sleep duration was leveled on a value of 0.37 in
2020. In 2021, this value was already 0.44, so the quality of sleep deteriorated during the
pandemic, which is statistically significant (p = 0.022). Sleep latency and sleep disturbances
also became worse, in 2020, scores reached by survey participants were 1.41 for sleep
latency and 1.16 for sleep disturbances, and in 2021, they were 1.46 for sleep latency and
1.21 for sleep disturbances, but those data were not statistically significant (consecutively,
p = 0.20 and p = 0.054). Daytime dysfunctions lowered from 1.53 in 2020 to 1.45 in 2020,
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but that score is not significant. From 2020 to 2021, habitual sleep efficiency slightly raised
from 0.34 on average to 0.36, but that increase was not statistically significant. Similarly,
subjective sleep quality was higher in 2021 with a score 0.95 on average than in 2020 (0.92
on average), but that dependence was insignificant. The use of sleep medication reached
a similar score in both periods (in 2020 0.17 and in 2021 0.16), but those data were also
insignificant. Overall, 321 medical students (46%) answered that their sleep quality is
good, and 375 (54%) survey participants claimed that their sleep quality is poor. That was
maintained in 2021 where 314 students (48%) rated their sleep as good, and 338 students
(52%) rated it as poor.

Table 4. Comparison of physical activity levels between genders and the study periods.

Variables October 2020,
n = 696

March 2021,
n = 652 p-Value 4

Walking MET m/w 1

Female 835.0 2 (594 3) 1207.1 (792) p < 0.0001
Male 819.2 (660) 1077.3 (693) p = 0.019
p-Value 5 p = 0.22 p = 0.25

Moderate MET m/w
Female 135.8 (120) 129.2 (100) p = 0.023
Male 149.6 (120) 173.3 (120) p = 0.33
p-Value p = 0.47 p = 0.038

Vigorous MET m/w
Female 635.8 (240) 490.3 (0) p = 0.025
Male 837.3 (360) 773.3 (400) p = 0.039
p-Value p = 0.008 p = 0.0006

Total MET m/w
Female 1542.5 (1258) 1826.6 (1383) p = 0.0077
Male 1845.8 (1440) 2040.7 (1635) p = 0.15
p-Value p = 0.009 p = 0.025

Note: 1—minutes a week; 2—mean; 3—median; 4—comparison between the study periods; 5—comparison
between the genders.

Table 5. Comparison of sleeping quality between the study periods.

Variables October 2020,
n = 696

March 2021,
n = 652 p-Value

Sleep Quality Score
Sleep duration 0.37 ± 0.7 0.44 ± 0.74 p = 0.022
Sleep disturbances 1.16 ± 0.7 1.21 ± 0.73 p = 0.054
Sleep latency 1.41 ± 0.99 1.46 ± 1.00 p = 0.20
Daytime dysfunctions 1.53 ± 1.01 1.45 ± 1.05 p = 0.085
Habitual sleep efficiency 0.34 ± 0.68 0.36 ± 0.72 p = 0.42
Subjective sleep quality 0.92 ± 0.65 0.95 ± 0.62 p = 0.22
Use of sleep medication 0.17 ± 0.57 0.16 ± 0.62 p = 0.097
Total score 5.90 ± 3.02 6.03 ± 3.27 p = 0.33

Sleep Quality Assessment
Good sleep (<5 points) 321 (46.0) 314 (48.0)
Poor sleep (≥5 points) 375 (54.0) 338 (52.0)

Table 6 presents the dependence of various aspects of sleep quality among women
and men in 2020 and 2021. Sleep duration for both men and women became worse (women
in 2020—0.35 and in 2021—0.43; men in 2020—0.42 and in 2021—0.48), but only for women
was that change significant p = 0.029 (for males p = 0.22). The differences between gender
during both periods of time were statistically insignificant (in 2020, p = 0.25 and in 2021,
p = 0.37). Sleep disturbances among males were constant between 2020 and 2021 with
an average of 1.09, and the change was not significant (p = 0.43). For females, there was
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an increase in this value during the pandemic from 1.18 in 2020 to 1.25 in 2021, which
is statistically significant. In both 2020 and 2021, females had more sleep disturbances
than males, which is significant (in 2020 p = 0.04 and in 2021 p = 0.0046). The value of
sleep latency also increased during the pandemic for both males and females: men’s were
higher more in both periods than women, but none of those differences were significant.
In 2020, men had a lower score for daytime dysfunctions (1.30) than women (1.60), which
is statistically significant (p = 0.0009), and in 2021 (men 1.12 and women 1.53) it was also
significant (p < 0.0001). The decrease in that value for both genders during the pandemic is
statistically insignificant (for women, p = 0.13 and for men, p = 0.07). Female habitual sleep
efficiency was almost constant during the pandemic (in 2020, 0.37 and in 2021, 0.36), which
is insignificant (p = 0.28). Men had identical values to women in 2021 (0.36), but in 2020,
they scored 0.25. An increase in this value was insignificant. In 2021, values for men and
women were not significant (p = 0.49), but in 2020, women had a significantly (p = 0.0069)
higher score in habitual sleep efficiency than men. For men, subjective sleep quality was
constant during the pandemic (0.96), but that was insignificant (p = 0.43). For women, that
amount has increased from 0.90 in 2020 to 0.94 in 2021. This difference was statistically
insignificant (p = 0.21). There was no difference between men’s and women’s subjective
sleep quality in 2020 and in 2021 (consecutively, 0.33 and 0.47). The amount of use of sleep
medications taken by women was constant during the pandemic (0.17), which was not
statistically significant (p = 0.20), and there was a decrease in this number for men (in 2020,
0.16 and in 2021, 0.13), but that was also insignificant. There was no statistical difference
between the use of sleep medication and gender in 2020 (p = 0.50) and in 2021 (p = 0.38).

In 2021, there was a significant difference between sleep disturbances and daytime
dysfunctions for women—0.27 (p > 0.0001) and for men—0.24 (p = 0.005). In 2020, this dif-
ference was also significant for women—0.21 (p > 0.0001) but not for men—0.035 (p = 0.32).

Table 7 shows the differences between PSQI components and the impact of the pan-
demic on well-being in October 2020 and March 2021. Sleep duration for people who
described the impact as ‘negative’ was the shortest in both periods (0.20 for October and
0.36 for March). The highest score in 2020 was for students with the positive impact of the
pandemic on their well-being with a value of 0.47, but in 2021, it decreased to 0.37. In 2021,
the highest value was for survey participants who answered ‘hard to decide’—0.45 (in 2020,
it was 0.40). People who felt no impact on their well-being scored in 2020 on average 0.35
and in 2021—0.44. None of the above results are statistically significant (in 2020, p = 0.18
and in 2021, p = 0.85). In 2020, medical students had the lowest sleep disturbances for the
ones who felt the negative impact of the pandemic (0.96). In 2021, that value increased to
1.13. For other groups in 2020, the results were the following: positive impact on well-being:
1.00; no impact on well-being: 1.12; hard to decide: 1.22. In 2021, results were slightly
different: positive impact on well-being: 1.32; negative impact on well-being: 1.13; hard to
decide: 1.33. The results were significant both in 2020 (p = 0.048) and in 2021 (p = 0.0026).
Sleep latency scores in 2020 and 2021 were very diverse. For people who declared a positive
impact, that value was 1.76 in 2020 and 1.26 in 2021; for students who felt a negative impact,
the results were 1.12 in 2020 and 1.49 in 2021; ‘no’ impact was felt in 1.39 in 2020 and 1.41
in 2021; the values for option ‘hard to decide’ were for 2020—1.45 and for 2021—1.51. For
both years, the results were statistically insignificant (consecutively, p = 0.056 and p = 0.46).
Differences between daytime dysfunctions and the impact of the pandemic on well-being
were clearly marked and significant (for both 2020 and 2021, p < 0.0001). Among students
who could not decide, the results were in 2020—1.64 and in 2021—1.63. Survey participants
who declared no impact on their well-being scored 1.49 in 2020 and 1.32 in 2021; for the
positive impact, the value was 1.12 in 2020 and 1.47 in 2021, and for the negative impact, it
was 0.98 in 2020 and 0.94 in 2021. Habitual sleep efficiency had differed within the impact
of the pandemic on well-being in the following way: positive impact in 2020—0.12 and in
2021—0.47; negative impact in 2020—0.25 and in 2021—0.34; no impact on well-being in
2020—0.31 and in 2021—0.33; hard to decide in 2020 and 2021—0.38. Results were for both
years statistically insignificant (consecutively, p = 0.17 and p = 0.79). In 2020, the difference
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between subjective sleep quality and the impact of the pandemic on well-being was signifi-
cant (p = 0.0039) and the results follow: positive impact—0.71; negative impact—0.65; no
impact—0.95; hard to decide—0.94. In 2021, this difference was statistically insignificant
(p = 0.14)—for positive impact: 0.79; for a negative impact: 0.83; for no impact: 0.91 and
for hard to decide: 1.0. In 2021, there was a significant difference between the impact of
the pandemic on the well-being and using sleep medications (p = 0.03). The highest score
was for students who felt a positive impact on their well-being (0.32) and who declared
that it is hard to decide (0.22). The lowest values were found for students who answered
that the impact is negative (0.11) or there is no impact (0.10). In 2020, that difference was
insignificant (p = 0.45). In the total score of sleep quality, the lowest value on average was
for a group of survey participants with the answer ‘negative’ impact: in 2020—4.27 and in
2021—5.19. The highest score was reached for the ‘hard to decide’ option (in 2020—6.20
and in 2021—6.50). For positive impact, the results were 5.59 in 2020 and 6.00 in 2021; for
no impact on well-being: in 2020—5.78 and in 2021—5.62.

Table 6. Comparison of sleep quality between genders and the study periods.

Variables October 2020,
n = 696

March 2021,
n = 652 p-Value 1

Sleep duration
Female 0.35 0.43 p = 0.029
Male 0.42 0.48 p = 0.22
p-Value 2 p = 0.25 p = 0.37

Sleep disturbances
Female 1.18 1.25 p = 0.044
Male 1.09 1.09 p = 0.43
p-Value p = 0.04 p = 0.0046

Sleep latency
Female 1.40 1.44 p = 0.28
Male 1.46 1.55 p = 0.19
p-Value p = 0.27 p = 0.14

Daytime dysfunctions
Female 1.60 1.53 p = 0.13
Male 1.30 1.12 p = 0.07
p-Value p = 0.0009 p < 0.0001

Habitual sleep efficiency
Female 0.37 0.36 p = 0.28
Male 0.25 0.36 p = 0.07
p-Value p = 0.0069 p = 0.49

Subjective sleep quality
Female 0.90 0.94 p = 0.21
Male 0.96 0.96 p = 0.43
p-Value p = 0.33 p = 0.47

Use of sleep medication
Female 0.17 0.17 p = 0.20
Male 0.16 0.13 p = 0.11
p-Value p = 0.50 p = 0.38

Total score
Female 5.98 6.11 p = 0.35
Male 5.64 5.70 p = 0.46
p-Value p = 0.071 p = 0.079

Note: 1—comparison between the study periods; 2—comparison between the genders.
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Table 7. Comparison of the impact of the pandemic on well-being between the study periods.

Impact of the Pandemic on Well-Being October 2020,
n = 696

March 2021,
n = 652

Sleep duration
Positive 0.47 0.37
Negative 0.20 0.36
None 0.35 0.44
Hard to decide 0.40 0.45
p-Value p = 0.18 p = 0.85

Sleep disturbances
Positive 1.00 1.32
Negative 0.96 1.13
None 1.12 1.10
Hard to decide 1.22 1.33
p-Value p = 0.048 p = 0.0026

Sleep latency
Positive 1.76 1.26
Negative 1.12 1.49
None 1.39 1.41
Hard to decide 1.45 1.51
p-Value p = 0.056 p = 0.46

Daytime dysfunctions
Positive 1.12 1.47
Negative 0.98 0.94
None 1.49 1.32
Hard to decide 1.64 1.63
p-Value p < 0.0001 p < 0.0001

Habitual sleep efficiency
Positive 0.12 0.47
Negative 0.25 0.34
None 0.31 0.33
Hard to decide 0.38 0.38
p-Value p = 0.17 p = 0.79

Subjective sleep quality
Positive 0.71 0.79
Negative 0.65 0.83
None 0.95 0.91
Hard to decide 0.94 1.00
p-Value p = 0.0039 p = 0.14

Use of sleep medication
Positive 0.41 0.32
Negative 0.12 0.11
None 0.17 0.10
Hard to decide 0.15 0.22
p-Value p = 0.45 p = 0.03

Total score
Positive 5.59 6.00
Negative 4.27 5.19
None 5.78 5.62
Hard to decide 6.20 6.50
p-Value p = 0.00012 p = 0.007

Chi-square tests comparing the sleep quality (good or bad sleep) with the impact of
the pandemic on well-being were also carried out. In October 2020 (χ2 = 16.0, p = 0.0011),
almost the same amount of people who described the impact as positive slept well (1.2%)
and poor (1.3%). More people slept well (5.2%) rather than poor (2.2%) in a group of
people who declared that the impact was negative. For the groups who could not define
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the impact or felt there was no impact, more people had assigned their sleep as good
(consecutively 16.8%; 23.0%) rather than bad (consecutively 18.0% and 32.4%). In March
2021 (χ2 = 10.9, p = 0.01) for all statements, in general, of the impact of the pandemic on
well-being, there was a higher percentage of people who slept well rather than who did
not: positive impact—good sleep: 1.8% and poor sleep: 1.1%; negative impact—good sleep:
5.1% and poor sleep: 2.0%; none impact—good sleep: 25.1% and poor sleep: 15.7%; hard to
decide—good sleep: 25.2% and poor sleep 24.0%.

Table 8 presents the differences between mental conditions and sleep quality score
components during two different periods of the pandemic. Sleep duration did not differ
significantly depending on the mental condition (p = 0.28 in 2020 and p = 0.13 in 2021).
People who felt the same reached 0.25 in 2020 and 0.39 in 2021. For the answer ‘I feel
lonely’, the results were 0.49 in 2020 and 0.52 in 2021. People who felt anxious in 2020
reached 0.40 for sleep duration and 0.25 in 2021. The highest score was for the answer ‘I
am stressed’ in 2021—0.62. People who claimed that they cannot function reached 0.42 in
2020 and 0.55 in 2021. For answers ‘I am overwhelmed’ and ‘I am happy’, the results in
2020 were the same—0.37, and in 2021, they were slightly different (consecutively 0.40 and
0.43). People who felt the same had the lowest sleep disturbances score (in 2020—1.05 and
in 2021—1.02). The other results for this component follow: I feel lonely: 1.17 in 2020 and
1.40 in 2021; I feel anxious: 1.28 in 2020 and 1.31 in 2021; I feel more stressed: 1.28 in 2021; I
cannot function: 1.08 in 2020 and 1.52 in 2021 (highest value in 2021); I am overwhelmed:
1.18 in 2020 and 1.24 in 2021; I feel happy: 1.16 in 2020 and 1.13 in 2021. The results were
statistically significant for 2021 (p = 0.00076) but not for 2020 (p = 0.17). Sleep latency
differed significantly depending on mental condition in 2020 (p = 0.00073): I feel the same:
1.33; I feel lonely: 1.92; I feel anxious 1.52; I cannot function: 1.31; I am overwhelmed: 1.32;
I feel happy: 1.61. In 2021, results were statistically insignificant (p = 0.29): I feel the same:
1.30; I feel lonely: 1.58; I feel anxious: 1.66; I feel more stressed: 1.47; I cannot function:
1.71; I am overwhelmed: 1.46; I feel happy: 1.45. There was a strong statistically significant
difference between daytime dysfunctions and mental conditions in both years (in 2020,
p = 0.00011 and in 2021, p < 0.0001). The lowest score was for the answer ‘I feel the same’ in
2020—1.10 and in 2021—1.04. The highest score in 2020 was set for ‘I feel happy’—1.78 (in
2021 dropped to 1.47), and in 2021, the highest value was for ‘I cannot function’—1.86 (in
2020—1.67). For the ‘I am overwhelmed’ statement, in 2020, the score was 1.60 and in 2021,
it was 1.57. ‘I feel lonely’ had a higher score in 2020 (1.62) and in 2021 (1.55) than ‘I feel
anxious’ (consecutively 1.47 and 1.22). Subjective sleep quality in 2020 compared to mental
condition reached values in the range of 0.84–0.98 (the lowest for the ‘I feel the same’ and ‘I
feel happy’ and the highest for the ‘I feel lonely’). Those results were insignificant (p = 0.51).
In 2021, the same comparison was statistically significant (p = 0.00028). The highest score
reached students who answered ‘I feel more stressed’—1.22. The lowest values were for the
‘I feel the same’—0.79 and for the ‘I feel anxious’—0.78. Other results follow: ‘I feel lonely’:
0.98; ‘I cannot function’: 1.14; ‘I am overwhelmed’: 0.92 and ‘I feel happy’: 1.06. The study
showed a significant difference between mental condition and using sleep medications in
2020 (p = 0.029). The highest score was reached by people who answered, ‘I feel happy’
(0.39). ‘I feel anxious’ reached 0.25, ‘I feel lonely’ reached 0.19, ‘I feel the same’ reached
0.16, ‘I am overwhelmed’ reached 0.13, and ‘I cannot function’ reached 0.04 (the lowest
score). In 2021, the results were insignificant (p = 0.99), and the values were in the range
of 0.13 to 0.19. In Total Score, the data collected in both periods of time were statistically
significant (in 2020, p = 0.00097; in 2021, p < 0.0001). The ‘I feel the same’ option had the
lowest score in both years: in 2020—5.03 and in 2021—4.37. In 2020, the highest value on
average was reached by people answering, ‘I feel lonely’ (6.83), but in 2021, they reached
only 5.73. In 2021, the highest average score was for the ‘I cannot function’ answer (6.64);
in 2020, that option had a score of 5.77 on average. ‘I feel anxious’ reached 6.14 in 2020 and
4.84 in 2021. ‘I am more stressed’ was also examined in 2021 and reached 6.04 on average in
the total score. For ‘I am overwhelmed’ and ‘I feel happy’, the results were consecutively:
in 2020—5.91, 6.41; in 2021—5.48, 5.55.
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Table 8. Comparison of mental condition between the study periods.

Mental Condition October 2020,
n = 696 March 2021, n = 652

Sleep duration
I feel the same 0.25 0.39
I feel lonely 0.49 0.52
I feel anxious 0.40 0.25
I am more stressed 0.00 0.62
I cannot function 0.42 0.55
I am overwhelmed 0.37 0.40
I feel happy 0.37 0.43
p-Value p = 0.28 p = 0.13

Sleep disturbances
I feel the same 1.05 1.02
I feel lonely 1.17 1.40
I feel anxious 1.28 1.31
I am more stressed 0.00 1.23
I cannot function 1.08 1.52
I am overwhelmed 1.18 1.24
I feel happy 1.16 1.13
p-Value p = 0.17 p = 0.00076

Sleep latency
I feel the same 1.33 1.30
I feel lonely 1.92 1.58
I feel anxious 1.53 1.66
I am more stressed 0.00 1.47
I cannot function 1.31 1.71
I am overwhelmed 1.32 1.46
I feel happy 1.61 1.45
p-Value p = 0.00073 p = 0.29

Daytime dysfunctions
I feel the same 1.10 1.04
I feel lonely 1.62 1.55
I feel anxious 1.47 1.22
I am more stressed 0.00 1.61
I cannot function 1.67 1.86
I am overwhelmed 1.60 1.57
I feel happy 1.78 1.47
p-Value p = 0.00011 p < 0.0001

Habitual sleep efficiency
I feel the same 0.29 0.25
I feel lonely 0.45 0.23
I feel anxious 0.31 0.31
I am more stressed 0.00 0.43
I cannot function 0.29 0.48
I am overwhelmed 0.37 0.40
I feel happy 0.27 0.49
p-Value p = 0.42 p = 0.29

Subjective sleep quality
I feel the same 0.84 0.79
I feel lonely 0.98 0.98
I feel anxious 0.91 0.78
I am more stressed 0.00 1.22
I cannot function 0.96 1.14
I am overwhelmed 0.94 0.92
I feel happy 0.84 1.06
p-Value p = 0.51 p = 0.00028
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Table 8. Cont.

Mental Condition October 2020,
n = 696 March 2021, n = 652

Use of sleep medication
I feel the same 0.16 0.13
I feel lonely 0.19 0.18
I feel anxious 0.25 0.13
I am more stressed 0.00 0.16
I cannot function 0.04 0.19
I am overwhelmed 0.13 0.17
I feel happy 0.39 0.19
p-Value p = 0.029 p = 0.99

Total score
I feel the same 5.03 4.37
I feel lonely 6.83 5.73
I feel anxious 6.14 4.84
I am more stressed 0.00 6.04
I cannot function 5.77 6.64
I am overwhelmed 5.91 5.48
I feel happy 6.41 5.55
p-Value p = 0.00097 p < 0.0001

Chi-square tests comparing the sleep quality (good or bad sleep) with the impact of
the pandemic on well-being were also carried out. In October 2020 (χ2 = 18.9, p = 0.0021),
the same number of contestants (3.7% of the survey for each year) from the group ‘I cannot
function’ had assigned their sleep as good and bad. The biggest group of the survey
participants answered that they are overwhelmed. Overall, 23.1% of participants had good
sleep, but more of them slept poorly (27.3%); 7.0% of the study group felt happy but only
2.7% of them classified their sleep as good (4.3% had poor sleep). More answers for the
poor sleep than the good sleep were found in the ‘I feel anxious’ group (7.2% slept poorly
and 5.0% well) and in the ‘I feel lonely’ group (2.2% slept well and 5.5% poorly). People for
whom mental condition did not change and answered ‘I feel the same’ slept more often
well (9.3%) than poorly (5.9%). In March 2021 (χ2 = 25.5, p = 0.00027), among groups of
people who answered ‘I feel the same’ and ‘I feel happy’, there was a higher percentage of
people who slept well rather than those who slept poorly (for ‘I feel the same’, 16% slept
well and 7.1% slept badly, and for ‘I feel happy’, 4.4% slept well and 2.8% slept poorly).
Similarities can be seen in groups of survey participants who felt anxious (3.2% had slept
well and 1.7 had slept poorly); were lonely (4.8% had good sleep quality and 4.4% did not);
and were overwhelmed (21.5% slept well and 15.6% did not). People who declared that
they cannot function more often slept poorly (2.3% slept well and 4.1% slept poorly); also,
people who felt more stressed more often had their sleep assigned as poor (6.9%) rather
than bad (5.2%).

Table 9 presents the linking of the area of residence in terms of the number of inhabi-
tants with the sleep quality score sub-units. There are no statistically significant differences
between residence area and sleep duration in both periods of the survey (for 2020, p = 0.58
and for 2021, p = 0.31). Scores reached in 2020 are 0.26 for cities <20,000, 0.34 for cities
20,000–50,000, 0.35 for cities 50,000–100,000, 0.36 for cities 500,000+, 0.40 for rural areas,
and 0.47 for cities 100,000–500,000. In March 2021, values were 0.24 for cities <20,000, 0.41
for cities 100,000–500,000, 0.42 for cities 500,000+, 0.46 for cities 50,000–100,000, 0.47 for
cities 20,000–50,000, and 0.51 for the rural areas. Sleep disturbances also did not differ
between different urban areas (for 2020 p = 0.27 and for 2021 p = 0.055). In 2020, the highest
sleep disturbances were in cities 50,000–100,000 (1.32) and in cities 20,000–50,000 (1.23), and
the lowest value was for the rural areas (1.08). In 2021 cities 20,000–50,000 was still the
highest-ranked place in that domain (1.35), and cities 500,000+ had the second-highest score
(1.33). The lowest value was in cities 100,000–500,000 (1.11). The difference between sleep
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latency and area of living is not significant for 2020 (p = 0.73) and for 2021 (p = 0.48). The
lowest score was reached in the rural areas for both years (in 2020—1.32 and in 2021—1.35).
The highest score was for cities with 20,000–50,000 in 2020 (1.51), but in 2021, it scored only
1.42. The highest score in 2021 was reached by answers made by people living in cities
100,000–500,000 (1.61); in 2020, the value of that option was 1.43. For cities <20,000, the
results were 1.46 in 2020 and 1.41 in 2021. For cities 50,000–100,000 and cities 500,000+,
the scores were consecutively 1.47 and 1.42 in 2020 and 1.54 and 1.52 in 2021. Daytime
dysfunctions differed between the areas of living, and the results were significant in both
years (in 2020, p = 0.043 and in 2021, p = 0.044). In 2020, the biggest daytime dysfunctions
were set in cities 500,000+ (1.66) and in cities 50,000–100,000 (1.60). The lowest score was
in rural areas (1.34). Cities <20,000 reached a 1.51 score, the value in cities 20,000–50,000
was 1.53, and in cities 100,000–500,000, the score was 1.58. The arrangement of the data
has changed for 2021, listing the scores from highest to lowest: cities 50,000–100,000: 1.68;
cities 100,000–500,000: 1.56; cities 500,000+: 1.50; cities 20,000–50,000: 1.41; rural areas: 1.39;
cities <20,000: 1.13. For habitual sleep efficiency in 2020, depending on the area of residence,
scores were within a narrow range of values from 0.28 (reached in cities 100,000–500,000) to
0.38 (reached in cities 20,000–50,000). That results were statistically insignificant (p = 0.64).
In 2021, the scores were also close to each other. The lowest value was reached in cities
100,000–500,000 (0.28) and the highest score was in cities 50,000–100,000 (0.42). These re-
sults were statistically insignificant (p = 0.68). Statistically significant results were achieved
while comparing living areas with the use of sleep medications (in 2020, p = 0.016 and
in 2021, p = 0.048). In October 2020, the lowest usage of sleep medication was in cities
50,000–100,000 (0.03). The other results follow: rural area: 0.10; cities <20,000: 0.19; cities
20,000–50,000: 0.21; cities 100,000–500,000: 0.32; cities 500,000+: 0.19. In 2021, the areas
with the lowest usage of sleep medications were rural areas (0.06) and cities <20,000 (0.08).
Higher results were achieved in cities 100,000–500,000 (0.17), and the highest scores were in
the cities 20,000–50,000 (0.21), cities 50,000–100,000 (0.22), and cities 500,000+ (0.25). For the
total score in rural areas in 2020, the sleep quality value was 5.39 and in 2021, it was 5.71.
For cities <20,000, results were 5.85 in 2020 and 5.19 in 2021. Cities 20,000–50,000 and cities
50,000–100,000 reached higher scores in 2020 and 2021 (consecutively, 6.20 and 6.23 in 2020
and 6.03 and 6.71 in 2021). For cities 100,000–500,000 and cities 500,000+, values were lower
but not the lowest in both periods of the survey (consecutively 6.01 and 6.09 in 2020 and
6.19 and 6.33 in 2021). In 2020 and 2021, results were insignificant (for 2020 p = 0.11 and for
2021 p = 0.07).

Table 9. Comparison of sleep quality and place of residency between study periods.

Variables October 2020,
n = 696 March 2021, n = 652

Sleep duration
Rural area 0.40 0.51
City <20,000 * 0.26 0.24
City 20,000–50,000 * 0.34 0.47
City 50,000–100,000 * 0.47 0.46
City 100,000–500,000 * 0.35 0.41
City 500,000+ * 0.36 0.42
p-Value p = 0.58 p = 0.31

Sleep disturbances
Rural area 1.08 1.14
City <20,000 * 1.17 1.13
City 20,000—50,000 * 1.23 1.15
City 50,000—100,000 * 1.32 1.35
City 100,000—500,000 * 1.18 1.11
City 500,000+ * 1.15 1.33
p-Value p = 0.27 p = 0.055
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Table 9. Cont.

Variables October 2020,
n = 696 March 2021, n = 652

Sleep latency
Rural area 1.32 1.35
City <20,000 * 1.46 1.41
City 20,000–50,000 * 1.51 1.42
City 50,000–100,000 * 1.47 1.54
City 100,000–500,000 * 1.43 1.61
City 500,000+ * 1.42 1.52
p-Value p = 0.73 p = 0.48

Daytime dysfunctions
Rural area 1.34 1.39
City <20,000 * 1.51 1.13
City 20,000–50,000 * 1.53 1.41
City 50,000–100,000 * 1.60 1.68
City 100,000–500,000 * 1.58 1.56
City 500,000+ * 1.66 1.50
p-Value p = 0.043 p = 0.044

Habitual sleep efficiency
Rural area 0.35 0.35
City <20,000 * 0.32 0.38
City 20,000–50,000 * 0.38 0.41
City 50,000–100,000 * 0.33 0.42
City 100,000–500,000 * 0.28 0.28
City 500,000+ * 0.35 0.35
p-Value p = 0.64 p = 0.68

Subjective sleep quality
Rural area 0.80 0.91
City <20,000 * 0.93 0.83
City 20,000–50,000 * 1.01 0.96
City 50,000–100,000 * 1.03 1.04
City 100,000–500,000 * 0.87 1.06
City 500,000+ * 0.96 0.95
p-Value p = 0.06 p = 0.49

Use of sleep medication
Rural area 0.10 0.06
City <20,000 * 0.19 0.08
City 20,000–50,000 * 0.21 0.21
City 50,000–100,000 * 0.03 0.22
City 100,000–500,000 * 0.32 0.17
City 500,000+ * 0.19 0.25
p-Value p = 0.016 p = 0.048

Total score
Rural area 5.39 5.71
City <20,000 * 5.85 5.19
City 20,000–50,000 * 6.20 6.03
City 50,000–100,000 * 6.23 6.71
City 100,000–500,000 * 6.01 6.19
City 500,000+ * 6.09 6.33
p-Value p = 0.11 p = 0.07

* Number of inhabitants.

In 2020, there was a significant difference between daytime dysfunctions and physical
activity level (p = 0.015). People who were inactive reached a value 1.58 of for daytime
dysfunctions, students moderately active reached 1.41 and HEPA scored only 1.27.
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In 2021, sleep duration differed depending on the BMI (p = 0.0009). Underweight
people scored 0.21, the normal BMI result was higher (0.43), and the highest value was for
overweight people (0.67).

Furthermore, the study participants were divided into two groups—clinical and non-
clinical—depending on their patient contact. Medical laboratory, public health, dietetics,
and pharmacy were assigned to the non-clinical group due to low or no contact with
patients. Physiotherapy, medicine, dentistry, nursing, paramedic, and midwifery were
determined as clinical faculties. A comparison of physical activity levels between clinical
and non-clinical faculty students was made for 2020 and 2021 separately. Most of the
results were irrelevant. Only in 2020, moderate MET m/w p-Value indicated a statistically
significant differences (p = 0.042). Students from non-clinical faculty scored more (157.2)
than clinical faculty students (131.1). This comparison in March 2021 was not significant.
Sleep quality was also examined in comparison with the nature of the faculty. In October
2020, daytime dysfunctions were higher for non-clinical students (1.65) than for clinical
students (1.47), and that difference was statistically significant (p = 0.042). In March 2021,
the results were insignificant (p = 0.406). A comparison made for other sleep quality
components, which were statistically insignificant for both October 2020 and March 2021.

4. Discussion
4.1. Anthropometric Data, Place of Residence during the Epidemic, and the Impact of Pandemic

This study evaluated the influence of the COVID-19 pandemic related to its restric-
tions amongst Wroclaw Medical University students on their use of personal protective
equipment, physical activity levels, and changes in their quality of sleep. The research
group consisted mostly of women, as they constitute the majority of students at this uni-
versity. In 2020 and 2021, the study respondents most frequently lived in villages and
the biggest cities, while a slight increase in population was noticed in rural areas, cities
of more than 500,000 inhabitants and of 50,000–100,000 inhabitants. These results are
partially consistent with the demographic situation in Poland up to 2021 presented by the
Government Population Council [38]. It is stated that the population growth continued
in villages and in the largest cities, and the trend of the population decline was observed
in the population of medium-sized towns; the latter is not entirely consistent with our
study, as the population of 50,000–100,000 inhabitants cities increased. These migrations
could have been the result of seeking better access to education and health care but also
countrywide lockdowns causing many students to return to their family homes instead of
living alone in another city [39].

As for the BMI analysis, a significantly increased number of overweight people was
recorded (from 10% in 2020 to 15% in 2021). A decline in underweight BMI was also
observed (from 12% to 10%). Therefore, both in the first and the second survey, abnormal
BMI level was present in approximately 23.5% of our respondents. Despite the increase in
overweight people, it is still a positive result compared to the multiple studies of different
populations, e.g., in Poland (36.3%) [40] and Spain (30.3%) [41]. However, the body mass
index is not always an accurate tool for measuring excessive body fat, as it does not
distinguish fat from fat-free mass such as muscles and bones [42]. Therefore, some students
might have been misclassified as overweight when in fact they were athletically built with
the correct weight.

Lockdown measures, quarantine, and expanded isolation could have had very nega-
tive effects on students’ mental health, causing confusion, anger, and post-traumatic stress
symptoms [6,7,43]. The research also examined the general perception of the Pandemic’s
impact on the students’ well-being. Interestingly, the majority of people in both study
periods stated that it had no impact (on average 37.8%) or it was hard to decide (52.2%),
while the minority perceived the impact as positive (2.75%). Additionally, they were asked
to access their present mental condition, and most of the students admitted to feeling
overwhelmed (50.4% in 2020 and 37.1% in 2021), which would be contradictory to the
answers to the previous question. However, the study had not taken place before the
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pandemic, so it is possible that some of the respondents may have felt in this negative
way constantly before the first survey took place. On the other hand, the second most
frequently chosen answer to this question, both in 2020 and 2021, was ‘I feel the same’, and
it would be consistent with the average perception of the pandemic’s impact on well-being
as non-existent or hard to determine. The fact that there is a significant growth of feeling
more stressed (from 0 participants in 2020 to 79 in 2021) is also worth mentioning, and
multiple studies prove this tendency as well [44,45].

4.2. Using Personal Protective Equipment during the Pandemic

During the survey, the participants were asked if they had used any personal protective
equipment (PPE). None of the students chose the answer “I do not use any”, which means
every respondent did use at least one type of protection on a daily basis. The vast majority
reported using face masks outside the home (from 99.1% to 97.7%), which might have been
enforced by the government regulations making it mandatory in closed spaces [46]. It is
a slightly higher outcome than in other studies, where the result varies around 90% [47],
which could be due to the higher likelihood of compliance to lockdown restrictions by
medical students, which is elaborated later on in the discussion part. The same amount
applied to washing hands, although it may be disturbing that approximately 2% of the
participants did not choose this option, as they will be a part of the medical staff in the
future, and their patients’ life and health will rely on their personal hygiene as well [48,49].
These results are rather consistent with a Chinese adults study group (96.8%) [50]. However,
they are highly more optimistic than in an adult Thai population, where more than 15%
of the respondents reported not washing their hands at all [51]. Another commonly used
protective measure was using hand sanitizers, which is understandable, as they became
easily accessible in public places during the pandemic. Using goggles was rather rare in our
study sample (1.25% on average), while in a Portuguese population, up to 12% admitted to
using them [47].

4.3. Physical Activity during the Pandemic

All of the changes caused by the pandemic affected physical activity as well. It became
less attainable to people as a result of shutting down sports facilities, discouraging access
to fresh air at the very beginning of the pandemic, and not having appropriate conditions
to exercise during home confinement. People were forced out of schools, universities,
and offices, concurrently switched to e-learning and online work, so that they had to
modify their lifestyles and habits. All these factors led to increased sedentary behavior [52].
Physical education classes were also performed remotely, often asynchronously, leaving
many students with the lack of motivation and the access to proper equipment necessary
to maintain physical activity. In the result, it led to a decrease in its frequency.

The presented research assessed different types of physical activity amongst the
students of medical degrees. Statistically significant results show that the minutes spent on
walking, as well as the total ratio of the expended energy (MET), increased from October
2020 to March 2021, which is a positive finding in comparison to other studies showing a
declining tendency, where walking time decreased from 40.7% to 24.2% of the total time
spent on physical activity [52]. Additionally, men scored a higher total MET m/w in
comparison to women in both years. Although the overall moderate and vigorous physical
activity, statistically insignificant, decreased in this period of time, we found higher scores
of vigorous exercising by men next to women to be statistically significant. Especially the
difference in vigorous physical activity between the genders is worth noting. The majority
of women were not engaged in such exercises, as indicated by a median of 0 in March 2021
(400 in men). This might explain the difference in Total MET m/w between the genders,
which could be due to women’s lower engagement in vigorous physical exercises, which
clearly reflects the total level of physical activity. The tendency of decreased vigorous
exercising during the pandemic was also reported in an Italian adult population (from
267.15 to 143.17), and it also shows a drastically lower score in their intense physical activity
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in relation to our study sample (from 635.8 to 546.7) [53]. The mentioned tendency was also
observed amongst adults living in the USA, with a lower level of vigorous exercising as
well (from 335 to 276.39) [54]. Higher scores in Total MET achieved by men (722.44) than
women (1086.5) in the Italian study sample were also consistent with our findings, although
the Total MET level was noticeably lower when compared to our study’s results in both
groups. However, a study conducted on Spanish students showed an increased level of
vigorous and moderate physical activity before and during the lockdown [55]. Previously
mentioned tendencies may have been caused by the inadequate access to professional
equipment and sports centers that are usually necessary for exercising more intensively,
whereas walking was still an attainable way of compensating the elongated seated time,
relieving stress and taking care of one’s general health condition [17,18].

The study also presented an increased number of physically inactive students (from
77.7% in 2020 to 80.7% in 2021), which was already worryingly high at the beginning
of the study, and an even more concerning low rate of the health-enhancing physical
activity (HEPA) that decreased even further: from 11.6% to 9.7% in 2021. It means that
on average, only 11% of all the students had exercised enough to have an actual positive
impact on their health. The number of physically inactive people in our study was more
than fifteen times higher than in the population of middle-aged Brazilians (4.6% during
the pandemic) [56], and the HEPA rate was three times lower comparing to the score of
Swiss office workers during the pandemic [57]. This is an alarming result and should be
taken into consideration during the future education of medical students. The tendency of
decreased physical activity during the COVID-19 pandemic is also supported by numerous
studies [58–60], although there are examples of communities which were not affected by
lockdowns in this negative way, such as previously mentioned Swiss office workers [57].
However, the level of physically inactive students presented above is drastically higher
than pre-pandemic studies suggest. They state that approximately half of the medical
students were physically active (49.5%) [61], whereas our study indicates half of this value.
Another pre-pandemic study shows that more than one-half (61%) of U.S. medical students
had adhered to health-related physical activity recommendations before the pandemic,
which is a tremendously higher rate than the obtained level of HEPA in our study [62].
The insufficient time spent on physical activity may be a result of many barriers not only
caused by the pandemic countermeasures but also the characteristics of this research group.
The most common of them, before the pandemic, were the lack of time due to excessive
need of studying, inconvenient schedules of exercise facilities and tiredness [63].

4.4. Sleep Quality during the Pandemic and Dependence on Various Factors

The goal of this research was to determine the pandemic’s impact on students’ sleep
quality as well. A healthy sleeping routine is an important element of preserving good
health, as its disturbances are associated with increases in inflammation, memory deficits,
somatic pain, and in the long term, they can lead to cardiovascular diseases [24,25]. The
study participants were asked about their sleep quality in a few categories, within which the
higher achieved score indicated the poorer sleep quality was. We can observe a statistically
significant increase in unhealthy sleep duration from 2020 to 2021 for both men and women.
Sleep disturbances were significantly worse for women. In addition to this, in 2020, women
had a worse score in habitual sleep efficiency than men (it is the ratio between one’s actual
sleep time and the time spent in bed). A study conducted amongst Brazilian adolescents
also presented that during the pandemic, females experienced poorer sleep quality in
comparison to males [64]. This tendency suggests that women generally had more issues
with their sleep quality than men during the pandemic, which is consistent with the studies
conducted before the COVID-19 timeframe as well [65,66].

The overall assessment stated that more students experienced a poor rather than a
good sleep quality, and higher scores were maintained in both years on a similar level
(54% in 2020 and 52% in 2021). It is consistent with other studies from the pandemic,
for example, amongst the Greek medical students, as more than half of the respondents
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evaluated their sleep as being of poor quality (52.4%) [67], whereas a multinational study
of medical students indicated poor sleep quality amongst 73.5% of them [68], which is an
even more alarming result. This trend was also present in a large study sample consisting
of middle-aged health-care workers (in a total number of 1111 participants), with their
average total score of PSQI even higher than the score obtained among students in our
study, indicating severe sleep disturbances amongst medical professionals (6.64 compared
to 5.9). Additionally, in a study of an elder adults population, the total score of PSQI,
during the pandemic, was similar to our results (5.69). Although sleep disturbances within
this group were more prominent than amongst the students, daytime dysfunction was
more severe within a younger study sample [69]. The former may be due to a naturally
higher prevalence of sleep disorders within the elder age group [70]; however, healthy older
adults without sleep disorders can expect to be less sleepy during the daytime than young
adults [71]. Other findings were not statistically significant, but the noticeable tendency in
most categories presented the sleep quality becoming worse during the pandemic. These
results align with multiple studies on the matter which suggest that in comparison to
the pre-lockdown period, there was a shift to a later bedtime and waking time with a
reduction in nighttime sleep and an increase in daytime napping [21]. However, the latter
was not observed in our study, as the daytime dysfunctions did not worsen significantly.
Sleep disturbances are also believed to be strongly connected with anxiety, depression,
and suicidal behavior; hence, it is crucial to monitor these changes, especially during such
stressful times as the pandemic [72].

Moreover, our study shows a clear difference between the perceived impact of the
pandemic on the sleep quality. Surprisingly, the negative impact of the pandemic was
strongly associated with the best sleep quality. It was statistically significant in several
categories, such as the lowest sleep disturbances level (although it increased in 2021), the
least daytime dysfunctions, and the best subjective and total sleep quality. There is not
sufficient data to elaborate on these results at this moment; therefore, further research in
this area would be recommended to properly interpret these findings. In the categories
mentioned above, the worst effect on sleep quality was observed among people who said
that the impact of the pandemic made it hard to decide whether it was positive for them.
We believe it can be connected with the psychological denial of the adverse effects of the
pandemic amongst these participants, as it is a known defense mechanism during that
time [73]. Therefore, another study including the lie scale would be recommended to
examine the respondents’ truthfulness in their self-assessment.

Some of the more interesting findings of the study show the difference between
the mental condition and the sleep quality of the participants. The highest rate of sleep
disturbances was observed within the group that felt lonely and “couldn’t function”.
It would be consistent with an Italian study suggesting that shorter sleeping time was
associated with less energy to perform daily activities, and therefore, it could be correlated
with a feeling to be unable to function properly [15]. Interestingly, the latter group also
differed, with a higher rate of daytime dysfunctions and lower scores of using sleep
medication, which can pose a question regarding whether they would not have performed
better if they had sought medical help and used some sleep medication. Moreover, lonely
participants experienced the greatest troubles with sleep latency and the worst total sleep
quality in 2020. Other studies present the same findings of associating loneliness with
worse overall sleep quality [74].

People who felt happy significantly differed from the rest in various sleep quality
categories. They had the lowest rate of sleep disturbances, which aligns with the studies
mentioned above, as negative emotions may cause more sleep disturbances. However,
they scored high in sleep latency and daytime dysfunctions in 2020 as well as the usage of
sleep medication. As the research suggests, the use of sleep medication may be the reason
behind the two previously mentioned higher scores, as the medication may cause persistent
daytime somnolence [75].
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Another statistically significant difference in our study worth mentioning, which was
found in 2020, regarded daytime dysfunctions. The lowest rates in this question were
obtained by the students living in rural areas and the highest rates were in cities with more
than 500,000 inhabitants. We believe it can be connected with multiple factors. One of
them is the difference in the amount of light present during sleeping time. In villages,
there is less light pollution from traffic or building lights versus the large agglomerations
As light pollution has been proven to cause shallow sleep, therefore, it can increase the
sense of sleepiness during the day [76]. Another possible reason behind this discovery
may be the difference in noise pollution, as it is more prevalent in urban areas compared to
the rural ones [77,78]. Multiple studies conclude similar findings, stating that residents of
greater and higher dense population areas are exposed to noise levels that put them at risk
of having prominent sleep disturbances [79,80]. Differences in air quality between those
areas may also influence sleep disturbances that are more prominent in residents of more
polluted urban areas [81]. Additionally, based on the previous study results [82], it is rather
unlikely for the reason behind our finding to be associated with different levels of stress,
anxiety, or loneliness in these areas.

Additionally, in 2020, we found a difference between greater daytime dysfunctions
among physically inactive students compared to moderately active participants. It aligns
with the research showing a positive impact on sleep quality of moderate physical exer-
cise [83,84]. Moreover, in 2021, we observed another significant difference, which is the
worsening sleep duration associated with the increasing BMI factor, which is consistent
with recent studies stating that the short sleep duration is strongly connected with the
incidence of obesity [85,86].

4.5. Correlation between the Sleep Quality, Physical Activity, and Personal Protective Equipment

The work contributes significantly to the understanding of the correlation between
the COVID-19 pandemic and physical activity, personal protective equipment, and sleep
quality. These correlations have been explored in many other studies. This work brings
additional data that can be used in the future. Branda Yee-Man Yu and others proved
that in some conditions, PPE may affect the quality of sleep, and specifically, the deficit of
face mask and sanitizers could be the cause of increasing insomnia, sleep initiation, and
shortened sleep duration since the local outbreak [87]. The low supply of PPE in local stores
and their availability to the public turned out to be a big problem during the pandemic.
In addition, poor sleep quality can negatively affect alertness and cognitive quality, with
PPE having a similar effect [88]. Otherwise, personal protective equipment affects physical
activity. Studies conducted by Epstein et al. have shown that wearing a surgical mask
or N95 respirator does not affect performance or physiological processes during aerobic
exercise. However, physical activity did not stay at the same level during the pandemic as
before the pandemic. The benefit of exercise training has a moderate beneficial effect on
sleep quality as proven in a study by Pei-Yu Yang et al. Despite not identifying a specific
cause behind this mechanism, the results were evident, and some positive effect on sleep
was noted with increasing physical activity [89]. Moreover, maintaining physical activity
along with ensuring adequate sleep quality has been proved to have a positive effect on
cognitive functions [90].

4.6. Research Group Significance

Examining relationships between all the factors mentioned above amongst medical
students, in particular, is important as they present a distinct social group that can be
later compared to other groups in the future research. Medical students could have been
significantly exposed to threats carried by the pandemic due to several reasons. Firstly,
they are constantly in a process of learning how to behave responsibly in contact with
patients, and yet many of them had been participating in classes at hospitals during the
pandemic as well, which could have put their own health at even greater risk [91,92].
Furthermore, medical students as a whole group were more likely to strictly comply with
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all of the government restrictions as conscientiousness, agreeableness, and neuroticism
are some of their personality characteristics [93,94], and these are also associated with a
higher rate of compliance to the pandemic restrictions [95]. This could have contributed to
the decreased level of physical activity due to a switch to an even more sedentary lifestyle.
Moreover, their future professions in medical fields will require of them a certain level of
social responsibility which places a high sense of pressure on these students [96]. During
the COVID-19 pandemic, all these factors combined could have consequently caused an
even higher increased level of stress, anxiety, and depression within this group compared
to others affected by the pandemic; however, adverse effects of this period of time were
present in different social groups as well.

4.7. Limitations of the Study

The presented paper has demonstrated certain changes and effects related to COVID-19,
whereas they may be the outcomes of different societal circumstances; therefore, our find-
ings are only of a cross-sectional and informative character. The research group represents
merely a small part of society as it consists only of Wroclaw Medical University students.
Moreover, due to a few male respondents, the obtained statistics (assigned to male students)
might not be the most accurate depiction of their lifestyle, routines, and general condition.
As to limitations concerning students’ physical activity, it is crucial to understand that the
majority of the study’s respondents were in the first year of faculty, and therefore, they were
obligated to participate in Physical Education classes. This might have had an impact on the
responses to the students’ exercise habits, which might have been inaccurate and subjective.
Another limitation regards the online survey, as students might have misunderstood some
of the questions and choose answers that are incompatible with the reality; despite prior
instructions given by the researchers who tried to eliminate such situations. Due to the
aforementioned, the impact of COVID-19 on the behavioral characteristics evaluated in the
study should not be generalized to the adult population. Thus, it would be advised to carry
out more research on a broadened group to expand the finding of this paper.

4.8. Future Perspectives

Based on our research, it would be beneficial to introduce some countermeasures to
deal with poor sleep quality and insufficient physical activity of students. Educational
programs could be organized to inform especially women about healthier sleeping hygiene,
as they performed significantly worse than men, which would encourage this group, in
particular, to be more mindful when it comes to their nocturnal habits. Implementing
some practical courses about more appealing ways of intensive physical exercise for female
students would be recommended as well. It would be also convenient to carry out another
research examining the reasons behind their weakened engagement in a vigorous type of
physical activity, so that the causes could be eliminated more effectively. There are several
other potential approaches that could be taken to address these issues, which include im-
plementing more structured physical education classes in universities to encourage regular
exercise and promote healthy habits; offering resources and support for students to manage
with stress and anxiety, which can often contribute to poor sleep quality; and collaborating
with local fitness centers or recreational facilities to offer discounted memberships or classes
specifically for students in order to make physical activity more attainable. We believe that
young adults in general would benefit from learning more about healthy exercising and
sleeping routines as these have been disturbed during the pandemic.

5. Conclusions

The presented results of the survey allowed drawing several conclusions based on the
respondents’ answers. Comparing the period of October 2020 and March 2021, the number
of people with BMI level other than normal remains constant, but this group was made up
of people with too high BMI in 2021 than it was in 2020. This information is worth attention
and dedication in future research. Mental health has changed for the worse, which could be
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caused by the pandemic situation in the country and the world. There is a prominent level
of use of personal protective equipment among medical students, which may be related to
the field of study that probably contributes to a greater level of awareness; however, it is
a field of research that can be expanded in further work. Comparing physical activity in
both periods of the study, as well as between genders, the results indicated an advantage
of the average MET score obtained by men as well as an increase in walking activity
among students of the medical university during the pandemic. However, the period
of the pandemic increased the percentage of physically inactive students and decreased
the number of people characterized by the level of physical activity recommended for
enhancing health. The effects of this phenomenon were likely to affect the physical and
mental health of those surveyed. The period of the pandemic also significantly affected
the quality and length of sleep. Women were particularly affected, but this result may
be due to the gender disproportion among the respondents (in favor of women). Some
dependencies of some emotional states on the subjective assessment of sleep quality have
also been shown, which is an interesting topic for further consideration. Sleep hygiene
itself is a topic that could be addressed in preventive health care on a larger scale to reduce
the percentage of people whose sleep quality is poor; however, sleep quality is not the
factor defining the impact of the pandemic on well-being. The work showed us numerous
dependencies that may be the direction of further research to increase awareness of the
impact of the pandemic on various health aspects. Some of the results may be further
investigated and analyzed in the future.
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