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Abstract: Previous studies have shown that the transition from the University environment to remote
learning impacted student mental health. Our study aimed to investigate the effects of university
environment on anxiety and depressive symptoms in health sciences students. Students at the Tech-
nical University of Manabi, Ecuador, with 6-10 in-person semesters, who shifted to remote learning
and then returned to face-to-face learning were selected. Students responded to the General Anxiety
Disorder-7 (GAD-7) and Patient Health Questionnaire-9 (PHQ-9). In addition, questions regarding
social interaction, physical exercise, mood and sleep habits were also asked. This longitudinal study
tracked 323 students during the return to in-person classes and term end. The results showed similar
rates of anxiety (GAD-7, p = 0.011-p = 0.002) and depression (PHQ-9 p = 0.001-p = 0.032) among stu-
dents at week 1 and week 15. Previous diagnosis of depression (OR, 0.171; CI 0.050-0.579, p < 0.005)
was shown to correlate with depression levels in week 1, with no changes seen at follow-up. Anxiety
levels were shown to be associated with a previous diagnosis of the disorder at week 1, but not at
follow-up (OR 0.233; CI 0.085-0.643, p < 0.005). The return to in-person learning among university stu-
dents maintained levels of anxiety and depressive symptoms, underscoring ongoing vulnerabilities
to mental health disorders in this group.

Keywords: anxiety; depression; health sciences students

1. Introduction

Mood disorders, including anxiety and major depressive disorder, have a higher
prevalence and are associated with increased disability rates when compared to many other
diseases [1]. Indeed, depression ranks at 13th and anxiety at 24th among the leading causes
of disability-adjusted life-year burden worldwide [1,2], with depression and anxiety being
common comorbidities in young adults (18-25 years) [3,4]. Anxiety disorders include a
group of mental health conditions characterized by persistent feelings of worry, fear, and
real or imaginary apprehension. Anxiety symptoms can include physical manifestations
such as palpitations, shortness of breath, and dizziness [5,6]. On the other hand, major
depressive disorder is characterized by at least one discrete depressive episode, lasting at
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least two weeks [4]. Major depressive disorder must involve apparent changes in mood,
interests, pleasure, cognition, and symptoms such as sleep and appetite disturbances [7].
Of note, both anxiety and major depressive disorder occur more frequently among women
than men [8,9]. Both environmental factors and genetic predisposition are known to
influence the development of anxiety and depressive symptoms [10,11].

Among environmental factors, it is worth mentioning the influence of physical activity
and sleep quality on mental health. Previous studies report that individuals that engage in
higher levels of physical activity had 17% to 21% lower odds of developing depression [12,13].
On the other hand, sleep disorders, mainly insomnia, have been shown to increase the
risk of depression and anxiety disorders [13-15], while sleep deprivation is also known to
impair memory and cognition [14,15]. Of note, poor sleep habits as well as low levels of
physical activity occur frequently among university students [16-19].

Multiple studies conducted in different countries have reported a decline in the mental
health of university students during the COVID-19 lockdown [20-23]. Specifically, it was
observed that younger university students were more likely to self-report the occurrence
of anxiety, depression and stress during the COVID-19 confinement [24,25]. The shift to
remote learning and the challenges associated with adapting to the remote environment
have been associated with these findings of poor mental health [26-28]. More specifically, a
decrease in physical activity and lack of social interaction have been identified as potential
risk factors for poor mental health outcomes during the COVID-19 pandemic in young
university students [29,30]. Furthermore, suicidal ideation was also shown to increase in
university students with a previous diagnosis of psychiatric disorders that were subjected
to remote learning during the COVID-19 pandemic [31,32].

University students in the health sciences comprise a population that is considered
particularly vulnerable to mental health problems [33]. Depression and anxiety are the
most common psychiatric disorders among university students, and these mood disorders
appear to be associated with the requirement for high academic standards as well as
social aspects related with the university environment [33-35]. In the health sciences in
particular, meeting high academic standards can be a significant source of stress for students,
due to the rigorous demands of these professional programs and engagement in clinical
training [33,36]. In agreement, higher anxiety and depression levels have been reported in
medical students when compared to the general population [33,37,38]. Moreover, the risk
of experiencing depression and anxiety in nursing students is higher when compared to
students in other fields of study [36,39].

Our study aimed to investigate the prevalence of anxiety and depression symptoms in
students who had previous experience with face-to-face instruction, transitioned to remote
learning during the COVID-19 pandemic, and returned to face-to-face instruction after
the COVID-19 confinement. Specifically, we have formulated two hypotheses: (1) there
will be a notable degree of stability in anxiety and depressive symptoms among health
sciences students at the Technical University of Manabi, Ecuador, from the beginning
(week 1) to the end (week 15) of the term upon returning to in-person classes; (2) social
interaction, physical exercise, and previous diagnoses of mental health disorders will
emerge as crucial predictors of anxiety and depressive symptoms among these students
during the transition from remote learning to in-person classes. Health science students
were available (including Medicine, Clinical Laboratory Sciences, Nursing, Nutrition, and
Optometry). To our knowledge, this is the first study that explores the impact of the return
to in-person instruction after remote learning on the mental health of university students.

2. Materials and Methods
2.1. Study Design
We performed a prospective longitudinal observational study with university students

in the health sciences at the Technical University of Manabi, Ecuador. Data collection
occurred between May 2022 and September 2022 (corresponding to the second semester
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of 2022 in the academic schedule). The manuscript followed the recommendations of
STROBE [40].

2.2. Setting

This study was conducted at the Technical University of Manabi, in the Portoviejo
coastal region located in Ecuador (South America). The Technical University of Manabi
includes a population of approximately 30,220 students, of which 2500 are enrolled in
health sciences programs.

2.3. Eligibility Criteria and Outcomes

University students in the health sciences (Medicine, Clinical Laboratory Sciences,
Nursing, Nutrition, and Optometry) that were older than 18 years of age and enrolled
in their sixth or higher semester at the time of recruitment were invited to participate
in this study. Student participants had completed one or more semester of in-person
classes in a university environment prior to the COVID-19 lockdown. During the COVID-
19 confinement, all recruited students had four semesters of remote learning. At the
time of the study, participants were enrolled in semester 6-10 of their respective health
sciences program. Data were collected at the beginning (week 1) and end (week 15) of
the term comprised exclusively of in-person instruction in the university setting. Final
analyses were performed using complete data sets from the same participants, collected
at the two time-points (weeks 1 and 15) with any incomplete data sets being excluded
from the analysis. Worsening of anxiety and depressive symptoms was considered a
primary outcome, whereas significant associations between levels of physical exercise
and/or sleep quality with worsening of anxiety and depressive symptoms were considered
secondary outcomes.

2.4. Data Sources/Measurement

Data were collected at two distinct time points, the beginning of in-person classes
at the start of the term in the university setting (week 1) and follow-up at the end of the
term (i.e., after completion of 15 weeks of in-person instruction in the university setting;
week 15). Data were coded, with each participant being given an identification number and
no names or personal identifiers being used, in an effort to reduce potential biases in the
sample. Statistical analyses were performed using complete data sets, from students who
submitted data at both time points (weeks 1 and 15). Incomplete date sets were excluded
from the final analysis.

2.5. Anxiety and Depression Symptoms of Students

The Patient Health Questionnaire-9 (PHQ-9) was used to assess symptoms of depres-
sion in participant health sciences students [41]. Using this validated nine-item question-
naire, participants indicate how often they have been afflicted by each symptom over
the past two weeks on a four-point scale. Scores ranging from 5 to 9 suggest mild, 10 to
14 moderate, 15 to 19 moderately severe, and 20 to 27 severe depression. The psychome-
tric properties of the PHQ-9 have a test-retest reliability of 0.84 and internal consistency
of 0.89 [42]. The present study used the Spanish version of the PHQ-9 questionnaire
(psychometric properties Cronbach’s = 0.89 compared to the original version) [43].

The Generalized Anxiety Disorder 7-item Scale (GAD-7) questionnaire [44] was used
to evaluate the frequency of anxiety symptoms. Scores ranging from 5 to 9 suggest mild,
from 10 to 14 moderate, and greater than 15 severe anxiety symptoms. The scale has
shown excellent internal consistency (Cronbach’s = 0.92) and good test-retest reliability
(correlation = 0.83). In the present study, the Spanish version [45] of GAD-7 was used
(psychometric properties from Cronbach = 0.93, test-retest correlation = 0.92).
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2.6. Sociodemographic Information of Students

Sociodemographic variables including age, sex, marital status, place of residence,
health sciences program and semester enrolled were captured. In addition, data on en-
vironmental factors during the COVID-19 confinement and upon return to the in-person
university setting were also collected through responses to the following questions: (1) did
you have opportunities for in-person social interaction with individuals of your age during
the pandemic? (possible answers: 1 corresponds to no; 2 corresponds to yes; 3 corresponds
to eventually). (2) Do you engage in at least 150 min (30 min a day, 5 times per week) of
physical exercise weekly? (possible answers: Yes or No). (3) Do you feel that the envi-
ronment (confinement or in-person university setting) influences your mood? (possible
answers: Yes or No). (4) How many hours do you sleep per night? (possible answers: I
sleep less than 6 h; I sleep between 6 and 8 h; I suffer from insomnia). (5) What time do you
usually go to bed? (possible answers: before 10:00 p.m.; between 10:00 p.m. and 12:00 a.m.;
after midnight). (6) Have you been previously diagnosed with anxiety or depression
and/or are you taking any pharmaceutical therapy for one of these disorders? (possible
answers: Yes or No).

2.7. Sample Size

The sample size for this study was determined using an online calculator (http://
www.raosoft.com/samplesize.html accessed on 5 January 2022). The sample size was
calculated based on a population of approximately 2500 university students in health
sciences programs at the Technical University of Manabi, Ecuador. It used a confidence
interval (CI) of 95% and a margin of error of 5%. The number of complete data sets required
for the study was calculated as 334. A total of 520 questionnaires were applied to account
for a possible loss of data due to incomplete or unusable questionnaires (estimated at 30%).
In the final dataset, the total sample included 323 students who successfully submitted
complete data at both time points (week 1 and week 15 of an in-person instruction term).

2.8. Ethics Approval

The study was approved by the Human Research Ethics Committee of the Technical
University of Manabi, Ecuador (protocol, 2022/ CEISH-UTM-INT_17-8). All participants in
the study provided written informed consent.

2.9. Statistical Analysis

All statistical analyses were performed in SPSS 26 (Armonk, NY, USA: IBM Corp).
Sociodemographic data were analyzed using descriptive statistical analysis based on
discrete, categorical, or ordinal variables presented in frequencies (N) and percentages (%)
(Table 1). The Shapiro-Wilk test was used, and univariate analyses were performed using
the Chi-square test (Tables 2 and 3). A binary logistic regression analysis was performed to
identify positive predictors for the presence and/or absence of depression (PHQ-9) and
anxiety (GAD-7). The following variables were considered: age, sex, marital status, place
of residence, and the six questions included in the surveys administered at Weeks 1 and 15
(see above for details). The odds ratio (OR) was adjusted, and the 95% confidence interval
(95% CI) was considered when expressing possible correlations (Table 3). OR were also
calculated and a heat map was generated so as to ascertain general trends for the various
variables analyzed (p < 0.05). The significance level was set at o« = 0.05.
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Table 1. Sociodemographic data of participants included in the study (who completed all questionnaires
both at the start and at the end of the 15-week period of in-person learning in the university setting).

Sociodemographic Background Weeks 1 and 15 of In-Person Learning

(N =323)
Age groups
<20 32 (9.91%)
21-25 267 (82.66%)
26-30 18 (5.57%)
31+ years 6 (1.86%)
Sex
Female 212 (65.33%)
Male 111 (34.67%)
Marital status
Married 15 (4.64%)
Unmarried 290 (89.78%)
Divorced 3(0.93%)
Free Union 15 (4.64%)
Living location
Rural 61 (18.89%)
Urban 262 (81.11%)
Career
Nutrition and Dietetics 42 (13%)
Optometry 48 (14.86%)
Medicine 129 (39.94%)
Nursing 19 (5.88%)
Clinical Laboratory 85 (26.32%)

Note: N, frequency; %, percentage.

Table 2. Logistic regression analysis for prediction of self-reported depressive symptoms (PHQ-

9 scores).
First Week of Class Fifteenth Week of Class
Sociodemographic (PHQ-9) (PHQ-9)
Background Odds Odds
p-Value Ratios 95% CI p-Value Ratios 95% CI

Lower Upper Lower Upper
Age groups
<20 (Reference) 0.371
21-25 0.082 0.437 0.175 1.102 0.811 0.85 0.220 3.262
26-30 0.581 0.605 0.093 3.805 0.403 2.36 0.321 17.274
31+ years 1.000 0.000 0.000 0.857 0.41 0.205 54.866
Sex
Male
Female 0.010 2.276 1.220 4.247 0.216 1.425 0.813 2.497
Marital status
Free Union
(Reference) 0.942 0.886
Married 0.688 1.602 0.160 16.046 0.501 0.550 0.096 3.138
Divorced 0.554 2.878 0.087 95.708 0.747 0.602 0.027 13.202
Unmarried 0.633 1.580 0.243 10.287 0.891 0.918 0.273 3.087
Living location
Urban (Reference)
Rural 0.590 0.783 0.321 1.907 0.857 0.931 0.427 2.028
Career
Optometry
(Reference) 0.480 0.238
Nursing 0.718 0.773 0.190 3.138 0.763 0.822 0.231 2931
Clinical Laboratory 0.153 0.485 0.180 1.310 0.268 0.610 0.254 1.463
Medicine 0.830 0.914 0.401 2.080 0.603 1.220 0.577 2.580

Nutrition 0.295 0.571 0.200 1.631 0.232 0.549 0.205 1.469
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Table 2. Cont.

First Week of Class Fifteenth Week of Class
Sociodemographic (PHQ-9) (PHQ-9)
Background
p-Value I?a Ctli’ss 95% CI p-Value I?a ctllci’ss 95% CI
Lower Upper Lower Upper
Q1
Yes (Reference) 0.003 0.213
Eventually 0.167 1.594 0.823 3.088 0.226 1.424 0.804 2.522
No 0.026 2.273 1.105 4.678 0.097 1.758 0.903 3.420
Q2
Yes (Reference)
No 0.023 1.966 1.099 3.516 0.167 1.460 0.853 2.497
Q3
Yes (Reference)
No 0.357 0.559 0.162 1.926 0.081 0.402 0.145 1.120
Q4
Less than 6 h
(Reference) 0.001 0.018
Between 6 and 8 h 0.001 0.336 0.173 0.653 0.029 0.551 0.324 0.940
Insomnia 0.301 1.952 0.550 6.937 0.128 3.653 0.690 19.333
Q5
Between 10:00 p.m.
and 12:00 a.m. 0.148 0.403
(Reference)
Before 10:00 p.m. 0.050 1.872 0.999 3.510 0.328 0.618 0.235 1.622
After 12:00 a.m. 1.000 0.000 0.000 0.179 1.457 0.841 2.525
Q6
Yes (Reference)
No 0.005 0.171 0.050 0.579 0.314 0.611 0.235 1.593
Note: OR = odds ratio; 95% CIs = 95% confidence intervals; statistically significant effects (p < 0.05) are in bold.
(Q1) Did you have social interaction (socialize personally) with individuals of your age during the pandemic?
(Q2) Do you engage in at least 150 min of physical exercise weekly? (Q3) Do you feel that the environment
(confinement or university) influences your state of mind? (Q4) How many hours do you sleep per night?
(Q5) At what time do you usually go to bed? (Q6) Are you diagnosed with anxiety or depression and/or are you
undergoing drug therapy for one of these disorders?
Table 3. Logistic regression analysis for prediction of self-reported anxiety symptoms (GAD-7 scores).
First Week of Class Fifteenth Week of Class
Sociodemographic (GAD-?7) (GAD-7)
Background Odds Odds
p-Value Ratios 95% CI p-Value Ratios 95% CI
Lower Upper Lower Upper
Age groups
<20 (Reference) 0.730
21-25 1.000 0.441 0.000 1.000 0.000 0.000
26-30 0.515 31.663 0.000 1.000 1.191 0.132 11.332
31+ years 0.263 14.533 0.000 1.000 2.080 0.117 39.745
Sex
Male
Female 0.048 1.886 1.007 3.531 0.054 1.796 0.991 3.254
Marital status
Free Union
(Reference) 0918 0-967
Married 0.882 1.183 0.129 10.854 0.620 1.564 0.267 9.148
Divorced 0.496 3.427 0.099 118.731 0.999 0.000 0.000
Unmarried 0.887 1.133 0.202 6.334 0.811 1.171 0.321 4.270
Living location
Urban (Reference)
Rural 0.208 0.557 0.224 1.384 0,489 0.746 0.326 1.707
Career
Optometr
(Rlz ferencey) 0.052 0.233
Nursing 0.472 1.647 0.423 6.405 0.383 1.812 0.476 6.894
Clinical Laboratory 0.203 0.517 0.187 1.428 0.840 907 0.354 2.326
Medicine 0.469 1.347 0.602 3.014 0.148 1.815 0.809 4.068

Nutrition 0.155 0.459 0.157 1.343 0.916 0.946 0.339 2.643
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Table 3. Cont.

First Week of Class Fifteenth Week of Class
Sociodemographic (GAD-7) (GAD-7)
Background
Odds o Odds o
p-Value Ratios 95% CI p-Value Ratios 95% CI

Lower Upper Lower Upper
Q1
Yes (Reference) 0.005 0.226
Eventually 0.014 2.294 1.182 4.453 0.811 1.076 0.591 1.957
No 0.002 3.115 1.522 6.373 0.097 1.775 0.901 3.498
Q2
Yes (Reference)
No 0.504 1.218 0.683 2.170 0.533 1.196 0.681 2.099
Q3
Yes (Reference)
No 0.027 0.195 0.046 0.827 0.121 0.418 0.139 1.258
Q4
Less than 6 h
(Reference) 0.010 0.006
Between 6 and 8 h 0.004 0.378 0.195 0.733 0.016 0.508 0.292 0.883
Insomnia 0.949 0.966 0.339 2.754 0.061 5.778 0.920 36.297
Q5
Between 10:00 p.m.
and 12:00 a.m. 0.581 0.261
(Reference)
Before 10:00 p.m. 0.298 0.707 0.368 1.358 0.090 0.431 0.163 1.140
After 12:00 a.m. 1.000 0.000 0.000 0.125 1.555 0.884 2.736
Q6
Yes (Reference)
No 0.005 0.233 0.085 0.643 0.058 0.387 0.145 1.032

Note: OR = odds ratio; 95% ClIs = 95% confidence intervals; statistically significant effects (p < 0.05) are in bold.
(Q1) Did you have social interaction (socialize personally) with individuals of your age during the pandemic?
(Q2) Do you engage in at least 150 min of physical exercise weekly? (Q3) Do you feel that the environment
(confinement or university) influences your state of mind? (Q4) How many hours do you sleep per night?
(Q5) At what time do you usually go to bed? (Q6) Are you diagnosed with anxiety or depression and/or are you
undergoing drug therapy for one of these disorders?

3. Results
3.1. Results

This study assessed the influence of in-person university learning on anxiety and
depressive symptoms in Ecuadorian health science students between March 2022 and
September 2022. A total of 520 students were invited to participate in the study and
respond to questionnaires at the beginning of week 1 of in-person classes in the university
setting (Supplemental Table S1). At follow-up (week 15), 323 students completed the second
set of questionnaires. Complete data sets from students that responded to all questionnaires
at both week 1 and week 15 were included in the statistical analysis (Figure 1).
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Figure 1. Plots of health outcomes of interest (i.e., (A) depression symptoms as assessed with the
PHQ-9 tool and (B) anxiety symptoms as assessed with the GAD-7 tool), at weeks 1 and 15 of a term

of in-person learning.
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3.2. Descriptive Demographic Data

Table 1 summarizes the sociodemographic characteristics of students who completed
questionnaires at weeks 1 (beginning of term) and 15 (end of term). The final data set
included 323 university students enrolled in health sciences programs, of which 212 stu-
dents identified as female (65.33%), and 111 identified as male (34.67%). The mean age of
the participants was 22.43 years of age. With regard to marital status, most participants
(290/323) reported to be single (89.78%) and most lived in urban areas (81.11%).

3.3. Main Results

Significant differences were found with regard to self-reported symptoms of
anxiety and depression between week 1 (beginning of term) and week 15 (end of term)
(Supplementary Table S2). Depression rates (as assessed with the PHQ-9) were significant
in females in both week 1 (p = 0.001) and week 15 (p = 0.032) when compared with males
(Table 2). However, Student’s T test revealed no significant differences in PHQ-9 and
GAD-7 between 1 and 15 weeks of in-person instruction (p > 0.999, Figure 1). Nevertheless,
significant differences were seen with regard to the rates of depression among different
academic programs at both week 1 (p = 0.001) and week 15 (p = 0.004). The rates of
depression varied between academic programs, being higher in Medicine and lower in
Clinical Laboratories. No significant differences among academic programs were observed
for other variables studied.

Anxiety rates (as assessed with the GAD-7) were significant in females in both week 1
(p = 0.011) and week 15 (p = 0.002) when compared with males (Supplementary Table S2).
Medicine and Nursing students exhibited higher levels of anxiety when compared to
students in other health programs at both week 1 and week 15 (p = 0.000 and p = 0.004, re-
spectively). No significant differences were observed for other variables at both time points.
Depression and anxiety scores remained similar across 15 weeks of in-person learning.

We observed a positive correlation for question #1 (“Did you have opportunities for
in-person social interaction with individuals of your age during the pandemic?”) with
depression rates at week 1 (p = 0.001) and week 15 (p = 0.026) and anxiety rates for week 1
(p = 0.000) and week 15 (p = 0.027). For question #2 (“Do you engage in at least 150 min
(30 min a day, five times per week) of physical exercise weekly?”), there was also a positive
correlation for depression at week 1 (p = 0.000) and week 15 (p = 0.010), as well as anxiety at
week 1 (p = 0.004) and week 15 (p = 0.010). When evaluating question #3 (“Do you feel that
the environment (confinement or in-person university setting) influences your mood?”),
there was no positive correlation with depression rates at week 1 (p = 0.099), but significant
effects at week 15 (p = 0.012), and anxiety at week 1 (p = 0.027) and week 15 (p = 0.009). For
question #4 (“How many hours do you sleep per night?”), there was a positive effect for
both depression and anxiety at both time points (p = 0.000). Question #5 (“What time do
you usually go to bed?”) revealed a positive effect for depression both at week 1 (p = 0.000)
and week 15 (p = 0.002), with going to bed after midnight being significantly associated
with depressive symptoms. With regard to anxiety rates, no statistical significance was
seen at week 1 (p = 0.060), but an increase in anxiety rates was found to be correlated
with going to sleep after midnight at week 15 (p = 0.001). Finally, question #6 (“Have
you been previously diagnosed with anxiety or depression, and/or are you taking any
pharmaceutical therapy for one of these disorders?”) revealed significant correlations for
both depression rates at week 1 (p = 0.000) and week 15 (p = 0.004), and anxiety rates at
week 1 (p = 0.000) and week 15 (p = 0.013) (Supplementary Table S3).

3.3.1. Depressive Symptoms in Students following One and Fifteen Weeks of Exposure to
In-Person University Setting

The binomial logistic regression for depression (PHQ-9) was statistically significant
at week 1, with a higher risk of experiencing depressive symptoms seen in women (OR
2.276, 95% CI 1.220-4.247, p = 0.010). There was no statistical significance at week 15
(p = 0.216) (Table 2). For question #1 (“Did you have opportunities for in-person social
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interaction with individuals of your age during the pandemic?”) (odds ratio [OR], 2.273;
95% confidence interval [CI] 1.105-4.678), the occurrence of depressive symptoms was
significantly different for those who responded “No” when compared to those who re-
sponded “Yes” (p < 0.026) at week 1, with no statistical differences observed at week 15.
This suggests that social interaction during the period of distance learning helped prevent
the self-reporting of depressive symptoms at week 1. For question #2 (“Do you engage
in at least 150 min (30 min a day, 5 times per week) of physical exercise weekly?”) (odds
ratio [OR], 1.966; 95% confidence interval [CI] 1.099-3.516), the occurrence of depressive
symptoms was also significantly different for those who responded “No” when compared
to those who responded “Yes” (p < 0.023) at week 1. These results imply that physical
exercise mitigated depression levels during confinement. In addition, statistically signifi-
cant differences were also obtained for question #4 (“How many hours do you sleep per
night?”) at week 1, with the response “I sleep less than 6 h” being associated with a higher
risk of developing depressive symptoms (p < 0.001), while the response “I sleep between 6
and 8 h” was associated with a lower risk (odds ratio [OR], 0.336; 95% confidence interval
[CI] 0.173-0.653). At week 15, sleeping “between 6 and 8 h” also showed a significant
correlation with depressive symptoms (odds ratio [OR], 0.551; 95% confidence interval [CI]
0.324-0.940), p < 0.029, highlighting the importance of sleep duration as a protective factor
against depressive symptoms. For question #5 (“What time do you usually go to bed?”),
a significant difference in the occurrence of depressive symptoms is observed between
those who responded “Before 10:00 p.m.” and those who selected “Between 10:00 p.m. and
12:00 a.m.” at week 1 (odds ratio [OR], 1.872; 95% confidence interval [CI] 0.999-3.510),
p < 0.050. No differences were observed at week 15. In week 1, for question #6 (“Have
you been previously diagnosed with anxiety or depression and/or are you taking any
pharmaceutical therapy for one of these disorders?”), the response “No” (odds ratio [OR],
0.171; 95% confidence interval [CI] 0.050-0.579), p < 0.005, is associated with a lower risk of
depressive symptoms when compared to the group who responded “Yes”.

A heat map was created so as to facilitate visualization of odds ratios associated with
depression (PHQ-9), with statistical significance set at p < 0.05 (Figure 2). The primary aim
was to assess the association between researcher-formulated questions and PHQ-9 scores.
The OR for gender decreased from 2.276 to 1.425 over 15 weeks, indicating a reduced
association between being female and depressive symptoms across the two time points.
The OR for lack of social interaction decreased from 2.273 to 1.758, indicating a reduced
correlation between social interaction and depressive symptoms over time. Similarly, the
correlation between lack of exercise and depressive symptoms also decreased over time
from 1.966 to 1.460. On the other hand, with regard to sleep duration, the OR increased
from 0.336 to 0.551, suggesting a slight increase in the association between sleeping 6-8 h
per night and a lower probability of developing depressive symptoms. For question #5, the
OR decreased from 1.872 to 0.618, indicating a considerable reduction in the relationship
between going to bed before 10 p.m. and depressive symptoms. For question #6, an increase
in the odds ratio from 0.171 to 0.611 was observed, suggesting an increase in the association
between a prior diagnosis and the probability of experiencing depressive symptoms.
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Figure 2. Heat map to compare the odds ratios for depression levels (PHQ-9) weeks 1 and 15 of a term
of in-person learning. * (Q1) Did you have social interaction (socialize personally) with individuals of
your age during the pandemic? (Q2) Do you do at least 150 min of physical exercise weekly? (Q3) Do
you feel that the environment (confinement or university) influences your state of mind? (Q4) How
many hours do you sleep per night? (Q5) Do you usually go to bed? (Q6) Are you diagnosed with
anxiety or depression and/or are you undergoing drug therapy for one of these disorders?

3.3.2. Anxiety Symptoms in Students following One and Fifteen Weeks of Exposure to
In-Person University Setting

The binomial logistic regression for anxiety (GAD-7) revealed statistically significant
results at week 1 for the gender variable (OR 1.886, 95% CI 1.007-3.531). The self-reported
GAD-7 scores for women were statistically different from those reported by men (p = 0.048).
However, the effect of gender was not observed at follow-up (week 15). Significant dif-
ferences were also detected with regard to question #1 (“Did you have opportunities for
in-person social interaction with individuals of your age during the pandemic?”) (OR, 2.294
and 95% CI, 1.182-4.453 for “Eventually”; OR, 3.115 and 95% CI, 1.522-6.373 for “No”),
with both answers being positively correlated with self-reported GAD-7 scores at week 1
(p < 0.014 and p < 0.02, respectively). Regarding question #3 (“Do you feel that the environ-
ment (confinement or in-person university setting) influences your mood?”), significant
differences were observed in GAD-7 scores at week 1 between those who responded “Yes”
and those who responded “No” (p = 0.027, OR 0.195, 95% CI 0.046-0.827). With regard
to question #4 (“How many hours do you sleep per night?”), the GAD-7 score for those
who responded “I sleep less than 6 h” was significantly different from that of those who
responded “I sleep between 6 and 8 h” at week 1 (p < 0.010 and p < 0.04, respectively)
OR 0.378, 95% CI, 0.195-0.733. Significant differences were also detected with regard to
question #6 (“Have you been previously diagnosed with anxiety or depression and/or
are you taking any pharmaceutical therapy for one of these disorders?”) (OR, 0.233; 95%
CI, 0.085-0.643), with the response “Yes” being positively correlated with GAD-7 scores
at week 1 (p < 0.05). No significant differences were seen at week 15. These results sug-
gest a decrease in the correlation between these variables and GAD-7 scores over time.
This trend was observed among university health science students following a term of
in-person learning.

We used odds ratios to assess correlations between responses to specific questions
and anxiety scores in the GAD-7 questionnaire. For the gender variable, there was a slight
decrease in odds ratio from 1.886 at week 1 to 1.796 at week 15. For question #1, a significant
decrease in odds ratio from 3.115 at week 1 to 1.775 at week 15 was evident, suggesting
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that over time, the lack of social interaction is less related to anxiety symptoms than in the
first week of the term. For question #3, the odds ratio increased slightly from 0.195 at week
1 to 0.418 at week 15. This indicates that, over time, the perception that the environment
does not influence mood is more associated with a lower probability of anxiety symptoms.
For question #4, a slight decrease in OR from 0.378 at week 1 to 0.508 at week 15 was seen,
suggesting that sleeping between 6 and 8 h is slightly less related to a lower probability of
anxiety symptoms over time. Finally, for question #6, an increase in the odds ratio from
0.233 at week 1 to 0.387 at week 15 was observed. This indicates that the absence of a prior
diagnosis is related to a lower probability of anxiety symptoms in university health science
students following a term of in-person learning (Table 3).

A heat map was created so as to facilitate visualization of odds ratios associated with
anxiety (GAD-7), with statistical significance set at p < 0.05 (Figure 3).
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Figure 3. Heat map to compare the odds ratios for anxiety (GAD-7) weeks 1 and 15 of a term of
in-person learning. * (Q1) Did you have social interaction (socialize personally) with individuals of
your age during the pandemic? (Q2) Do you do at least 150 min of physical exercise weekly? (Q3) Do
you feel that the environment (confinement or university) influences your state of mind? (Q4) How
many hours do you sleep per night? (Q5) Do you usually go to bed? (Q6) Are you diagnosed with
anxiety or depression and/or are you undergoing drug therapy for one of these disorders?

4. Discussion

To the best of our knowledge, this is the first longitudinal study to evaluate the in-
fluence of returning to the in-person university environment on affective behaviors in
university health science students. Additionally, the potential impacts of social interaction,
mood (confinement and university), physical exercise, sleep habits, and previous diagnosis
(anxiety or depression) on the levels of depression and anxiety were also assessed. We
hypothesized that exposure to an in-person university environment after experiencing
distance learning during the COVID-19 confinement had an impact on the levels of de-
pression and anxiety. Our results show that the self-reported levels of depression and
anxiety did not improve following 15 weeks of in-person instruction in the university
setting when compared to baseline (week 1 of in-person instruction, immediately follow-
ing the COVID-19 confinement and remote instruction) (p > 0.999). Of note, absence of
social interaction, level of physical exercise, and previous diagnosis were all shown to be
correlated with depression levels at week 1, with no significant changes seen at follow-up
(week 15). Overall, these results show that anxiety and depressive symptoms persisted
upon the return to in-person learning for university students. The high rates of anxiety and
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depression scores and their persistence over time indicate that young university students
are particularly vulnerable to these mood disorders.

Several studies conducted in different countries have reported worsening of mental
health in university students during the COVID-19 confinement [20-22]. In fact, young
university students were more likely to self-report depressive symptoms during the COVID-
19 confinement [24]. Moreover, academic performance and social isolation have also been
shown to impact anxiety levels in university students [32]. Interestingly, in our study, self-
reported levels of anxiety and depression symptoms were maintained upon return to the
in-person university environment among health sciences students. Indeed, the increased
susceptibility of university students to mental disorders was well established before the
COVID-19 confinement, and our study corroborates these findings [46—48].

It is well established that depression increases suicide risk, representing the second
leading cause of death among individuals aged 15-29 years [49]. Of note, previous studies
have shown increased scores of suicidal ideation associated with mental disorders in college
students [47,50]. The suicide prevalence rates between 2011 and 2020 in Ecuador indicate
that young adults constitute the most vulnerable population [51]. In addition, a previous
study conducted in the same city as the present study showed a prevalence of 8.6% of
depressive symptoms among the general population [52]. Furthermore, women are twice
as likely as men to suffer from anxiety and depression disorders [9,53-55]. Our findings
corroborate these studies, since female university students reported the highest rates of
anxiety and depression.

Our study also included a questionnaire with items on the existence of social connec-
tions during the COVID-19 confinement, the influence of the university setting on mood,
and engagement in physical activity. This questionnaire was administered to students at
the beginning of in-person classes (week 1) and then again at the last week of classes, once
a full term of in-person learning was completed (week 15). Of note, our student population
had already experienced face-to-face classes prior to the COVID-19 pandemic, distance
learning during the COVID-19 confinement (4 semesters), followed by return to in-person
instruction post-COVID-19 pandemic. Previous studies have indicated that a decrease in
social connectivity was strongly associated with increased anxiety and depression symp-
toms during the COVID-19 confinement [56,57]. In addition, a strong association between
low levels of physical activity and poor mental health has been extensively reported in
the literature [12,58], with low physical activity levels being correlated with increased
anxiety and depressive symptoms in university students [23]. In our findings, both the
levels of depression and anxiety were correlated with the lack of social interaction during
the COVID-19 confinement among university health sciences students at week 1. On the
other hand, the level of physical activity students engaged in also significantly influenced
self-reported depressive symptoms at week 1.

Sleep disturbances, such as insomnia and hypersomnia, have been associated with
cognitive impairment and emotional disorders [59-62]. In addition, poor sleep quality
has also been associated with an increased risk of depression [57,58] and is known to
contribute to the persistence and severity of depressive symptoms in young adults [63].
Previous studies supporting a strong association between anxiety levels and poor sleep
hygiene practices or insomnia among university students [16,17]. A bidirectional relation-
ship between sleep deprivation and anxiety has been previously described, with anxiety
disorder causing sleep disturbances, and dysregulation of sleep patterns worsening anxiety
symptoms [64]. Indeed, according to the National Sleep Foundation recommendations on
sleep hygiene, young adults are advised to sleep between 7 and 9 h per night and maintain
the same sleep schedule, so as to optimize their mental and physical well-being. In our
study, self-reported sleep habits (specifically 6 to 8 h of sleep per night) did not negativity
affect depression or anxiety scores in university health sciences students both at return
to face-to-face instruction (week 1) and at follow-up (week 15, following a full term of
in-person instruction in the university setting).
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The hypothesis that returning to an in-person university setting after confinement in
students with previous experience with face-to-face learning would improve their mental
health was not corroborated by our data. Nevertheless, the persistence of anxiety and
depression symptoms in students after return to an in-person university setting warrants
further investigation in future studies. The majority of participants in our study were
aged between 21 and 25. Of note, the prefrontal cortex (known to be involved in impulse
control, as well as other higher-order cognitive functions) is the last region of the central
nervous system to complete its development, which occurs approximately between 20 and
25 years of age [65], which corresponds to the age range of the majority of the students that
participated in our study. Moreover, altered prefrontal cortex activity has been implicated
in both depression [66] and anxiety [67]. Thus, future studies are warranted to explore
other causes underlying the development of depression and anxiety in young university
students, particularly within the health sciences programs.

Limitations and Strengths of the Study

The main limitation of our study relates to the intrinsic characteristics of a longitudinal
study, which simply allows for associations to be made and no definitive cause—effect
relationships to be established. Another important limitation of our study was the use of
the PHQ-9 and GAD-7 questionnaires to assess levels of depressive and anxiety symptoms
among our student population. Indeed, it is important to note that while these two vali-
dated questionnaires are commonly used in research studies to assess the occurrence of
depression and anxiety symptoms in populations, these are simply screening tools and
cannot be used to accurately diagnose these conditions [43,68,69]. Additionally, limitations,
including the emergence of new challenges at the end of a university semester, such as
exams, fatigue, and internships, can influence students’ responses to PHQ and GAD ques-
tionnaires. Of note, students with high PHQ-9 and/or GAD-7 scores were confidentially
referred for further diagnosis and psychological /psychiatric treatment at the university
student welfare services. Finally, the rigorous health sciences programs that students
were enrolled in and their academic performance throughout the 15 weeks of the study
are variables that may have also had an impacted on the mental health of participants,
particularly at the end of the term (week 15). While in the present study this factor was not
included in the analysis, future studies may wish to consider how academic performance
may interact with remote versus in-person learning when it comes to the mental health of
the student population.

Although previous reports have indicated that students have a preference for face-
to-face instruction [70], remote learning has been practiced for a long time. Nevertheless,
the COVID-19 pandemic represents the first time that this has been implemented on such
a large scale among university students in the health sciences. However, to the best
of our knowledge, the effects of returning to in-person instruction following prolonged
remote learning on the mental health of this particular student population have never
been investigated. As such, one of the strengths of our study was the focus on this specific
student population (young university students enrolled in health sciences programs), which
has been reported to be particularly susceptible to psychiatric disorders [33,35]. Another
strength of this study was its high level of internal and external validity. Indeed, the
homogeneous student sample included in this study ensures its positive external validity
when compared with the student populations at other universities. Furthermore, our study
design attempted to reduce the risk of bias with sample selection, and all study participants
had previous experience with in-person learning in the university setting pre-pandemic,
distance learning during the COVID-19 confinement, and a return to face-to-face instruction
post-pandemic (being followed during their first term after return to in-person instruction
in the university setting).
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5. Conclusions

Our results showed persistence in self-reported symptoms of anxiety and depression in
university students enrolled in health sciences programs who experienced remote learning
during the COVID-19 confinement, following one term (15 weeks) of in-person instruction.
The increased vulnerability of this student population to mental health disorders points
to the importance of developing potential programs and policies aimed at promoting
wellbeing in the university setting. In addition, future studies are warranted to determine
how face-to-face learning itself and/or social interactions in an in-person university setting
impact the mental health of university students who experienced remote learning during
the COVID-19 pandemic.
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