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Editorial on the Research Topic
Mental health of higher education students

Mental health of higher education students is a growing concern around the globe.
Even before the outbreak of the COVID-19 pandemic, the prevalence of mental health
problems among higher education students was already worrying. The Healthy Minds
Network, a US national research organization, showed that depression and anxiety were
found in 37.1 and 31.3% of higher education students, respectively (1). Higher education
students encounter transitional challenges and stressors while preparing themselves
to enter adulthood. Besides academic burdens, university students struggle to fulfill
expectations from family, adapt to a drastic change in the learning environment, develop
good relationships with peers, and overcome financial problems. The unprecedented
wave of COVID-19 further worsened the already serious problems. Many students
experienced psychological distress during the pandemic, including anxiety, stress, and
even suicidal ideation (2-5). This Research Topic attempts to gather empirical findings
from all over the world to broaden our understanding of the mental health of higher
education students.

This Research Topic collects 34 studies on the mental health of higher education
students, with more than 120,000 participants from 18 countries, among nationwide
(Gavurova et al; Jiang et al.; Qian et al.; Wathelet et al.). Studies in the Research Topic
investigated a wide range of mental health outcomes, from symptom-related outcomes
such as anxiety, depression, and stress (Schwander-Maire et al.; Thang et al; Valdés et al;
Wathelet et al.; Ying et al.), insomnia (Stanyte et al.; Zhang et al.), to behavioral problems
such as internet addiction (Diotaiuti et al.; Gavurova et al.), mobile phone addiction (Li
X. et al.), school engagement (Versteeg et al.), academic performance (AbuAlSamen and
El-Elimat; Deng et al.), and problem gaming behavior (Tang et al.).

A vast array of factors associated with the outcomes were examined, including
hope (Schwander-Maire et al.), impulsivity (Diotaiuti et al.), family functioning (Qian
et al.), resilience (Versteeg et al.), shyness (Li X. et al.), cyberloafing (Li Q. et al.). Three
studies provided evidence with quantitative analysis to validate the instruments in their
populations (AbuAlSamen and El-Elimat; Fung et al.; Guelmami et al.). Findings in this
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Background: Grit is a key concept in positive psychology and educational science.
The construct measures two related constructs that are interest and effort. Several
instruments have been developed to measure this construct in professional and
educational contexts, but no tools have been developed considering specific contexts
such as physical education and sport.

Objectives: The objective of this study is to develop and test a measurement scale to
assess Grit in the context of physical education and sport.

Methods: Two exploratory (Phase 1) and confirmatory (Phase 2) samples were
administered the 16-item PE-Grit scale in Arabic. In addition, the confirmatory sample
also was administered the R-SPQ-2F two-factor learning approaches scale. The factor
structure was examined first by exploratory factor analysis on the first sample and then
by confirmatory factor analysis on the second sample. Reliability testing was performed
by checking internal consistency simultaneously by the three indices: McDonald’s
w, Cronbach’s o and Gutmann’s x6. Concurrent validity was checked by Pearson’s
correlation between the PE-Grit and the two dimensions of the SPQ-2F.

Results: After the exploratory factor analysis, which identified the factors and gave
a preliminary validation of the designed instrument, confirmatory factor analysis was
performed on three hierarchical models to be able to identify the best fitting model. A
third-order hierarchical model with two physical and academic components each formed
by interest and effort presented the best fit indices: chi X2 = 192.95 (o < 0.01), and the
X2/DF = 1.36; GFI = 0.99; AGFI = 0.99; CFl and TLI close to 1; RMSEA = 0.025. In
addition, McDonald’s w, internal consistency, and Gutmann’s A6 ranged from 0.78 to
0.86 for all four scale dimensions.

Conclusion: The PE-Grit scale displays adequate factor structure, good reliability,
and acceptable concurrent validity and can be administered to assess Grit in physical
education and sport students.

Keywords: Grit, physical education and sports, scale development, scale validation, students
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INTRODUCTION

Today, physical education, as a regular and institutionalized
physical activity, has become central to the school and university
system in most countries. Indeed, there is a growing interest in
the role of physical education. Physical education is no longer
focused solely on its impact on physical and mental health but
has expanded to prepare young people for the demands and
challenges of everyday life (1).

It has been argued elsewhere that physical education teaching
is a multiple setting (2, 3), which differs greatly from classroom
teaching in terms of characteristics, professional tasks, and
specificity of the content offered in learning sessions (4). In
detail, to teach physical education, a wide variety of practical
and theoretical expertise must be considered (5). In fact,
specific requirements must be considered in the students
training program (6). Preparing a future physical education
teacher essentially requires multiple practical and theoretical
knowledge to develop the necessary professional skills (7).
Therefore, student training and learning in this field draws on
several interdisciplinary (8) and transdisciplinary fields (9). As
an example, the student must have theoretical knowledge in
psychology, sociology, pedagogy, statistics, movement science,
and biology, in addition to practical training in sport. Likewise,
practical training requires mastery of multiple expertise in
team and individual sports (10, 11). Therefore, a significant
body of research has argued that physical performance and the
development of various psychomotor, emotional, and cognitive
skills are essential for success. In this regard, students in this field
are exposed to adverse conditions similar to those of athletes:
for example, physical fatigue (12), pain that is caused by many
physical and athletic activities (13), and even high pressure on
the lumbar spine (14, 15). Similarly, the student is also exposed
to mental fatigue (16, 17), circadian rhythm disruption (18), sleep
disturbance, and insomnia related to high activity levels (19).

Indeed, success in this field requires a great deal of courage
and Grit. As a matter of fact, in college, schools, and universities,
Grit has become a central concept in positive psychology (20),
evaluated as a critical predictor of success, and for academic
performance (21, 22).

As inspired by the initial research of Duckworth et al. (23)
and Duckworth and Quinn (24), the concept of Grit, as an
indicator and essential component of success and achievement,
has been considered as one of the main concerns of personality
investigations and educational psychology among college and
undergraduate students along the last decade (24-26). Grit as
a favorable individual trait predicting success and achievement
has emerged in a variety of contexts and cultures (27). Grit has
been used to identify achievement in domains typically assessed
as difficult and requiring hard work (23, 24).

In the field of education, Grit encompasses the concepts
of passion and long-term perseverance and is becoming an
increasingly important characteristic in preparing students for
academic or university success (28-30). It can also be defined as
effort and determination to achieve goals (31). Grit is negatively
associated with stress (32) and burnout (33). Indeed, it describes
the ability to recognize good performance, despite all individual

constraints, to achieve a planned goal. The most noted early work
perceived Grit as a construct formed by two factors, consistency
of interest and perseverance in effort (23, 24, 34).

Consistency of interest refers to the extent to which
individuals maintain a preoccupation with achieving long-term
goals, whereas the persistence of effort (PE) refers to the extent to
which individuals can maintain their efforts to achieve these goals
regardless of the challenges and failures they encounter (35).
Although defined as “an individual’s tendency to persistently
pursue long-term goals despite challenges or obstacles” (36), Grit
must be distinguished from the related concepts of resilience,
or “ability to overcome,” “acute,” “chronic,” “dynamic,” hardships
and “everyday resilience” (37). Grit as a stable personality trait
has been contested by some researchers who have found that
Grit varies over time (38), leading to a reconceptualization of
the construct as an out-of-domain cognitive process that may be
appropriate for intervention (29).

Overall, Grit has been designed in several measurement
instruments in a hierarchical model with two correlated
dimensions that are the persistence of effort (PE) and consistency
of interest (CI) (39-42). The first refers to the extent to
which individuals exert long-term efforts to challenge contextual
barriers (24), whereas the second measure shows the tendency of
a subject to adopt a long-term choice of interests (24).

Two measurement scales that were initially developed and
widely used in different contexts are as follows: the original Grit
(Grit-O; 12 items) and the short Grit scale (Grit-S; 8 items),
both developed by Duckworth and colleagues (23, 24). Other
instruments have been developed in the context of education,
such as the Academic Grit Scale (29) and the Grit Scale for
Children and Adults (41). However, Datu et al. (43) suggest other
alternative measures of Grit that have three factors the Triarchic
Model of Grit Scale (TMGS) by adding the factor adaptability
to situations. Even though, Grit-O and Grit-S remain the most
widely used measures in different contexts and countries (see
Arco-Tirado et al.,, 2018). For example, in sport, according to
the scoping review elaborated by Cormier et al. (44), previous
research on the measurement of athletes Grit in different levels
of practice was achieved by these instruments.

To measure the concept of Grit among PE students, it is
necessary to focus mainly on the content of their educational
background. Indeed, PE education differs from other education,
and this may be mainly due to the physical component in the
educational process. If we measure the persistence and interest
of these students, this component should not be overlooked.
Referring to previous reports, in a particular academic context,
student motivation, passions, and interests have been associated
with the provided learning content (45-48).

Physical education students are a specific group of individuals
who were engaged in physical activity in two contexts: studies
and assessment. Successful performance in physical and sporting
activities is critical to the student’s success in school.

It is worth adding that the practical sessions of physical
education teacher training take place in specific structures
outside the classroom (e.g., gymnasiums, running tracks, soccer
fields, etc.) (49). Scholar sport facilities and their variances from
country-to-country can create specific conditions for physical

Frontiers in Public Health | www.frontiersin.org

10

March 2022 | Volume 10 | Article 818749


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Guelmami et al.

Psychometric Properties of PE Grit Scale

education and sometimes disadvantageous environments due to
lack of comfort (e.g., poor countries). In addition, outside the
classroom, the PE student may be exposed to unfavorable weather
conditions (e.g., extreme heat or cold), whereas students in other
disciplines benefit from sheltered classrooms.

In the academic field of physical education, the Academic Grit
Scale cannot assess the concept since it does not include interest
and physical effort. Indeed, interest and physical effort cannot be
mistaken for academic interest and effort.

Therefore, the purpose of this study was to develop and
evaluate a measurement scale to assess Grit in this field.
In this procedure, which considered as preliminary in the
context of physical education, the factorial structure, the internal
consistency, and the concurrent validity will be considered. In
the academic context, each student has his own learning strategy:
deep learning strategies and surface learning strategies (50).
Therefore, to show the concurrent validity of the PE-Grit, we
proceed to examine the association of this scale with the R-SPQ-
2F scale, which is a measure of learning strategies. We justify this
choice by the associations that have been found recently in several
studies between Grit and learning strategies (33, 51, 52).

MATERIALS AND METHODS

Measurements

The Development of the PE-Grit Scale

The development of the PE-Grit scale was conducted in the three
steps listed below.

The first one consists of a review of the literature concerning
the two-factor Grit in the academic context, its measurement
instruments, and the specific characteristics in physical education
and sports. In detail, the items of the Grit-S, Grit-O, and AGS
measurement scales were considered (23, 24, 29). However,
since the training and the assessment in physical education
have theoretical subjects and physical practice (53-55), it was
necessary to generate a pool of items that took into account
on this specificity. Indeed, students in this field may have an
interest in physical practice, whereas they may not have an
interest in academic training (or vice versa). Likewise, the student
can exert an effort which differs between the practical and
theoretical sessions.

This work resulted in the development of a 16-item
questionnaire in Arabic, which allows for the measurement of
Grit through four context-specific dimensions, each comprising
four items: interest in physical activity, interest in academic
training, effort in physical activity, and academic -effort
(see Appendices).

In a second step, a focus group was formed by three
independent and bilingual (English and Arabic) researchers
as experts (one expert in humanities, two experts in applied
educational sciences in physical education and sport) and
two other Arabic and English academics as linguistic experts.
The work of the group was to review the Arabic version
and to develop an English version of the PE-Grit scale (see
Appendix Table 1). During the process, the committee checked
for any inconsistencies in the items in the two versions and made
corrections if necessary.

The third step is a pilot study to examine the relevance of the
items in the Arabic version, their face validity and to ensure their
understandability by an exploratory sample.

The tool is evaluated on a seven-point Likert scale ranging
from strongly disagree to strongly agree.

Arabic Version of the Revised Two-Factor Study
Process Questionnaire R-SPQ-2F

The Arabic version of the R-SPQ-2F by Munshi et al. (56)
is an assessment tool for learning approaches. It consists of
20 items that assess deep (10 items) and surface (10 items)
learning approaches.

The surface concept means the acquisition of knowledge only
with extrinsic motivation (i.e., students experience learning as
an external duty necessary to succeed with minimal effort). In
contrast, deep learning involves the acquisition of knowledge and
understanding of underlying principles and mechanisms, critical
thinking, and thus intrinsic motivation.

Data were collected on a five-point Likert scale. The
characteristics of the scale in the exploratory factor analysis
were satisfactory. However, no deep structure analysis was
performed. Similarly, the internal consistency of the scale was
good. Cronbach’s a coefficients were 0.93 and 0.90 for the two
factors, surface approach and deep approach, respectively.

Data Collection and Procedures

Data were collected online from a set of students enrolled in the
four universities of physical education and sports in Tunisia (n =
652). Those recruited for the study were divided into two groups
to conduct two exploratory and confirmatory studies.

a) Exploratory data were collected from 170 students aged 22.40
=+ 1.65 years randomly selected from the data. The subjects
were recruited from both sexes, women (n = 88; 51.8%) and
men (n = 82; 48.2%), belonging to the students at the Higher
Institute of Physical Education and Sport of Tunisia. They
were either athletes playing in several clubs and in different
disciplines (34.70%), or heavy athletes (30%), or subjects who
had never practiced sports in sports clubs (35.30%) who were
admitted to a specific entrance examination allowing them to
enroll in the institution.

Confirmatory data were collected from a total of 482 students
who were aged 19-26 years (M = 21.94, SD = 1.80). Students
of both genders are divided into three grades and have
different sports experience: current athletes (17.43%), heavy
athletes (40.66%), and subjects who have never played sports
in a club (41.91%). All students who received practical and
theoretical educational contents at the university and classes
during that period were not suspended due to COVID-19.

b)

Table 1 summarizes the distribution of recruited students
according to the three variables: sport activity, grade level,
and gender.

All data were collected during an online survey designed using
Google Forms to protect students from COVID-19. The survey
includes a demographic form in which age, gender, education
level, and athletic experience were indicated. This process also
has an advantage in that the responses can be retrieved on a
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TABLE 1 | Distribution of participants by sport practice, study level, and gender.

Group Sport practice Study levels Gender
Abundant athletes Non-sports subjects Sports subjects First Second Terminal Female Male
Exploratory sample n 51 60 59 49 58 53 88 82
% 30 35.30 34.70 28,82% 34,12% 31,18% 51.8% 48.2
Confirmatory sample n 196 202 84 195 174 113 272 210
% 40.66 41.91 17.43 40.55 36.01 23.44 56.43 43.57

Microsoft Excel page. The email addresses of the students were
obtained by the use of the university system. In addition, no
further information was provided (e.g., the student’s first and
last name).

Statistical Analyses

Statistical analyses were performed using IBM SPSS version 26.0
for Windows. The reliability of the instrument was tested by
the open-source software JASP. Whereas Lavaans R package
(R Studio) was adopted for confirmatory factor analysis,
preliminary data analysis was performed by Skewness and
Kurtosis normality tests. Exploratory sample responses were
performed by unweighted least squares method with Promax
rotation and Kaiser normalization. Instrument reliability was
obtained by calculating the internal consistency coefficients:

Cronbach’s o coefficient, McDonalds o coeflicient, and
Gutmann’s A6 coefficient.
The recommended threshold for these indexes is 0.70

for acceptability and 0.80 for good reliability. The structure
of the confirmatory sample questionnaire was performed by
confirmatory factor analysis (CFA), and diagonally weighted
least squares (DWLS) was used in this study as an estimation
technique (57). Several CFA indices were selected to examine the
model: (1) the X2, (2) the X2/DE (3) the goodness-of-fit index
(GFI), (4) the goodness-of-fit index (AGFI), (5) the comparative
fit index (CFI), (6) the Tucker-Lewis index (TLI), and (7) the root
means square error of approximation (RMSEA).

The X2 should not be significant; however, this criterion is
highly criticized on large samples, whereas the X2/DF is widely
used and should be less than or equal to 2.

According to the recommendations of Hu and Bentler (58),
GFI and AGFI must have values greater than 0.90 to accept the
model. TLI and CFI values greater than 0.95 represent a good
model fit. RMSEA should be <0.06 for a good model fit and
<0.08 for an acceptable model fit (58, 59).

Concurrent validity was tested by examining the association
between the four PE-Grit factors and the R-SPQ-2F scale. To
examine these associations, we used low (<0.35), moderate
(between 0.36 and 0.67), and strong (>0.67) thresholds for
Pearson’s correlation coefficients (60).

Ethical Statement

This work has received approval from the Ethics Committee
of the Research Unit, Sportive Performance, and Physical
Rehabilitation, High Institute of Sports and Physical Education,
Kef, University of Jendouba, Jendouba, Tunisia and received

TABLE 2 | Descriptive statistics, normality test, and factor loadings of exploratory
factor analysis.

Items Mean SD Skewness Kurtosis Lambda
PHI1 4,36 1,65 —-0,20 -0,52 0,78
PHI2 4,44 1,58 -0,18 —-0,63 0,75
PHI3 4,41 1,56 -0,14 —0,86 0,72
PHI4 4,41 1,45 -0,22 —-0,50 0,72
ACI1 4,23 1,68 -0,12 -0,72 0,80
ACI2 4,34 1,69 -0,24 -0,77 0,80
ACI3 4,30 1,43 -0,20 -0,92 0,74
ACl4 4,26 1,74 -0,15 -0,83 0,79
PHE1 3,88 1,72 —0,05 -0,89 0,76
PHE2 3,99 1,69 —-0,01 -1,02 0,73
PHE3 3,63 1,48 0,20 —-0,55 0,73
PHE4 3,69 1,50 0,20 —-0,63 0,78
ACE1 3,44 1,58 0,28 -0,62 0,78
ACE2 3,24 1,65 0,55 —-0,50 0,75
ACE3 3,45 1,59 0,21 -0,78 0,78
ACE4 3,35 1,62 0,30 -0,75 0,81

PI, Physical interest; ACI, academic interest; PPE, physical practice effort; ACE, academic
effort. After examining KMO, factor loadings, and scree plot (Appendix Figure 1), the
factorial solution was retuned without deleting any items.

ethical clearance from the UNESCO Chair Health Anthropology
Biosphere and Healing Systems, University of Genoa, Genoa
(Italy), the Higher Institute of Sport and Physical Education of
Kef, Kef (Tunisia), and the Higher Institute of Sport and Physical
Education of Sfax, Sfax (Tunisia). The proposal has been also
approved by the Jendouba University Ethics Committee and
was undertaken following the legal standards of the Helsinki
declaration in 1964 and its corresponding amendments.

RESULTS

Factor analysis was used to extract the four factors from the
correlation matrix. All 16 items were subjected to factor analysis
using extraction by the unweighted least square method, Kaiser
normalization, and Promax rotation. Only the elements with
loads equal to or greater than 0.50 were retained.

This analysis resulted in 4 factors with eigenvalues greater
than 1, a Kaiser-Meyer-Olkin measure of sampling adequacy
index, KMO of 0.88, Bartlett’s sphericity test, and chi-square test
of value 1,257.81 (ddl = 120; p < 0.001).
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TABLE 3 | Internal consistency of PE-Grit scale.

Estimate McDonald’s » Cronbach’s o Guttman’s \6 Average interitem correlation Mean SD
PH.Interest 0,83 0,83 0,78 0,55 17,62 4,99
PH.Effort 0,86 0,86 0,82 0,61 17,13 5,50
AC.Interest 0,84 0,84 0,80 0,56 15,19 5,24
AC.Effort 0,86 0,86 0,82 0,61 13,48 5,41

The factorial solution resulted in four factors that explained
69.15% of the total variance.

The first factor explained 35.51% of the total variance
(eigenvalue 5.68), whereas the explained variances were
16.94% (eigenvalue = 2.71), 7.37% (eigenvalue = 1.49), and
7.37% (eigenvalue 1.18). Table2 presents the descriptive
statistics, the normality coefficients, and factor loadings (lambda)
of the item scores obtained in the exploratory phase.

Reliability
The McDonald’s o internal consistency indices for the four
dimensions vary between 0.86 for the AC, effort dimension, and
0.83 for PH. interest one. This shows a good consistency of the 4
dimensions of the scale. Also, Cronbach’s a values are good with
a minimum value of 0.83 for the academic effort dimension (see
Table 3).

For Gutmann’s 16 index, the scores vary from 0.78 to 0.82 for
the fourth and the first dimensions, respectively (see Table 3).

Confirmatory Factor Analysis

To validate the generalizable of the factor structure, confirmatory
factor analysis was carried out on three different models: (a)
a model with four factors which form a total score (M1, see
Figure 1) (b) a third-order model (M2, see Figure 2) where the
total Grit score is formed from two scores of interest (physical
interest and academic interest) and effort (physical effort and
academic effort) and the third model also of third-order (M3, see
Figure 3) is formed from a physical dimension (physical interest
and physical effort) and an academic dimension (academic
interest and academic effort).

Review of Adjustment Indices

The models shown in Figures 1-3 exhibit excellent factor
loadings which are greater than 0.71 which are recommended by
Comrey and Lee (61).

For model M1, the absolute goodness-of-fit indices X2/DF and
RMSEA were not adequate. Indeed, the value of X2/DF was 3.82
> 2, and both error indices were greater than 0.60. Likewise,
the TLI and CFI indices were slightly below the recommended
threshold for both indices (>0.95). However, the GFI and AGFI
indices were adequate. Following these results, the M1 model will
be rejected and other models must be examined [see Hu and
Bentler, (62)].

Referring to the recommended thresholds, the M2 model
exhibits good fit indices with the exception of X2/DF and
measurement errors.

Likewise, the M3 model provided the best-fit indices that are
faithful to the recommended standards, but with a smaller chi X2
=67.54 (p < 0.01), and the X2/DF = 0.68.

In addition, the indices of GFI = 0.994 and AGFI = 0.992.
The parsimony-adjusted measures indices CFI = 0.99 and TLI =
0.99 were close to 1, which justifies the excellence of the model.
The RMSEA and the RMR values were 0 and 0.033, respectively.
These values indicated a good adjustment index.

Concurrent Validity

For PH. interest, the results demonstrated significant associations
(see Table 4). However, the correlation coefficient between this
factor was low with deep (r = 0.19) and moderate with surface
(r = 0.37) (see Table 4). Likewise, the results showed significant
weak correlations between PH. effort with deep (r = 0.15) and
PH. effort with surface (0.30) (see Tables 4, 5).

The results showed a significantly moderate and weak
relationship between AC. interest with deep (r = 0.43) and
AC. interest with surface (r = 0.08), respectively. Finally, AC.
effort was associated with deep (r = 0.31), and no association
was demonstrated between the PE-Grit factor with surface (see
Table 5).

DISCUSSION

The purpose of this study was to develop and test a measurement
scale to assess Grit in the context of physical education and sport.
A 16-item, four-factor scale was developed and empirically tested
to assess its psychometric properties in a near-target population
of physical education and sport university students.

A first second-order model was tested by confirmatory
factor analysis and proved to be reliable. Subsequently, two
third-order hierarchical models were evaluated to examine the
most appropriate structure to represent the empirical data. A
third-order model with two physical and academic components
better displayed the data.

Afterward, the internal consistency was assessed to test
the reliability of the instrument. The results proved that
the four dimensions of the instrument have adequate
internal  consistency. Finally, concurrent validity was
assessed using the Pearson’s correlation matrix between
the four PE-Grit dimensions and the two factors of the
R-SPQ-2F scale.

Pearson’s correlation results showed that physical interest has
a slightly positive correlation with the deep approach and a
moderate correlation with the surface approach. In addition,
academic interest (AC. I) is moderately associated with the
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FIGURE 1 | Second-order confirmatory factor analysis of the PE-Grit. All parameters are standardized and significant at the 0.01 level.
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FIGURE 2 | Third-order confirmatory factor analysis of the PE-Grit (M2). All parameters are standardized and significant at the 0.01 level.
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FIGURE 3 | Third-order factor analysis of the PE-Grit (M3). All parameters are standardized and significant at the 0.01 level.

TABLE 4 | Fit indices of the three models of PE-Grit scale.

Model X2 (p) DF X2/DF GFI AGFI TLI CFI RMSEA [Lo90-Hi 90]
M1 393.89 (p < 0.01) 103 3,82 0.964 0.952 0.937 0.946 0.077 0.069-0.085
M2 334.31 (o < 0.01) 99 3,38 0.969 0.958 0.947 0.956 0.070 0.062-0.079
M3 67.54 (p < 0.01) 99 0,68 0.994 0.992 1 1 0.000 -

deep approach, whereas a weak association of physical effort  no correlation between academic effort (AC. E) and superficial
with both factors of the R-SPQ-2F was proven. Similarly, approach was found. These results confirm that students who
a moderate correlation between academic interest (AC. E),  are more interested in sport activities have a surface approach
academic effort, and deep approach was demonstrated. Finally,  and therefore extrinsic motivation. Additionally, students who
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TABLE 5 | Correlation between the dimensions of the PE-Girit scale and the two
factors, deep approach, and surface approach.

Dimension PH.Interest PH.Effort AC.Interest AC.Effort Deep
PH.Interest

PH.Effort 0.50**

AC.Interest 0.26™* 0.19**

AC.Effort 0.11* 0.23* 0.41*

Deep 0.19* 0.15* 0.43* 0.31*

Surface 0.37* 0.30* 0.08 0.08 0.29*

‘0 < 0.05; *p < 0.01.

are more motivated to learn have a more academic interest in
their academic training.

In line with the latter findings, Datu et al. (43) postulate
that many efforts in the university context require students’
persistence to achieve long-term goals. They emphasize the
importance of being passionate and having the determination
to achieve their goals through sustained personal effort in
school or university (63). In addition, Tang et al. (64) research
showed that Grit is associated with high academic commitment
and achievement.

In contrast, King and Ganotice (65) in their study of Filipino
students concluded that the deep approach did not necessarily
influence academic performance more than the surface approach.
Indeed, in this Asian culture, students put a lot of effort into
preserving their face and avoiding poor performance that is
frowned upon. In this cultural context, academic Grit can be
associated with encouragement and respect for the effort exerted
to keep face.

Likewise, in line with initial validations of the Grit-O
(23) and Grit-S (24) scales, the PE-Grit measure exhibits a
multidimensional structure. Similarly, the results of exploratory
factor analysis on the Grit Scale for Children and Adults (GSCA)
supported the multidimensionality of the instrument (41). In
agreement with these studies suggesting that the two factors,
interest and effort, are correlated, our first-order model did
not show good fit indices. However, the psychometric review
of the Academic Grit Scale conducted by both exploratory
and confirmatory factor analyses supported a unidimensional
structure (29). In addition, factorial reviews of the Triarchic
Model of Grit Scale (TMGS) supported a first-order model (43).

Actually, most of the studies across time and countries
have focused on the Grit-S. In fact, the tool has provided
a good internal consistency, adequate test-retest stability,
and good other psychometric proprieties [for example, (36,
40, 66)]. In addition, Grit-S total score was associated with
educational level. Despite this, too many controversies of the
structure were reported. For the sake of clarity, Gonzalez
et al. (67) concluded through parallel analysis, a measure of
instability, extrinsic convergent validity, and item response
theory models (on two US samples) that the short version of
the Grit is unidimensional. In another study, the theory item
analysis of a Russian version (68) revealed two uncorrelated
dimensions. Much more, in a German version evaluated among

students, Schmidt et al. (36) proved a second-order structure
by confirmatory factor analysis. It also found concordances of
the scale scores with self-efficacy and general academic self-
concept.

Furthermore, in another study by Clark and Malecki (29)
on a sample of adolescents, an Academic Grit Scale was
subjected to empirical examination. Results from exploratory and
confirmatory factor analyses supported second-order structure.
Internal consistency was high and positive correlations between
academic Grit and academic achievement were reported.

The concept of Grit has always been linked to academic
performance (69). To that end, Duckworth and Gross (70),
Hochanadel and Finamore (71), and Keegan (72) encourage
parents and teachers to teach Grit to children and students.
Thus, interventions to improve it are always welcome. However,
other researchers argue that other aspects of learning such
as learning conditions, mentor’s self-efficacy, and access to
resources and thus the intervention in this regard will be
more desirable (73, 74).

In addition, the study by Steinmayr et al. (75) showed
that the effect of Grit on achievement was weaker than that
of self-perceived ability and academic commitment. Similarly,
an international study in several populations showed that
sociodemographic factors, health behaviors, and psychology were
associated with academic performance (22, 76).

In conclusion, all of the instruments were tested and validated
with a common one-factor and mostly two-factor designs, and
high scores on these scales were positively associated with
academic or school performance. However, in contexts that also
require physical performance, a mismatch may arise between
academic and physical interest, similarly between academic effort
and physical effort. As a matter of fact, students in physical
education and sports in Tunisia have several subjects based on
physical practice that can increase their grades and meet the
conditions for success. Most of these students have integrated
the academic course through a sporting career. Therefore, for
them, they can succeed thanks to the grades achieved by the
practical disciplines.

Several perspectives and variables need to be examined in
the context of physical education and sport such as gender,
sport experience, and grade repetition. Indeed, in the context
of university medical students, a study by Alzerwi (77) showed
that students’ Grit scores were higher than those of men and also
differences related to repetition were highlighted.

We are aware that our research has some limitations. The
first is the examination of the relationship between PE-Grit
with different versions of Grit which was not conducted.
Second, the multigroup scale sensitivity was not conducted
to see the differences between dropout athletes and student
athletes. Third limitation of our study is that the version
presented in the English manuscript was not empirically
tested, and only the Arabic version was tested. The other
limitation of the study was the factor variability between the
variables gender, sports background, and education level which
was not achieved. Finally, it is preferable in a prospective
study to examine the association between personality traits
and PE-Grit.
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Implications and Future Directions
This study has raised the challenge of developing a scale to
measure Grit in the specific context of physical education and
sports for future school teachers. The integration of the physical
component with two factors, interest and effort, allows for a
better assessment of Grit in this field. Future studies on the
concept of Grit in this academic context may consider the
intensity and frequency of physical exercise in the teaching of
future physical education teachers. Indeed, the physical load that
exerted during learning sessions may influence both interest and
effort factors of the physical dimension and consequently on
the total Grit score. It is interesting to conduct studies in this
direction to understand how the student plans his or her goals.
Finally, the motivation to exercise, the culture for exercising,
the enjoyment of exercising, the credits attributed to physical
activities, and the grading systems (e.g., the coeflicients of the
subjects taught) may be different from one country to another.
It is therefore worthwhile to understand the concept in different
countries and cultures.

CONCLUSION

The examination of the beneficial role of positive psychology
instruments such as the Grit in specific academic contexts is
necessary, as they provide insight into learner performance. The
PE-Grit scale developed, obeys an adequate factor structure,
good reliability, and acceptable concurrent validity and can
be administered to assess Grit in physical education and
sport students.
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APPENDICES

TABLE A1 | English version of the PE-Girit.

Physical interest

- Eveniflfind physical difficulties during the training session, | find them very
important.

- Even when | can do more fun things, | do not miss my physical training.

- *I do not give much importance to physical training sessions.

- | am always interested in new physical exercises in my training sessions.

Physical effort

- Intense physical exercise never discourages me.

- | can maintain adequate physical effort all year round.

- *| spare no effort in completing the exercise.

- During the physical practice, | do whatever is necessary.

Academic interest

- One of my interests is to go deeper into the theoretical side, regardless of
the time it takes.

- | am always interested in acquiring new theoretical knowledge.

- *Not all theoretical subjects are important.

- My theoretical duties are very important to me.

Academic effort

- I finish my home exercises, no matter how hard they are.

- | always focus on class to acquire new knowledge.

- "l do not always revise all theoretical subjects.

- |am diligent in all theoretical subjects.

*The item score must be reversed.

Physical interest
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Physical effort
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FIGURE A1 | The Arabic version of the PE-Grit.
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Background: The Revised Two Factor Study Process Questionnaire (R-SPQ-2F) is
used to examine students’ study approaches in higher education. The questionnaire is
designed to measure two factors: deep and surface approaches. In order to measure
these approaches for students in physical education and sport, a new measurement
instrument should take into consideration the practical context of this field of education
that makes it specific to other fields.

Objective: The present study aims (a) to develop and empirical test of a new instrument
for measuring the study process in physical education and sports students, and (b) to
test psychometric properties of the tool.

Methods: Two exploratory and confirmatory samples of physical education students
enrolled in a bachelor’s degree program in physical education at the High Institute
of Physical Education and Sports of Kef-Tunisia, aged 19-26 years, were recruited
online among female students (n = 414) and male students (n = 393). The participants
filled in Google Form survey including Physical Education-Study Process Questionnaire
(PE-SPQ) and the Arabic version of the Revised Study Process Questionnaire-2
Factors (R-SPQ-2F).

Results: Exploratory factor analysis showed a suitable four factors solution, which
is approved by confirmatory factor analysis indices [x2 = 466.47, TLI = 0.94, CFI
= 0.95; RMSEA = 0.56 IC 90% (0.050-0.062)]. Internal consistency of the PE-SPQ
simultaneously checked by McDonald’s w, Cronbach’s a and Gutmann’s A6 showed
good reliability of the PE-SPQ. Convergent validity examined by Average variance
extracted (AVE) was good. The comparison between the AVE root mean square and
Pearson correlation coefficients of each factor with his indicators reveals the discriminant
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validity of the PE-SPQ. Furthermore, Pearson’s correlation between the PE-SPQ factors
and the R-SPQ-2F establishes the concurrent validity of the new scale.

Conclusion: The PE-SPQ scale is valid and reliable and can be used to assess study
process factors in physical education students.

Keywords: approach to learning, deep approach, physical education, surface approach, psychometric

INTRODUCTION

In recent years, the learning process in secondary and higher
education has been the subject of research in its proper context.
Indeed, understanding the learning process is necessary to
increase the quality of learning. Therefore, it is crucial to have a
comprehensive view of the student learning process in education
(1). In fact, studies have focused on finding ways of explaining
some of the main differences in students’ approach to learning
(2,3).

In higher education, quality of teaching and learning are as
yet topics of debate (4). Moreover, learning approaches adopted
by students are common concerns in different fields such as
business, nursing, and psychology (5-9). Students do not always
adopt the learning approach best suited to bring about desired
academic achievements and success. The academic achievement
and success seem to vary depending on these approaches (10, 11).
Also, learning approaches are different processes by which a
student obtains, assimilates, and retains knowledge (12). Indeed,
the learning approach denotes the students overall pattern of
study behaviors and attitudes in a given learning context (13).

Hailikari and Parpala (14) specified that learning approaches
represent the management of the study tasks by students. Two
distinct learning approaches are commonly reported, referred
to as the “deep approach” (DA), centered on comprehension of
course material and seeking to relate ideas; and the “surface
approach” (SA), driven by rote learning without self-reflection
(15). The distinction between DA and SA is particularly useful
for academics who want to understand their students” learning
and create a suitable educational environment (2, 16). Previous
studies reported that an adequate class climate encourages
students to use a deep approach to learning (17-19).

In order to measure these learning approaches, researchers
have developed several questionnaires (20), such as the
“Approaches and Study Skills Inventory for Students (ASSIST)”
(21) or the “Learning and Studying Questionnaire” (22).
However, one of the most widely used instruments to
measure student-learning approaches (2), is the “Study Process
Questionnaire” [SPQ; (23)] which was later revised to “Revised
Study Process Questionnaire-2 Factor” [R-SPQ-2E (24)]. The

Abbreviations: AGFI, adjusted goodness-of-fit index; AVE, average variance
extracted; CFI, comparative fit index; DA, deep approach; DPT, deep practical
task; DTT, deep theoretical task; DWLS, Diagonally Weighted Least Squares;
GFI, goodness-of-fit index; KMO, Kaiser-Meyer-Olkin; PE, physical education;
PE-SPQ, physical education study process questionnaire; RMSEA, root mean
square error of approximation; R-SPQ-2FE revised study process questionnaire-
two-factors; SPT, surface practical task; SRMR, Standardized Root Mean Squared
Residual; STT, surface theoretical task; TLI, Tucker-Lewis index.

validity of this scale has been confirmed by various studies
(25-32). Also, the R-SPQ-2F has been investigated in several
countries, such as the USA (26), Japan (27), Ghana (33) and
India (34). The tool confirmed its robustness to operationalize
the DA and SA concepts in various fields of higher education,
such as biology (32), dental medicine (35), orthopedics (36),
and business (27). Likewise, different educational studies
suggested that R-SPQ-2F scores were associated with personality,
knowledge acquisition, academic performance, learning style
preference, self-efficacy, goal orientation, and self-regulation
strategies (37, 38).

It seems that to date, Physical education (PE) is a specific
educational context with very distinct features, or something
similar, and then outline how this discipline is distinct from
others. The PE students must have theoretical knowledge in the
humanities and social sciences, educational sciences, statistics,
and biological and movement sciences (39, 40). Besides that,
there is also practical training in individual sports, team sports
and Martial arts (41, 42). Furthermore, in this field, the process
of student training and learning involves several interdisciplinary
(43) and transdisciplinary fields (44), and these students are able
to become coaches and physical education teachers (45).

Several previous studies have noted future physical education
will differ from education in other disciplines with regards to the
physical structure of the classroom, characteristics of teaching
content, professional tasks, and the status of the subject matter
and teachers (46, 47).

Therefore, PE learning requires particular curriculum
and tasks to prepare students for their careers: theoretical
concerns, physical performance, technical skills acquisition, and
practical knowledge.

PE students’ learning approaches, may be related to this
specific context. Indeed, the motivation of students in PE
generally decreases after the first years. However, practical
classes within academic PE settings are typically held in open
spaces such as gymnasiums, tracks, and playgrounds, which will
encourage students to view these classes as places to release
their excess energy (48). As a result, concept measurements such
as, satisfaction, autonomy, motivation, engagement and grit in
learning of PE students is different from other students (49-52).

In relation to assessment, students who adopt a SA in
the various subjects aim toward an accurate reproduction
of the course (15). However, in PE the SA is linked to
a practical component (e.g., proper execution of the sport
movement). Also, the assessment of “theoretical knowledge” for
PE students was conducted in a standard way, as in other more
established subjects, by examinations, dissertations or multiple-
choice questions (53). In contrast, the assessment of “practical
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knowledge” was less easy to achieve. Various assessment tools
were developed, such as the use of motor skill and fitness tests,
and point tables for performance in areas such as gymnastics,
swimming and athletics.

However, hands-on PE classes may involve activities that are
dangerous and characterized by its varied and vigorous aspect
(54), such as contact sports or gymnastics (55), furthermore,
the specificity of this environment may lead to safety-related
incidents or issues compared to regular classrooms (56), such as
injuries (57), sprains (58) or back pain (59). In addition, the PE
student faces a range of contextual factors, that have the potential
to present significant emotional demands (60, 61). These need
to be addressed in the student’s curriculum in order to prepare
them to implement contextually relevant instructional content.
It is also important to note that learning in an environment
where theoretical principles and practical applications are closely
related helps future PE teachers bridge the gap between theory
and practice and generate theory from practice (62). Depending
on the students’ involvement within a practice or theorical
learning activity a surface approach or a deep approach (63)
four possibilities can arise: Deep Theoretical Task (DTT), Surface
Theoretical Task (STT), Deep Practical Task (DPT) and Surface
Practical Task (SPT).

All these features may distinguish the physical education
student from other students in different fields of study. However,
to the best of our knowledge, there is no instrument to measure
study approaches in the specific context of physical education.
Given the importance of the concept of study approach to
learning in educational settings, the aim of the present study
is (a) to develop a new instrument: Physical Education Study
Process Questionnaire (PE-SPQ) for measuring the study process
in physical education and sports, and (b) to test the psychometric
properties of the instrument in terms of factor structure, validity
and reliability.

MATERIALS AND METHODS

Declaration of Ethics

This study has received the approval of the Ethics Committee
of the “High Institute of Sport and Physical Education, Kef,
University of Jendouba, Jendouba, Tunisia, the “High Institute
of Sport and Physical Education of Sfax” and the “High Institute
of Sport and Physical Education of Gafsa.” The research was
also approved by the Ethics Committee of the “University
of Jendouba” and was undertaken in accordance with the
legal standards of the “Declaration of Helsinki 1964” and its
corresponding amendments.

Each participant was asked to complete the questionnaires
after receiving an informed consent form. They were informed
that there was no obligation to participate in the study, and that
any refusal did not have to be justified. The study was described
as a study of the vagaries of school life, without specifying the
concepts of commitment to limit response bias.

Participants and Data Collection
A sample of physical education students (n = 807) were recruited
online. No exclusion criteria were used. The participants were

enrolled in a bachelor’s degree program in physical education
at the High Institute of Physical Education and Sports of Kef-
Tunisia.

Participants were invited to take part in the study through
social media: Facebook (official page of the institute) and e-mail.
An electronic survey was administered using the online survey
portal, Google forms® (Online survey services), provided by
Google Inc (Google, California, USA), which is a cloud-based data
management tool used universally to design and develop online
questionnaires. This tool collects the email addresses of survey
participants. By activating this option, each subject will only be
limited to submitting one answer.

The age of the subjects varied between 19 and 26 years. Mean
age was 21.82 £ 1.51 years. The proportion of female participants
(n =414, 51.3%) was similar to that of men (n = 393, 48.7%). The
subjects recruited for the study were divided into two groups to
conduct both exploratory and confirmatory studies.

A. Exploratory data were collected from 226 students aged 19-
25 years (M = 21.90 % 1.35). The subjects were recruited
from both sexes, women (n = 101; 44.69%) and men (n =
125; 55.30%).

B. Confirmatory data were collected from a total of 581 students
aged 19-26 years (M = 21.79 =+ 1.57). The subjects were male
(n = 268; 46.12%) and female (n = 313; 53, 87%).

Instruments

Study Variables

In our study, the variables of gender and age were considered as
basic demographic characteristics.

Arabic Version of the Revised Two-Factor Study
Process Questionnaire (R-SPQ-2F)

This version was adapted by Khine and Afari (31) among
students from a teachers’ college in Abu Dhabi, UAE. The internal
consistency (Cronbach alpha) for the 20-item questionnaire
was considered acceptable reliability. Factor one, the deep
approach (DA) with 10 items provided a Cronbach’s alpha
of 0.81, factor two, the surface approach (SA) with 10 items
was 0.76, which were considered acceptable. The results were
above the acceptable level of 0.70 for a scale consistency test as
suggested by Hair et al. (64) and DeVellis and Thorpe (65). The
Cronbach alpha reliability results for are comparable somewhat
with the Cronbach alpha values 0.73 and 0.64 as reported by the
developers of the R-SPQ-2F.

Physical Education Study Process Questionnaire
PE-SPQ

The “Physical Education-Study Process Questionnaire” (PE-
SPQ) was developed through a series of meetings among
university teachers in educational sciences of pedagogical studies.
They explored existing scales in the literature in relation to study
processes (66-69). Also, the same procedure has been followed
for the physical education context (70-74). However, given the
theoretical and practical nature of PE training and assessment
(75, 76), it was necessary to generate a pool of items that takes
this specificity into account. Indeed, students in this field may
opt for a deep approach to the content of practical subjects,
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while they may operate using a surface approach to academic
knowledge, and vice versa. Similarly, the student may choose
different approaches to studying in practical and theoretical
courses. The task of the committee charged with this study
led to the elaboration of a questionnaire of 20 items, allowing
to measure the study process through four dimensions [Deep
Theoretical Task (DTT) and Surface Theoretical Task (STT) Deep
Practical Task (DPT) and Surface Practical Task (SPT)], each
of which includes five items [example: I am often interested
in reviewing the information provided in the theoretical courses
(DTT)/ I manage my theoretical courses by repetition, and go over
them several times until I memorize them without understanding
the content (STT)/ I do my best in the practical courses because I
find these sessions interesting (DPT)/ One of my goals is to pass the
practical exams with as little effort as possible (SPT)].

At this point, we were able to identify the key aspects
that characterize the dimensions of the study process. In
addition, we tried to integrate the specific characteristics of the
study population into the items. When writing the items, we
chose clearly comprehensible and unambiguous vocabulary. The
recommendations were to generate standard items that are not
specific to a particular environment and valid for studying the
study process in PE students around the world.

Five female and male university teachers/researchers (two
professors and three associate professors) with ages ranging from
41 to 48 years old made up a focus group. They devoted at least 15
years to all of their scientific and educational endeavors. Among
the group are two of the manuscript’s authors.

The focus group discussed to identify potential difficulties,
which could pose problems related to the cultural context.
The wording of the items that posed potential problems was
then revised during the discussion. Finally, a pre-test of the
paper version of the questionnaire was conducted on a group
of females (n 28) and males (n 24) students to assess
item comprehension.

Students participating in the survey responded to each item by
choosing a categorical frequency response on a five-point Likert
scale ranging from 1 (response A) to 5 (response E) (A: never or
rarely true for me; B: true for me occasionally; C: true for me every
other time; D: often true for me; E: always or almost always true
for me).

Statistical Analysis
Statistical analyses were performed using IBM SPSS version 26
(IBM Corp., Armonk, NY, USA), Lavaan package in RStudio and
the free JASP 2020 software.

Preliminary analysis of the numerical data was carried out
to examine the quality of the data collected and inspect for
anomalies or missing boxes. Subsequently, univariate (Skewness
and Kurtosis) and multivariate normality tests using the Mardia
coefficient were performed and descriptive statistics for each
variable were completed.

Exploratory factor analysis was performed by the Unweighted
Least Squares method with Direct-Oblimin rotation and Kaiser
normalization. Factor analysis was performed if KMO >0.80 and
a significant Bartlet test’s Chi-square (77).

TABLE 1 | Descriptive statistics, normality coefficients and Lambda factor
loadings of the PE-SPQ.

Mean Std. deviation Skewness Kurtosis Lambda
11 3.80 1.11 -0.74 —0.19 0.93
15 3.97 0.93 —0.69 0.13 0.87
19 3.82 1.04 —0.55 —0.36 0.86
113 3.66 1.02 -0.45 —0.19 0.84
17 3.79 1.09 —0.69 —-0.08 0.83
12 3.37 1.28 —0.36 —0.93 0.86
16 3.03 1.21 —0.06 —0.90 0.85
110 2.83 1.22 0.15 —0.88 0.84
114 2.80 1.28 0.19 —1.00 0.83
118 2.99 1.24 —-0.05 —0.86 0.67
13 3.09 1.26 —0.01 —1.01 0.81
17 3.07 0.98 0.12 —0.16 0.75
111 3.02 1.17 0.03 -0.71 0.74
115 3.13 1.35 -0.14 —-1.14 0.73
119 2.95 1.28 —0.01 —1.03 0.68
14 3.00 1.12 —-0.05 —0.57 0.85
18 3.10 1.30 —0.07 —1.02 0.76
112 3.29 1.34 -0.18 —1.09 0.74
116 2.85 1.36 0.14 —-1.17 0.70
120 3.10 1.26 —0.11 —0.89 0.69

The reliability of the instrument was examined simultaneously
by the Cronbach coefficient a, the McDonald coefficient w and
the Gutmann’s coefficient \6.

A Cronbach’s o above the threshold of 0.70 was considered
as acceptable, above 0.80 as good, and between 0.90 and 0.95 as
excellent). The questionnaire structure for the entire population
was carried out by confirmatory factor analysis (CFA). For the
McDonald coeflicient w and the Gutmann’s coefficient A6, Values
above 0.70 were considered appropriate (78-80).

The confirmatory factorial analysis was conducted by the
robust Diagonally Weighted Least Squares (DWLS) method
(81). According to Comrey and Lee (82), the robustness of an
indicator, in CFA, is demonstrated with his high factor loadings.
Thresholds suggest that a factor loading > 0.71 is considered
excellent, > 0.63 is considered very good, > 0.55 is considered
acceptable and < 0.45 is considered poor.

Several CFA indices were used to examine the model: (1)
the %2; (2) x2/DE (3) the Comparative Fit Index (CFI); (4)
the Tucker-Lewis Index (TLI); (5) Standardized Root Mean
Square Residual, and (6) the Root Mean Square of error
Approximation RMSEA.

Hu and Bentler (83) suggested values >0.95 for the CFI and
TLIL and RMSEA values <0.08 for reasonable adjustments.

Convergent validity and discriminant validity were assessed,
respectively, by calculating the average variance extracted
(AVE) and comparing the square roots of the AVE values
to the correlation coefficients between latent constructs (84).
Discriminant validity is demonstrated when the variance shared
by two different latent constructs is less than the variance shared
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TABLE 2 | Internal consistency of the PE-SPQ.

Dimensions McDonald’s © Cronbach’s o Guttman’s \6

Average interitem correlation Mean Sd

DTT
DPT
STT
SPT

0.86
0.86
0.91
0.94

0.86
0.86
0.91
0.93

0.83
0.86
0.89
0.92

4.14
4.97
5.18
5.70

0.55
0.55
0.66
0.74

19.04
15.02
15.27
15.33

DPT, Deep Practical Task; DTT, Deep Theoretical Task; SPT, Surface Practical Task; STT, Surface Theoretical Task.

by that variable and its indicators. This implies that the square
root of the AVE must be greater than all correlations between
latent constructs.

Concurrent validity was examined by Pearson’s correlation
between the scores of the four scale factors and the scores
measured on the Arabic R-SPQ-2F.

RESULTS
Normality and Descriptive Statistics

Statistical analysis began with the calculation of descriptive
statistics (Table 1) (means and standard deviations) and
inspection of the distributions of the 20 questionnaire items.
For each item, the distribution appeared to be normal given the
measures of kurtosis [—2, 2] and skewness [—3, 3].

Exploratory Factor Analysis

The 20 items of PE-SPQ were submitted to exploratory factor
analysis using the Unweighted Least Squares method. Sampling
adequacy is supported by the KMO = 0.88, which measures
sampling quality and the quality of the correlation matrices by
the Bartlett significant test (x2 = 4812.023, p < 0.001).

The results of the exploratory factor analysis by the
Unweighted Least Squares method holding a Direct-Oblimin
rotation with Kaiser normalization suggested the extraction of
four factors that explain 64.8% of the variance. The first, the
second, the third and the last factors explained 28.8% (Eigenvalue
= 5.76), 18.10% (Eigenvalue = 3.61), 11.2% (Eigenvalue = 2.24)
and 6.7% (Eigenvalue = 1.35), respectively.

As shown in Figure 1, the purpose of the cut function is
to select factors with Eigenvalue’s superior to 1. The collected
data and the simulated data (which are generated by the JASP
software) showed a four-factor solution: the factors retained
must be above the cut-off line perpendicular to the axis of the
Eigenvalues (intersection for Eigenvalue = 1).

Internal Consistency

The scale showed a good consistency coeflicient for all
components. For the DTT, McDonald’s w, Cronbach’s a and
Guttman’s A6 was 0.86, 0.86 and 0.83, respectively. A similar
coefficient with a 0.86 value was demonstrated for DPT. In
addition, for STT and SPT reliability coefficient are ranged
between 0.89-0.91 and 0.92-0.94, respectively. These values
indicated a good internal consistency for each of the four scales
(see Table 2).

-o- Data
-4- Simulated (95th quantile)

n
|

N
|

EFA Eigenvalue

o
L

Factor

FIGURE 1 | Scree plot of the PE-SPQ.

Confirmatory Factor Analysis

The univariate and descriptive statistics for the sample used in
the confirmatory factor analysis are shown in Appendix Table 1.
The multivariate Mardias coefficient (4.56, z = 6.59, p < 0.01)
indicated adequate multivariate normality.

The CFA results provided evidence for the four-factor
structure of PE-SPQ. All the factorial weights of our items range
from acceptable to excellent, as shown in Figure 2.

The results of the indices from the CFA showed a consistent
first-order model with four factors, consistent with the theoretical
model tested for the developed version of the scale (see Figure 2).

The y 2 /df value is 2.84, the GFI index is 0.92, the AGFI index
is 0.90. Moreover, RMSEA is 0.056, CFI is 0.95 and TLI is 0.94.
Therefore, the theoretical model, which is a priori posed, was
correctly reproduced by the empirically collected data.

Convergent and Discriminant Validity
Convergent validity was examined by the average variance
extracted (AVE). The AVE values were 0.51, 0.60, 0.62 and 0.64
for DTT, DPT, STT, SPT, respectively. These values demonstrated
a good convergent validity or PE-SPQ. In addition, the AVE root
mean square was lower than the correlations between factors (see
Table 3). This confirms the discriminant validity of PE-SPQ.

Concurrent Scale Validity

To examine the concurrent validity of the scale, we performed
the Pearson correlation of the four dimensions with the R-
SPQ-2F scores. The results showed that DTT, and DPT are
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FIGURE 2 | Confirmatory factor analysis of the PE-SPQ. x2 = 466.47, df = 164, p < 0.001, x2/df = 2.84, GFl = 0.92, AGFI = 0.90, TLI = 0.94, CFl = 0.95, SRMR
= 0.046; RMSEA = 0.56 IC 90% [0.050-0.062]; DPT, Deep Practical Task; DTT, Deep Theoretical Task; SPT, Surface Practical Task; STT, Surface Theoretical Task.

TABLE 3 | Pearson moment correlation between PE-SPQ and SPQ-2F.

DTT DPT STT SPT Deep Surface
DTT 0.72%
DPT 0.27* 0.77¢
STT 0.26™ 0.23* 0.79¢
SPT 0.12* 0.31* 0.40* 0.80°
Deep 0.34* 0.12* 0.07 0.024 -
Surface —0.03 0.13* 0.21* 0.33* 0.39* -

“b < 0.01; £ Root mean square AVE.

significantly and positively correlated with the Deep (r = 0.34 (p
< 0.01), and r = 0.12 (p < 0.01), respectively. However, no links
between STT and SPT with Deep was demonstrated (r = 0.07
and r = 0.024, respectively). No correlation was demonstrated
between Surface and DTT. In addition, a weak correlation was
found between Surface and DPT. Finally, significant correlations
were affirmed on the one hand between Surface and STT (r =
0.21, p < 0.01), and on the other hand between Surface and
SPT (r = 0.33, p < 0.01).

DISCUSSION

The aim of the present study is (a) to develop a new instrument:
Physical Education Study Process Questionnaire (PE-SPQ) for
measuring the study process in physical education and sports,
and (b) to test the psychometric properties of the instrument in
terms of factor structure, validity and reliability.

A four-factor scale was designed and empirically tested for
physical education and sports students in Tunisia. The statistical
results showed that the constructed measurement scale was
appropriate for exploratory factor analysis. Empirical data for the
20 initially developed items were well-aligned with the proposed

four factors of PE-SPQ. As a result, no item has been deleted. The
results of the exploratory factor analysis suggest the presence of
four factors that explain 64.8% of total variance. These outcomes
are consolidated by the stability of the first-order solution which
provided adequate fit indices. The results of the factorial structure
in the two analyses are aligned with several studies which
highlighting two distinct types of learning process. The distinct
learning types suggest that an instrument for measuring learning
process should be composed of items reflecting two factors [for
example: Munchi et al. (85) and Hernadndez et al. (86)]. These
results are similar to those of Biggs (87), whose study supported
a two-factor structure through principal component analysis
with varimax rotation. A pervious confirmatory factor analysis
also supported the presence of two distinct components for the
Surface and Deep subscales (87). However, other studies were
unable confirm this structure [e.g., Stes et al. (28)].

Additionally, Justicia et al. (25) criticized the fact that in
previous studies, each factor analysis was performed on the same
sample. Although the factor loadings from the exploratory factor
analysis supported the two-factor structure, mixed results were
found in the fit indices from the confirmatory factor analysis
[e.g., Fryer et al. (27)]. In contrast, Johnson et al. (32) found
low fit indices using the weighted least squares (WLS) estimator.
However, considerable improvement was confirmed using a
maximum likelihood estimate.

In our study, we addressed the criticism of previous studies
by conducting an exploratory factor analysis with one subset
of the sample and a confirmatory factor analysis on another
subset. The results of the confirmatory analysis supported the
four-factor structure found in the exploratory analysis. Also,
the factor analysis results from Immekus and Imbrie (26) did
not support the factor structure of the original scale, suggesting
instead an alternative four-factor model. The addition of the two
factors DPT and SPT was similar to the original work, arguing
that the hands-on learning process requires a deep component
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and a surface component. The present work is considered the
first psychometric review of a scale that takes these factors
into account.

Similarly, the reliability tests supported that the instrument
is reliable among the four constructs. The confirmatory factor
analysis showed the measurement robustness of the 20 items
scale. These results were sustained by adequate convergent and
discriminant validity and confirmed the robustness of the PE-
SPQ as a new measure of study process in physical education.
Additionally, the factors DTT and DPT are significantly and
positively correlated with the Deep learning approach. Likewise,
a weak correlation was found between Surface approach learning
and DPT. These results demonstrated the concurrent validity of
the PE-SPQ.

According to our best knowledge, no study has explored
the validity and reliability of a questionnaire that measures the
university study process in the context of physical education and
sport. Similarly, the Biggs scale (24) widely used in the academic
context has never been explored in this area.

In line with our findings regarding the four-factor structure of
the questionnaire, Immekus and Imbrie (26) attempted a cross-
validation of the two-factor questionnaire (R-SPQ-2F) on the
basis of separate data from two samples of students attending a
university in the United States (n = 1,490 and n = 1,533). The
results of the factor analysis did not support the original factor
structure of the scale, suggesting instead an alternative four-
factor model of the data. Indeed, the integration of items that
includes the physical dimension suggests a four-factor model.
Similarly, the results of the multi-sample confirmatory factor
analysis indicated that the parameters of the scaling model (e.g.,
factor loadings) were invariant in the independent samples.

The R-SPQ-2F scale was recently used in this study to evaluate
learning approaches in 13 different subjects of four degrees
(8, 88, 89). Item reliability analysis showed high consistency for
the primary scales, but not for the secondary scales of the R-SPQ-
2F questionnaire. In line with our results, a strong correlation
between the deep and surface scale was observed. In another
work, Khine and Afari (31) explored the reliability and validity
of an adapted and translated Arabic version of the R-SPQ-2F
questionnaire administered to students at a higher education
institution in the United Arab Emirates. The analysis showed
that the four factor of the Arabic version of the questionnaire
was valid, as shown in both exploratory and confirmatory factor
analysis. Similarly, the reliability of the tool was demonstrated
by the classical Cronbach alpha index and the AVE (Average
Variance Extracted) and CR (Composite Reliability).

Indeed, in different studies related to the cultural context,
Biggs’ questionnaire has been used to evaluate students’ learning
methods and its effectiveness has been evaluated in different
socio-cultural contexts. In fact, the R-SPQ-2F questionnaire has
been adapted to several languages (27-33) and has been tested
in a variety of contextual areas such as medical students (90, 91),
and chemistry students (92). For example, in medical studies, a
deep learning approach has been demonstrated among students
in Ghana (33), in Saudi Arabia (90) and in Malaysia (93).
Similar results were obtained in business, computer science and
engineering programs (94, 95). These results are different with

those obtained among our participants. A variety of approaches
are used by students in physical education. In fact, studies
within the framework of physical education have not taken into
account the specific characteristics of this subject (96). As a
result, the physical component that is part of the curriculum
and in assessments was overlooked (41, 42). By examining the
curricula and the training of the students, except to find that the
physical practice contributes significantly to the success among
students in the institutes of physical education and sport. This
systematically leads students to adopt different strategies. A
significant mass of students can focus on physical practice to be
successful if they have adequate athletic skills, while others focus
on theoretical subjects to be successful.

To better explain the learning approach among our
participants, we must explore the criteria for admission
and success in these universities. For example, in the physical
education and sports institutes in Tunisia, the official program of
the LMD regime requires the student to capitalize a set of credits
or an equivalence in notes of 50% regardless of the nature of the
subjects. In other words, a student who has 10/20 as a general
average successfully completed his university year. As a result,
the student who excels in sports practice can succeed even with
low marks in theoretical subjects. If this student has a good sports
background as an example elite athlete, he may be successful
in this discipline. While a middle-level student concentrates
on theoretical subjects to fill in athletic deficiencies. These
justifications can well explain the weak association between Deep
approach with STT and SPT.

In Saudi Arabia, DA learning was generally associated with
more hours of study and higher grades. In the same context
and according to a study in the Netherlands (97), law students
scored higher on DA than on SA, although many scored low
on both learning approaches. Similarly, students of physical
education have a very heavy learning content through practical
and theoretical sessions. Because of this, these students may have
different orientations and a different Grit (52).

Another study conducted in Australia with chemistry students
using Biggs’ original questionnaire found that DA learning
was related to the assessment of learning objectives and the
approach to learning and benefits was primarily affected by
age (16). However, our study, was conducted among students
without a great difference in age and academic years practice
(3 years). Meanwhile, in Hong Kong, research using Biggs’
unedited questionnaire and interviews revealed that DA learning
was strongly correlated with age and negatively correlated with
academic year (98).

However, according to studies conducted in Japan by Fryer
et al. (27), validation of the Biggs questionnaire was performed
against the DA and SA, but not against the subscales of the
questionnaire, which showed distinct relationships that were not
found in previous studies and could be explained by cultural
motives. Work also conducted in China by Leung, Ginns et al.
(99) found that learners adopted more intermediate approaches
to learning, where memorization was a tool for understanding.
Biggs’ questionnaire was even used to test learners’ progress in
a subject area and the influence of the flipped lesson approach
(100). Positive correlations were found between the DA and
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learners’ learning outcomes (16, 100, 101). More studies are needs
to examine PE-SPQ, in other cultural context.

As well as comparative studies of different question choice
models that determine DA and SA learning in the Biggs
questionnaire (102). The latter compared the findings of Biggs’
work (24) in Hong Kong with those that evaluated the
questionnaire in different contexts, [e.g., Spain (103); Japan
(27); the United States (26, 102), Netherlands (28) or Norway
(104)]. These studies have also indicated that there may be
cultural differences that explain different results and have shown
controversy regarding the grouping of test questions (26, 102,
104). In addition, another study comparing the results of students
in Hong Kong and Sydney confirmed differences that could be
attributed to cultural causes (99).

These studies analyzed the approach to learning in many
contexts, but there is no detailed study that includes Tunisia’s
sociocultural conditions in a sport science learning environment.
In the study, the approach of PE students was analyzed according
to different degrees and levels, and the factors that influence their
response were assessed.

We are aware that our research has some limitations. First,
the instrument was only tested on a single population living
in a single country. Second, multiple studies are needed to
examine the study processes surveyed by the PE-SPQ across
socio-demographic variables such as age and gender.

CONCLUSION AND IMPLICATIONS

The present study led to the design of the PE-SPQ questionnaire
which is a new instrument adapted to the discipline. The tool
was empirically tested in terms of its psychometric properties.
The data confirmed the validity of the questionnaire in physical
education and sport degrees. The measurement scale was
stable, as evidenced by the exploratory factor analysis. Similarly,
reliability tests proved that the scales derived from the instrument
have good internal consistency. The confirmatory factor analysis
showed the measurement robustness of the 20 items of the
scale. Also, the four dimensions of the scale (DTT, DPT, STT,
SPT) correlated with the deep and surface learning approach
scales according to the expected pattern, which demonstrates its
concurrent validity.

REFERENCES
1. Strom K], Viesca KM. Towards a complex framework of
teacher  learning-practice. ~ Prof ~Dev  Educ.  (2021)  47:209-

24. doi: 10.1080/19415257.2020.1827449
2. Asikainen H, Gijbels D. Do students develop towards more deep approaches
to learning during studies? a systematic review on the development of
students” deep and surface approaches to learning in higher education. Educ
Psychol Rev. (2017) 29:205-34. doi: 10.1007/510648-017-9406-6
3. Campos DG, Alvarenga MRM, Morais SCRV, Gongalves N, Silva TBC, Jarvill
M, et al. A multi-centre study of learning styles of new nursing students. J
Clin Nurs. (2022) 31:111-20. doi: 10.1111/jocn.15888
. Owusu GMY, Kwakye TO, Bekoe RA, Welbeck E. Approaches to learning
of accounting students in Ghana. UCP Manag Rev UCPMR. (2019) 3:69-93.
doi: 10.24312/ucpmr030112

The findings of the study could be strengthened in future
research by including more subjects from different disciplines
and related subjects, and from other Tunisian universities.
Future studies could confirm the number of factors and
the associations of questions with the different scales of
the R-SPQ-2F questionnaire and investigate the influence of
pedagogical dynamics in the students’ learning approaches in
each subject.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Ethics Committee of the Higher
Institute of Sport and Physical Education of Kef, University
of Jendouba, Jendouba, Tunisia, the Higher Institute of Sport
and Physical Education of Sfax and the Higher Institute of
Sport and Physical Education of Gafsa. The research was
also approved by the Ethics Committee of the University
of Jendouba and was undertaken in accordance with the
legal standards of the Declaration of Helsinki 1964 and
its corresponding amendments. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

AT conceived and designed the experiment. AT, NG, and NB
collected and analyzed data. AT, NG, TB, NC, FA, and NB wrote
the manuscript. All authors approved the submission.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.856167/full#supplementary-material

5. Stover S, Holland C. Students’ approach to learning over time. Nurse Educ
Pract. (2021) 52:103026. doi: 10.1016/j.nepr.2021.103026

6. Alhammadi S. The effect of the COVID-19 pandemic on learning quality and
practices in higher education—using deep and surface approaches. Educ Sci.
(2021) 11:462. doi: 10.3390/educscil1090462

7. Piumatti G, Abbiati M, Gerbase MW, Baroffio A. Patterns of change in
approaches to learning and their impact on academic performance among
medical students: longitudinal analysis. Teach Learn Med. (2021) 33:173-
83. doi: 10.1080/10401334.2020.1814295

8. Appleton-Knapp SL, Krentler KA. Measuring student expectations
and their effects on satisfaction: the importance of managing student
expectations. ] Mark Educ. (2006) 28:254-64. doi: 10.1177/0273475306
293359

9. Hard BM, Dunn DS, Musselman R, Hudson DL, Richmond AS. Designing
the introductory psychology course: an evidence-informed framework.

Frontiers in Public Health | www.frontiersin.org

27

March 2022 | Volume 10 | Article 856167


https://www.frontiersin.org/articles/10.3389/fpubh.2022.856167/full#supplementary-material
https://doi.org/10.1080/19415257.2020.1827449
https://doi.org/10.1007/s10648-017-9406-6
https://doi.org/10.1111/jocn.15888
https://doi.org/10.24312/ucpmr030112
https://doi.org/10.1016/j.nepr.2021.103026
https://doi.org/10.3390/educsci11090462
https://doi.org/10.1080/10401334.2020.1814295
https://doi.org/10.1177/0273475306293359
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Tannoubi et al.

Physical Education-Study Process Questionnaire

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

In: Transforming Introductory Psychology: Expert Advice on Teacher
Training, Course Design, and Student Success. Washington, DC; American
Psychological Association (2022).

Kyndt E, Dochy E Struyven K, Cascallar E. The perception of workload
and task complexity and its influence on students’ approaches to learning.
A study in higher education. Eur ] Psychol Educ. (2011) 26:393—
415. doi: 10.1007/s10212-010-0053-2

Sam L. Relationship between learning approaches and academic achievement
of accounting education students. Int J Sci Res Publ IJSRP. (2020) 10:919-
24. doi: 10.29322/IJSRP.10.07.2020.p103103

Alsayed S, Alshammari F, Pasay-an E, Dator WL. Investigating the learning
approaches of students in nursing education. J Taibah Univ Med Sci. (2021)
16:43-9. doi: 10.1016/j.jtumed.2020.10.008

Shah DK, Yadav RL, Sharma D, Yadav PK, Sapkota NK, Jha RK, et al.
Learning approach among health sciences students in a medical college
in Nepal: a cross-sectional study. Adv Med Educ Pract. (2016) 7:137-
43. doi: 10.2147/AMEP.S100968

Hailikari TK, Parpala A. What impedes or enhances my studying?
the interrelation between approaches to learning, factors influencing
study progress and earned credits. Teach High Educ. (2014) 19:812-
24. doi: 10.1080/13562517.2014.934348

Entwistle N, Peterson E. Learning styles and approaches to studying. Encycl
Appl Psychol. (2004) 537-42. doi: 10.1016/B0-12-657410-3/00487-6

Zeegers P. Approaches to learning in science: a longitudinal study. Br ] Educ
Psychol. (2001) 71:115-32. doi: 10.1348/000709901158424

Dart BC, Burnett PC, Purdie N, Boulton-Lewis G, Campbell
J, Smith D. Students conceptions of learning, the
environment, and approaches to learning. ] Educ Res.
93:262-70. doi: 10.1080/00220670009598715

Jamilah, Isnani G. The influence of classroom climate, learning interest,
learning discipline and learning motivation to learning outcomes on
productive subjects. JPBM ] Pendidik Bisnis Dan Manaj. (2017) 3:85-
96. doi: 10.17977/um003v3i22017p085

Roslan TRN, Ch'ng CK, Chuah F. Understanding Students’ Intention to
Engage in Deep Learning: Application of the Theory of Planned Behaviour.
Ilk Online. (2021) 20:490-501. doi: 10.17051/ilkonline.2021.04.54
Smarandache IG, Maricutoiu LP, Ilie MD, Iancu DE, Mladenovici
V. Students’ approach learning: regarding  the
importance of the interest-to-effort ratio. High Educ Res Dev. (2021)
1-6. doi: 10.1080/07294360.2020.1865283

Entwistle NJ, McCune V, Tait H. The Approaches and Study Skills Inventory
for Students (ASSIST). Edinburgh: Centre for Research on Learning and
Instruction, University of Edinburgh (1997). p. 1-21.

Entwistle N. Threshold concepts and transformative ways of thinking within
research into higher education. Threshold Concepts Discip. (2008) 16:21-
36. doi: 10.1163/9789460911477_003

Biggs JB. Student Approaches to Learning and Studying. Research
Monograph, Australian Council for Educational Research Ltd. ERIC (1987).
Biggs J, Kember D. Leung DYP. The revised two factor study
process questionnaire: R-SPQ-2E. Br Journai Educ Psycho. (2001)
71:133-49. doi: 10.1348/000709901158433

Justicia E Pichardo MC, Cano E Berbén A, De la Fuente J. The
revised two-factor study process questionnaire (R-SPQ-2F): exploratory and
confirmatory factor analyses at item level. Eur | Psychol Educ. (2008) 23:355-
72. doi: 10.1007/BF03173004

classroom
(2000)

to evidence

Immekus JC, Imbrie P. A test and cross-validation of the
revised two-factor study process questionnaire factor structure
among western university students. Educ Psychol Meas. (2010)

70:495-510. doi: 10.1177/0013164409355685

Fryer LK, Ginns P, Walker RA, Nakao K. The adaptation and validation of
the CEQ and the R-SPQ-2F to the Japanese tertiary environment. Br ] Educ
Psychol. (2012) 82:549-63. doi: 10.1111/j.2044-8279.2011.02045.x

Stes A, De Maeyer S, Van Petegem P. Examining the cross-cultural
sensitivity of the revised two-factor study process questionnaire
(R-SPQ-2F) and validation of a Dutch version. PLoS ONE. (2013)
8:€54099. doi: 10.1371/journal.pone.0054099

Xie Q. Validating the revised two-factor study process questionnaire among
Chinese university students. Int J. (2014) 16:1.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

50.

51.

McLaughlin ], Durrant P. Student learning approaches in the UAE: the
case for the achieving domain. High Educ Res Dev. (2017) 36:158-
70. doi: 10.1080/07294360.2016.1176998

Khine MS, Afari E. Cross-cultural adaptation of R-SPQ-2F: validation
and psychometric properties. Int | Quant Res Educ. (2018) 4:255-
68. doi: 10.1504/TJQRE.2018.092333

Johnson SN, Gallagher ED, Vagnozzi AM. Validity concerns
with the revised study process questionnaire (R-SPQ-2F)
undergraduate anatomy & physiology students. PLoS ONE. (2021)
16:0250600. doi: 10.1371/journal.pone.0250600

Mogre V, Amalba A. Assessing the reliability and validity of the revised
two factor study process questionnaire (R-SPQ2F) in Ghanaian medical
students. J Educ Eval Health Prof. (2014) 11:19. doi: 10.3352/jeehp.201
4.11.19

Bhuria M, Mangalesh S, Dudani S, Malik A. Learning approaches adopted
by Indian medical students during distance learning: the revised two-
factor study process questionnaire. BLDE Univ ] Health Sci. (2021) 6:150.
doi: 10.4103/bjhs.bjhs_104_20

Bana K, Fatima K. Comparing the learning approaches using biggs revised
study process questionnaire (R-SPQ-2F) among dental undergraduates.
JPDA. (2019) 28:68-73. doi: 10.25301/JPDA.282.68

Vaughan B. A rasch analysis of the revised study process questionnaire in
an Australian osteopathy student cohort. Stud Educ Eval. (2018) 56:144-
53. doi: 10.1016/j.stueduc.2017.12.003

Chamorro-Premuzic T, Furnham A, Lewis M. Personality and approaches
to learning predict preference for different teaching methods. Learn Individ
Differ. (2007) 17:241-50. doi: 10.1016/j.lindif.2006.12.001

Skogsberg K, Clump M. Do psychology and biology majors differ in
their study processes and learning styles? Coll Stud ]. (2003) 37:27-
34. doi: 10.1037/e416902005-760

Kinchin GD, O’Sullivan M. Incidences of student support for and resistance
to a curricular innovation in high school physical education. J Teach Phys
Educ. (2003) 22:245-60. doi: 10.1123/jtpe.22.3.245

O’Donovan T. A changing culture? interrogating the dynamics of peer
affiliations over the course of a sport education season. Eur Phys Educ Rev.
(2003) 9:237-51. doi: 10.1177/1356336X030093003

MacPhail A, Kirk D, Kinchin G. Sport education: promoting team
affiliation through physical education. J Teach Phys Educ. (2004) 23:106-
22. doi: 10.1123/jtpe.23.2.106

Wallhead TL, Ntoumanis N. Effects of a sport education intervention on
students’ motivational responses in physical education. ] Teach Phys Educ.
(2004) 23:4-18. doi: 10.1123/jtpe.23.1.4

Bouffard M, Spencer-Cavaliere N. Interdisciplinarity in adapted physical
activity. Quest. (2016) 68:4-14. doi: 10.1080/00336297.2015.1117002
Castelli DM. Evidence of the components: modeling
transdisciplinary team science to improve physical education. Res Q
Exerc Sport. (2021) 92:199-201. doi: 10.1080/02701367.2021.1877607
Zhang T, Wang Y, Yli-Piipari S, Chen A. Power of the curriculum: content,
context, and learning in physical education. Res Q Exerc Sport. (2021)
92:689-700. doi: 10.1080/02701367.2020.1768202

Koustelios A, Tsigilis N. The relationship between burnout and job
satisfaction among physical education teachers: a multivariate approach. Eur
Phys Educ Rev. (2005) 11:189-203. doi: 10.1177/1356336X05052896

Tsigilis N, Zournatzi E, Koustelios A. Burnout among physical education
teachers in primary and secondary schools. Int ] Humanit Soc Sci.
(2011) 1:53-8. Available online at: http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.453.9284&rep=rep1&type=pdf

MacDonald CJ, Baker D, Stewart S. Student teachers in the classroom:
associate teachers perspectives. McGill ] Educ. (1995) 30:73-96.

in

essential

. White RL, Bennie A, Vasconcellos D, Cinelli R, Hilland T, Owen

KB, et al. Self-determination theory in physical education: a
systematic review of qualitative studies. Teach Teach Educ. (2021)
99:103247. doi: 10.1016/j.tate.2020.103247

Vasconcellos D, Parker PD, Hilland T, Cinelli R, Owen KB, Kapsal N, et al.
Self-determination theory applied to physical education: a systematic review
and meta-analysis. ] Educ Psychol. (2020) 112:1444. doi: 10.1037/edu0000420
Brooks C, McMullen J. Level wup: strategies to increase

student engagement using gamification in physical education.

Frontiers in Public Health | www.frontiersin.org

28

March 2022 | Volume 10 | Article 856167


https://doi.org/10.1007/s10212-010-0053-2
https://doi.org/10.29322/IJSRP.10.07.2020.p103103
https://doi.org/10.1016/j.jtumed.2020.10.008
https://doi.org/10.2147/AMEP.S100968
https://doi.org/10.1080/13562517.2014.934348
https://doi.org/10.1016/B0-12-657410-3/00487-6
https://doi.org/10.1348/000709901158424
https://doi.org/10.1080/00220670009598715
https://doi.org/10.17977/um003v3i22017p085
https://doi.org/10.17051/ilkonline.2021.04.54
https://doi.org/10.1080/07294360.2020.1865283
https://doi.org/10.1163/9789460911477_003
https://doi.org/10.1348/000709901158433
https://doi.org/10.1007/BF03173004
https://doi.org/10.1177/0013164409355685
https://doi.org/10.1111/j.2044-8279.2011.02045.x
https://doi.org/10.1371/journal.pone.0054099
https://doi.org/10.1080/07294360.2016.1176998
https://doi.org/10.1504/IJQRE.2018.092333
https://doi.org/10.1371/journal.pone.0250600
https://doi.org/10.3352/jeehp.2014.11.19
https://doi.org/10.4103/bjhs.bjhs_104_20
https://doi.org/10.25301/JPDA.282.68
https://doi.org/10.1016/j.stueduc.2017.12.003
https://doi.org/10.1016/j.lindif.2006.12.001
https://doi.org/10.1037/e416902005-760
https://doi.org/10.1123/jtpe.22.3.245
https://doi.org/10.1177/1356336X030093003
https://doi.org/10.1123/jtpe.23.2.106
https://doi.org/10.1123/jtpe.23.1.4
https://doi.org/10.1080/00336297.2015.1117002
https://doi.org/10.1080/02701367.2021.1877607
https://doi.org/10.1080/02701367.2020.1768202
https://doi.org/10.1177/1356336X05052896
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.453.9284&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.453.9284&rep=rep1&type=pdf
https://doi.org/10.1016/j.tate.2020.103247
https://doi.org/10.1037/edu0000420
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Tannoubi et al.

Physical Education-Study Process Questionnaire

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Strategies. (2021) 34:3-10. doi: 10.1080/08924562.2021.197
7749

Choi J-A, Seo G. Structural relationship between teachers’ passion
and autonomy, relationship support, and grit in middle school
physical education. ] Korean Appl Sci Technol. (2020) 37:1752-63.

doi: 10.12925/jkocs.2020.37.6.1752

Lopez-Pastor VM, Kirk D, Lorente-Catalan E, MacPhail A,
Macdonald D. Alternative assessment in  physical education:
a review of international literature. Sport Educ Soc. (2013)

18:57-76. doi: 10.1080/13573322.2012.713860

Porsanger L. Risk and safety management in physical education:
teachers’  knowledge.  Phys  Educ  Sport  Pedagogy.  (2021)
11:321. doi: 10.1080/17408989.2021.1934663

Spittle M, Kremer P, Sullivan S. Burnout in secondary school physical
education teaching. Facta Univ Ser Phys Educ Sport. (2015) 13:33-43.
Shoval E, Erlich I, Fejgin N. Mapping and interpreting novice physical
education teachers self-perceptions of strengths and difficulties. Phys Educ
Sport Pedagogy. (2010) 15:85-101. doi: 10.1080/17408980902731350
Dobrosielski DA, Sweeney L, Lisman PJ. The association between poor
sleep and the incidence of sport and physical training-related injuries in
adult athletic populations: a systematic review. Sports Med. (2021) 51:777-
93. doi: 10.1007/s40279-020-01416-3

Lysdal FG, Bandholm T, Tolstrup J, Clausen M, Mann S, Petersen P, et al. 018
Spraino®) reduces the risk of lateral ankle sprain injury among indoor sport
athletes: a pilot randomized controlled trial with 510 participants. Br ] Sports
Med. (2021) 55(Suppl. 1):A7-8. doi: 10.1136/bjsports-2021-I0C.17

Wilson F, Thornton ]S, Wilkie K, Hartvigsen ], Vinther A, Ackerman KE,
et al. 2021 consensus statement for preventing and managing low back
pain in elite and subelite adult rowers. Br ] Sports Med. (2021) 55:893—
9. doi: 10.1136/bjsports-2020-103385

Lee YH. Emotional labor, teacher burnout, and turnover intention in high-
school physical education teaching. Eur Phys Educ Rev. (2019) 25:236-
53. doi: 10.1177/1356336X17719559

Barker D, Nyberg G, Larsson H. Joy, fear and resignation: investigating
emotions in physical education using a symbolic interactionist approach.
Sport Educ Soc. (2020) 25:872-88. doi: 10.1080/13573322.2019.1672148
Sevimli-Celik S. Moving between theory and practice: preparing early
childhood pre-service teachers for teaching physical education. J Early Child
Teach Educ. (2021) 42:281-98. doi: 10.1080/10901027.2020.1735588
Dolmans DH, Loyens SM, Marcq H, Gijbels D. Deep and surface learning
in problem-based learning: a review of the literature. Adv Health Sci Educ.
(2016) 21:1087-112. doi: 10.1007/s10459-015-9645-6

Hair JE Black WC, Babin BJ, Anderson RE, Tatham RL. Multivariate data
analysis 6th Edition. Pearson Prentice Hall N ] Hum Crit Reformul ] Abnorm
Psychol. (2006) 87:49-74.

DeVellis RE, Thorpe CT. Scale Development: Theory and Applications.
Newbury Park, CA: Sage Publications (2021).

Riechmann SW, Grasha AF. A rational approach to developing and assessing
the construct validity of a student learning style scales instrument. J Psychol.
(1974) 87:213-23. doi: 10.1080/00223980.1974.9915693

Uygun MA. Scale for determining learning approaches to piano lesson:
development, validity and reliability. Procedia-Soc Behav Sci. (2012) 51:916-
27. doi: 10.1016/j.sbspro.2012.08.263

Dolmans DH, Wolfhagen IH, Ginns P. Measuring approaches to learning
in a problem based learning context. Int J Med Educ. (2010) 1:55-
60. doi: 10.5116/ijme.4c50.b666

Abedin NFZ, Jaafar Z, Husain S, Abdullah R. The validity of ASSIST as a
measurement of learning approach among MDAB students. Procedia-Soc
Behav Sci. (2013) 90:549-57. doi: 10.1016/j.sbspro.2013.07.125

Gusthart JL, Kelly IM, Rink JE. The validity of the qualitative measures of
teaching performance scale as a measure of teacher effectiveness. ] Teach Phys
Educ. (1997) 16:196-210. doi: 10.1123/jtpe.16.2.196

Soini M, Liukkonen J, Watt A, Yli-Piipari S, Jaakkola T. Factorial validity and
internal consistency of the motivational climate in physical education scale.
J Sports Sci Med. (2014) 13:137-44.

Kayisoglu NB. Validity and reliability studies for scale of evaluating physical
education teachers based on student ratings (SEPETBSR). ] Phys Educ Sport
Manag. (2015) 6:60-9. doi: 10.5897/JPESM2015.0238

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

93.

94.

Hilland TA, Brown TD, Fairclough SJ. The physical education predisposition
scale: preliminary tests of reliability and validity in Australian students. J
Sports Sci. (2018) 36:384-92. doi: 10.1080/02640414.2017.1308002

Selickaite D, Hutzler Y, Pukenas K, Block ME, Reklaitiene D. The analysis of
the structure, validity, and reliability of an inclusive physical education self-
efficacy instrument for Lithuanian physical education teachers. SAGE Open.
(2019) 9. doi: 10.1177/2158244019852473

Feu S, Garcia-Rubio J, Gamero M de G, Ibanez SJ. Task planning for sports
learning by physical education teachers in the pre-service phase. PLos ONE.
(2019) 14:€0212833. doi: 10.1371/journal.pone.0212833

Lander NJ, Barnett LM, Brown H, Telford A. Physical education
teacher training in fundamental movement skills makes a difference to
instruction and assessment practices. ] Teach Phys Educ. (2015) 34:548-
56. doi: 10.1123/jtpe.2014-0043

Sharma S. Applied Multivariate Techniques. Ney York, NY: John Wiley &
Sons Inc. (1996).

Bland J. Altman DG  Cronbach’s
314:572. doi: 10.1136/bmj.314.7080.572
Nunnally J, Bernstein 1. Psychometric Theory 3Edn. New York, NY: Tata
McGraw-hill Education (1994).

Hair JE Hult GTM, Ringle CM, Sarstedt M, Danks NP, Ray S. An
introduction to structural equation modeling. In: Partial Least Squares
Structural Equation Modeling (PLS-SEM) Using R. Springer (2021). p. 1-29.
Li C-H. Confirmatory factor analysis with ordinal data: comparing robust
maximum likelihood and diagonally weighted least squares. Behav Res
Methods. (2016) 48:936-49. doi: 10.3758/s13428-015-0619-7

Comrey A, Lee H. A First Course in Factor Analysis: Psychology Press. New
York, NY: Taylor and Francis Group (2013).

Hu L, Bentler PM. Structural equation modeling: a multidisciplinary
journal cutoff criteria for fit indexes in covariance structure analysis:
conventional criteria versus new alternatives. Struct Equ Model. (1999)
6:37-41. doi: 10.1080/10705519909540118

Hair Jr JE Sarstedt M, Hopkins L, Kuppelwieser VG. Partial least squares
structural equation modeling (PLS-SEM): an emerging tool in business
research. Eur Bus Rev. (2014) 26:106-21. doi: 10.1108/EBR-10-2013-0128
Munshi FM, Al-Rukban MO, Al-Hoqail I. Reliability and validity of an
Arabic version of the revised two-factor study process questionnaire R-SPQ-
2F. ] Fam Community Med. (2012) 19:33. doi: 10.4103/2230-8229.94010
Hernandez CV, Pallares MS, Mufoz ZC. Psychometric properties
of the study process questionnaire R-SPQ-
2f-Spanish  version.  Duazary Rev  Int Cienc  Salud.  (2019)
16:205-18. doi: 10.21676/2389783X.2744

Biggs J. What do inventories of students’ learning processes really measure?
a theoretical review and clarification. Br | Educ Psychol. (1993) 63:3-
19. doi: 10.1111/j.2044-8279.1993.tb01038.x

Floyd KS, Harrington SJ, Santiago J. The effect of engagement and perceived
course value on deep and surface learning strategies. Informing Sci Int ]
Emerg Transdiscipl. (2009) 12:181-90. doi: 10.28945/435

Hu X, Yeo GB. Emotional exhaustion and reduced self-efficacy: the
mediating role of deep and surface learning strategies. Motiv Emot. (2020)
44:785-95. doi: 10.1007/s11031-020-09846-2

Shaik SA, Almarzuqi A, Almogheer R, Alharbi O, Jalal A, Alorainy
M. Assessing Saudi medical students learning approach using the
revised two-factor study process questionnaire. Int | Med Educ. (2017)
8:292. doi: 10.5116/ijme.5974.7a06

Paudel KR, Nepal HP, Shrestha B, Panta R, Toth S. Distribution and academic
significance of learning approaches among pre-clinical medical students at
Trinity School of Medicine, St Vincent and the Grenadines. J Educ Eval
Health Prof. (2018) 15:9. doi: 10.3352/jeehp.2018.15.9

alpha.  BM]J. (1997)

revised two-factor

. Ninkovi¢ SO, Adamov J, Je$i¢ LV. Relation between learning approaches

of chemistry students and their achievement in general chemistry. Maced ]
Chem Chem Eng. (2019) 38:293-300. doi: 10.20450/mjcce.2019.1784

Ismail H, Hassan A, Muhamad MM, Ali WZW, Konting MM.
Epistemological belief and learning approaches of students in higher
institutions of learning in Malaysia. Int ] Instr. (2013) 6.

Choo PGS. Assessing the approaches learning of twinning
programme students in Malaysia. Malays ] Learn Instr. (2006)
3:93-116. doi: 10.32890/mjli.3.2006.7585

to

Frontiers in Public Health | www.frontiersin.org

29

March 2022 | Volume 10 | Article 856167


https://doi.org/10.1080/08924562.2021.1977749
https://doi.org/10.12925/jkocs.2020.37.6.1752
https://doi.org/10.1080/13573322.2012.713860
https://doi.org/10.1080/17408989.2021.1934663
https://doi.org/10.1080/17408980902731350
https://doi.org/10.1007/s40279-020-01416-3
https://doi.org/10.1136/bjsports-2021-IOC.17
https://doi.org/10.1136/bjsports-2020-103385
https://doi.org/10.1177/1356336X17719559
https://doi.org/10.1080/13573322.2019.1672148
https://doi.org/10.1080/10901027.2020.1735588
https://doi.org/10.1007/s10459-015-9645-6
https://doi.org/10.1080/00223980.1974.9915693
https://doi.org/10.1016/j.sbspro.2012.08.263
https://doi.org/10.5116/ijme.4c50.b666
https://doi.org/10.1016/j.sbspro.2013.07.125
https://doi.org/10.1123/jtpe.16.2.196
https://doi.org/10.5897/JPESM2015.0238
https://doi.org/10.1080/02640414.2017.1308002
https://doi.org/10.1177/2158244019852473
https://doi.org/10.1371/journal.pone.0212833
https://doi.org/10.1123/jtpe.2014-0043
https://doi.org/10.1136/bmj.314.7080.572
https://doi.org/10.3758/s13428-015-0619-7
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1108/EBR-10-2013-0128
https://doi.org/10.4103/2230-8229.94010
https://doi.org/10.21676/2389783X.2744
https://doi.org/10.1111/j.2044-8279.1993.tb01038.x
https://doi.org/10.28945/435
https://doi.org/10.1007/s11031-020-09846-2
https://doi.org/10.5116/ijme.5974.7a06
https://doi.org/10.3352/jeehp.2018.15.9
https://doi.org/10.20450/mjcce.2019.1784
https://doi.org/10.32890/mjli.3.2006.7585
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Tannoubi et al.

Physical Education-Study Process Questionnaire

95.

96.

97.

98.

99.

100.

101.

102.

Rahman WRA, Dzulkifli MA, Sulaiman W. Reliability of second-order factor
of a revised two-factor study process questionnaire (R-SPQ-2F) among
university students in Malaysia. AJTLHE ASEAN ] Teach Learn High Educ.
(2013) 5:1-13. Available online at: http://journalarticle.ukm.my/6492/1/1_
AJTLHE_56_shahrazad.pdf

Guelmami N, Chalghaf N, Tannoubi A, Puce L, Fairouz A, Bragazzi NL.
Initial development and psychometric evidence of physical education grit
scale (PE-GRIT). Front Public Health. (2022) 53.

Gijbels D, Van de Watering G, Dochy E, Van den Bossche P. The relationship
between students’ approaches to learning and the assessment of learning
outcomes. Eur J Psychol Educ. (2005) 20:327-41. doi: 10.1007/BF03173560
Gow L, Kember D. Does higher education promote independent learning?
High Educ. (1990) 19:307-22. doi: 10.1007/BF00133895

Leung DY, Ginns P, Kember D. Examining the cultural specificity of
approaches to learning in universities in Hong Kong and Sydney. ] Cross-Cult
Psychol. (2008) 39:251-66. doi: 10.1177/0022022107313905

Jeong SY, Kim W, Byun BH, Kong C-B, Song WS, Lim I, et al. Prediction
of chemotherapy response of osteosarcoma using baseline 18F-FDG textural
features machine learning approaches with PCA. Contrast Media Mol
Imaging. (2019) 2019:3515080. doi: 10.1155/2019/3515080

Watkins C. Learning About Learning Enhances Performance. London:
Institute of Education, University of London (2001)

Socha A, Sigler EA. Exploring and “reconciling” the factor
structure for the revised two-factor study process questionnaire.
Learn Individ Differ. (2014) 31:43-50. doi: 10.1016/j.lindif.2013.
12.010

103. Frasineanu ES. Approach to learning process: superficial learning and
deep learning at students. Procedia-Soc Behav Sci. (2013) 76:346-
50. doi: 10.1016/j.sbspro.2013.04.125

Zakariya YF. Study approaches in higher education mathematics:
Investigating the statistical behaviour of an instrument translated
into Norwegian. Educ Sci. (2019) 9:191. doi: 10.3390/educsci90

30191

104.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tannoubi, Guelmami, Bonsaksen, Chalghaf, Azaiez and Bragazzi.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Public Health | www.frontiersin.org

30

March 2022 | Volume 10 | Article 856167


http://journalarticle.ukm.my/6492/1/1_AJTLHE_56_shahrazad.pdf
http://journalarticle.ukm.my/6492/1/1_AJTLHE_56_shahrazad.pdf
https://doi.org/10.1007/BF03173560
https://doi.org/10.1007/BF00133895
https://doi.org/10.1177/0022022107313905
https://doi.org/10.1155/2019/3515080
https://doi.org/10.1016/j.lindif.2013.12.010
https://doi.org/10.1016/j.sbspro.2013.04.125
https://doi.org/10.3390/educsci9030191
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

',\' frontiers

ORIGINAL RESEARCH
published: 18 March 2022

in Public Health doi: 10.3389/fpubh.2022.849594
Predicting Student Engagement:
The Role of Academic Belonging,
Social Integration, and Resilience
During COVID-19 Emergency
Remote Teaching
Melissa Versteeg, Rutger F. Kappe* and Carlijn Knuiman
Research Group Study Success, Department Education and Innovation, Inholland University of Applied Sciences, Haarlem,
Netherlands
Background: The COVID-19 pandemic has forced higher education (HE) to shift to
OPEN ACCESS emergency remote teaching (ERT), subsequently influencing academic belonging and
Edited by: social integration, as well as challenging students’ engagement with their studies.
Wing Fai Yeung, Aims: This study investigated influences on student engagement during ERT,
Hong Kong Polytechnic

University, China

Reviewed by:

Joshua Weidlich,

Leibniz Institute for Research and
Information in Education

(DIPF), Germany

Laura Jefferson,

University of York, United Kingdom

*Correspondence:
Rutger F. Kappe
rutger.kappe@inholland.nl

Specialty section:

This article was submitted to
Public Mental Health,

a section of the journal
Frontiers in Public Health

Received: 06 January 2022
Accepted: 11 February 2022
Published: 18 March 2022

Citation:

Versteeg M, Kappe RF and

Knuiman C (2022) Predicting Student
Engagement: The Role of Academic
Belonging, Social Integration, and
Resilience During COVID-19
Emergency Remote Teaching.

Front. Public Health 10:849594.

doi: 10.3389/foubh.2022.849594

based on student resilience. Serial mediation analyses were used to test the
predictive effects between resilience, academic belonging, social integration,
and engagement.

Methods: The Student Well-being Monitor (SWM 2021) was completed by 1332
HE students studying at Inholland University of Applied Sciences in the Netherlands.
Predictive models were compared among students with low, normal, or high resilience
using SPSS extension Macro PROCESS.

Results: A significant serial mediation model was found among all HE students,
including positive mediating effects of academic belonging and social integration. More
S0, independent partial predictive effects of academic belonging and social integration
on engagement were also present. Assessment of student resilience profiles revealed
substantial differences between predictive models. For low resilience students, serial
mediation was present and included the largest partial predictive effect from social
integration compared to other groups. For highly resilient students, mediation via
academic belonging was found, including the strongest partial and indirect effects
compared to other groups.

Conclusions: Overall, academic belonging and social integration positively mediate
the effect of resilience on engagement in addition to demonstrating independent positive
predictive effects. Inspection of resilience profiles reveals substantial model fit differences,
suggesting use of different engagement strategies between student groups. Findings
contribute to understanding of HE student engagement during ERT in the Netherlands
and provide novel insight on the mechanisms between resilience and engagement. While
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Resilience and Engagement During COVID-19

ERT continues to be required, engagement may be enhanced by stimulating academic
belonging for all students generally, but low resilience students could be best served by
additionally targeting social integration and resilience.

Keywords: resilience, engagement, academic belonging, social integration, higher education, students,

emergency remote teaching

INTRODUCTION

The rapid transition toward emergency remote teaching (ERT)
during the COVID-19 pandemic has had major impacts
on student life (1-6). Implemented among higher education
institutes (HEIs) as a strategy to curb the spread of the corona
virus (7), ERT has been found to coincide with decreased quality
of education, negative reactions to online learning, psychological
distress, and feelings of uncertainty (8-15). Lack of interaction
with teachers and students, prolonged negative mood, and fear
of academic delay are impacting higher education (HE) students’
well-being and learning (9, 11, 16-18). To date, no detailed study
has examined wellbeing and student success during ERT among
HE students in the Netherlands.

Engagement is an important precursor of student success (19—
21), with studies linking engagement to academic achievement
and adaptive coping styles (19, 20). Moreover, significant
relationships exist between engagement and wellbeing aspects
such as burn-out, depression, and anxiety (6, 9, 22-26).
Engagement of HE students can be conceptualized as an
enduring and widespread affective-cognitive state (27) including
subcomponents of vigor, absorption, and dedication (23, 28-
33). Vigor entails a willingness to invest in academic studies,
dedication regards a sense of enthusiasm toward studying, and
absorption involves becoming engrossed or absorbed by study
materials when studying (23).

Engagement has also been found to depend on students’
learning environments and interactions with fellow students
and teachers (19, 34). The academic environment influences
students’ sense of belonging, including feeling accepted and
valued, and whether they ‘fit with their environment (35-
37). Moreover, sense of belonging is described as an essential
psychological human need, which can be extrapolated to the need
to belong within educational settings (38). The level by which
individuals experience belongingness within educational settings
affects engagement, the quality of social interactions with peer
students, and academic performance (39, 40).

Social integration plays a significant direct and indirect role
in engagement too (40, 41), as studies positively link students’
sense of belonging to social interactions with fellow students
and engagement (42-44). Students who feel like they do not
belong will extend such beliefs into their social behaviors, risking
isolation from peer students and risking reduced academic
success (38, 39). A study even reported the strongest predictive
effect between students’ social interactions and engagement
levels (41). Although ERT research has investigated changes in
engagement related to study activity dynamics, student mindsets,
and technology use among students (3, 12, 45), it has yet
to examine belongingness and social integration during ERT.

With students reporting increased isolation (46) and decreased
quality of student social interactions (47) during the pandemic,
investigation into these variables is called for.

Resilience is also pivotal to engagement, academic
achievement, and wellbeing (24, 38, 43-55), and is defined
as an individual’s ability to bounce back following stress exposure
(56). Resilience is furthermore deemed critical to maintained
mental wellbeing throughout stressful experiences linked to
the COVID-19 pandemic (13, 57). The increased experience of
stress among students during this time (58, 59), may thus be
navigated more successfully by sufficiently resilient students, and
positive relationships between student resilience and engagement
have been reported under non-ERT conditions (60, 61). More
so, a recent study on teacher resilience during ERT did show
significant associations between maintenance of teaching quality
and resilience during ERT (62), though no studies on resilience
and engagement among HE students during ERT exist currently.

ERT differs from online distance learning as ERT is developed
to provide educational access during an emergency or crisis and
is quick to set up, focused on short-term solutions, and pays
little attention to design (63-65). As a consequence, engagement
during ERT involves specific challenges, with engagement linked
to adaptivity to online teaching, attendance, emotional states, and
teaching strategies (6, 10, 16, 18). Studies have yet to analyse
student resilience profiles related to engagement during ERT. As
a result, the current study elected to examine the relationships
between these constructs among students studying via ERT
at HELs.

With research on face-to-face learning indicating positive
directional associations between resilience, engagement,
belongingness and collaborations with fellow students
(24, 35, 37-40, 49-51, 60), we also expect positive predictive
effects among these constructs in HE students during ERT.
Regarding group differences, expectations draw from findings
indicating that resilient students utilize their academic
environment effectively (50), and successfully use social
relationships with peers to promote engagement (41, 43).
Furthermore, given study outcomes indicating that highly
resilient individuals can ‘thrive’ during stress exposure (56, 66),
we expect the predictive model effects to be lowest among HE
students with low resilience, and highest among highly resilient
HE students.

The hypothesized model explores the presence of a direct
predictive effect of resilience on engagement, in addition
to exploring the presence of indirect predictive effects from
academic belonging, social integration, and a serial mediating
effect between the two (Figure 1). More so, student groups were
included based on resilience levels, so as to assess predictive
model fit between groups. The extended study hypotheses
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FIGURE 1 | Explanatory serial mediation model with hypothesized direct
pathway, independent mediation pathways, and serial mediation pathway
between engagement, resilience, academic belonging, and social integration.
Aca, academic; Soc, social.

BOX 1 | Study hypotheses.

e A direct predictive effect of resilience on engagement, where resilience
positively predicts engagement.

e A mediation effect of academic belonging, where a higher sense of
academic belonging has a stronger positive effect on engagement.

e A mediation effect of social integration, where a higher level of social
integration has a stronger positive effect on engagement.

* A serial mediation effect where the indirect effect of academic belonging
on social integration predicts a positive effect on engagement.

can be viewed in detail in Box1. To our knowledge, no
studies to date have sought to analyse academic belonging,
social integration, and engagement among resilience-based HE
student groups during the COVID-19 pandemic and ERT. As
such, the current study will serve to expand scientific insight,
in addition to informing student engagement and well-being
strategies during periods of emergency remote teaching in
higher education.

METHOD

Survey

Between May 17th and May 22nd, 2021, students were invited
to complete the Student Well-being Monitor 2021 (SWM
2021). Invitations were sent via email, and the survey was
completed online via Qualtrics survey tool in accordance with
European guidelines on General Data Protection Regulation
(GDPR). The study was approved on ethical standards as defined
by the institutional review board at Inholland University of
Applied Sciences.

The SWM 2021 entails an extensive survey to assess
well-being and student success via multiple broad domains
including concerns and worries centered around the COVID-19
pandemic, the experienced changes due to the ERT transition,
experience of study-related burn-out symptoms, engagement and
resilience, and aspects of study behavior and integration. All
domains and items included in the SWM 2021 are available
elsewhere (46).

In the Netherlands, the HE system offers two distinct forms
of higher education. The first includes an academic research
oriented higher education offered by research universities (in
Dutch: wetenschappelijk onderwijs), whereas the second entails
higher professional education offered by universities of applied
sciences (in Dutch: hoger beroepsonderwijs). The current
study focused exclusively on participants from universities of
applied sciences.

Participation

Participation was voluntary and participants were invited to
partake in the study if they were currently enrolled and were
aged 17 years or older, and were studying at Inholland University
of Applied Science. Consent was required prior to proceeding.
All participants who had successfully completed the survey were
included in the dataset.

Measurements

Engagement

Student engagement was measured with the ultra-short Utrecht
Work Engagement Scale-Student Form (UWES-3SF), a self-
reported three-item scale with acceptable reliability and validity
for use among HE students (30-32). The questionnaire required
respondents to indicate occurrence frequency along a 7-point
scale ranging from ‘never’ (1) to ‘always’ (7). The UWES-3SF
captures student engagement along three subdomains, namely
vigor, dedication, and absorption. Items include the statements
‘T have an abundance of energy when I study), T am enthusiastic
about my study, and ‘T am completely absorbed by my study’.
Total scores were averaged with higher scores indicating a
higher level of engagement. Cronbach’s alpha for the UWES-
3SF was .822.

Resilience

Resilience was measured using the Brief Resilience Scale (BRS)
which is a short, self-reported 6-item measure of which
validity and reliability has been assessed in other cohort studies
(56). An indication of agreement with the statements was
required according to a 5-point Likert scale, ranging from ‘total
disagreement’ (1) to ‘total agreement (5). BRS items include ‘I
tend to bounce back quickly after hard times, T have a hard
time making it through stressful events, and ‘it does not take
me long to recover from a stressful event. Four items had to
be reversed prior to summing and averaging scale scores. BRS
summed mean scores can be grouped to classify resilience as
low, normal, or high using mean scores and standard deviations
(66). Within the sample, the Cronbach’s alpha value of the
BRS was .872.

Academic Belonging

With available literature emphasizing a need for clearly defined
constructs (21, 34, 35, 67, 68), this study developed and
evaluated a short scale of academic belonging. Based on available
questionnaires on behavioral, emotional, extracurricular,
academic, and social engagement within the HE study context
(69-71), relevant items were selected by the authors for analyses.
Subsequently, items were assessed to scrutinize content validity,
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ambiguity, and applicability within online educational settings.
Finally, items were analyzed using oblique factor analysis,
reliability analysis, and Pearson’s moment-product correlation
testing to confirm valid and reliable subscale use (72).

The analyses revealed that academic belonging could be
measured using a 6-item scale (Table1). The items included
statements such as I feel like I can be myself within this study,
‘my teachers know me, and ‘teachers make sure students feel
safe to ask questions, all of which required responses along a
5-point Likert scale. Response categories ranged from ‘strong
disagreement’ (1) to ‘strong agreement’ (5). Summed mean
scores were calculated with higher scores indicating a higher
sense of academic belonging. Reliability analysis of the scale
demonstrated a Cronbach’s alpha of .837.

Social Integration

To assess social integration, four out of thirteen original
items from the Social Integration subscale were used (69).
The four items were selected based on applicability within
the ERT context and ‘Cronbach’s alpha if item deleted.
Implications of this selection process are further described in
the limitations. Subsequently, an oblique principal components
analysis was run to assess factor loadings, in addition to
analyzing reliability and construct validity (Table 1). Results
indicate that the reduced number of items taken from the
original social integration subscale could assess social integration
in the student sample. Items required participants to assess
their level of agreement with the statements along a 5-
point Likert scale, ranging from ‘strong disagreement’ (1) to
‘strong agreement’ (5). The items included T can share my
emotions and stories with fellow students, and ‘T approach fellow
students to work together on (online) assignments’. Average
scores were calculated, with higher scores indicating higher
social integration. The 4-item scale demonstrated a Cronbach’s
alpha of .784.

Statistical Analysis

IBM SPSS Statistics for Windows, Version 27.0 was used to
carry out analyses. The extension Macro PROCESS (73) version
3.5 was used to test model fit of a serial mediation effect of
academic belonging and social integration on the direct effect
of resilience on engagement. Bootstrapping techniques used in
Macro PROCESS are robust against violations of normality by
using confidence intervals to assess effect significance (74, 75),
so no data transformations are required. Bootstrap resampling
value was set at 5,000. To assess post-hoc power probabilities
for the student groups, G*Power software version 3.1.9.6 was
used (76).

A serial mediation analysis was conducted to estimate effect
sizes and model fit for four groups: (1) all HE students, (2)
students who reported low levels of resilience, (3) students
who reported normal levels of resilience, and (4) students
who reported high levels of resilience during the COVID-19
pandemic. During each analysis, the nature of the relationship
between resilience and engagement (X and Y) was assessed
directly, in addition to testing the indirect effect resulting from
the two mediators academic belonging and social integration

(M1 and M2), as well as their indirect serial mediating effect
(Figure 1). The analytical workflow was derived from previous
methods where multiple mediation analysis is based on two
conditions. First, an examination is made to conclude whether
the set of mediators transmits the effect of X to Y, and second, the
specific indirect effect associated with each presumed mediator
is tested. Within this framework, total indirect effects need
not be significant for identification of relevant specific indirect
effects (74).

Total, direct, indirect, and partial effects included in the model
were described as statistically significant when the corresponding
95% confidence interval of the unstandardized effect size
coefficient b did not contain zero. If the direct path between X
and Y (") was significant, and all three indirect pathways (al x
bl; a2 x b2; and al x d x b2) yielded significant results, a partial
serial mediation model is present. If the ¢’ path effect between
X and Y is non-significant and the three indirect pathways are
significant, a full serial mediation model is present. If any of
the indirect pathways fail to reach significance, the remaining
partial pathways were examined. Each of the pathways was tested
by regressing the corresponding variables. If the b coefficient
of the estimated direct, serial indirect, or independent indirect
effects occurred within a 95% confidence interval range excluding
zero, the null hypothesis of no significant predictive effect
was rejected.

A covariate inspection was conducted to identify variables that
should be controlled for during the model fit analyses. To identify
these, relevant sociodemographic and study trajectory variables
were included based on indications of associations to engagement
in available literature (25, 29, 32). As such, age, gender, study
year, living arrangements, and study domain were inspected
to determine if they displayed significant correlations to
the dependent variable engagement. Subsequently, significantly
correlated variables were examined to determine correlations
with the independent variables. If a significant correlation to the
dependent variable was present without additional significant
correlations to the independent variables, inclusion criteria as
covariate were met (72).

RESULTS

Sample

A total of 1,848 participants completed the SWM 2021 survey.
Data homogeneity inspection revealed that enrolment status
created a significant impact on the distribution of the dependent
variable; F (2.1844) = 27.590, p < 0.001. Post-hoc contrasts
indicated that fulltime enrolment was significantly different from
other forms of enrolment. Furthermore, students who identified
as gender X’ included 19 individuals, which failed to meet sample
size criteria (72). A significant effect of study year was also
found, where students studying 5 years or longer demonstrated
different academic performance outcomes; F (4.1842) = 81.148,
p < 0.001. Language (Dutch or English) displayed no significant
effect on the outcome variable. As a result, all fulltime HE
enrollers, studying for no more than 4 years, who identified as
male or female were included in the final sample. The final sample
contained 1,332 students of mean age 21.62 years (SD = 3.162).
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TABLE 1 | Scale assessment using Oblimin principal components analysis with Kaizer Normalization and Pearson’s moment product correlation coefficient analysis for

items and scale constructs of academic belonging.

Item Component loadings
1 2 3 4 5
| feel at home at this study 0.735 0.102 —-0.132 0.210 0.248
| feel like | can be myself within this study 0.713 0.054 —0.154 0.182 0.220
My teachers know me 0.513 0.087 —0.060 0.021 -0.307
Teachers are committed to their students 0.673 —0.051 —-0.016 —0.047 -0.314
Teachers make sure students feel safe to ask questions 0.764 —0.058 0.026 —0.036 —0.133
Teachers are receptive to suggestions and feedback 0.778 —-0.012 0.111 —0.146 —0.066
for improvements
| participate in thinking about, and discussing, ways to —0.050 0.542 —0.108 0.065 —0.316
improve education
| commit myself to the higher education institute —0.022 0.733 —0.035 —0.083 —-0.109
| participate in extra (online) activities provided by my study 0.029 0.760 0.039 0.097 0.088
| participate in (online) social activities that are hosted by 0.028 0.779 —0.022 —0.062 0.131
my study or study association
| am committed to my fellow students —0.025 0.152 —0.733 0.095 —0.069
| can share my emotions and stories with fellow students 0.065 —0.032 —-0.777 —0.010 —0.073
Being in touch with my fellow students helps me to perform well 0.061 —0.008 —0.752 —0.097 —0.002
| approach fellow students to work together on (online) assessments —0.096 0.027 —0.737 0.099 —0.060
| work hard to succeed in my studies and spend a —0.050 —0.002 —0.033 0.837 0.050
sufficient amount of time
Usually, | participate in all study activities 0.122 0.015 —0.070 0.690 —0.004
| am rarely behind with the coursework for my study —0.011 —0.045 —-0.012 0.781 —0.051
| do not regularly do other things during class (e.g., —0.046 0.144 0.293 0.357 —-0.273
Whatsapp, Facebook)
On occasions | discuss personal matters with teachers 0.113 0.167 —-0.124 —0.085 —0.655
| know the names of the teachers whose classes | follow 0.048 —0.106 —-0.126 0.201 —0.552
| discuss gained insights with teachers 0.120 0.080 —0.096 0.106 —0.655
Keeping in contact with teachers has a positive effect on my results 0.439 0.006 —0.059 —0.037 —0.453
Pearson’s moment product cross-correlations
Academic belonging (6 items) 1. 2, 3. 4. 5. 6. Scale
1. | feel at home at this study - 0.676™* 0.431** 0.405*** 0.404*** 0.344*** 0.720"*
2. | feel like | can be myself within this study =) 0.460"* 0.395*** 0.404*** 0.322*** 0.716"*
3. My teachers know me -) 0.509*** 0.425"** 0.360"* 0.726**
4. Teachers are committed to their students ) 0.604*** 0.589*** 0.792***
5. Teachers make sure students feel safe to ask questions - 0.621** 0.774*
6. Teachers are receptive to suggestions and feedback for ) 0.731**
improvements
Social Integration (4 items) 1. 2. 3. 4. Scale
1. I am committed to my fellow students -) 0.586*** 0.440*** 0.477** 0.792***
2. | can share my emotions and stories with fellow students ) 0.494** 0.448"* 0.819"**
3. Being in touch with my fellow students helps me to perform well -) 0.422*** 0.748"*
4. | approach fellow students to work together on (online) assessments -) 0.760***

“significant at p < 0.05. "significant at p < 0.01. ""significant at p < 0.001.

Of the respondents 481 were male (36.1%), and the remaining
851 were female (63.9%). The sample is described in further detail
in Table 2.

No missing data was detected. More so, no outliers were
identified as all variables were measured using Likert-scale

responses. The final dataset was screened for violations that
would prevent accurate use of Macro PROCESS. A Shapiro-
Wilk normality test revealed non-normal data (Shapiro-Wilk
statistic 0.988, p < 0.001). However, the bootstrapping
techniques used in Macro PROCESS are robust against
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TABLE 2 | Sociodemographic characteristics of participants (N = 1,332).

N %
Age in years
<18 33 2.5
18-20 481 36.1
21-23 563 42.3
24-27 200 15.0
>28 55 41
Gender
Male 481 36.1
Female 851 63.9
Study year
First 397 29.8
Second 397 29.8
Third 289 21.7
Fourth 249 18.7
Living arrangements
Living at home with parent(s) or guardian(s) 981 73.6
Living independently with(out) roommates 351 26.4
Language status
Dutch 1,174 88.1
English 158 11.9
Study domain
Agri, food and life science 100 7.5
Business, finance, and law 310 23.3
Creative business 301 22.6
Health, sport, and well-being 307 23.0
Education and Innovation 79 5.9
Engineering, design & IT 235 17.6

violations of normality (74, 75), so no data transformations
were needed.

Average scores of the final sample are displayed in Table 3.
Calculation of low, normal, and high resilience student groups
utilized the sample mean and standard deviation for all HE
students (M = 2.894, SD = 0.793). As such, scores up to 2.101
were used to indicate low’ resilience, scores ranging between
2.101 and 3.687 indicated ‘normal’ resilience, and scores above
3.687 were labeled as demonstrating ‘high’ resilience. 15.77% (N
= 210) could be classified as having low resilience, 68.77% (N =
916) were classified as having normal resilience, and 15.47% (N
= 206) reported a high level of resilience. Post-hoc examination
of statistical power demonstrated sufficient detection power for
all HE students groups (73). The power coeflicient to detect small
effect sizes was 1.000 for all HE students and the group of students
with normal resilience. Among low resilience students the power
coefficient was 0.998, and for high resilience students it came
to 0.997.

Covariates

Covariate analyses demonstrated that study year and living
arrangement were the only variables with a significant correlation
to engagement (age: r = —0.014, p = 0.607; gender: r = 0.034, p =

0.213; study domain: r = 0.029, p = 0.289; study year: r = —0.165,
p < 0.001; living arrangement: r = —0.070, p = 0.011). More so,
no significant correlations were found between either study year,
or living arrangements, and the independent variables. Therefore,
study year and living arrangement were controlled as covariates
in the subsequent model analyses.

All Students

For all HE students, the total predictive effect of the
hypothesized model was 0.137 (Tables 3, 4), with indirect
effects accounting for 67.79% of the total effects. Furthermore,
the R’ indicates an explained variance of 21%, suggesting
moderate and adequate model fit (77). For both academic
belonging and social integration, higher levels of resilience
predicted higher levels of the mediators, which in turn predicted
higher engagement (Figure2A). Results demonstrate a full
serial mediation model for all HE students engagement,
where resilience, academic belonging, and social integration are
significant positive predictors of engagement, which aligns with
the research expectations.

Of the indirect effects, the strongest predictive effect involves
the pathway via academic belonging, at 78.73% of total indirect
effect, with effect size 0.073. The indirect effect via social
integration was smaller at 8.21% of the total indirect effects,
whereas the serial mediating indirect effect was 13.07% of the
total indirect effects. In addition, results display positive partial
effects between academic belonging and social integration, and
from academic belonging on engagement, with effects classified
as large and very large (78).

Students With Low Resilience

Students with low levels of resilience also reported the lowest
levels of academic belonging, social integration, and engagement
(Table 3). More so, total predictive effects of the model did not
reach significance, although the R? value indicates moderate
and adequate model fit (77) at 0.20 (Table4). Of the total
effects, 94.72% originated from significant indirect effects
via independent and serial mediation of academic belonging
and social integration. Of the indirect effect total, 55.20%
stemmed from the significant indirect pathway through academic
belonging, and 20.35% came from the significant serial mediation
effect of both mediators.

No significant indirect effect via social integration was
found, even though the partial predictive effect from social
integration on engagement was largest compared to other
student groups (compared to all students: +170%, compared
to normal resilience: +220%, compared to high resilience:
+180%) (Figure 2B). Furthermore, compared to other groups,
low resilience students display the smallest partial effect of
academic belonging on engagement, at B = 0.285 (compared to
all students: —15.68%, compared to normal resilience: —13.64%,
compared to high resilience: —27.11%).

In contrast to research expectations, a larger serial mediation
effect was present at an effect size of 0.022 (compared to
all students: +183%, compared to normal resilience: +440%,
compared to high resilience: +-220%). Findings demonstrate the
presence of serial mediation via both academic belonging and
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TABLE 3 | Descriptive statistics and Pearson’s correlations of engagement, resilience, academic belonging, and social integration measures for all HE students and

resilience groups.

M SD 1 2 3 4
All students (N = 1,332)
1. Engagement 3.750 1.248 Q] 0.134* 0.405*** 0.286***
2. Resilience 2.894 0.793 Q] 0.217* 0.143**
3. Academic belonging 3.426 0.739 () 0.414*
4. Social integration 3.372 0.813 ()
Low resilience (N = 210)
1. Engagement 3.460 1.257 () 0.105* 0.398*** 0.364***
2. Resilience 1.732 0.302 () 0.216** 0.188**
3. Academic belonging 3.205 0.823 () 0.452***
4. Social integration 3.148 0.884 (=)
Normal resilience (N = 916)
1. Engagement 3.740 1.221 ) 0.010 0.373** 0.245***
2. Resilience 2.881 0.461 ) 0.120** 0.081**
3. Academic belonging 3.425 0.696 () 0.384***
4. Social integration 3.397 0.770 ()
High resilience (N = 206)
1. Engagement 4.070 1.286 () 0.125* 0.456*** 0.299***
2. Resilience 4134 0.329 () 0.176** 0.006
3. Academic belonging 3.660 0.764 () 0.415**
4. Social integration 3.494 0.883 (=)

“significant at p < 0.05, "significant at p < 0.01, ""significant at p < 0.001.

social integration and additionally indicate that students with low
resilience show the strongest serial predictive effects compared to
the other student groups. In addition, the partial predictive effect
from social integration on engagement was largest compared
to other student groups which contrasted expected outcomes.
In line with expectations, results did indicate a smaller partial
effect of academic belonging on engagement for students with
low resilience.

Students With Normal Resilience

Students with normal resilience levels scored in the middle
range regarding engagement, academic belonging, and social
integration in comparison to low and high resilience groups
(Table 3). Concerning predictive model outcomes, although the
model fit is moderate and adequate (77) and explains 19% of the
variance, the total effects are insignificant (Table 4). In addition,
the relationship between X and Y was insignificant at r = 0.010
(Table 3), indicating the absence of a direct association between
resilience and engagement. Consequently, no mediation model
can be seen among this group, with results instead indicating
predictive indirect and partial effects (Figure 2C).

The total indirect effects were significant, although, at 0.048,
this effect size was smallest compared to the other student groups.
Of the indirect effects, 81.25% originated from the indirect effect
via academic belonging, and 10.42% originated from the serial
effects via both mediators. The serial effect size was also smallest
for this group compared to the other groups (compared to all
students: —58.33%, compared to low resilience: —77.27%).

Of the significant partial effects, three effects were smallest
compared to the other student groups. The partial effect of
resilience on academic belonging displayed a small effect (78),
which was lowest compared to other groups (compared to
all students: —45.37%, compared to low resilience: —43.54%,
compared to high resilience: —33.71%). The predictive serial
effect between the two mediators was also smallest compared to
the other groups (compared to all students: —5.75%, compared to
low resilience: —14.32%, compared to high resilience: —11.71%).
The partial effect from social integration to engagement was
again smallest compared to other groups, with the decrease
ranging between 20.00% and 53.14%. These results misalign with
research expectations, as a direct predictive effect of resilience
on engagement was absent amongst this group. Instead, results
indicate an indirect predictive effect via academic belonging
and a serial indirect effect via both academic belonging and
social integration on engagement. Additionally, results contrast
expectations concerning effect sizes compared to other student
groups with the group of students with normal resilience
displaying predictive effects that are smaller compared to
other groups.

Students With High Resilience

The students with high resilience reported the highest levels
of academic belonging, social integration, and engagement
compared to other student groups (Table 3). Furthermore, the
analysis revealed that the model explained 26% of the variance,
indicating adequate and substantial fit (77). The total effects of
the model were marginally insignificant at p = 0.050 (Table 4).
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TABLE 4 | Standardized (B) and unstandardised (b) regression coefficients, and significance tests for the explanatory model pathways between the HE student group and

resilience groups.

Pathway B b t P R? 95% CI

All students (N = 1,332) 0.21

al 0.216 0.201 8.051 <0.001*** 0.152 to 0.250
a2 0.055 0.056 2137 0.033* 0.005 to 0.108
b1 0.338 0.570 12.409 <0.001*** 0.480 to 0.661
b2 0.140 0.214 5.198 <0.001*** 0.133 10 0.295
d 0.400 0.441 15.663 <0.001*** 0.386 to 0.496
c 0.044 0.069 1.755 0.080 —0.008 to 0.147
Cov. 1 -0.165 —0.190 —6.664 <0.001*** —0.246to —0.134
Cov. 2 —0.020 —0.056 —0.790 0.430 —0.193 t0 0.082
XonY Effect se t P 95% ClI
Total 0.137 0.042 5.092 <0.001*** 0.132 t0 0.298
Ind. total 0.093 0.014 0.066 to 0.120
Ind1 (a1 x b1) 0.073 0.012 0.051 to 0.097
INnd2 (a2 x b2) 0.008 0.004 0.0003 to 0.0165
Ind3 (a1 x d x b2) 0.012 0.003 0.007 to 0.019
Low resilience (N = 210) 0.21

al 0.209 0.568 3.044 0.003** 0.200 to 0.936
a2 0.111 0.323 1.743 0.083 —0.042 to0 0.688
b1 0.285 0.435 4.003 <0.001*** 0.221 to 0.649
b2 0.239 0.339 3.369 <0.001*** 0.141 10 0.538
d 0.440 0.472 6.983 <0.001*** 0.339 to 0.606
c —0.006 —0.025 —0.091 0.928 —0.555 to 0.506
Cov. 1 —0.057 —0.066 —0.897 0.371 —0.212 t0 0.080
Cov. 2 -0.073 —0.208 -1.135 0.258 —0.555 t0 0.149
XonY Effect se t P 95% CI
Total 0.114 0.289 1.462 0.145 —0.147 t0 0.994
Ind. total 0.108 0.039 0.036 t0 0.187
Ind1 (a1 x b1) 0.059 0.029 0.011t00.125
INnd2 (a2 x b2) 0.026 0.018 —0.005 to 0.065
Ind3 (a1 x d x b2) 0.022 0.012 0.004 to 0.049
Normal resilience (N = 916) 0.19

al 0.118 0.178 3.582 <0.001*** 0.081t0 0.276
a2 0.031 0.052 1.017 0.310 —0.049t0 0.153
b1 0.330 0.579 10.194 <0.001*** 0.467 to 0.690
b2 0.122 0.193 3.770 <0.001*** 0.093 to 0.294
d 0.377 0.417 12.290 <0.001*** 0.351 t0 0.484
c —0.048 -0.128 —1.607 0.108 —0.285t0 0.028
Cov. 1 —-0.193 —-0.219 —6.329 <0.001*** —0.287 to —0.151
Cov. 2 —0.034 —0.094 —1.099 0.272 —0.262 t0.074
XonY Effect se t P 95% CI
Total 0.097 0.086 0.003 0.997 —0.169 t0 0.169
Ind. total 0.048 0.014 0.023 t0 0.075
Ind1 (a1 x b1) 0.039 0.011 0.018 t0 0.062
INnd2 (a2 x b2) 0.004 0.004 —0.004 t0 0.013
Ind3 (a1 x d x b2) 0.005 0.002 0.002 to 0.011
High resilience (N = 206) 0.25

al 0.178 0.412 2.541 0.012* 0.092 to 0.731
a2 —0.067 —-0.178 —-1.022 0.308 —0.526 t0 0.167
b1 0.391 0.658 5.714 <0.001*** 0.431 t0 0.886
b2 0.133 0.193 1.968 0.050 —0.003 to 0.387
d 0.427 0.493 6.570 <0.001*** 0.346 to 0.642
c 0.066 0.258 1.051 0.295 —0.226 t0 0.741
Cov. 1 -0.157 -0.180 —2.561 0.011* —0.318 t0—0.041
Cov. 2 0.053 0.152 0.855 0.393 —0.199 to 0.503

(Continued)
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TABLE 4 | Continued

Pathway B b t p R? 95% CI

XonY Effect se t P 95% CI

Total 0.137 0.271 1.968 0.050 —0.001 to 1.067
Ind. total 0.071 0.044 —0.013t0 0.164
Ind1 (a1 x b1) 0.069 0.038 0.003 to 0.150
Ind2 (a2 x b2) —0.009 0.011 —0.032 t0 0.010
Ind3 (a1 x d x b2) 0.010 0.007 —0.001 to 0.025

al, independent variable (IV) to mediator 1; a2, IV to mediator 2; b1, mediator 1 to dependent variable (DV); b2, mediator 2 to DV, d, mediator 1 to mediator 2; ¢’, IV to dependent
variable; Cov.1, study year control variable; Cov.2, living arrangement control variable; “significant at p < 0.05; ~significant at p <0.01; " significant at p< 0.001.

Further inspection revealed that the direct pathway between
resilience and engagement, the indirect pathway through
social integration, and the serial mediation pathway were all
insignificant (Figure 2D). The only significant pathway involved
an indirect mediation effect via academic integration, where
higher resilience predicts higher academic belonging and this
subsequently predicts higher engagement, at 97.18% of the total
indirect effects. At an effect size of 0.069, this indirect mediation
effect is larger compared to other student groups (compared
to low resilience: +14.49%, compared to normal resilience:
+43.48%). Although a very large partial effect (78) was revealed
between the two mediators at 0.427, no subsequent predictive
partial effect on engagement was indicated. These findings partly
contrast research expectations as serial mediation was absent, but
also partially aligned with expectations as the partial effect of
academic belonging on engagement was largest compared to low
and normal resilience groups.

DISCUSSION

This study researched engagement predictors among HE students
studying via ERT in the Netherlands during the COVID-19
pandemic. The relationship between resilience and engagement
was examined, in addition to assessing mediating and indirect
effects via academic belonging and social integration. For all
HE students, serial mediation was demonstrated where the
direct effect of resilience on engagement was fully mediated by
academic belonging and social integration. Resilience positively
predicts academic belonging, which in turn positively predicts
engagement and social integration. Resilience additionally
positively predicts social integration with fellow students, which
in turn positively predicts engagement. Moreover, independent
partial predictive effects from academic belonging and social
integration on engagement were found. As such, findings aligned
with research expectations for the entire HE student sample.

The confirmation of a significant relationship between
resilience and engagement during ERT, lines up with findings
regarding face-to-face teaching (24, 49). Among all students,
mediation by both academic belonging and social integration are
in keeping with studies on the positive mediating role of feeling at
home at the HEI and positive peer relationships on engagement
(29, 35). Distinct from studies on engagement during face-
to-face teaching, the current study reveals that engagement

during ERT was predicted with greatest effect through academic
belonging (42-44).

Results also displayed serial mediation among low resilience
students, with the largest effect size of all student groups
in contrast to expectations. The indirect predictive effect
from academic belonging on engagement contained the largest
predictive effect, although this effect was smaller relative to the
other groups. Furthermore, independent mediation via social
integration was absent, even though the partial predictive effect
was largest compared to other student groups.

These findings suggest several points. First, students with
low resilience experience lower levels of belonging at their HEIs
during ERT, and it stimulates engagement to a lesser extent than
among other student groups. Students with lower resilience may
thus be more prone to feeling unsafe within the academic context,
or may experience lower connectedness to their educational
programs, both under face-to-face teaching circumstances and
during ERT (79-81), potentially indicating a characteristic of low
resilience students. Low resilience students may also experience
more difficulty expressing their needs and questions within the
academic setting, limiting the positive effect on engagement
compared to other groups.

Second, low resilience students reported the lowest mean
levels of social integration, whilst simultaneously demonstrating
the largest partial effects related to social integration. This
indicates the presence of lower positive relationships with fellow
students during ERT, while depending on social integration to
facilitate engagement to a higher degree than the other student
groups. Given the suboptimal quality of social integration during
ERT (47), engagement for this group could be improved by
enhancing social integration.

Third, as the largest relative serial mediation effect was
found among low resilience students, this group utilizes this
indirect pathway to a larger extent. As such, targeting academic
belonging among low resilience students could include a
two-hit approach during ERT: it could facilitate engagement
directly, and it could increase social integration, subsequently
enhancing engagement.

Finally, promoting resilience among low resilience students
could prove a promising strategy. Based on results from the other
student groups, increasing resilience could enhance students’
sense of academic belonging during ERT, which is particularly
relevant during the changing educational contexts related to the
COVID-19 pandemic. More so, with resilience so prominently
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FIGURE 2 | Predictive model standardized effects for the HE student groups:
(A) all students (N = 1,332), (B) students with low resilience (N = 210), (C)
students with normal resilience (N = 916), and (D) students with high
resilience (N = 206). * significant at p < 0.05, ** significant at p < 0.07,
*** significant at p < 0.001, X, resilience, Y, engagement; M1, academic
belonging; M2, social integration.

linked to maintained wellbeing during the pandemic (57),
targeting HE students with suboptimal resilience could provide
positive benefits to wellbeing that extend beyond the realm of the
educational setting (55).

When students reported normal levels of resilience the direct
association between resilience and engagement ceased to be
found, which misaligned with the study’s expectations. Instead,

students with normal resilience exhibited significant indirect
effects, including a serial indirect effect via academic belonging
and social integration that was smallest compared to the other
groups. The sense of academic belonging during ERT displayed
the strongest indirect predictive effect on engagement, although
it was ultimately smaller compared to other groups, due to the
relative smaller effect from resilience. This suggests that resilience
had a lesser effect on engagement maintenance among normally
resilient students.

Furthermore, the explained variance of the model was lowest,
suggesting application of alternative engagement strategies
among these students. With previous research indicating
that intrinsic values such as motivation, desire to succeed,
determination, and future orientation are present amongst
resilient individuals (82, 83) our findings may indicate that this
student group is using intrinsic factors excluded from the current
study design. They may also be utilizing alternate engagement
resources, as higher resourcefulness is also instrumental to
engagement (49).

For highly resilient students, serial mediation was absent
and social integration failed to predict engagement during ERT.
Instead, indirect mediation through academic belonging alone
demonstrated the strongest predictive effect relative to other
groups. Highly resilient students’ sense of academic belonging
displayed the highest average scores, the largest indirect effect,
and the largest partial predictive effect on engagement, suggesting
a superior sense of belonging within a limited ERT higher
educational context. This outcome aligns with studies indicating
higher levels of connectedness among highly resilient students
under face-to-face educational conditions (55) and aligns with
increased adaptability among students with higher engagement
during ERT (6).

Additionally, none of the predictive pathways associated
with social integration were significantly present among highly
resilient students, even though these students reported the
highest levels of social integration during ERT. These findings
differ from previous indications of advanced utilization of peer
student support among highly resilient students (82) and contrast
findings for low resilience students. The current model may
have captured a context driven adaptation, where, given the
limitations of social integration under ERT, highly resilient
students have shifted engagement tactics away from social
integration. After all, with social integration potentially hindered
during ERT if fellow students do not participate (18), our findings
could reflect stronger application of self-controlled strategies
among this student group.

Our explanation lines up with research demonstrating
increased positive adaptability among more engaged students
(6) and expands on studies indicating that HE students
report an increased need for self-discipline, motivation, self-
teaching skills, and organization to successfully maintain
learning and engagement during ERT (18). Thus, although
highly resilient students are reporting social relationships
and collaborations with fellow students to a higher
level than other student groups, they boost engagement
during ERT primarily through their heightened sense of
academic belonging.
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Limitations

This study has some limitations. First, operationalization of
engagement can be highly variable between studies, limiting
comparability (67, 68). Though the current study included an
engagement scale that has been used previously in global cohort
studies (23, 28-33), comparability to alternate engagement scales
depends on subcomponent overlap and construct definition.
The UWES-SF does not focus on behavioral components of
engagement, which limits comparability of findings to cognitive-
affective engagement studies. Second, although the current study
included sociodemographic and study related covariates to
control their independent influence on the outcome variable,
unincluded variables such as social economic status, family social
support, or family educational background may also be relevant.
Future studies should include additional sociodemographic
variables to allow control of covariance. Third, initial selection
of a subset of items from the social integration scale lacked a
primary factor analysis to test validity. Though the entire scale
has been validated in a sample of HE students (51) the subset
was not, which could have influenced validity optimization of
the current subscale. Future research should establish validity
of reduced scales to validate utilization of short forms. Finally,
based on available literature indicating directional associations,
the current serial mediation model assumes the presence of
predictive effects between included constructs. However, studies
also indicate alternative associations between these constructs
(38, 84) including feedback effects, which are not captured in
the current model. More so, assessment of directionality is
limited in cross-sectional datasets, as opposed to longitudinal
monitoring or experimental designs. Further research should
focus on examining additional aspects relevant to engagement
and resilience, and should further clarify directional processes by
using longitudinal approaches or interventions.

Practical Implications and Future

Directions

For all HE students who are studying via ERT in the
Netherlands, interventions geared toward stimulation of
resilience, academic belonging, and social integration all stand
to provide significant engagement benefits. The current study
also underlines the need for individualized, profile-oriented
approaches, as engagement interventions might affect HE
students differently depending on their resilience profiles.
HEIs should consider student resilience characteristics to
assess which intervention targets are promising among their
student populations.

Students with low resilience could benefit more from
interventions aimed at improving the level of student
interactions with fellow students, increasing academic belonging,
as well as increasing resilience. Highly resilient students
on the other hand, stand to profit most from interventions
aimed solely at raising academic belonging, whereas students
with normal resilience would be supported by interventions
targeting academic belonging and social integration, but
not resilience.

The current study provides several important directions
for future research. Regarding different resilience profiles,
future studies should expand current knowledge by continuing
examination of predictive models while ERT endures and once
face-to-face teaching at HEIs re-opens. In doing so, predictive
stability among different resilience groups can be analyzed, and
adaptability to shifts between ERT and face-to-face teaching in
HEISs can be assessed.

In addition, incorporation of other relevant aspects of
engagement, including measures of determination, self-
motivation, and organization skills will help determine to what
extent such tactics are also pivotal to engagement maintenance.
Examining these constructs will diversify applicable intervention
targets that HEIs could utilize to support HE students’
engagement levels during ERT. Finally, future research on
student engagement should further focus on risk factors and
protective influences on engagement among students with low
resilience. As these students display the lowest levels of academic
belonging, social integration, and engagement, this group could
be more at risk of slipping through the cracks during ERT. As
such, continued assessment of student groups with higher risk
profiles is warranted to ensure prevention, early signaling, and
timely support.

Inspecting predictive models for HE students based on
distinct resilience typologies offer new insights on intra-
group differences and has been recognized previously as an
important yet underrepresented area of research (29, 85). Overall,
our study reveals resilience dependent changes in student
engagement predictors during ERT in the Netherlands. In
addition, the current study demonstrates model outcomes that
contrast studies conducted in face-to-face higher educational
settings, potentially reflecting impacts of ERT. As ERT is
linked to limited interactions with peer students, lowered
participation in class discussion, and a lack of instant
feedback (79), HE students may well be reconfiguring how
to best maintain engagement during this time. Current
findings argue for continued research focussed on student
resilience and engagement during ERT, especially given the
potential recurrence of lockdown restrictions for HEIs in
the Netherlands following identification of new COVID-19
variants (86).
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Aims: This article evaluates the psychometric properties of the Chinese version of the
5-item WHO Well-Being Index (WHO-5) in mainland China.

Methods: Two cross-sectional studies with 1,414 participants from a university in China
were conducted. The Chinese version of the WHO-5 was assessed to determine its
internal consistency, concurrent validity, factorial validity, and construct validity.

Results: The results indicate that the WHO-5 is unidimensional and has good internal
consistency, with Cronbach’s a = 0.85 and 0.81 in Study 1 (n = 903) and Study
2 (n = 511), respectively. The findings also demonstrate that the WHO-5 has good
concurrent validity with other well-established measures of wellbeing, self-efficacy,
self-esteem, and mental wellbeing. The results of confirmatory factor analysis also
suggest that the scale has a good model fit.

Conclusions: This study provides empirical data demonstrating that the Chinese
version of the WHO-5 has good psychometric properties. The scale can be a
useful measure in epistemological studies and clinical research related to wellbeing in
Chinese populations.

Keywords: wellbeing, WHO-5, CFA, Chinese, validation, student

INTRODUCTION

The WHO 5-item Well-Being Index (WHO-5) is a well-known psychological measurement scale
that assesses subjective wellbeing through a non-symptomatic and positively worded self-report
instrument for a 14-day period (1, 2). The development of the scale began with its longer versions,
the WHO-28 and WHO-10 (3-5). By 1998, researchers had successful reduced the instrument to a
more user-friendly 5-item scale using a 6-point Likert scale, ranging from 0 (at no time) to 5 (all of
the time) (6). Since then, it has gained worldwide popularity as a screening tool in epidemiological
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research on areas such as depression, suicidal ideation, infertility,
and diabetes (7-9). Recently, numerous studies have applied the
WHO-5 to measure comprehensive bio-psychosocial wellbeing
(10, 11), indicating an attempt at wider application.

The wider application of the scale depends on its continuous
improvement in work by scholars and clinical researchers
translating and validating its applicability in Western, Asian,
and Latin American countries (6, 11-13). However, in its
positive application in various cultures, the construct validity
of the WHO-5 has been overlooked (14, 15), with researchers
focusing on exploratory factor analysis (EFA) to evaluate the
unidimensional latent construct of the scale (16). As such, there
are various validation studies on WHO-5 only evaluated the
factorial validity of the measure with EFA (9, 17). EFA cannot
constrain data, whilst confirmatory factor analysis (CFA) imposes
meaningful constraints in assessing the validity of a measure (15).
The development and use of CFA was a crucial step in scale
validation (18). Yet, surprisingly, WHO-5 assessments using
CFA are scarce (1). To the best of our knowledge, this is the
first validation study on the Chinese version of WHO-5 with
empirical data from two cross-sectional studies using both EFA
and CFA to evaluate its construct validity.

This study aimed to fill this gap by conducted two studies.
One study evaluated the Chinese version of the WHO-5 with
Chinese university students to reveal its psychometric properties.
The second study was aimed at validating and confirming the
factors in the WHO-5 to reveal its robustness in CFA. Last, the
concurrent validity of the WHO-5 with several well-established
construct-related concepts related to mental wellbeing (6, 8, 9,
12, 19), life satisfaction, self-esteem, and self-efficacy (1, 20, 21)
was also investigated.

Overall, this study provides empirical evidence of the
psychometric properties of the Chinese version of the WHO-
5, as well as evidence confirming its academic development
and application. The validation should be beneficial for
comprehensive psychological measurements of other student
populations in China. The wider application of this validated
scale should help practitioners monitor the mental health and
wellbeing of Chinese university students.

MATERIALS AND METHODS

Participants

To evaluate the psychometric properties of the WHO-5, two
cross-sectional studies were conducted in a university in
Guangdong, China with 1,414 valid participants. We have set
95% confidence level and 5% margin of error when determining
the sampling size. The minimum sample size was 377 in the
research setting (22). Study 1 took place between June and July
2018 with 903 undergraduate students with an average age of
20.56 years (SD = 2.75 years) who voluntarily participated. The
sample comprised 111 male and 792 female participants. In
addition, 511 students participated in Study 2 from April to May
2019. The margin of error for the above samples was 3.12%
(n=903) in Study 1 and 4.19% (n = 511) in Study 2. The sample
comprised 85.5% female and 14.5% male participants with an

average age of 20.41 years (SD = 2.49 years). The gender ratio
reflected the overall student demographic profile of the setting.

Both studies used the university’s student intranet system
to recruit participants and distribute the questionnaire. The
collected data stored on the system were completely anonymous.
The participants were invited to participate on a voluntary basis.
Informed consented was obtained from all of the participants.
Parental consent was not required as the participants are all
over 18 years old. The participants were allowed to withdraw at
any time during the data collection process. The studies were
approved by the university’s research ethics committee. The
entire research process strictly adhered to relevant national and
international ethical standards.

Measures

The WHO-5 consists of five items with a 6-point Likert-type scale
ranging from 0 (at no time) to 5 (all of the time) that measure
wellbeing. A higher score indicates a higher level of wellbeing (5,
16, 23). The development of the Chinese WHO-5 used standard
translation and back-translation procedures by two translators
with proficiency in both English and Simplified Chinese (24). To
avoid geographical and cross-cultural differences within China,
two pilot studies were conducted in Xian, Shaanxi and in
Guangzhou, Guangdong with 10 pilot participants with at least
a degree qualification (25, 26). None of the participants reported
any difficulty understanding the questions. The data collected
from the pilot studies were excluded from subsequent analysis.

The Satisfaction with Life Scale (SWLS) is made up of five
items with a 7-point Likert-type scale, ranging from 1 (strongly
disagree) to 7 (strongly agree) (27-30). The Chinese version of
the SWLS was validated by Bai et al. (31) with a nationally
representative sample. The Cronbach’s alpha in Study 1 and Study
2 are 0.883 and 0.819, respectively.

The Personal Well-Being Index (PWI) is evaluated on
an 11-point Likert-type scale (0 = no satisfaction at all to
10 = completely satisfied) with seven questions related to
various quality of life domains, including standard of living,
health, achieving in life, relationships, safety, community-
connectedness, and future security (a = 0.902 in Study 1; 0.916
in Study 2). The original scale developer validated the Chinese
version (32). The Cronbach’s alpha of PWT in both Study 1 and
Study 2 are above the acceptable range with 0.902 and 0.916.

The Rosenberg Self-Esteem (RSE) Scale comprises 10
statements (with five items reverse-coded) evaluated using a
4-point Likert-type scale (1 = strongly disagree to 4 = strongly
agree) (33, 34). Wu et al. (34) validated the Chinese version of the
RSE with 982 adolescents. The current study also reported the
acceptable alpha coefhicient (Study 1 = 0.830; Study 2 = 0.755).

The General Self-Efficacy Scale (GSE) consists of 10 items on
a 4-point Likert-type scale (1 = not at all true to 4 = exactly
true) (35-37). The Chinese version of the GSE has recently
been validated (34, 38). The GSE in Study 1 and Study 2 with
Cronbach’s alpha 0.903 and 0.884, respectively.

The Short Warwick Edinburgh Mental Well-Being Scale
(SWEMWBS) evaluates hedonic and eudaimonic wellbeing with
a 5-point scale (1 = none of the time to 5 = all of the time) with
seven positively worded questions (14, 39). The Chinese version
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has been validated in both school and clinical settings (40-43).
The Cronbach’s alpha in Study 1 = 0.884 and Study 2 = 0.824.

Last, the 12-item General Health Questionnaire (GHQ-12)
contains 12 items to evaluate the severity of health-related
problems with a 4-point scale (44). Higher scores indicate
worse health. The Chinese version has been validated in various
contexts (45, 46). The Cronbach’s alpha in Study 1 and Study 2
are 0.773 and 0.751, respectively.

Ethical Statement

This study was conducted in accordance with the ethical
standards of City University of Hong Kong and Guangzhou
Huashang College research ethics committee and with the
1964 Helsinki declaration and its later amendments. Informed
consent was obtained from all individual participants included
in the study.

Procedure

Using data from Study 1 (n = 903) and Study 2 (n = 511),
the internal consistency of the WHO-5 was evaluated using
Cronbach’s alpha (47) and McDonald’s omega (48-50), and the
corrected item-total correlations between the five items were
examined (51, 52).

EFA with principal component analysis was used to evaluate
the factorial validity of the WHO-5 (1, 18, 53). To avoid the
potential problem of overfitting when conducting EFA and CFA
on the same dataset (54), EFA was only conducted on the sample
from Study 2 (n = 511). EFA adopted the cut-off values of the
Kaiser-Mayer-Olkin (KMO) test (>0.70) and Bartletts test of
sphericity (p < 0.01). In addition, the identified factors should
have eigenvalues >1 and their loadings should be >0.350 (51, 55).

The construct validity of the WHO-5 was further evaluated
with CFA based on the sample obtained from Study 1 (n = 903)
(56). Recent studies on CFA have suggested that the maximum
likelihood estimator is inappropriate for a scale measured with
ordinal items (57); hence, a diagonally weighted least squares
(DWLS) estimator was used (58-60) in Model 1 and 2. The
recent simulate study recommended that maximum likelihood
with mean- and variance-adjusted likelihood ratio test (MLMV)
yields better results. Hence, we adopted this estimator in Model
3 (61, 62). The following well-established fit indices were used
to evaluate the model fit: comparative fit index (CFI) > 0.90,
Tucker-Lewis index (TLI) > 0.90, root mean square error of
approximation (RMSEA) < 0.08, and root mean square residual
(SRMR) < 0.08 (51, 63-65). In addition, the ratio of the chi-
square test statistic to degrees of freedom, x2/df < 3, was used
to determine an acceptable model fit (66-69) with the exception
of Model 3, as the chi-square value of MLMYV cannot be used for
regular way (70).

Concurrent validity was assessed using the data from both
Study 1 (n = 903) and Study 2 (n = 511) along with other
validation constructs or measures reported in relevant studies on
the WHO-5 (18, 71). Specifically, the WHO-5 has been shown
to be significantly positively correlated with life satisfaction, self-
esteem, and self-efficacy (1, 20, 21) and negatively correlated with
mental health and psychiatric morbidity (6, 8, 12, 19). Hence, the

following scales were used to evaluate the concurrent validity of
the WHO-5: SWLS, PWI, RSE, GSE, SWEMWBS, and GHQ-12.

The above analyses were conducted using the R (3.6.3)
computing environment with the lavaan package 0.6-5 (72),
Mplus 8.5 (70), and IBM SPSS 26.0.

RESULTS

Internal Consistency

Table 1 presents the descriptive statistics, including the mean,
standard deviation, skewness, kurtosis, corrected item-total
correlations, and Cronbach’s alpha (if an item was deleted) for
the five items of the WHO-5, based on the data from Study
1 (n = 903) and Study 2 (n = 511). The results showed that
the WHO-5 had good internal consistency. The corrected item-
total correlations for the WHO-5 ranged from 0.585 to 0.751
in Study 1 and from 0.529 to 0.618 in Study 2. The Cronbach’s
alpha and McDonald’s omega values were above the acceptable
range, with a = 0.85 and w = 0.86 in Study 1 and a = 0.81 and
® = 0.82 in Study 2. There were no significant differences, and
relationships were observed in the scale scores by gender, based
on the independent-sample ¢-test and correlation results.

Factorial Validity

Table 2 illustrates the EFA results using principal component
analysis for Study 2 (n = 511). The results of the KMO and
Bartlett’s test of sphericity for the WHO-5 were 0.804 (x> =
833.749, p < 0.001), indicating appropriate scale construction.
The scale was unidimensional with only one factor with an
eigenvalue >1. The factor loadings ranged from 0.478 to 0.674,
explaining 57.593% of the total variance.

Construct Validity

Table 3 and Figure 1 show the CFA results for the WHO-5 based
on Study 1 (n = 903). Model 1 evaluated the WHO-5 based on
a single factor, without correlating the error terms. The results
generally satisfied the criteria for an adequate model fit, with
CFI = 0.996, TLI = 0.992, and SRMR = 0.037. However, the
following two indices failed to fit the model: x? (50.536)/5 =
10.107 and RMSEA = 0.100. Following recent studies on the
WHO-5 (73), Model 2 re-evaluated the scale, with the error
correlations based on the modification indices. It included one
covariance factor between the error terms for the WHO5-1 and
WHO5-2. The CFA results indicated a good fit of the model, with
x? (10.988)/4 = 2.747, p < 0.05, SRMR = 0.019, CFI = 0.999,
TLI = 0.998, and RMSEA = 0.044. Model 3 further evaluated
the WHO-5 with MLMV estimator without correlated errors.
The results indicated that the WHO-5 generally had an adequate
fit with a unidimensional factor structure without any post-hoc
modifications, with SRMR = 0.030, CFI = 0.974, TLI = 0.947,
and RMSEA = 0.080 (Model 3).

Concurrent Validity

The results of Study 1 (n = 903) replicated the relationships
between the WHO-5 and the other construct-related scales
suggested in the wellbeing literature (Table 4). In particular, the
WHO-5 had significant and strong positive relationships with the
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TABLE 1 | Descriptive statistics for the WHO-5 items in Study 1 and Study 2.

Item X SD sk ku rit aiid
Study 1

WHO5-1 3.80 0.993 —0.242 0.025 0.669 0.819
WHO5-2 3.54 0.992 0.082 0.019 0.709 0.808
WHO5-3 3.56 0.935 0.136 0.096 0.751 0.799
WHO5-4 3.37 1.056 0.175 —0.105 0.585 0.843
WHO5-5 3.47 0.933 0.145 0.067 0.611 0.834
Study 2

WHO5-1 3.64 0.968 —0.405 0.341 0.588 0.780
WHOS5-2 3.53 0.924 —0.188 0.294 0.618 0.771
WHO5-3 3.52 0.957 —0.099 —0.080 0.683 0.751
WHO5-4 3.38 1.070 -0.152 —0.166 0.529 0.801
WHO5-5 3.36 0.958 0.055 -0.184 0.598 0.777

R, Reversed item; sk, Skewness; ku, Kurtosis; ri, Corrected item-total correlations; ajiq,
Cronbach’s alpha, if item deleted.

TABLE 2 | Exploratory factor analysis with principal component analysis on

WHO-5 items.

Item Study 2
1. I have felt cheerful and in good spirits. 0.569
2. | have felt calm and relaxed. 0.598
3. | have felt active and vigorous. 0.674
4. | woke up feeling fresh and rested. 0.478
5. My daily life has been filled with things that interest me. 0.561

SWLS (r = 0.507, p < 0.001) and PWI (r = 0.500, p < 0.001). The
RSE (r = 0.351, p < 0.001) and GSE (r = 0.394, p < 0.001) also
had a moderate positive relationship with the WHO-5. In general,
these results were similar in Study 2 (n = 511).

Regarding the concurrent validity of the WHO-5, the scale
was expected to demonstrate a negative relationship with the
psychological symptom-related scales. As predicted, the WHO-5
was positively related to the SWEMWABS, a scale in which a lower
score indicates psychiatric morbidity, with r = 0.438 (p < 0.001)
in Study 1 and r = 0.537 (p < 0.001) in Study 2 (n = 511). The
results also demonstrated that the Chinese version of the WHO-5
had a significant moderate negative relationship with the GHQ-
12 in Study 1 (r = —0.342, p < 0.001) and Study 2 (r = —0.411,
p < 0.001). In summary, the WHO-5 showed good concurrent
validity based on Pearson’s correlation coefficients.

DISCUSSION

Subjective wellbeing is an important denominator in various
mental health issues. The WHO-5 offers a set list for evaluating
the effectiveness of treatment with a friendly, easy to understand,
and non-invasive assessment. Its wider application to assess
psychological responses to various types of disease is apparent
in its capacity for early and effective identification. By validating
the Chinese version of the WHO-5, this study opens its wider
application to investigate the wellbeing of Chinese undergraduate
students, such as stress-related issues in work and education

TABLE 3 | Factor loadings and fit indices in confirmatory factor analysis for the
WHO-5 (see Figure 1 for estimated model).

Study 1
Item Model 1 Model 2 Model 3
WHO5-1 M 0.799 0.725 0.756
WHO5-2 Ao 0.838 0.769 0.798
WHO5-3 A3 0.856 0.905 0.829
WHO5-4 ha 0.662 0.676 0.632
WHO5-5 s 0.693 0.708 0.654
Residual correlations
WHO5-1-WHO5-2 12 - 0.160 -
Model fit
N 903 903 903
RMSEA 0.100 0.044 0.080
RMSEA 90% Cl 0.076-0.127  0.014-0.076  0.064-0.115
SRMR 0.037 0.019 0.030
%2 50.536 10.988 -
df 5 4 -
x2/df 10.107 2.747 -
CFl 0.996 0.999 0.974
TLI 0.992 0.998 0.947

settings (2). Specifically, the results of this study showed that
the Chinese version of the WHO-5 has good psychometric
properties. Indeed, the results indicated that the scale has good
internal consistency, with Cronbach’s alpha values of 0.85 and
0.81 in Study 1 and Study 2, respectively, similar to the values
reported in recent WHO-5 studies (ranging from 0.78 to 0.85)
based on adolescents and adults in various settings (8, 11, 12, 19,
73). The unidimensional factor structure of the Chinese version
of the WHO-5 replicated that of the original WHO-5 (5, 16, 23).
The results in this study also showed that the WHO-5 has
good concurrent validity with well-established measures related
to wellbeing, self-esteem, self-efficacy, and mental wellbeing. In
short, the Chinese version of the WHO-5 is suitable for studying
the wellbeing of Chinese university students.

This study contributes to the measurement of wellbeing in
the following ways. First, this study is one of the first to validate
the Chinese version of the WHO-5 for the student population.
Although many epistemological studies have used the WHO-
5 in Chinese contexts (74-80), there is a paucity of studies
validating the Chinese version of the scale. In addition, most of
the WHO-5 studies conducted in other countries have focused
on clinical populations (1, 9, 12). As such, many existing studies
reported that the WHO-5 has been used as outcome measure for
the clinical trials amongst the patients with medical conditions
related to oncology, endocrinology, otolaryngology, etc. (2). The
findings of this study indicated that the WHO-5 is a reliable
tool to address mental health challenges in a non-clinical sample,
which can contribute to the field of public health.

The second contribution of this study is to provide empirical
data to evaluate the construct validity of the WHO-5 through
CFA. Validation studies have mainly evaluated construct validity
using only EFA (4, 6, 12, 19). However, validation scholars have
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FIGURE 1 | Estimated model of the 5-item WHO Well-Being Index.

M A RS

advocated the use of CFA (18, 38, 81). Many recent studies have
demonstrated that scales developed and validated using only EFA
may suffer from various methodological issues, such as poor
factorial validity and difficulty replicating the factor structure
(82, 83). This study conducted two cross-sectional studies to
evaluate the scale through both EFA (Study 2) and CFA (Study 1)
to avoid the above issues.

This study may have the following limitations. First, the results
of this study were based on two cross-sectional studies conducted
in a Chinese university located in Guangdong Province in
southern China. This may limit the generalizability of the
findings to Chinese society or to the Chinese diaspora as a whole.
Second, the construct-related measures used in this study are
limited by the availability of validated Chinese versions of the
scales related to wellbeing, self-efficacy, self-esteem, and mental
wellbeing, which may be slightly different from the measures
used by the original developers. To overcome this potential
limitation, we adopted measures and concepts that have been
frequently discussed and applied in WHO-5 studies (1, 6, 8, 9,
12, 19-21). The last potential limitation is related to the post-
hoc modifications in CFA to meet all of the criteria for a good
model fit. Model 1 (Table 3) reported that SRMR, CFI, and TLI
met the criteria for a good model fit and that x%/df and RMSEA
did not. We are fully aware of the discussion about avoiding the

TABLE 4 | Correlations between the WHO-5 in relation to other well-established
scales.

Scale Study 1 Study 2
WHO-5 WHO-5

Satisfaction with Life Scale 0.507 0.519

(SWLS)

Personal Well-Being Index 0.500 0.499

(PWI)

Rosenberg self-esteem (RSE) 0.351 0.478

scale

General self-efficacy scale 0.394 0.408

(GSE)

Short Warwick Edinburgh 0.438 0.537

Mental Well-being Scale

(SWEMWBS)

12-item General Health —0.342 —0.411

Questionnaire (GHQ-12)

All correlations are significant at the 0.001 level (2-tailed).

use of correlated error terms in CFA without strong justifications
(84, 85). Recent WHO-5 validation studies that used CFA have
also correlated the error terms (8, 15, 73). This practice has
been justified in the literature (86-90). Hence, after correlating
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the error terms for items 1 and 2, Model 2 showed that the
WHO-5 met all of the stringent indices for a good model fit
[x? (10.988)/4 = 2.747, p < 0.05, SRMR = 0.019, CFI = 0.999,
TLI = 0.998, RMSEA = 0.044], indicating that the Chinese
version has good construct validity. To overcome this limitation,
we computed additional CFA analysis with MLMV estimator in
Model 3 without correlating any error terms between the items.
The results fulfilled the requirement of adequate model fit, with
SRMR = 0.030, CFI = 0.974, TLI = 0.947, and RMSEA = 0.080
(Table 3).

Future studies should include wider population samples, such
as young working adults, and non-university youth populations,
such as primary and secondary Chinese students. By establishing
the broader applicability of the WHO-5 to social work and
counseling interventions, the rapid screening enabled by this
instrument will provide a viable means of detecting the emotional
and psychological wellbeing of young people, making early
intervention possible, especially for stress-related issues at work
or school. If longitudinal research were conducted, the scale
would be available to examine the psychosocial wellbeing
of Chinese primary and secondary students. The important
data obtained would provide teachers, parents, and students
themselves with insight into their psychosocial and emotional
health. Another direction could be to compare the subjective
wellbeing of primary, secondary, university, and working youth
populations at these important stages of development.

CONCLUSIONS

In summary, this study validated the Chinese version of the
WHO-5. The findings indicate that the scale has good internal
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Background: The Internet changed the lives of average citizens in the early part of the
twenty-first century, and it has now become an essential part of daily life. Many studies
reported that accessibility of Internet use is associated with mental health. However,
previous studies examining this association were confined to local and community
subpopulations and limited at the individual level, which increases the potential bias from
the selection effect at a different level. Regional variables would be a stable estimate of
people’s socioeconomic and cultural environments and how these variables affect mental
health needed to be studied. The objective of this study was to evaluate the association
between regional Internet access, and mental stress among university students.

Methods: Participants were 11,954 students, who were identified through a multistage
survey sampling process conducted in 50 Chinese universities. Regional Internet access
was retrieved from a national database, and mental stress was measured using
the Perceived Stress Scale (Chinese Version) (CPSS). Both unadjusted and adjusted
methods were considered in the analyses.

Results: More than one-third 36.9% (95% CI: 24.4-49.5%) of university students in this
study suffered from severe mental stress (SMR). The multilevel logistic regression model
found that university students studied in low-level universities had 2.52 (95% C.I. 1.17 to
6.37) times the prevalence of SMR than those in high-level universities. Compared with
small cities, students in a large city had a lower prevalence of SMR (OR 0.25; 95%C.I.
0.06 to 0.77). Most importantly, regional Internet access was negatively associated with
students’ SMR (OR 0.25; 95%C.l. 0.08 to 0.76).

Conclusions: This study indicated that regional Internet access and other environmental
factors including city size and type of universities contribute to students’ mental health.
The findings underscore that efforts to control excessive mental stress among students
in China should pay greater attention to environmental determinants of stress and
particularly to improve internet access.

Keywords: Internet use, mental health, mental stress, university students, China
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Internet Access and Mental Stress

BACKGROUND

The number of Internet users has increased. An estimated 4.4
billion of the world’s 7.7 billion people connected to the Internet
in March 2019 (1). By 2008, China had outpaced the U.S. to
become the world’s largest Internet user (2). There are 1.01 billion
Chinese Internet users and the Internet penetration rate reached
71.6% by June 2021 (3). The Internet changed the lives of average
citizens in the early part of the twenty-first century, and it has
now become an essential part of daily life. It is often used for such
activities as shopping, obtaining health information, working,
and communicating with each other. In the context of the global
spread of Covid-19, the value and function of the Internet have
once again been fully demonstrated.

The rapid growth of Internet uses around the world
and in China—combined with the use of other Information
and Communication Technologies (ICTs) such as personal
computers and mobile devices—may have a significant impact
on individual psychological well being (4). Many studies reported
that fewer accessibility of Internet use is correlated with
more psychological and mental problems, including depression,
loneliness, and stress (5-7). And, Internet use would in fact buffer
the mental and physical impact of stressful life events (8). Some
studies, however, have found the opposite result: depression and
psychosocial distress were positively related to Internet use (9-
11). Regardless, the Internet has become an essential part of
daily life and its impact on psychological and mental health
needs to be closely studied. There is a rapidly growing public
awareness of mental stress as an important factor that may lead
to psychopathology (12).

According to the Stimulus, Cognition, and Response (SCR)
model, various stimuli (S) affect internal states of people
through cognition (C), which in turn elicits mental and
behavioral responses (R). Classic S elicit different physical
or mental outcomes due to personal cognition (13). In this
context, maladaptive coping or cognitive styles may result
in greater distress, while more positive personal lifestyles
and access to social resources are associated with a more
favorable psychological well being (14). Ecological models have
emphasized that mental stress is influenced by both individual
and environmental variables (15, 16). Access to and being able
to use the Internet is a basic and important resource for people.
Personal devices and behaviors affect access to the Internet,
which in turn may affect people’s mental stress (6). Regional
variables are a widely accepted and stable estimate of people’s
behaviors (17). However, in reviewing the literature, previous
studies examining Internet use and mental stress were confined
to local and community subpopulations and limited at the
individual level, which increases a potential selection effect bias
(8, 10). Regional variables have been shown to be stable estimates
of people’s socioeconomic and cultural environments, so analysis
results obtained from these variables are more reliable.

Mainland China is a vast territory with much cultural diversity
and large differences in economic and social development. This

Abbreviations: CPSS, the chinese version of the perceived stress scale; GDP, gross
domestic product; SMS, severe mental stress.

creates a situation where different regions have vastly different
levels of Internet access. Given Chinas regional differences in
Internet access, it would seem that region of residence might
also be related to mental stress, but no studies have directly
examined this association. By utilizing a large-scale, national
population sample in this study, it will be possible to expand and
further clarify the relationship between regional Internet access
and mental stress.

Numerous studies have reported that negative academic,
emotional, and health outcomes may appear because of
university students’ high-stress levels (18-20). College students
face multiple stressors including financial burdens, academic
overload, constant pressure to succeed, competition with peers,
and social pressure as well as concerns about the future (21).
Besides, the majority of Chinese college students are the only
child in their family. Lack of siblings, being spoiled and
poorly developed psychological copying skills make them more
vulnerable to mental problems (22).

A large-scale, national population sample will provide more
representative information on the impact of regional factors
including regional internet access on the mental stress of college
students. This study hypothesized that higher regional Internet
access will be associated with lower mental stress levels. The
information from this study could be helpful to inform Internet
development and access in China as well as mental health policy
and intervention strategies for college students.

METHODS

This is a population study, the method used has been adopted by
many researchers and proved to be reasonable and valid (23, 24).

Study Area and Participants

This study employed a multistage sampling design. In Stage 1,
180 potential universities were identified in 45 China cities. These
universities were part of the Bloomberg Global Initiative Project
entitled “Facilitate MOH Endorsement of Tobacco Control
Curriculum Implementation through Promoting Tobacco
Control Curricula in Medical Schools.” Using a stratified random
sampling procedure based on regional location, 60 universities
were selected (25). All these universities were asked to participate
and students from 50 of the 60 universities completed the
study survey between March to September 2013. Among these
50 universities, 22 were medical universities offering only
medical programs, and 28 were comprehensive universities
offering medical and non-medical programs (26). Stage 2, of the
sampling strategy, involved the selection of classes within each
university. All classes with certain medical courses were selected
in each university, and several non-medical classes (matched for
academic level) were selected in each designated comprehensive
university (25). A total of 11,954 valid questionnaires were
completed in 50 universities including 10,507 completed by
medical students and 1,447 completed by non-medical students.
The study was approved by the Ethics Committee at the Zhejiang
University Medical Center (ZM, 14201), and verbal consent was
obtained from all participants before data collection.
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Measures

Dependent Variable

Mental stress was measured by the Chinese version of the
Perceived Stress Scale (CPSS) (26-28). This scale comprised 14
items that addressed perceptions of stress during the month
prior to the survey. Items were rated on a 5-point Likert-type
scale that ranged from 0 (never) to 4 (very often). Item scores
were summed to yield a total stress score, with higher scores
indicating higher perceived levels of stress. This scale has been
widely used to assess stress in China and has been shown to
be an appropriate indicator of mental health status (28-31).
Following previous practice, severe stress was operationalized
as a score >25, which was classified by ROC (Receiver
Operating Characteristic Curve) performance using mental
disorders gold standard. This classification has demonstrated
acceptable sensitivity and specificity (27). The dependent variable
in this study was severe mental stress (SMS) and was coded
dichotomously as 1 = no severe mental stress and 2 = severe
mental stress.

Individual-Level Independent Variables
Sociodemographic questions were included to determine age,
gender, grade level, ethnicity, paternal and maternal occupations,
family location, and income.

Covariates

Injuries are one of the most common and prominent negative
events among university students and questions regarding
injuries were included in the questionnaire. Students were asked
to identify any unintentional injuries which required medical
attention during the past 12 months. Injuries were divided into
the following four groups: traffic injuries, home injuries, sports
or exercise injuries, and other injuries (32, 33). For the purpose
of this study, a reportable injury was defined as any injury
satisfying at least one of the following criteria: the injury required
(1) a doctor’s treatment (2) an emergency room visit or other
emergency care, or (3) the victim to rest for a minimum of one-
half day (32, 33). As a covariate, injury was a categorical variable
coded dichotomously as 1 = yes and 0 = no.

University-Level Independent Variables

High levels of student stress may also reflect the type of
institution where they are studying. University type was
determined using the China university ranking system (“high
level,” “middle level,” and “low level”) as established by the
National Ministry of Education (34). Different level universities
have different courses and opportunities, and levels of stress
experienced by students were expected to vary in response
to different learning environments (19). Due to the intense
competition to enter elite universities, their higher tuition/fees,
and elevated pressures to succeed, it was expected that stress
levels would be highest at such institutions (35).

City-Level Independent Variable

Forty-five cities were included in this study. Several independent
variables reflected potential regional variation. The first regional
variable included in this study was the level of economic

development, as measured by per capita Gross Domestic Product
(GDP) in Yuan. Categories were <40,000, from 40,000 to
<50,000, and 50,000 and more. Both the GDP of the original
province where the students came from and of the province
where the university was located were measured. Former research
found that home region GDP was significantly associated with
uncertainty stress (but not life stress) (23). Whether living
in a college city different from the home city would affect
mental stress was examined in this research. The above data
were obtained from the National Bureau of Statistics (36). The
second regional variable was regional Internet access status in
cities where the university was located. This was measured
by the number of subscribers to the broadband Internet per
10,000 persons, which was obtained from the National Bureau
of Statistics (37). Categories were <40 subscribers of internet
in 10,000 persons, from 40 to <70 subscribers of internet in
10,000 persons, and 70 and more subscribers of internet in 10,000
persons. Regional Internet access status reflected the extent of
Internet use in each region.

Data Analysis

All data were entered into a database using Microsoft Excel. The
dataset was then imported into SAS (9.3 version) for statistical
analyses. Descriptive statistics were calculated to determine
the prevalence of severe mental stress. A logistic model was
utilized to assess the association between the dependent variable
and Internet access as well as several other key co-variables.
Both unadjusted and adjusted methods were considered in the
data analyses. SAS survey logistic procedures were applied in
the unadjusted analysis, using the university as the clustering
unit, to account for a within-clustering correlation attributable
to the complex sample for unadjusted analysis. Associations
were confirmed through the application of a multilevel logistic
regression model using the SAS Nlmixed procedure (38). Series
models were built for each primary predictor, with adjustment
for the influence of potentially confounding sociodemographic
characteristics. We started with the Null Model, a three-
level (individual, universities, and cities) model with random
intercepts. It did not include any predictors except a constant in
assessing variation in the likelihood of an individual experiencing
severe mental stress levels. From this model, we entered
demographic and regional socioeconomic variables as fixed main
effects with severe mental stress to form a base Model (Model 1).
From the base Model, we entered Internet access status to form
the full model to assess the impact of Regional Internet access on
severe mental stress (Model 2). The association between system
variables and mental stress was expressed in terms of their odds
ratios, and 95% CI (Confidence Interval) was computed. Model
fitting was assessed by the likelihood of a change in the —2log.
We assessed the significance of the random parameter variance
estimates using the Wald joint X2 test statistic (39). Model fit
was assessed by the likelihood of a change in the - 2 log among
different models.

All analysis was weighted. Weights included: (1) sampling
weights, as the inverse of the probability of selection, calculated
at university and (2) post-stratification weights, calculated
in relation to sex, based on estimated distributions of

Frontiers in Public Health | www.frontiersin.org

55

April 2022 | Volume 10 | Article 845978


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Jiang et al.

Internet Access and Mental Stress

this characteristic from a national survey (40). The final
overall weights were computed as the product of the above
two weights (41). Using a non-response weight was not
considered because non-response rates were very low in
this study.

Unadjusted logistic regression analyses were weighted using
the overall participant-level weights, and the multilevel analysis
was weighted using sampling weight and subject-level weights
with post-stratification weights, respectively (42).

RESULTS

Valid questionnaires were completed by 11,954 out of 12,260
(97.5%) of the potential university students, who come from 50
different universities in the 42 cities.

Demographics

Of those completing surveys, 12.8% were <20 years of age,
77.3% were between 20 and 23 years of age and 9.8% were
over 23 years of age. Gender was split between 44.2 male
and 55.8% female. The majority of responders (60.7%) were
in their first or second years of study and, 38.5% were in
their third or fourth years of study. Eighty-eight percent of
respondents were medical students and 12% were from other
majors (Table 1).

Association Between Regional Internet

and Mental Stress

The prevalence of severe mental stress among the study
population was 36.9% (95% CI: 24.4-49.5%). To be considered
having severe mental stress one had to score >25 on the stress
scale. Lower Internet access was associated with higher mental
stress prevalence. Scatter plot showing significant correlations
between the city-level number of subscribers of the Internet and
severe mental stress prevalence (R: —1.1296, P < 0.001). The
lower the city-level number of Internet subscribers, the higher
was the severe mental stress prevalence (Figure 1).

The results of two multiple-level regression models were listed
in Table 2. The —2logs Likelihood of base model (model 1) is
32,849.3 and the —2logs Likelihood of full model (model 2) is
31,835.3. The comparison LRX2 is 14 (df = 1, P > 0.01) between
them, suggesting that the effect of the full model fitting was
well improved. In detail, the base model showed that grades,
university type, and university city populations were significantly
related to students’ mental stress. The full model showed that
regional variables, including types of universities, university
city populations, and the number of website subscribers were
significantly associated with the students’ mental stress levels.
Those studied in low-level universities had 2.52 (95% C.I. 1.17
to 6.37) times the prevalence of severe mental stress than the
reference group. Small city students studying in a large city had
a featured lower prevalence of severe mental stress (OR 0.25;
95%C.1. 0.06 to 0.77). Students in the regions with higher Internet
access had less likelihood of having severe mental stress (OR 0.25;
95%C.1. 0.08 to 0.76) than those in the regions with lower Internet
access (see Table 2).

TABLE 1 | Demographic characteristics of sample and mental stress prevalence.

Group N %of Prevalence Unadjusted OR
sample

Age (years)

<20 1,894 128 36.3 1.00

20- 2,392 323 34.9 0.91(0.53, 1.56)

21- 2,762 30.6 44.5 1.38(0.62, 3.01)

22- 2,450 14.4 34.4 0.93(0.47, 1.82)

23- 2,456 9.8 26.7 0.64 (0.28, 1.45)

Gender

Male 4,253 442 35.6 1.00

Female 7,701 558 38.1 1.12(0.58, 2.16)

Grade

1-2 4,945 60.7 36.0 1.00

3-4 6,717 385 39.5 1.16 (0.49, 2.74)

5- 292 0.8 17.0 0.39 (0.16, 0.90)*

Ethnicity

Han 11,148 94.4 37.3. 1.00

Minority 806 4.2 35.1 0.90 (0.44, 1.85)

Major

Medical 10,507 87.9 32.7 1.00

Others 1,447 121 38.1 1.26 (0.66, 2.41)

Family home location

Rural or township 3,357 59.6 40.5 1.00

County town 769 17.2 35.6 0.81(0.71, 1.16)

City 898  23.2 32.3 0.70 (0.47, 1.04)

Income in each person in family (RMB)

<10,000 1,813 343 38.4 1.00

10,000 1,277 21.7 43.0 1.66 (0.85, 1.59)

20,000+ 1,935 44.0 34.2 0.81(0.64, 0.97)

Injure

No 6,889 51.5 36.0 1.00

Yes 5,065 48.5 38.4 1.11(0.84, 1.45)

University variables

Universities types

High level 4,295 58.9 36.8 1.00

Middle level 6,961 39.5 36.1 0.93(0.31, 2.82)

Low level 698 25 64.1 3.05 (1.45, 6.44)

Regional variables

University city GDP

<50,000 4,065 16.1 31.4 1.00

50,000 6,378 61.1 38.0 1.31(0.48, 3.59)

100.000 1,521 228 39.0 1.38(0.29, 6.67)

City population (million)

<1 3,084 122 46.2 1.00

1- 5982 57.3 42.4 0.85(0.29, 2.45)

4- 2,888 30.5 23.7 0.35(0.16, 0.77)*

Number of subscribers of Internet/10,000 persons in university city

<40 4,394 535 57.9 1.00

40- 5015 22.6 40.8 0.98 (0.27, 2.15)

70- 2,485 23.8 22.6 0.35(0.14, 0.85)*

‘P <0.05"P<0.01.
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DISCUSSION

Based on the results of this study, 36.9% (95% CI: 24.4 to 49.5) of
university students were severely stressed, which is very similar
to urban residents in general (36.8%) (95% CI: 33.5 to 40.2) (28).
These results indicate that one-third of urban residents and one-
third of university students are severely stressed. This mirrors
findings from other countries. At Griffith University in Australia,
fifty-three percent of first-year students were suffering from stress
(41). In France, the mean perceived stress score among 1,876
students was 15.9. Scores between 16 and 20 were indicated
stressed students (42). Mental stress is indeed a serious social and
public issue that needs attention. Numerous studies have shown
an escalation in the number of stress-related health problems in
China (29, 43, 44). These high-stress levels have been attributed
to massive social challenges such as an imbalance between urban
and rural development, rampant corruption, and a widening
chasm between rich and poor (14, 43, 45). The results of this
study strongly suggest the importance of combating persistent
and relatively high-stress levels among university students.
The Central Government and local health authorities need to
collaborate on policies for stress reduction and the prevention
of mental disorders. Prevention needs to target those students
who are at risk of severe stress. A nationwide media campaign
should be planned and implemented to educate the populace
about the adverse health effects of stress. Support groups should
be established in urban community centers to provide a forum
where residents can express mental health concerns, talk with
others having similar concerns, and learn stress-reduction and
management skills. Worksite programs should be established to

help students manage their stress. University health authorities
should offer stress management programs and concurrently offer
mental health treatment as needed. Special university-based
clinics should be established to provide high-risk individuals with
no or low-cost psychological counseling on an as needed basis
and in-patient care if required. Although traditional face to face
cognitive behavioral therapy and stress management program are
generally recognized as great sets of stress reduction (46, 47),
the obvious characteristics of those approaches are rigorous,
time-consuming, and costly, which may not be ideal for college
students (48). Previous studies reported that internet-based and
mobile-based programs focusing on mindfulness meditation and
positive psychology interventions can be effective in improving
students’ stress outcomes (48-50).

Addressing a gap in the literature, our study found regional
Internet access was associated with students’ mental stress. Based
on running full analysis models, people in the regions with
lower Internet access had 4 times the likelihood of having
severe mental stress than those in the regions with higher
Internet access, and this result was consistent with the analyses
using the mental stress score as continuous or categorical data.
The mean mental stress scores in the three different city-level
internet access groups which can be seen in Table 1. There
were significant differences among the three groups. When
the variables listed in Table 1 were controlled by multivariate
stepwise regression, the regression coefficient of the relationship
between city-level Internet access and psychological stress scores
was 0.03 (P < 0.001). Internet access reflected the number of
Internet subscribers among residents in these regions (2). For
this study, Internet access was considered as an essential regional
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TABLE 2 | Results of multiple level models.

Base model Full model
Group OR 95% C.I. P OR 95% C.l.
Grade
1-2 1.00 1.00
3-4 1.23 0.52,2.89 0.82 1.18 0.55,2.54
5— 0.37 0.16,0.86 0.02 0.41 0.19,
0.90*
Type of universities
High level 1.00 1.00
Middle level 0.93 0.31,2.74 093 096 0.12,2.44
Low level 3.21 161,642 000 252 1.17,
6.37*
University city population (million)
<1 1.00 1.00
1- 0.85 0.31,2.833 0.783 0.87 0.25,3.05
4— 0.35 0.15,0.77 0.0t 0.25 0.06,
0.77*
Number of subscribers of
Internet/10,000 persons
<40 1.00
40— 0.783 0.24,2.21
70— 0.25 0.08,
0.76™
Fixed parameters —-0.18* -0.27
Random parameters 0.63* 0.58*
between universities
Random parameters 0.57* 0.56™*

between universities cities

‘P <0.05"P<0.01.

variable separate from general socioeconomic characteristics. It
has been noted that “inequalities in access to and use of Internet
has become one of the most prominent forms of social inequality
with a major influence on life opportunities” (48, 51). Several
studies have linked such a “digital divide” to poor health and
well being (52-54). College students who live in a city with lower
Internet access could be considered at a disadvantage in terms of
their overall learning and their competitiveness in the job market.

Moreover, in modern society, the Internet has become an
essential part of daily life, for shopping, obtaining information,
working, and communicating. On the one hand, Internet
access is the basis for the everyday social life of long-distance
communication and social participation. Involvement in varied
kinds of online social networking, on the one hand, can
contribute to feelings of self-worth and, on the other hand, can
provide more solutions for distressed people, especially when
traditional resources are not available or affordable (55). People
who cannot conduct these activities due to lack of Internet
access could feel severe psychological discomfort which may
lead to mental disorders. Besides, it should be noted that the
negative impacts of the Internet, digital products, and mobile
devices emerged among university students with the rapid
development of internet technology (56-58). Further research
into the relationship between individual Internet use patterns
and physical and mental development among young adults
is necessary.

Regional Internet access status is dependent on urban
economic progress; the survey showed that higher Internet
access regions were in economically developed regions, especially
the eastern coastal areas of China (59). At the same time,
socioeconomic status is also associated with mental stress (60). It
is possible that regional social and economic variables may play
a confounding role in the association between regional Internet
access and students’ mental stress. Our study controlled for the
potential interference of regional social and economic variables.

Unlike other studies (61, 62), this study found other
environmental and regional variables were also associated with
severe mental stress. Firstly, the city size where universities were
located was associated with students’ mental stress. Large cities
in China usually have more financial resources and technology
available to students. They also have better social services (37).
This reality may mean that students in large cities have less
mental stress than students in small cities. This study also
revealed that students attending higher-level universities have
lower mental stress prevalence than students attending lower-
level universities. It is plausible that higher-level universities
attract more outstanding students. Students attending higher-
level universities have access to better facilities and learning
resources and may face less employment pressure as they are
more likely to be employed upon graduation than students
attending lower-level universities (19). Ultimately the advantages
of attending a higher-level university may relieve some of the
stressors associated with being a college student.

The results of this study indicate that environmental
conditions are important contributors to university students’
mental health. To promote students mental health, it is
important to address negative environmental conditions and
develop programs to help students manage their stress levels.

Study Limitations

Several limitations to this study must be considered when
interpreting the results. The cross-sectional study design is
an important limitation of our study; therefore, a causal link
between regional Internet access and mental stress cannot be
established through this work. On the other hand, we employed a
large sample, and our findings met several criteria for inferring
causality, including the strength of some associations, their
consistency, and plausibility of effect. Future studies need to
collect longitudinal surveillance data on the mental health
of college students, especially focusing on the relationship
between individual Internet use patterns and mental stress in the
context of the influence of regional variables. Another important
limitation is that our participants were confined to university
students, particularly medical students. Thus, our results cannot
be generalized to the wider Chinese population.

CONCLUSION

This study indicated that regional Internet access and
other environmental factors including city size and type of
universities contribute to students’ mental stress. The findings
underscore that efforts to control excessive mental stress
among college students in China should pay greater attention
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to environmental determinants of stress and particularly to
improve internet access.
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Background: Irritable bowel syndrome (IBS) has become a common public health
issue among university students, impairing their physical and mental health. This meta-
analysis aimed to examine the pooled prevalence of IBS and its associated factors among
Chinese university students.

Methods: Databases of PubMed, EMBASE, MEDLINE (via EBSCO), CINAHL (via
EBSCO), Wan Fang, CNKI and Weipu (via VIP) were systematically searched from
inception date to May 31, 2021. Meta-analysis was performed using random-effects
models. Meta-regression and subgroup analysis were used to detect the potential source
of heterogeneity.

Key Results: A total of 22 cross-sectional studies (14 were in Chinese and 8 were in
English) with 33,166 Chinese university students were included. The pooled prevalence of
IBS was estimated as 11.89% (95% Cl = 8.06%, 16.35%). The prevalence was 10.50%
(95% Cl = 6.80%, 15.87%) in Rome I criteria, 12.00% (95% Cl = 8.23%, 17.17%) in
Rome Il criteria, and 3.66% (95% Cl = 2.01%, 6.60%) in Rome IV criteria. The highest
prevalence of IBS was 17.66% (95% Cl = 7.37%, 36.64%) in North China, and the lowest
was 3.18% (95% Cl = 1.28%, 7.68%) in South China. Subgroup analyses indicated that
gender, major, anxiety and depression symptoms, drinking and smoking behaviors were
significantly associated with the prevalence of IBS. Meta-regression analyses suggested
that region influenced prevalence estimates for IBS.

Conclusions and Inferences: This meta-analysis illustrated that IBS is very common
in Chinese university students. Regular screening, effective prevention, and appropriate
treatments should be implemented to reduce the risk of IBS in this population. More
future studies should be conducted in Northeastern and Southwestern parts of China.

Keywords: irritable bowel syndrome, prevalence, associated factors, Chinese university students, meta-analysis

Frontiers in Public Health | www.frontiersin.org 61

April 2022 | Volume 10 | Article 864721


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.864721
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.864721&domain=pdf&date_stamp=2022-04-15
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:wenyan_404@tom.com
mailto:paulxiongwhu@gmail.com
mailto:pengxiong@jnu.edu.cn
https://doi.org/10.3389/fpubh.2022.864721
https://www.frontiersin.org/articles/10.3389/fpubh.2022.864721/full

Yang et al.

IBS Among Chinese University Students

INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional
gastrointestinal disease characterized by altered bowel habits,
abdominal discomfort or pain, and abdominal distension,
without obvious structural or biochemical abnormalities (1)
or organic etiology (2). A meta-analysis with 23 studies (n =
74,763) revealed that the prevalence of IBS was 6.5% in the
general population in China (3). Though the pathophysiology
is still unclear, IBS has been proved to be associated with
multiple factors including abnormal gastrointestinal motility,
visceral sensory abnormality, abnormal brain-gut regulation,
inflammation, gastrointestinal infection, and stressful life events,
etc. (4-6). Furthermore, recent evidences supported the negative
psycho-influences to be the key role of the biopsychosocial
model of IBS (4, 7-9). For instance, a meta-analysis showed the
high rates of anxiety symptoms (39.1%) and disorders (23%),
depression symptoms (28.8%) and disorders (23.3%) in IBS
patients (10). Throughout the years, various criteria including
the Manning criteria, the Rome I, Rome II, Rome III and Rome
IV criteria, have been applied for diagnosis of IBS. Amongst
them, the Rome III criteria (11) and Rome IV criteria (12) are
the most commonly used currently.

University students are more likely to experience IBS-varied
from 1.18% (13) to 33.3% (14) in China, might due to the
psychological problems, unhealthy lifestyles, and a low level
of health literacy (15). For instance, they are more prone
to suffer from anxiety and depression symptoms, because
of difficulties in terms of academic pressures, occupational
choices, interpersonal conflict, and life goal decisions (16),
which could cause gastrointestinal disorders through the brain-
gut axis mechanism (17). A lack of physical exercise, irregular
eating habits (i.e., not having breakfast), smoking, and drinking
behaviors have also been found common in university students
(18), which may contribute to the risk of IBS in this population.
Moreover, due to various clinical examinations and constant
medical treatment, IBS has been proved to be linked to
physical problems like headache, chronic back or neck pain and
diabetes (19), mental disorders like anxiety and depression (20)
and obsessive-compulsiveness (21), sleep disorder (22), poorer
academic achievements (23), lower quality of life (24, 25), social
embarrassment due to diarrhea (a symptom of IBS) which
restricts the patients being near a bathroom (26), and higher
economic cost (24).

There has been a growing number of studies on IBS in Chinese
university students, but the prevalence of IBS varied widely in
existing studies. Precise epidemiological figures related to IBS
prevalence are fundamental to inform preventive strategies in an
evidence-based way. This study aimed to quantitatively evaluate
the prevalence of IBS and its associated factors among Chinese
university students via systematic review and meta-analysis.

MATERIALS AND METHODS

Search Strategy and Selection Criteria
This study was performed according to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)

Statement (27) and Meta-analyses Observational Studies in
Epidemiology (MOOSE) guidelines (28). A systematic search
was conducted in both English (PubMed, EMBASE, MEDLINE
via EBSCO, CINAHL via EBSCO) and Chinese databases
(Wan Fang, CNKI, Weipu via VIP) from their inception
date to May 31, 2021. The searching terms were followed:
(((Irritable OR spastic OR Mucous) AND (bowel OR colon OR
colonic OR gastrointestinal)) OR IBS) AND (China OR Chinese
OR mainland China OR Hong Kong OR Macau OR Macao
OR Taiwan) AND (College OR University OR undergrad®).
The search strategies in different databases were provided in
Supplementary Table 1. The cited references of the identified
publications were also searched manually to ascertain additional
studies that may have been missed. The corresponding author
would be contacted to get the essential information if needed.

The titles and abstracts were initially screened and those
that were obviously irrelevant were excluded. The full texts of
the remaining articles were reviewed to find relevant studies
that were finally included. The selection above was performed
by two researchers (WX Yang and X Yang) independently
and any discrepancies were resolved by discussing with the
senior researcher (XH Cai). Figure 1 detailed the process of
screening articles.

Studies were included if they met the following criteria: (1)
original studies including cross-sectional and cohort studies; (2)
participants should be full-time undergraduate students, junior
college students, or postgraduates in China (including Hong
Kong, Macao, and Taiwan); (3) reporting the prevalence of IBS
with diagnostic criteria based on validated questionnaires or
scales according to Manning or Rome criteria or International
Classification of Diseases codes; (4) studies recruiting at least
50 subjects; (5) accessible full texts in English or Chinese. We
excluded studies if they met the following criteria: (1) studies
focused on special populations with medical conditions like
gastritis or hepatitis; (2) studies without the prevalence of IBS
reported; (3) full-texts not being available. If two or more papers
were published based on the same dataset, only the one with the
most complete information was included.

Data Analysis
We used the “Checklist for Prevalence Studies” developed by
the Joanna Briggs Institute for quality assessment (29, 30).
The checklist consists of nine items, including (1) appropriate
sampling frame, (2) appropriate sampling design, (3) adequate
sample size, (4) detailed description of study subjects and
setting, (5) sufficient coverage of sample, (6) valid methods for
identifying the condition, (7) standard and reliable measurement
of the condition (8) appropriate statistical analysis, and (9)
adequate response rate. Each item was rated as either “yes”, “no”,
“unclear”, or “not applicable”. Only the “yes” answer for each
item receives a score of 1. Thus, final scores for each study could
range from 0 to 9. Study quality was assessed by two researchers
(WX Yang and X Yang) independently and any discrepancies
were resolved by discussing with a third researcher (XH Cai).
Two researchers (WX Yang and X Yang) independently
conducted data extraction, and any inconsistencies in the
process were checked and resolved by involving a third
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FIGURE 1 | PRISMA flow chart of literature search and article selection process.

investigator (XH Cai). The following information was
extracted and tabulated: author, year of publication, sample
characteristics {gender[Male/Female (M/F)], age [Mean =+
Standard Deviation(SD)], grade, majors, educational level},

survey year, survey province, survey region, sampling method,
total subjects, subjects with IBS, the prevalence of IBS, diagnostic
criteria of IBS, subgroups, risk factors, and other significant
results. Seven regions were identified in China, as shown in
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Supplementary Data 1. Majors were classified into “medicine”
(clinical medicine, nursing, and health-related specialties set in
the medical university), “non-medicine” or “mixed”. “Mixed”
was defined as a mixture of different majors, which could not
extract the specific major data in the paper. Only Rome III
prevalence data was extracted if the study contained both Rome
IT and Rome III criteria.

The pooled prevalence of IBS was calculated as effect size
(ES). Given the prevalence of IBS in most included studies
(ranging from 0 to 20%) was close to the margins, the variance-
stabilizing Freeman-Tukey double arcsine transformation was
used to combine rates (31). Raw prevalence estimation was
transformed and then multiple meta-analyses were performed
with the transformed proportions using the random-effects
model. These were then back-transformed to prevalence rates to
facilitate interpretation of the outcomes and confidence interval
(CI) (32). The I? statistic was used to assess heterogeneity
between the studies (low: I < 25%, moderate: 25-50%, high:
IZ > 50%) (33, 34). The funnel plot and Begg’s test (35) were
conducted to explore publication bias when there were at least
10 studies in the meta-analysis (36). The “metaninf” command
was used for sensitivity analysis via evaluating the effect of each
study on overall estimates.

Subgroup analyses were conducted to examine the possible
sources of heterogeneity according to the following categorical
variables: (1) educational level: junior college vs. undergraduate
vs. postgraduate; (2) gender: female vs. male; (3) majors:
medicine vs. non-medicine vs. mixed; (4) regions: Central China
vs. East China vs. North China vs. Northwest China vs. South
China; (5) survey year: 2005-2010 vs. > 2010; (6) criteria: Rome
II'vs. Rome IIT vs. Rome IV; (7) anxiety: yes vs. no; (8) depression:
yes vs. no; (9) drinking: yes vs. no; and (10) smoking: yes vs.
no. To identify the factors associated with the prevalence of
IBS in Chinese university students, pooled odd ratios (ORs) for
potential influencing factors were calculated with a random-
effects model.

Univariate meta-regression was performed to identify sources
of between-study heterogeneity according to the following
variables: educational level, gender ratio (M/F), major, region,
survey year, criteria, anxiety proportion, depression proportion,
drinking proportion, smoking proportion, and quality score. The
significance level was set at p < 0.05 (two-tailed) for all analyses.

The Stata 14.0 (Stata Corporation, College Station, TX,
USA) and Comprehensive Meta-Analysis Version 2.0 (Biostat,
Inc., Englewood, New Jersey, USA) were administered to
synthesize data.

RESULTS
Study Characteristics

A total of 10,268 citations were initially searched in the databases,
with 6,443 remaining after the removal of duplicates. After
evaluating the title and/or abstract, 6,385 citations were removed
for non-compliance with inclusion criteria. The full text of
the remaining 58 citations was evaluated, and a total of 22
citations that met the criteria were included. Two citations
with the same data were both included due to the different

content in subgroup analyses and significant results, and the
sample size of one citation was included when calculating the
number of participants in this review. Finally, a total of 22
citations (14 in Chinese and 8 in English) with 33,166 Chinese
university students were included in the analysis (Figure1).
All 22 studies reported the prevalence of IBS in university
students, 20 reported risk factors for IBS, and 21 reported other
significant results. A list of all included studies was presented
in Supplementary Data 2. The characteristics of the study were
summarized in Table 1.

Quality Assessment and Publication Bias
The scores of study quality assessment ranged from 6 to 9 with
a mean score of 7.8. The most common missing items in the
studies included the reports of detailed information about the
study subjects and the detailed descriptions of the process of
collecting data or the professionalism of the person collecting the
data (Supplementary Table 2).

No significant publication bias was found by the funnel plot
(Supplementary Figure 1) in the 21 studies. Begg’s test (z = 1.48,
p = 0.139) also did not detect significant bias.

Prevalence of IBS

The pooled prevalence of IBS in Chinese university students
was estimated to be 11.89% (95% CI = 8.06%, 16.35%) based
on the random-effects model (Figure 2). The sensitivity analysis
indicated that no study affected the prevalence estimate by
more than 1%, suggesting that the overall prevalence estimate
was powered to the methodological quality of each research
study included.

Among them, the prevalence of IBS was 8.18% (95% CI =
3.66%, 17.26%) for junior college students, 12.14% (95% CI =
8.02%, 17.96%) for undergraduate students, and 12.74% (95% CI
= 10.10%, 15.94%) for postgraduate students. The prevalence of
IBS was 13.14% (95% CI = 9.22%, 18.39%) in females and 10.17%
(95% CI = 6.39%, 15.80%) in males. The prevalence of IBS in
medical, non-medical, and mixed majors were 11.91% (95% CI
=8.13%, 17.12%), 11.35% (95% CI = 8.90%, 14.37%), and 6.48%
(95% CI = 2.13%, 18.05%), respectively. In terms of regions, the
prevalence of IBS among university students was 15.93% (95% CI
= 8.28%, 28.47%) in Central China, 10.50% (95% CI = 8.40%,
13.06%) in East China, 17.66% (95% CI = 7.37%, 36.64%) in
North China, 19.10% (95% CI = 7.02%, 42.46%) in Northwest
China, and 3.18% (95% CI = 1.28%, 7.68%) in South China.
Under different diagnostic criteria, the prevalence of IBS was
10.50% (95% CI = 6.80%, 15.87%) in Rome 11, 12.00% (95% CI =
8.23%, 17.17%) in Rome III, and 3.66% (95% CI = 2.01%, 6.60%)
in Rome IV.

The prevalence of IBS in people with anxiety and depression
symptoms was 17.31% (95% CI = 8.36%, 32.44%) and 17.34%
(95% CI = 8.32%, 32.68%), respectively. The prevalence of IBS
was 11.11% (95% CI = 6.40%, 18.60%) in people who drank,
18.10% (95% CI = 5.59%, 45.18%) in people who smoke.

Associated Factors With IBS

Subgroup analysis found that a higher prevalence of IBS

was significantly associated with postgraduate students,
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%
Weight
Study ES (95% Cl) (Random)
Kong,H.(2007) —:—0— 0.1342 (0.0984, 0.1770) 4.67
Shen,L.(2007) ':—0— 0.1541 (0.1169, 0.1976) 4.68
Dai,N.(2008) —0-:— 0.1097 (0.0920, 0.1295) 4.79
Shen,L.(2009) : —_—— 0.1568 (0.1258, 0.1921) 4.73
Dong,Y.Y.(2010) —-— : 0.0786 (0.0675, 0.0908) 4.81
Liu,Y.J.(2010) —:-0— 0.1281 (0.1076, 0.1509) 4.78
Shi,Y.(2010) : —— 0.3211 (0.3003, 0.3424) 4.81
Jiang,M.(2012) - : 0.0118 (0.0032, 0.0299) 4.68
Lin,F.(2012) - : 0.0899 (0.0769, 0.1042) 4.81
Wu,L.Y.(2012) —— : 0.0673 (0.0381, 0.1085) 4.60
Dong,Y.Y.(2013) - : 0.0834 (0.0756, 0.0918) 4.82
Li,M.(2014) - : 0.0690 (0.0579, 0.0814) 4.81
Liu,Y.(2014) : —— 0.3325 (0.2992, 0.3671) 4.77
Zhang,J.(2015) —_—— 0.1156 (0.0873, 0.1492) 4.72
Li,H.L.(2016) | —— 0.1669 (0.1401, 0.1965) 4.76
Wang,Y.(2016) : - 0.2950 (0.2836, 0.3066) 4.83
Yang,K.D.(2016) - : 0.0738 (0.0644, 0.0840) 4.82
Chen,L.L.(2018) : —_—— 0.1731(0.1399, 0.2105) 4.72
Liu,H.Y.(2019) + : 0.0270 (0.0212, 0.0340) 4.82
Chen, H. H.(2021) +: 0.1019 (0.0886, 0.1164) 4.81
Zhang, X.J.(2021) = : 0.0497 (0.0381, 0.0635) 4.79
Random Overall (1*2 = 99.2538%, p = 0‘0000)0 0.1189 (0.0806, 0.1635) 100.00
Fixed Overall :o 0.1285 (0.1249, 0.1321)
|
T T T T
1 2 3 4
FIGURE 2 | Forest plot of prevalence of IBS in Chinses university students. ES, effect size.

females, medical majors, anxiety, and depression symptoms,  Chinese university students (Supplementary Table 4), which was
drinking and smoking behaviors (all P < 0.001) (Table2, also found in the corresponding subgroup analyses.
Supplementary Table 3).  The survey region, survey
year, diagnostic criteria were also significantly associated
with the prevalence of IBS (all P < 0.001) (Table2, DISCUSSION
Supplementary Table 3).

In the univariate meta-regression, region (p = 0.01) To the best of our knowledge, this is the first systematic review
was identified as a significant moderator that contributed  and meta-analysis to estimate the pooled prevalence of IBS
to heterogeneity between the studies. However, educational —among Chinese university students, including 22 studies with

level (p = 0.66), gender ratio (p = 0.19), major (p = 33,166 subjects. The major findings are: (1) the pooled prevalence
0.05), survey year (p = 0.57) criteria (p = 0.41), anxiety  of IBS among Chinese university students was 11.89% (95% CI
proportion (p = 0.29), depression proportion (p = 0.14), = 8.06%, 16.35%); (2) the prevalence of IBS was significantly
drinking proportion (p = 0.64), smoking proportion (p =  associated with educational level, gender, major, region, survey
0.71) and quality score (p = 0.48) were non-significant year, diagnostic criteria, anxiety, depression, drinking, smoking,
moderators (Table 3). and sleep disorders.

Items of sleep disorders (OR = 1.48, 95% CI = 1.02, 2.15), The prevalence of IBS in our study was approximate to

anxiety (OR = 2.35,95% CI = 2.03, 2.72), depression (OR =2.15,  that of 10.9% in American university students (56) and 10.7%
95% CI = 1.88, 2.47), and gender (OR = 1.36, 95% CI = 1.08,  in Japanese university students (57), but higher than that in
1.69) were statistically associated with the development of IBSin  Korean college students (5.7%) (58), lower than that in Pakistan
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TABLE 1 | Characteristics of included studies.

References

Survey
year

Region,
province

Sampling
method

Quality
score

Criteria of Gender

IBS

(M/F)

Age (mean Major
+ SD)

Educational
level and
grade

Total
subjects

Prevalence
(%)

Other significant results

Kong (37)

Shen (38)

Dai (39)

Shen (5)

Dong (40)

2006

2006

2007

2006

2009

East China,
Shanghai

Random,
stratified

Central China, Stratified
Hubei

East China, Cluster

Zhejiang

Central China, Stratified
Hubei

East China,
Shandong

Random

Rome Il

Rome I

Rome I,
Rome Il

Rome Il

Rome I

155/1568

166/165

517/604

241/250

917/1209

23.48 + 2.46 Medicine

24.69 + 2.10 Mixed

21.8+3.2 Mixed

2413 +
2.069

20.64 +
1.593

Mixed

Mixed

Undergraduate,
postgraduate

Undergraduate
year 1,
postgraduate
year 1-2

Undergraduate

Undergraduate
year 1

Undergraduate

313

331

1,121

491

2,126

13.42

4.7 (Rome 1),
10.4 (Rome
1)

16.7

7.85

e With the Rome |l criteria, 8 cases
were IBS-C (19.05%), 24 cases were
IBS-D (57.14%), and 10 cases were
IBS-M (23.81%).

e Compared with the non-IBS group,
scores of anxiety and depression
were higher in the IBS group (p <
0.001).

o IBS was detected in 19.7% of the
non-medical professional group, and
10.5% of the medical professional
group, with significant differences
seen between groups (p = 0.022).

e Compared with the non-IBS group,
scores of anxiety and depression
were higher in the IBS group.

e With the Rome |l criteria, 8 cases
were ¢-IBS (14.81%), 12 cases were
d-IBS (22.22%), and 34 cases were
a-1BS (62.96%). With the Rome Il
criteria, 18 cases were IBS-C
(14.63%), 30 cases were IBS-D
(24.39%), 59 cases were IBS-M
(47.97%), and 16 cases were I1BS-U
(13.01%).

e IBS was associated with anxiety (o
< 0.001) and depression (p < 0.001).

e The IBS group scored higher in
anxiety (o < 0.001), depression (p <
0.001) and lower in exercise
frequency (p = 0.007) compared to
the non-IBS group.

e With the Rome Ill criteria, 61 cases
were IBS-C (36.5%), 51 cases were
IBS-D (81.1%), 40 cases were IBS-M
(23.9%), and 25 were non-IBS cases
(8.5%).
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TABLE 1 | Continued

Survey
year

References

Region,
province

Sampling
method

Quality
score

Criteria of
IBS

Gender

(M/F)

Age (mean Major
+ SD)

Educational
level and
grade

Total
subjects

Prevalence Other significant results

(%)

Liu (41) 2009

Shi (42) 2008

Jiang (13) /

Lin (43) /

Wu (44) 2011

Dong (45) 2012

Li (46) 2010-2011

East China,
Jiangxi

Cluster

Central China, Cluster
Henan

South China, Stratified

Guangdong

North China,  Stratified

Hebei

Central China, Stratified
Hubei

East China,
Shandong

Random

East China, /
Zhejiang

Rome Il

Rome Il

Rome Il

Rome Il

Rome I

Rome Il

Rome Il

392/568

414/1,520

161/178

388/1,370

86/137

2,215/2,423

967/903

19.68 + 2.14 Mixed

19.7 £ 1.4  Medicine

20.12 4 0.63 Mixed

18-24 (age  Medicine

range)

20.26 Medicine

20.768 +
1.509

Mixed

21.34 4+ 2.56 Mixed

Junior college
year 1-2

Undergraduate

Junior college,
undergraduate

Junior college,
undergraduate

Undergraduate

Undergraduate

Undergraduate
year 1-4,
postgraduate
year 1

960

1,934

339

1,758

223

4,638

1,870

12.81

321

8.99

6.7

8.34

6.9

o With the Rome lll criteria, 58 cases
were IBS-C (47.51%), 23 cases were
IBS-D (18.34%), and 42 cases were
IBS-M (34.25%).

e IBS was associated with
health-related majors (p < 0.01) and
higher grade (p < 0.01).

e Compared with the non-IBS group,
the IBS group has a higher
prevalence of anxiety and depression.

o With the Rome lll criteria, 203 cases
were IBS-C (32.69%), 168 cases
were IBS-D (27.05%), and 250 cases
were IBS-M (40.26%).

o Higher height (o = 0.018), shorter
sleep time (p = 0.024) and weight
loss (p < 0.001) were related to IBS in
females.

o Mental factors were related to
functional gastroenteropathy (p <
0.05).

o IBS was associated with female (o
= 0.049), educational level (p <
0.001), major (p = 0.026).

o IBS was associated with lack of
physical exercise (p = 0.035), spicy
diet (o = 0.009), anxiety (o = 0.049),
gastrointestinal infection (o = 0.002),
antibiotics taking (o = 0.046),
painkillers taking (o = 0.009), lack of
amusement (p = 0.017) and parents
having the same symptoms (p =
0.012).

e IBS was associated with anxiety (o
= 0.002) and depression (p = 0.045).
o With the Rome Il criteria, 150 cases
were IBS-C (38.76%), 189 cases
were IBS-D (48.84%), and 48 cases
were IBS-M (12.40%).

/
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TABLE 1 | Continued

References  Survey Region, Sampling Quality Criteria of Gender Age (mean Major Educational Total Prevalence Other significant results
year province method score IBS (M/F) + SD) level and subjects (%)
grade
Liu (14) 2014 North China,  Stratified 8 Rome Il 196/571 23.26 + 2.88 Medicine Undergraduate 767 33.3 o For females, the IBS participants
Beijing and scored higher in anxiety (p = 0.015).
postgraduate, e The IBS group scored higher in
year 1-7 emotional neglect than the non-IBS
group (p = 0.045).
e Medical students with IBS scored
higher on the PSQI than those
without IBS (o < 0.001 in females, p
= 0.014 in males).
e With the Rome Ill criteria, 15 cases
were IBS-C (5.88%), 79 cases were
IBS-D (30.98%), 112 cases were
IBS-M (43.92%), and 49 cases were
IBS-U (19.22%).
Yang (47) 2014 North China,  Stratified, 7 Rome Ill 196/571 23.26 + 2.88 Medicine Undergraduate 767 33.3 o With the Rome lll criteria, 15 cases
Beijing cluster and were IBS-C (5.88%), 79 cases were
postgraduate, IBS-D (30.98%), 112 cases were
year 1-7 IBS-M (43.92%), and 49 cases were
IBS-U (19.22%).
e Compared with the non-IBS group,
the score of the life stress
questionnaire was higher in the IBS
group (p < 0.05).
Zhang (48) 2012-2013 Northwest Stratified 9 Rome Ill 248/193 24.57 £ 2.02 Mixed Postgraduate 441 11.56 o IBS prevalence was higher in
China, Xinjiang year 1-3 groups of females (p = 0.021), eating

cold food frequency > 3 times a
week (p < 0.001), eating dairy
product frequency >3 times a week
(o = 0.001), eating high-fiber foods
frequency < 4 times a week (p =
0.011), physical activity time < 4h a
week (p = 0.029), insomnia
frequency > 3 times a week (p <
0.001), anxiety (o = 0.013) and
depression (p = 0.002).
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TABLE 1 | Continued

References  Survey Region,

year province

Sampling Quality
method score

Criteria of Gender

IBS

(M/F)

Age (mean Major Educational Total
+ SD) level and subjects
grade

Prevalence Other significant results

(%)

North China,
Beijing

Li (49) 2015 Stratified 8

Wang (50) 2013 Northwest Stratified 7
China, Inner

Mongolia

Yang (51) 2014-2015 South China, Stratified 7

Guangdong

Rome Il

Rome Il

Rome Il

425/282

1,667/4,438

/

20.28 + 1.46 Mixed Undergraduate 707

year 1-4

21 +1.5 Mixed Undergraduate 6,105
mixed year 1-3

/ Mixed Undergraduate 2,847

year 1-3

16.7

29.5

7.38

e With the Rome Ill criteria, 16 cases
were IBS-C (13.6%), 40 cases were
IBS-D (33.9%), 54 cases were IBS-M
(45.8%), and 8 cases were IBS-U
(6.8%).

o IBS was detected differently in
females (20.2%) and males (14.4%, p
= 0.041).

e Compared to the healthy control
group, participants in the IBS group
reported higher scores of
somatization symptom (p < 0.001),
test anxiety (p = 0.026), negative life
events (p = 0.002), and lower scores
of physical symptoms and organ
function (p < 0.001), psychological
symptoms and negative emotions (o
= 0.086), role activities and social
adaptation (o = 0.008), social
resources and social contact (p =
0.027) of SRHMS.

e Gender, smoking, eating chilies,
high physical-sensitive independently
related to IBS.

o With the Rome Il criteria, 364 cases
were IBS-C (20.22%), 866 cases
were IBS-D (48.11%), 322 cases
were IBS-M (17.89%), and 248 cases
were IBS-U (13.78%).

o IBS was detected differently in
females (31.3%) and males (24.8%, p
< 0.001).

o IBS was associated with lose
weight (o < 0.001), anxiety (o <
0.001) and depression (p = 0.026).

o With the Rome Il criteria, 76 cases
were IBS-C (36.19%), 101 cases
were IBS-D (48.10%), and 33 cases
were IBS-M (15.71%).
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TABLE 1 | Continued

References  Survey Region, Sampling Quality Criteria of Gender Age (mean Major Educational Total Prevalence Other significant results
year province method score IBS (M/F) + SD) level and subjects (%)
grade
Chen (52) 2016 East China,  Stratified, 7 Rome Ill 0/468 19.60 + 1.20 Nursing Junior college 468 17.31 o With the Rome lll criteria, 43 cases
Shanghai cluster year 1-3 were IBS-C (53.09%), 19 cases were

IBS-D (23.46%), 14 cases were
IBS-M (17.28%), and 5 cases were
IBS-U (6.17%).

e IBS was associated with spicy diet
(o = 0.014), sleep disorder (p =
0.047) and lower grade (p = 0.008).

Liu (53) 2019 South China, Cluster 8 Rome IV 593/2,033 19.22 + 1.03 Health related Junior college 2,626 2.7 o IBS was associated with alcohol
Guangxi year 1 consumption (p = 0.021), dairy intake
(o = 0.001), fatigue (p = 0.003), poor
mood situation (o < 0.001) in healthy

freshmen.
Chen (54) 2016 East China,  Convenience 7 Rome Ill 0/1,894 21.59 £+ 1.40 Medicine, Undergraduate 1,894 101 e Compared with the non-IBS female
Taiwan non-medicine year 2-4 students, IBS female students had

higher levels of stress and lower QoL.
o IBS in females was associated with
dysmenorrhea (p < 0.001), food
avoidance (p < 0.001), class
absenteeism (p < 0.001), and the
lower physical domain of QoL (p <

0.001).
Zhang (55) 2018-2019 East China,  Cluster 8 Rome IV 533/674 / Medicine, Undergraduate 1,207 5.1 o IBS was associated with irregular
Jiangsu non-medicine year 1-4 menstruation (o < 0.05) and previous

history of gastroenteritis (p < 0.05).

Gender (M/F), Gender (Male/Female); Junior college students, students studying in 3-year college degree: Undergraduate students, students studying in 4-year or 5-year bachelor degree, Postgraduate students, students studying in
master degree; Under Rome |l criteria, IBS-C, irritable bowel syndrome with constipation; IBS-D, irritable bowel syndrome with diarrhea; IBS-M, irritable bowel syndrome mixed; IBS-U, irritable bowel syndrome un-subtyped; Under Rome
Il criteria: c-IBS, constipation predominant irritable bowel syndrome; d-IBS, diarrhea predominant irritable bowel syndrome; a-1BS, alternative irritable bowel syndrome; SRHMS, self-rated health measurement scale; PSQ), Pittsburgh
sleep quality index; QoL, The World Health Organization Quality of Life-BREF Questionnaire.
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TABLE 2 | Subgroup analyses of the pooled prevalence of IBS.

Subgroup analysis  Studies (n) Sample size (n)  Pooled prevalence (%) 95% CI 1?(%) within subgroup  p-value across subgroups
Lower  Upper

Educational level <0.001
Junior college 4 5,063 8.18 3.66 17.26 98.24
Undergraduate 13 24,202 12.14 8.02 17.96 99.27
Postgraduate 3 925 12.74 10.10 15.94 40.36

Gender <0.001
Female 16 18,252 13.14 9.22 18.39 98.72
Male 14 9,279 10.17 6.39 15.80 98.02

Major <0.001
Medicine 15 10,046 11.91 8.13 17.12 98.02
Non-medicine 10 11,077 11.35 8.90 14.37 93.49
Mixed 5 12,061 6.48 2.13 18.05 99.55

Region <0.001
Central China 4 2,979 15.93 8.28 28.47 97.39
East China 7 14,597 10.50 8.40 13.06 92.56
North China 3 3,232 17.66 7.37 36.64 99.03
Northwest China 2 6,546 19.10 7.02 42.46 98.30
South China 3 5,812 3.18 1.28 7.68 97.00

Survey year <0.001
2005-2010 7 7,276 14.42 8.48 23.46 98.65
2010-2021 12 23,793 10.60 6.42 17.00 99.38

Criteria <0.001
Rome I 5 4,382 10.50 6.80 15.87 94.58
Rome IIl 15 26,072 12.00 8.23 17.17 99.21
Rome IV 2 3,833 3.66 2.01 6.60 92.00

Anxiety <0.001
No 11,058 8.61 3.72 18.66 99.31
Yes 2,640 17.31 8.36 32.44 98.02

Depression <0.001
No 5 10,743 9.1 3.60 21.19 99.43
Yes 5 2,798 17.34 8.32 32.68 98.10

Drinking <0.001
No 3,570 10.78 3.51 28.62 99.05
Yes 970 11.11 6.40 18.60 85.58

Smoking <0.001
No 2,815 14.70 6.09 31.43 98.65
Yes 307 18.10 5.59 45.18 87.47

Boldface indicates statistical significance (p < 0.05).
Cl, confidence interval.

college students (34%) (59). The possible explanations might
be the difference in culture, diet habits, physical characteristics,
academic and socioeconomic stress across countries.

Students with psychological disorders such as anxiety and
depression had an increased likelihood of IBS comorbidity
compared to those without. The link between psychosocial
factors and gastrointestinal function (motility, sensation,
inflammation) could be explained by the brain-gut axis (17).
Specifically, this implies a bidirectional connection system
between the gastrointestinal tract and the brain, through neural,
neuroimmune and neuroendocrine pathways. In this model,

individuals with increased central nervous system (CNS) arousal
such as those with anxiety and depression, could experience
gastrointestinal distress and increased gastrointestinal motility
via CNS-mediated sympathetic outflow (60), leading to the
destruction in the intestinal mucosal barrier (61) and the
change of transport in the small intestine and even the entire
gastrointestinal tract (62) and, resulting in gastrointestinal
symptoms (cramping and pain, etc.) of IBS.

Our study found that the prevalence of IBS was higher among
female students. This discrepancy could be attributed to several
factors. First, the difference in the secretion of sex hormones

Frontiers in Public Health | www.frontiersin.org

71

April 2022 | Volume 10 | Article 864721


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Yang et al.

IBS Among Chinese University Students

TABLE 3 | Univariate meta-regression analyses of prevalence of IBS.

Variable Coefficient SE T P>|Y 95%Cl
Lower Upper

Univariate Educational 0.02 0.04 045 066 -0.07 0.11
analysis level

Gender ratio —0.09 0.06 —-1.36 0.19 -0.23 0.05

(M/F)

Major —0.09 0.04 -2.06 0.05 -0.18 0.00

Region 0.03 0.01 2.84 0.01 0.01  0.06

Survey year —0.03 0.05 -0.58 057 -0.12 0.07

Criteria —0.08 0.04 -0.84 041 -0.01 0.05

Anxiety -0.21 017 —-123 029 -0.68 0.26

proportion

Depression —0.35 0.18 —196 0.14 -092 0.22

proportion

Drinking —-0.16 0.32 -0.51 064 -—-1.17 0.84

proportion

Smoking -0.15 0.33 -043 071 -159 1.30

proportion

Quality score 0.02 0.02 0.72 048 -0.08 0.06
Boldface indicates statistical significance (p < 0.05). Cl, confidence interval;

M/F, male/female.

contributes to the gender difference in the modulation of IBS.
For example, androgens, higher in males, possibly could reduce
visceral pain through enhancing TRPMS8 expression and/or
activity (63). TRPMS8 is suggested to possess anti-nociceptive
roles in the intestine (64) and ligands of TRPMS8 such as
peppermint are believed to possess analgesic effects in IBS
patients (65, 66). As for females, the higher level of hormones
like estrogen contributes to the development of IBS. It is reported
that estrogens inhibit colonic smooth muscle contraction via
a non-genomic mechanism involving cell membrane coupling
(67), leading to the higher occurrence of IBS-related symptoms
including abdominal distension, bloating, infrequent stools and
hard stools (68). Estrogens promote activation of mast cells (68),
which are found to be associated with IBS through increasing
intestinal nerve sensitization (69). Second, for females, increased
prostaglandins during the menstrual cycle could induce diarrhea
syndrome, one of the IBS symptoms, through enhanced intestinal
secretion and altered electrolyte absorption (70). Third, women
are more vulnerable to experience life stress, anxiety, and
depression symptoms (71, 72), which are associated with a higher
incidence of IBS.

In terms of majors, a higher prevalence of IBS was estimated
in the medical students. This might be due to the long
length of schooling, high load from the academy and clinical
practice, high level of psychological stress exposure like severe
anxiety and depression (73) and sleep disturbances (74). It was
proved that the stress was associated with the development
of IBS through stimulating the hypothalamic-pituitary-adrenal
(HPA) axis and triggering the release of some substances
including corticotrophin-releasing factor (CRF), adreno-cortico-
tropic-hormone (ACTH), and cortisol, which affect gut function

through the composition and the growth of microbiota, and
stimulate the sympathetic nervous system (SNS) (75). Sleep
disorder, such as insomnia, was associated with a 24-h increase of
ACTH and cortisol secretion (76). Furthermore, the symptoms
of IBS, such as abdominal pain, might activate the SNS and then
reduce sleep efficiency (76, 77).

Our results revealed that the prevalence of IBS in university
students was higher in Northwest China (19.10%, 95% CI:
7.02-42.46%), North China (17.66%, 95% CI: 7.37-36.64%) and
Central China (15.93%, 95% CI: 8.28-28.47%), followed by
East China (10.50%, 95% CI: 8.40-13.06%) and South China
(3.18%, 95% CI: 1.28-7.68%). This might be due to the varied
territory, climate, diet, traditional customs, the development
of socioeconomic and employment prospects across China
(48). In the coastal regions-East China and South China, the
relatively more moderate climate might benefit people’s health
and the superior socioeconomic conditions effectively alleviate
the psychological stress for university students there (78), leading
to a lower prevalence of IBS.

Be consistent with the results of previous studies (79, 80), the
prevalence estimation in the Rome III criteria group (12.00%)
was higher than groups of Rome II (10.50%) and Rome IV
criteria (3.66%). Diagnosis of IBS can be challenging. Compared
to Rome III, Rome II criteria examine a 12-week period duration
in the past 12 months, less than a continuous 6-month period,
thus expanding the scope of diagnosis and being more stringent
(81). Rome IV criteria requires that abdominal pain occurs on
average at least 1 day per week while only 3 days a month were
required in Rome III criteria. This might be the most important
factor accounting for a reduction in the estimated prevalence of
IBS from Rome III to Rome IV (82). Dai et al. (39) suggested
that the choice between Rome II and Rome III criteria may
affect the IBS diagnosis in females more than males. Another
diagnosis of IBS-Manning criteria was regarded to be applied
to the private housing group rather than the public housing
group (83). Studies showed that Manning criteria was more
appropriate for females (84), but less sensitive for males (85, 86).
The applicable diagnostic criteria seem different according to the
research population.

Furthermore, university students with drinking and smoking
behaviors were more likely to report IBS. It was explained
that alcohol could decrease muscle movements, which helps
retain the food for further digestion in the small intestine and
reduce the frequency and strength of muscle contractions in a
segment of the rectum. This could further reduce the transit
time and the compaction of the intestinal content. In addition,
alcohol interferes with the activity of lactase, which breaks down
the milk sugar lactose, resulting in lactose intolerance. Thus,
diarrhea was frequently observed in alcoholics. Alcohol also
inhibits some enzymes that participate in the metabolism of
foreign organic substances in the gut. It directly disturbs the
integrity of the mucosal epithelium and induces the release
of noxious signaling molecules, which could damage the small
blood vessels of capillaries in the intestinal mucosa and induce
blood clotting. The resulting lesions allow large molecules, such
as endotoxins and other bacterial toxins, to enter the bloodstream
and the lymph. Therefore, alcohol-induced digestive disorders
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and mucosal damage in the gastrointestinal (GI) tract cause
the change in the frequency and appearance of the stool,
abdominal pain and bloating (87), which were the symptoms
of IBS. For smokers, nicotine stimulates the sympathetic nerve
to inhibit the movement of the disinfectant tract and the
secretion of the gland, resulting in gastrointestinal emptying
delay and absorption dysfunction. Another explanation could
be that oxygen-free radicals from smoking could enhance lipid
peroxidation, implicated with gastrointestinal dysfunction (88).

The results of this meta-analysis have implications for future
research. The prevalence of IBS among university students in
certain regions such as Northeast and Southwest China, needs
further study for the overall estimation with greater precision.
More population-based studies using Rome IV criteria are
required to explore the appropriateness of this criteria on Chinese
university students. Future longitudinal studies are needed to be
adopted to establish the causal relationships between IBS and
potential influencing factors, which are greatly warranted for
intervention development.

The findings of this meta-analysis should be interpreted
with caution due to several limitations. First, the 22 included
studies involved only 14 of 34 provincial-level administrative
regions in China, which limited the generalizability of the
findings to all university students in China. Second, although
subgroup analyses somewhat mitigated this limitation (89),
heterogeneity was impossible to avoid in the meta-analysis of
epidemiological studies. Third, the potential association between
IBS and some factors, such as frequency of exercise, could not
be examined in the subgroup analyses due to incomplete data
or inconsistent reporting forms in most included studies. The
miss of studies only exploring the associated factors without
the prevalence of IBS might lead to the insufficiency of data
on the analyses of associated factors of IBS. Therefore, our
results of associated factors of IBS needed to be treated with
caution. Finally, the causal inference between IBS and other
factors was not allowed because of the cross-sectional design in
all included studies.

CONCLUSIONS

This systematic review and meta-analysis showed that IBS
was common (11.89%) in Chinese university students. The
prevalence varied considerably in some instances, according to
educational levels, geographic region, criteria used to define
IBS. There are many associated factors of IBS, including female
gender, majoring in medicine, anxiety, depression, drinking and
smoking behavior. Further research should build on our findings
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The longitudinal relationship between students’ pre-existing adaptability and
subsequent sleep and mental health during the COVID-19 pandemic has not been
studied. The present study examines the relationship between adaptability and students’
anxiety, depression, and insomnia during and after the lockdown related to COVID-19.
5,235 university students participated in a longitudinal study with three time points.
Students completed the Adaptability Scale before the outbreak (October 2019; Time 1),
the Insomnia Severity Index (ISI) both during (April 2020; Time 2) and after lockdown
(March 2021; Time 3), the Anxiety and Depression subscales of the SCL-90 (at
Time 1 and 3), and the SAS/SDS (at Time 2). The results showed that self-reported
adaptability is significantly negatively correlated with anxiety and depression, and that
anxiety and depression are positively correlated with insomnia. Furthermore, adaptability
protects from insomnia both directly and through its negative relationship with anxiety
and depression. This study sheds light on the internal mechanisms mediating the
relationship between students’ adaptability and experience of insomnia in challenging
circumstances. Implications for curtailing the negative effects of stressful events on
students’ sleep health by improving their adaptability and reducing their anxiety and
depression are discussed.

Keywords: COVID-19, remote learning, adaptability, insomnia, anxiety, depression

INTRODUCTION

Numerous studies have demonstrated the relationship between stressful events—like natural
disasters—and negative outcomes like insomnia (1), anxiety (2), and depression (3). Unlike
localized natural disasters (e.g., flooding, earthquakes), the COVID-19 pandemic was a natural
disaster that impacted individuals around the world (4), with a disproportionate impact on
university students (5).
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As universities shut down and students suddenly were
removed from their academic and social supports (6), university
students reported declines in their physical and mental health
(7-11). In line with previous research documenting sleep
disturbances in response to traumatic events (12), insomnia
has been identified as an important adverse outcome of the
COVID-19 pandemic (13, 14), particularly for university students
(5). Insomnia is defined as a difficulty with sleep onset and
sleep maintenance resulting in impairment and distress (15).
Adaptability has emerged as an important protective factor for
individuals in the pandemic (16-19). The present study therefore
examines the long-term impact of adaptability—measured before
the pandemic—on the development of insomnia in university
students both during and after lockdown, along with potential
mediators of this relationship (i.e., anxiety and depression; see
Figure 1).

Adaptability is defined as the ability to adjust on€’s cognition,
emotion, and behavior in response to changing, new, or uncertain
conditions (20, 21). During the COVID-19 pandemic, students
needed to adjust to vast changes to their daily lives associated
with the closure of universities, confinement to one’s home, and
the shift to remote learning. Individuals with greater adaptability
showed more positive academic emotions and greater academic
engagement in remote learning (19). In addition, adaptability
predicted their distress and mood during COVID-19, controlling
for personality, mattering, and automatic thoughts (16).

Adaptability thus appears to be a beneficial predispositional
factor for students. The 3P model of insomnia (also known as
the Spielman model) is a widely used theoretical framework
for explaining insomnia (22-24). According to the 3P model
of insomnia, persistent insomnia can be explained by a
combination of three factors, namely predisposing factors,
precipitating factors, and perpetuating factors (25). Predisposing
factors include characteristics that predispose an individual to
insomnia, such as genetics, cognitive style, awakening ability,
or the tendency to ruminate or worry (26, 27). However,
predisposing factors can also be beneficial factors, such as
adaptability or mindfulness, that negatively predict insomnia.
Precipitating factors include factors and events that trigger
sudden insomnia, such as stressful events, or environmental
or psychological stressors (25). Perpetuating factors include
maladaptive emotions, such as sleep-related anxiety (28) or
coping behaviors, such as going to bed early, that the individual
enacts to cope with sleep disturbances. Predisposing factors
and precipitating factors interact to cause temporary sleep
disturbances, whereas maintenance factors make the individual’s
insomnia symptoms persist (26). The present study examines
the predisposing factor of adaptability (and its effect on other
predisposing factors like anxiety and depression) in the context
of the precipitating factors of the pandemic and the shift to
remote learning.

Past research on the key role of adaptability as a protective
factor for insomnia following natural disasters suggests that
adaptability may play a beneficial role as a predisposing factor
in individuals’ sleep health during the COVID-19 pandemic.
Varela et al. (29), for example, found adaptability was the
only significant predictor of insomnia following an earthquake

in Greece. Liuetal. (30) found that the hardiness factor of
psychological resilience (i.e., the ability to adapt to adversity)
was a protective factor for insomnia among medical professionals
working in the COVID-19 response in China.

Given the relationship between stressful events and insomnia
(31, 32), it not surprising that insomnia and other sleep
complaints increased during the precipitating event of the
COVID-19 pandemic. According to the NHS (33), insomnia
refers to difficulty in going to sleep, waking up during the night,
waking up early, feeling irritable during the day, and feeling tired
after waking up on a regular basis. In France, the prevalence of
sleep problems increased from 49% before the pandemic to 74%
during the lockdown (34). Similarly, Lin et al. (35) reported a 37%
increase in clinical insomnia in China from before to during the
pandemic. However, individual variability in sleep responses to
the pandemic are striking. In one study, whereas approximately
29% of participants showed a decrease in their sleep quality over
the first weeks of the pandemic, approximately 47% showed an
improvement in their sleep (36). We propose that individuals’
adaptability—and the effect of adaptability on their psychological
well-being—may explain this variability in sleep outcomes across
individuals in the year following the outbreak of COVID-19.

How does adaptability impact individuals’ sleep in times of
crisis? We propose that adaptability impacts individuals’ levels
of anxiety and depression, which then impacts their sleep (see
Figure 1). Previous researchers have proposed that stress—
like that experienced during the COVID-19 pandemic- induces
maladaptive responses like anxiety, which in turn affect sleep
quality (26, 37). The pandemic has been associated with a
significant increase in anxiety and depression around the world
[e.g., a meta-analysis from (38) estimated an increase of 31.9 and
33.7%, respectively] and among university students in China in
particular (39). Adaptability, on the other hand, plays a protective
role by buffering individuals from these negative emotional
responses to challenging circumstances. University students high
in adaptability, for example, reported fewer negative emotions
during the pandemic, including anxiety, hopelessness, and
boredom (19).

Concerning the second step of this model (see Figure 1),
many studies have demonstrated the relationship between both
the predisposing factors of depression and anxiety and insomnia
(40-42). Further, both anxiety and depression have been found
to mediate the relationship between other factors and insomnia;
for example, anxiety and depression mediate the relationship
between conscientiousness/stability and insomnia (43), and
anxiety mediated the relationship between perfectionism and
insomnia in a longitudinal study (44). This research suggests that
anxiety and depression play a proximal role in insomnia.

However, a good deal of research has indicated reciprocal
relationships between anxiety, depression, and insomnia (42,
45), indicating the need to measure changes over time. Previous
studies have mostly relied on cross-sectional designs to examine
insomnia during the COVID-19 pandemic [e.g., (8, 46-48)],
which are unable to examine relationships between pre-pandemic
individual characteristics and subsequent mental and sleep
health over time during the pandemic. Our longitudinal design
addresses this gap in the research.
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T1 Anxiety

A4

T2/T3 Anxiety

T1 Adaptability

v

T2/T3 Insomnia

T1 Depression

A4

T2/T3 Depression

FIGURE 1 | Conceptual model of adaptability, anxiety, depression, and insomnia.

In sum, our study has two aims. The first aim is to explore
the relationship between adaptability as a predisposing individual
difference and insomnia both during and after the lockdowns
associated with COVID-19. The second aim is to understand
the mediating role of anxiety and depression in this relationship.
Using a longitudinal design, we first examine if adaptability
measured before the pandemic influences insomnia during and
after the lockdown. Second, we examine whether anxiety and
depression (measured at Time 2 and 3) influence sleep quality
both during and after the lockdown, that is, the possible
mediating role of anxiety and depression in the relationship
between adaptability and insomnia.

MATERIALS AND METHODS

Ethics Statement

This study was approved by our university’s Research Ethics
Committee. All procedures complied with the ethical standards
of the latest version of the Helsinki Declaration. All participants
willingly gave their informed consent digitally after being
informed about the purpose of the study. All analyses were based
on anonymous data.

Participants and Design

Longitudinal data was collected via a Chinese online research
panel, Wenjuanxing', which is functionally equivalent to Amazon
Mechanical Turk. 8,547 university students participated in the
Time 1 (T1) assessment. Of these, 5,408 took part in the Time
2 (T2) assessment and 5,235 took part in the Time 3 (T3)
assessment (2,747 females, 2,488 males), with a 38.75% attrition
rate. There were no sample differences among the three waves in
age (F =1.11, p = 0.33) or gender (Kruskal-Wallis test; y = 2.20,
p = 0.33) (49). The final sample size was 5,235, with mean
age = 19.00 years, SD = 0.89.

T1 took place in October 2019 (before the COVID-
related restrictions) and measured adaptability, anxiety, and
depression. T2 took place in April 2020 (during the COVID-
related restrictions and remote learning) and measured anxiety,

Uhttps://www.wjx.cn/

depression, and insomnia. T3 took place in March 2021 (after the
COVID-related restrictions were lifted) and measured anxiety,
depression, and insomnia.

Measures

Adaptability Scale

Students’ adaptability was assessed using the nine-item
Adaptability Scale [(50); Chinese version: (19)] in T1. This
scale comprises six items referring to cognitive-behavioral
adaptability (e.g., “I am able to think through a number of
possible options to assist me in a new situation”) and three items
referring to affective adaptability (e.g., “When uncertainty arises,
I am able to minimize frustration or irritability so that I can
deal with it best”). The items were assessed on a 7-point scale
ranging from 1 (Strongly disagree) to 7 (Strongly agree). The
scale showed good internal consistency (o) = 0.91).

Anxiety and Depression Subscales of the Symptom
Checklist 90

We applied the anxiety and depression subscales of the SCL-
90 (51) to assess anxiety and depression at both T1 and T3.
The anxiety and depression subscales include 10 items and
13 items, respectively. The items were rated along a 5-point
response scale with 1-5 representing the severity as follows:
“l1 = none,” “2 = light,” “3 = moderate,” “4 = quite heavy,” and
“5 = severe.” The SCL-90 uses a standardized scoring algorithm
to define anxiety symptoms, with a total score range of 10-50.
Individuals were categorized as experiencing anxiety symptoms
if the anxiety subscale score was >20. A standardized scoring
algorithm is also used to define depression symptoms, with
a total score range of 13-65. Individuals were categorized as
experiencing depression symptoms if the anxiety subscale score
was >26. The anxiety and depression subscales were internally
consistent (a;; = 0.85 and 0.89, respectively; o3 = 0.89 and
0.92, respectively).

Zung Self-Rating Anxiety Scale

Anxiety at T2 was measured by the SAS [(52); Chinese
version: (53)], which contains 20 items. The scale covers both
psychological symptoms (e.g., “I feel afraid for no reason at
all”) and somatic symptoms (e.g., “My arms and legs shake
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and tremble”). The items were rated along a 4-point response
scale ranging from 1 (A little of the time) to 4 (Most of the
time). The SAS uses a standardized scoring algorithm to define
anxiety symptoms, with a total score range of 25-100. Individuals
were categorized as experiencing anxiety symptoms if the SAS
score was greater than or equal to 50. The scale was internally
consistent (o, = 0.76).

Zung Self-Rating Depression Scale

Depression at T2 was evaluated by the SDS [(54); Chinese
version: (55)]. The scale contains 20 items, of which 10
items indicate negative experience (e.g., “I feel unhappy and
depressed”) and 10 items indicate positive experience (e.g.,
“T am hopeful for the future”; reverse coded). Participants
responded using a 4-point Likert scale ranging from 1 (A
little of the time) to 4 (Most of the time). The SDS uses a
standardized scoring algorithm to define depression symptoms,
with a total score range of 25-100. Individuals were categorized
as experiencing depression symptoms if the SDS score was
greater than or equal to 50. The scale was internally consistent
(a2 = 0.86).

Insomnia Severity Index

The ISI (15) was used to measure the severity of insomnia during
COVID-19 at both T2 and T3. This scale includes 7 items that are
rated on a 0-4 scale. The total score ranges from 0 to 28, with a
higher score indicating a greater number of insomnia symptoms
(0-7 = No clinically significant insomnia; 8-14 = Subthreshold
insomnia; 15-21 = Moderate severity clinical insomnia; 22-
28 = Severe clinical insomnia). The scale was internally consistent
(a2 = 0.88; a3 = 0.88).

Data Analysis

The statistical analyses were performed using SPSS Version
25.0, with the PROCESS macro for SPSS utilized for the
multiple mediation model (56). PROCESS Model 82 was used
to test the mediating role of anxiety and depression (mediators)
in the relationship between adaptability at T1 (independent
variable) and insomnia at T2 (dependent variable Model 1)
and T3 (dependent variable in Model 2). 5,000 bootstrap
samples and the 95% bias-corrected confidence interval (95%
CI) were set to examine the significance of the two mediation
effects (56). As different scales for anxiety and insomnia were
used at different time points, scores were standardized to
allow comparison. The statistical significance level was set at
p <0.05.

Common Method Biases

The Harman single-factor test was used to diagnose the common
method bias (57). The results of principal component factor
analysis without rotation showed that there were 17 factors whose
eigenvalues were greater than 1. The variance explained by the
first factor was 19.73%, which falls below the threshold of 40%.
The results showed that there is no serious common method
bias in this study.

TABLE 1 | Descriptive statistics of all study variables (n = 5235).

M SD Skewness Kurtosis o
1. T1 Adaptability 5.95 0.82 —1.20 2.90 0.91
2. T1 Anxiety 1.44 0.49 1.94 514 0.85
3. T1 Depression 1.44 0.52 1.86 4.38 0.89
4. T2 Anxiety 1.44 0.30 1.06 2.14 0.76
5. T2 Depression 1.69 0.43 0.66 —-0.24 0.86
6. T3 Anxiety 1.26 0.42 2.85 11.15 0.89
7. T3 Depression 1.38 0.51 1.88 3.93 0.92
8. T2 Insomnia 1.36 0.48 2.16 6.48 0.88
9. T3 Insomnia 1.44 0.50 1.91 5.25 0.88

T1 Adaptability (range from 1 to 7), T2 Anxiety and T2 Depression (range from 1 to
4), T1 Anxiety, T1 Depression, T3 Anxiety, and T3 Depression (range from 1 to 5),
T2 Insomnia and T3 Insomnia (range from O to 4).

TABLE 2 | Pearson correlation of all study variables (n = 5235).

1 2 3 4 5 6 7 8 9

1. T1 Adaptability =

2. T1 Anxiety —0.32* -

3. T1 Depression —0.36"* 0.83** -

4. T2 Anxiety —-0.15 0.27** 0.30™ -

5. T2 Depression —0.19** 0.26** 0.32** 0.74* -

6. T3 Anxiety —0.14* 0.37** 0.35"* 0.33"* 0.30" -

7. T3 Depression —0.16"* 0.35" 0.41** 0.34* 0.35™ 0.76™ -
8
9

_T2Insomnia  —0.13" 0.28" 0.30" 0.49** 0.40** 0.30** 0.31™*
.T3Insomnia  —0.14" 0.27* 0.28" 0.31** 0.28* 0.56* 0.56™ 0.38" -
< 0.01.

Descriptive Statistics and Correlations

The means (M), standard deviations (SD), skewness, and
kurtosis, and reliabilities for all variables across the two-time
points are displayed in Table 1. All the measures had acceptable
reliabilities (ranging from 0.76 to 0.92).

Pearson correlations for the relations between the variables are
displayed in Table 2. T1 adaptability was negatively correlated
with T1, T2, and T3 anxiety (rs = —0.32, —0.15, and —0.14,
respectively; ps < 0.01); T1, T2, and T3 depression (rs = —0.36,
—0.19, and —0.16, respectively; ps < 0.01); and T2 and T3
insomnia (rs = —0.13, —0.14, respectively; ps < 0.01). Moreover,
T2 insomnia was positively correlated with T1, T2, and T3 anxiety
(rs = 0.28, 0.49, and 0.30, respectively; ps < 0.01), and T1,
T2, and T3 depression (rs = 0.30, 0.40, and 0.31, respectively;
ps < 0.01). In addition, T3 insomnia was positively correlated
with T1, T2, and T3 anxiety (rs = 0.27,0.31, and 0.56, respectively;
ps < 0.01), and T1, T2, and T3 depression (rs = 0.28, 0.28, and
0.56, respectively; ps < 0.01).

The Multiple Mediation Effects of
Adaptability, Anxiety, Depression, and

Insomnia at T1 and T2
The results of the regression analysis are shown in Figure 2 and
Table 3. To first review the role of T1 adaptability: T1 adaptability
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0.251***

T1 Anxiety

0.291***

T2 Anxiety

T2 Insomnia

T1 Depression

FIGURE 2 | Multiple-mediating test of adaptability, anxiety, depression, and insomnia at T1 and T2. *p < 0.05, **p < 0.001.

T2 Depression

TABLE 3 | Regression analysis of variable relationships at T1 and T2 (n = 5235).

Dependent Predictors Model summary
variables
F R? B SE t
T1 Anxiety T1 Adaptability  584.13** 0.10 -0.317 0.016 —24.17
T2 Anxiety T1 Adaptability ~ 228.07** 0.08 -0.074 0.017 —-5.29
T1 Anxiety 0.251 0.014 17.95
T T1 Adaptability ~ 758.14** 0.13 -0.356 0.016 —27.53
Depression
T2 T1 Adaptability ~ 328.68** 0.11 —-0.091 0.017 -6.50
Depression
T1 Depression 0.291 0.014 20.87
T2 T1 Adaptability — 386.26™*  0.27 0.007 0.007 0.59
Insomnia
T1 Anxiety 0.055 0.010 2.59
T2 Anxiety 0.407 0.009 22.94
T1 Depression 0.123 0.010 5.67
T2 Depression 0.045 0.009 2.50
*p < 0.001.
significantly negatively predicted T1 anxiety (8 = —0.317,

p < 0.001), T2 anxiety (B = —0.074, p < 0.001), T1 depression
(B = —0.356, p < 0.001), and T2 depression (B = —0.091,
p < 0.001). However, T1 adaptability did not significantly predict
T2 insomnia (B = 0.007, p = 0.558).

T1 anxiety and depression also had significant effects. T1
anxiety positively predicted T2 anxiety (f = 0.251, p < 0.001)
and T2 insomnia (f = 0.055, p < 0.001). T1 depression positively
predicted T2 depression (f = 0.291, p < 0.001) and T2 insomnia
(B = 0.123, p < 0.001). T2 depression positively predicted
T2 insomnia (B = 0.045, p < 0.05). A strong regressive path
was shown between T2 anxiety and T2 insomnia (§ = 0.407,
p < 0.001).

The final regression model for insomnia, which included
T1 adaptability, T1 anxiety, T2 anxiety, T1 depression, and T2
depression, was highly significant and accounted for 27% of the
variability in T2 insomnia.

The bootstrap method was used to sample 5,000 times
and build a 95% unbiased correction confidence interval for
our multiple-mediating model for T1 and T2. The direct
path from T1 adaptability to T2 insomnia was not significant
(B = 0.007, 95% CI [—0.010, 0.019]). The chain intermediary
effect of T1 and T2 anxiety (B = —0.032, 95% CI [—0.039,
—0.026]) was significant, as well as the chain intermediary
effect of T1 and T2 depression (B = —0.005, 95% CI [—0.009,
—0.000]), indicating a significant mediation by both anxiety
and depression at two time points. These two paths accounted
for 23.02 and 3.60% of the total effect, respectively. T1
adaptability also had indirect effects on T2 insomnia through
T1 anxiety (B = —0.017, 95% CI [—0.033, —0.002]), T2
anxiety (8 = —0.030, 95% CI [—0.043, —0.018]), T1 depression
(B = —0.044, 95% CI [—0.063, —0.026]), and T2 depression
(B = —0.004, 95% CI [—0.009, —0.000]), which accounted for
12.23, 21.58, 31.65, and 2.88% of the total effect, respectively (see
Table 4).

The Multiple Mediation Effects of
Adaptability, Anxiety, Depression, and

Insomnia at T1 and T3

The results of the regression analysis examining variables
from T1 and T3 are shown in Figure 3 and Table 5.
T1 adaptability significantly negatively predicted T1 anxiety
B = —0.317, p < 0.001), T1 depression (B = —0.356,
p < 0.001), and T3 insomnia (B = —0.038, p < 0.01). T1
adaptability did not significantly predict T3 anxiety (f = —0.021,

p = 0.119) or T3 depression (B = —0.015, p = 0.264).
T1 anxiety positively predicted T3 anxiety (f = 0.344,
p < 0.001), but not T3 insomnia (B = 0.010, p = 0.620).

T1 depression positively predicted T3 depression (B = 0.383,
p < 0.001), but not T3 insomnia (B = 0.023, p = 0.271).
A strong regressive path was shown between T3 anxiety
and T3 insomnia (B = 0.315, p < 0.001) and between
T3 depression and T3 insomnia (B = 0.307, p < 0.001).
The final regression model for insomnia, which included T1
adaptability, T1 anxiety, T3 anxiety, T1 depression, and T3

Frontiers in Psychiatry | www.frontiersin.org

April 2022 | Volume 13 | Article 868072


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

Adaptability Protects University Students

TABLE 4 | Mediation effects test at T1 and T2.

Indirect paths (Ind) Indirect effect Percentage
Effect 95% confidence interval
BootLLCI BootULCI
Ind 1 T1 Adaptability—T1 Anxiety— T2 Insomnia —-0.017 —0.033 —0.002 12.23%
Ind 2 T1 Adaptability—T2 Anxiety— T2 Insomnia —0.030 —0.043 -0.018 21.58%
Ind 3 T1 Adaptability—T1 Depression—T2 Insomnia —0.044 —0.063 —0.026 31.65%
Ind 4 T1 Adaptability— T2 Depression— T2 Insomnia —0.004 —0.009 —0.000 2.88%
Ind 5 T1 Adaptability—T1 Anxiety— T2 Anxiety— T2 Insomnia —0.032 —0.039 —0.026 23.02%
Ind 6 T1 Adaptability—T1 Depression— T2 Depression— T2 Insomnia —0.005 —0.009 —0.000 3.60%
Sum -0.132 —0.186 -0.138 94.96%
Percentage, Percentage of total effect explained.
. 0.344** .
T1 Anxiety » T3 Anxiety
== — . P Pt d
— —
A - ~—=< Lo
= ~40
-0.038** .
> T3 Insomnia
.0 0
~ e
—~— \’-./ —
— ~
- -— ~ - .
. 0.383*** .
T1 Depression » T3 Depression
FIGURE 3 | Multiple-mediating test of adaptability, anxiety, depression, and insomnia at T1 and T3. **p < 0.01, ***p < 0.001.

TABLE 5 | Regression analysis of variable relationships at T1 and T3 (n = 5235).

Dependent Predictors Model summary
variables
F R2 B SE t
T1 Anxiety T1 Adaptability 584.13** 0.10 -0.317 0.016 —24.17
T3 Anxiety T1 Adaptability 368.25"* 0.12 -0.021 0.016 —1.56
T1 Anxiety 0.344 0.013 25.20
T1 Depression ~ T1 Adaptability 758.14** 0.13 -0.356 0.016 —27.53
T3 Depression T1 Adaptability 464.17*** 0.15 -0.015 0.016 —-1.12
T1 Depression 0.383 0.013 28.06
T3 Insomnia T1 Adaptability 599.36** 0.36 —0.038 0.007 -3.18
T1 Anxiety 0.010 0.010  0.50
T3 Anxiety 0.315 0.009 18.12
T1 Depression 0.023 0.010 1.10
T3 Depression 0.307 0.009 17.41
*p < 0.001.

depression, was highly significant and accounted for 36% of the
variability in T3 insomnia.

For the multiple-mediating model of variables from T1 and
T3, the direct path from T1 adaptability to T3 insomnia was
significant (8 = —0.038, 95% CI [—0.037, —0.009]), accounting

for 27.74% of the total effect. The chain intermediary effect of
T1 and T3 anxiety (B = —0.034, 95% CI [—0.043, —0.027])
was significant, as well as the chain intermediary effect of T1
and T3 depression (B = —0.042, 95% CI [—0.050, —0.034]),
indicating a significant chain mediation by both anxiety and
depression at two time points. These two paths accounted for
24.82 and 30.66% of the total effect, respectively (see Table 6).
T1 adaptability did not indirect impact T3 insomnia via T1
anxiety, T3 anxiety, T1 depression, or T3 depression, as shown
in Table 6.

DISCUSSION

In the current study, we tested two multiple mediating
models examining the role of adaptability, anxiety, and
depression in predicting university students’ insomnia
both during the COVID-19 lockdown and a year after the
lockdown had begun. Although past studies have shown
the key role of adaptability in sleep responses to crises [e.g.,
as the only significant factor influencing sleep disturbance
following an earthquake; (29)], the present study elucidates
the mechanisms underlying these relationships and further
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TABLE 6 | Mediation effects test at T1 and T3.

Indirect paths (Ind) Indirect effect Percentage
Effect 95% confidence interval
BootLLCI BootULCI
Ind 1 T1 Adaptability—T1 Anxiety— T3 Insomnia —0.003 -0.018 0.012 2.19%
Ind 2 T1 Adaptability—T3 Anxiety— T3 Insomnia —0.007 —0.016 0.003 511%
Ind 3 T1 Adaptability—T1 Depression— T3 Insomnia —0.008 —0.026 0.010 5.84%
Ind 4 T1 Adaptability— T3 Depression— T3 Insomnia —0.005 -0.014 0.004 3.65%
Ind 5 T1 Adaptability—T1 Anxiety— T3 Anxiety— T3 Insomnia —0.034 —0.043 —0.027 24.82%
Ind 6 T1 Adaptability—T1 Depression— T3 Depression— T3 Insomnia —0.042 —0.050 —0.034 30.66%
Sum —0.099 —0.120 -0.077 72.26%

Percentage, Percentage of total effect explained.

contributes longitudinal data to this issue. The results
demonstrate that adaptability protects individuals from
insomnia both directly and indirectly, by decreasing their
anxiety and depression.

To examine how self-reported adaptability before a crisis
predicts insomnia, we tested two models. Together, they
provide consistent results concerning the role of pre-existing
adaptability, anxiety, and depression for subsequent anxiety,
depression, and insomnia both 6 and 17 months later. The only
notable difference between the two models is the significant
direct effect from T1 adaptability to T3 insomnia found in
the second model. We suspect that students had to adapt
to numerous changes over the year—from lockdown to return
to school and numerous waves of infection risk—which led to
an accentuated effect of this personality variable on insomnia
(which, on average, increased from T2 to T3). Based on this
intriguing finding, we suggest future research should explore
how the impact of adaptability is moderated by the instability of
the environment.

Overall, the present study breaks new ground in examining
how adaptability—the ability to respond positively to challenging
situations and changing demands in one’s environment—impacts
sleep disorders. We found that adaptability (as a predisposing
factor measured before the onset of the precipitating event)
directly affected insomnia 17 months after measurement, and
indirectly through both anxiety and depression. This highlights
the importance of measuring the impact of adaptability
longitudinally, as its effects are subtle, continuous, and best
seen over time, as individuals’ adaptive changes in cognition,
behavior, and affect in response to the environment produce
favorable outcomes over time (58). For example, other research
conducted during the pandemic found that students who
were able to respond productively to the unexpected shift
to remote learning and pandemic restrictions responded to
their schoolwork with less anxiety, allowing them to engage
more fully in their academic studies (19), and as a result,
experience fewer sleeping problems (59). Similarly, positive
adaptations to the impact of COVID-19 (e.g., living at home,
learning remotely) may have allowed students to feel more
hopeful and in control, generating less depression, and in
turn, less insomnia (60). Importantly, adaptability continued

to impact students as they had to adapt - again—to post-
lockdown pandemic life, as seen as its direct and indirect
effect on T3 insomnia 17 months after the measurement
of adaptability.

Anxiety and depression both appeared heightened during
the COVID-19 pandemic, particularly among quarantined
individuals (61) and those with greater exposure to the media (11,
62). Information highlighting the health risks for older loved ones
(63, 64) and possible negative health consequences even for those
who recover (65) stoked legitimate fear, with consequences for
mental health and sleep health. Social media use related to the
pandemic, for example, was found to be associated with fear of
COVID-19 and both directly and indirectly related to insomnia
(66). Along with anxiety, experiencing depression, loneliness,
and feelings of isolation were also considered hallmarks of the
COVID-19 pandemic (67), due to the need to self-isolate or
quarantine (and for university students, to complete schoolwork
remotely). Thus, anxiety and depression are relevant mediators
for the COVID-19 context. The present findings illustrate
the importance of examining such mediators when examining
predictors of insomnia.

There are also important practical implications of the present
work that could be applied by universities and mental health
counselors. Fostering adaptability should benefit both students’
mental health and sleep health. In times of upheaval, students
need to look at their current cognitions, behaviors, and emotions,
and then identify what changes they need to make given
the changing circumstances to successfully adapt to the new
environment. This greater adaptability should be associated with
reduced depression and anxiety, and reduced sleep disturbances.
The present study demonstrates that this effect lasts beyond the
present moment to even a year following the lockdown.

According to the stress-buffering model (68), in times of
significant stress, social connections mitigate the negative effects
of stress on well-being. Loneliness and social isolation, on the
other hand, are associated with anxiety, depression (69), poorer
sleep quality (70, 71) and sleep fragmentation (72), and overall
mortality risk (73). For the 30 million college students in
China who were quarantined at home, the pandemic created
a particularly challenging social context for students’ physical
and mental health.
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In addition to university students, the COVID-19 pandemic
and lockdown was particularly difficult for those with
chronic health conditions. Research investigating patients with
inflammatory rheumatic diseases (IRD), including rheumatoid
arthritis, psoriatic arthritis, axial spondylarthritis, and others,
showed a greater level of self-reported concerns and anxiety (74).
Other research showed patients with relapsing-remitting multiple
sclerosis (RRMS) were more susceptible to the detrimental
neuropsychiatric effects of the pandemic and this condition
was associated with a higher psychiatric concern, with a
report of 48.6% moderate to severe anxiety, 22% moderate to
severe depression and 29.6% insomnia by RRMS patients (75).
Future research should move beyond the current population of
university students to examine the predisposing and precipitating
factors associated with insomnia in these populations.

One limitation of the present study was that the psychological
assessments were obtained with self-report, which may limit the
objectivity of the data. Secondly, to eliminate the possibility of
participants remembering (and simply repeating) their responses
to the earlier assessment [i.e., memory effects; (76)] as well
as to avoid boredom effects during the second assessment,
we used different anxiety and depression scales at the second
time point (as compared to the first and third). Both the
anxiety and depression scales of the SCL-90, as well as the SAS
and SDS, are highly reliable and valid measurements used in
previous research [e.g., (39, 77)]. As Marcoulides and Grimm (78)
demonstrate, when using different measures, outcome variables
must be calculated based on a common metric. For this reason,
standardized values of these different measures were applied
in our analyses [e.g., (79)]. Although this may be perceived
a potential limitation for our conclusions, we found similar
relationships with these different measures as were observed with
identical measures (e.g., T1 anxiety and depression significantly
predicted both T2 anxiety and depression and T3 anxiety and
depression, respectively, and both contributed to a significant
chain mediation of T1 adaptability on T3 insomnia). Third,
although the university students came from more than 20
provinces, they all came from China. Future research should
replicate this model in other regions of the world.

CONCLUSION

The present longitudinal study examined the mechanisms
underlying the relationship between adaptability and insomnia.
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Mental disorders (e.g., depression) and sedentary behavior are increasing, also among
emerging adults. One particular target group of emerging adults with high sitting times
and vulnerability to mental disorders are university students. In particular, anxiety and
depressive symptoms as well as stress symptoms are very common among university
students. The present manuscript discusses whether physical activity and exercise
interventions can help to promote the mental health of emerging adults such as university
students. The manuscript will summarize current scientific evidence and based on this
evidence, introduce an university-based scientific research project that investigates if
physical activity, exercise interventions and acute bouts of exercise of low- to moderate
intensity can buffer perceived stress, alleviate mental health symptoms and strengthen
well-being (psychologically and physiologically) among university students by positively
influencing depressive and anxiety symptoms, perceived stress and emotion perception,
body awareness and subjective well-being including overall quality of life. The research
project, its concept, multimethod approach, and first results from available studies
are discussed in relation to current scientific evidence, health care needs and future
developments. The results from the studies conducted within the research project so far
and that are briefly summarized in this manuscript suggest that physical activity, mental
health and well-being are positively related, also in university students as an important
group of emerging adults. The results further suggest that exercise interventions
comprising aerobic exercises of low- to moderate intensity may work best to improve
mental health (alleviate depressive symptoms and perceived stress) among university
students after a few weeks of intervention. In addition, acute bouts of certain types of
exercises (yoga in particular) seem to be particularly effective in changing perception of
bodily signals, cardiac activity and emotion processing immediately after the exercise.
The results underscore the importance of systematic investigations of the combined
examination of psychological and physiological factors that promote an active lifestyle
and that strengthen mental health and well-being (psychologically and physiologically)
among emerging adults such as university students.

Keywords: physical activity, mental health, depression, well-being, low intensity exercise, perceived stress,
emerging adults, university students
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INTRODUCTION

Mental disorders such as depression (major depressive disorder,
MDD) and non-communicable diseases (NCDs), most of them
lifestyle related diseases (LSRD), are becoming the major causes
of ill health (1) According to the World Health Organization
(WHO), the prevalence of mental disorders has increased
dramatically in recent decades, even in non-industrialized
countries (1). Today, risk of mental disorders, depression (MDD)
in particular, is no longer restricted to certain vulnerable
population groups. Mental disorders such as depression (MDD)
constitute a public health burden and a major cause of premature
mortality and disability among all age groups and cultures [e.g.,
(2, 3)]. In Europe alone, the prevalence of depressive disorders
ranges between 5 and 10%, respectively (4).

Negative changes in lifestyle and health behavior, emotional
burden (stress), and reduced well-being including changes in
affect, along with social, genetic, and demographic factors, are
common factors involved in the onset and in the chronicity
of many mental disorders such as MDD (5). As psychological
and lifestyle related factors, many of these factors are not
disease specific. They are significantly contributing to physical
and mental health problems in general and impair physical,
mental, and social performance, and quality of life of each
individual. Therefore, mental health promotion is as important as
is physical health promotion. There is no health without mental
health (6).

Physical activity and regular exercise are essential for a
positive, active and health-promoting lifestyle. According to the
WHO, interventions aimed at increasing physical activity are
sustainable health promoting interventions (7). Positive effects
of physical activity and of regular exercise on health have been
reported across all age groups in epidemiological studies and
prospective, longitudinal follow-up studies [e.g., for an overview,
(8, 9)]. As summarized in these studies, physical activity
and the person’s physical fitness are factors, both associated
with a number of health improvements. Improvements
can concern (a) physical health such as improved body
composition, healthier lipoprotein profiles and cholesterol levels,
better glucose, insulin and inflammation status, lower blood
pressure, better cardiac functions and autonomic balance of the
autonomous nervous system (ANS) and (b) improved and stable
well-being (10, 11).

Based, among others, on this evidence, the WHO [latest
version, see (7)] developed recommendations and guidelines for
physical activity and regular exercise to provide the population
and political, social and health-care decision-makers with general
recommendations for health promotion. The physical activity
guidelines distinguish between age and the degree or amount
of physical activity and regular exercise required for health
prevention, and the degree or amount of physical activity
and regular exercise necessary to achieve health gain and
health benefits beyond the basic health prevention level. As
summarized in Figure 1, for health prevention, the physical
activity and exercise should include (a) a significant amount
of moderate to vigorous (high-intensity) aerobic exercise (e.g.,
endurance activities such as walking, swimming, treadmill

running, or cycling) to improve cardiorespiratory fitness and
(b) additionally include activities that foster muscle strength
to improve muscular fitness. Furthermore, as people age,
physical activity and the exercises regularly practiced should
trigger somatosensory processing and neurocognitive functions
as well. This is recommended to prevent the risk of falls
and premature decline of mental executive functions in the
elderly: executive functions are significantly involved in the
cognitive control of walking and the maintenance of mental
and motor mobility (12). In addition, the latest guidelines also
make specific recommendations for vulnerable target groups and
make recommendations how to increase physical activity of the
population (7).

These basics rules are the major building blocks in almost any
national physical activity guidelines and are also recommended
by the American College of Sports Medicine (13). They are
therefore in many countries current state of the art of health
promotion initiatives and recommended by health care providers
for daily practice to guarantee the maintenance of health and
well-being in the general population.

The need for global physical activity recommendations for
everyday life becomes reasonable when looking at the results
of recent studies [e.g., (14, 15)]. These studies attest physical
inactivity in a high proportion of the (world) population already
at young age and during adulthood. Recent national health
reports, for example for Germany, observed that about only
42.6% of the surveyed women and 48.0% of the surveyed men
reported to meet the WHO’s physical activity guidelines. In
other words, they do reach at least 2.5h of endurance activity
per week during leisure time [e.g., (16)]. When the WHO’s
physical activity guidelines of weekly endurance and strength
training are considered together, only few women and men
in Germany and Europe women and men, aged between 18
and 84 years achieve the WHO?’s physical activity and exercise
recommendation (17). When only considering adults at working
age (18-64 years), even less women and men are able to
exercise as recommended to maintain and promote a healthy
and active lifestyle (17). Thus, physical activity recommendations
comprising moderate intensity exercises are often not reached
neither globally nor nationally nor individually and adherence
to and maintenance of exercise recommendations is a general
problem, well known in the literature [e.g., (18)], not only in
the elderly.

In parallel with this global decrease in physical activity,
daily periods of predominantly sedentary behavior, whether
at work or during leisure time, have continuously increased
across age groups and significantly in the majority of the young
population [e.g., (19, 20)]. Significant relationships between
a preferentially sedentary lifestyle of 4-8h sitting time daily
and negative mental and physical health outcomes have been
confirmed by several studies for a number of health indicators
(metabolic, cardiovascular, mental/psychological) (21). Further
research suggests that a lifestyle characterized by excessive sitting,
even in the presence of physical activity, contributes to an
increased risk of chronic physical and mental conditions such
as depression (22). The majority of the world’s population
already leads a physically inactive lifestyle (23). In a recent
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Physical Activity

Recommendations of the World Health Organization (WHO)

| Age: 18-64 years

amount of moderate to vigorous

tensity) aerobic exercise

moderate OR
aerobic exercise

150 minutes/week 75 minutes/week

(

vigorous
aerobic exercise

J

|

| Purpose A: maintenance of cardiorespiratory fitness |

| Age: 64 years and older |

Purpose C: maintenance of mobility
prevent premature decline of mental executive functions and
risk of falls in the elderly

-

Physical activity and exercises regularly practiced
should, in addition to A and B (adults), include
functional balance and strength training on 23

days/week of at least moderate intensity

+

B: a significant amount of muscle strengthening
exercise (2 times/week)

| Age: 5 -17 years

Purpose D: development and maintenance
of good health

: =
| Purpose B: maintenance of muscular fithess | - == -
y Focus on aerobic activity, 60 minutes/day

any intensity

Avoid sitting times and replace by physical activity of

FIGURE 1 | Physical activity and exercise recommendations of the World Health Organization. For details see text.

of moderate intensity including exercise of vigorous
intensity and muscle strength exercise 3 days/week
avoid sitting time and screen time

representative survey conducted among the adult population
in Germany, on average, adults have been found to sit about
8h per day [e.g., (24)]. There is consensus that a lifestyle
characterized by sitting should be avoided at all costs (7).
In line with this, experts including the WHO [see (7)]
suggest that any physical activity could make an important
contribution to the global endeavor of fighting sedentarism,
and at the same time help to promote health and avoid illness
among the population and age groups including emerging
adults (25).

One particular target group of emerging adults at risk of
mental disorders (26-28) and potentially also of increasing
sedentarism (29-31) are university students. University students
are young adults who, after completing their first educational
career, pursue an academic education at a state or private
university usually finishing with a bachelor’s, master’s degree
or state examination. The aim is qualifying for an academic
profession or pursuing a subsequent qualification for an
academic degree. The average years spent at university is 6
years. The workload during this time is high. The accumulated
work load for instance in a bachelor’s degree corresponds to
45-56.25 h/week, a time spent predominantly in terms of
sedentary activities in lecture halls, seminar rooms, or at the
desk at home. On average, this results in a daily sitting time
of approximately 6.4-11.25h, 5-days a week. This sitting time
has been approved in international studies (29-32). Recent
international surveys have reported an increase in mental health
complaints and perceived stress among university students.
According to resent survey estimates, worldwide about every
fifth student reports anxiety and depressive symptoms and

just as many students report to seek help for coping with
academic stress and mental health conditions [e.g., (27, 28)].
Statistics from university counseling centers complement these
numbers showing that roughly over half of the counseling
cases of the clients (university students) report already seeking
therapeutic help. However, according to recent surveys, most
mental disorders among college students aged 18-22 years are
untreated (26). The current Covid-19 pandemic is expected to
increase these numbers in emerging adults (33) and among
university students (34). Worldwide, 2.7% of the total world
population are university students. In future, an increase of 30
million of university students per year is expected globally due to
improved access to education. Accordingly, university students as
emerging adults with high cognitive demands, high self-reported
psychological stress, and high weekly sedentary time may
constitute an at-risk group in primary health care prevention who
could benefit from exercise interventions in the short as well as in
long run.

However, which type of physical activity or exercise might be
most effective for mental health promotion during adulthood, in
particular in emerging adults such as university students?

The positive health effects of regular exercise of moderate
to high and vigorous intensity exercise that builds on aerobic
endurance and muscle strength exercise in an amount and
daily/weekly regularity recommended by the WHO guidelines
(see Figurel) have been as outlined above investigated
intensively in the past in scientific research. Undisputed are the
results from epidemiologic studies according to which physically
active people who report practicing a daily or weekly routine of
regular exercise of moderate to high intensity have permanently
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reduced impairments in general health and reduced mortality
risk [e.g., see for an overview (35, 36)].

In line with these observations, recent review- and meta-
analytic studies have revealed promising effects of moderate
intensity exercise for alleviating depressive symptoms in the
treatment of patients with clinical diagnosis of depression (e.g.,
major depressive disorders, MDD) [e.g., for an overview (37,
38)]. These positive effects associated with regular exercise
of moderate intensity encouraged medical recommendations
of exercise in the treatment of mental disorders such as
MDD in addition to or in conjunct with treatment as
usual (psychotherapy and pharmacological treatment). The
prescriptions of exercise interventions have been included
already in national guidelines. One prominent example is
the UK National Institute of Health and Clinical Excellence
(39), who included exercise interventions in their report for
the treatment and management of depression in adults. The
report reviews the current clinical evidence and based on
it attempts to formulate exercise recommendations for the
treatment of depressive symptoms (39). The recommendations
address patients with a clinical diagnosis—irrespective of age-
and with persistent mild to moderate depressive symptoms
who should exercise 2-3 times a week for at least 45-60 min
per session for at least 10-14 weeks to achieve improvement
in the severity of depressive symptoms. The exercise should
in line with the WHO?s criteria (Figure 1) involve endurance
and resistance exercise. A health care professional should
supervise the exercise because in most studies, supervised-
exercise interventions have proven superior over unsupervised
exercise interventions in these patient groups. Regarding
treatment of anxiety disorders by means of exercise, current
evidence is less consistent than that for the treatment of
depression, but there is evidence that state anxiety is significantly
reduced after acute bouts of moderate intensity exercise
[e.g., (40)].

In summary, the recommendations of moderate intensity
exercise for mental health promotion are strengthened by
findings that exercise of moderate intensity has comparable
effects in lowering symptoms as pharmacological treatment
with e.g., antidepressants in patients with MDD has (41, 42).
Therefore, a common opinion and hypothesis is that dose-
response relationships significantly matter, not only for achieving
benefits in physical health but in mental health as well. In
other words, it is assumed that if the exercises or the physical
activity carried out during an exercise session or exercise
intervention have no metabolic and no physiological effects,
they cannot have any direct effect on physical health or on
mental health for achieving changes in the physical symptoms,
the physiological symptoms or the neurobiology of mental
disorders. In fact, mental disorders such as major depressive
disorder (MDD) or anxiety are not just mental disorders. As
affective disorders, the key symptoms of for example depression
comprise depressed mood and loss of interest in nearly almost
all activities approximately all days and these key symptoms
affect the whole person and organism (DSM-5, Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition). Mood
changes and loss of interest occur in companion with changes

in psychomotor and sleep patterns, appetite and concentration,
suicidal ideation, feelings of worthlessness and low self-esteem
(DSM-5). Moreover, these physical and mental changes are
accompanied by changes in neurotransmitters, by changes in
brain functions and by changes in activity in prefrontal brain
regions and subcortical reward and memory brain systems,
i.e., brain regions and neuronal networks controlling emotions,
mood, motivation, cognition, behavior and affect. Moreover,
depression-related changes in peripheral-physiological bodily
functions such as changes in blood pressure and heart rate
variability (HRV), changes in cortisol levels and inflammatory
parameters speak to altered functioning of the central, the
autonomous nervous system (ANS) and the immune system in
MDD [e.g., (43)].

So far, however, there is only little systematic research about
the efficacy of exercise interventions in the field of primary
prevention of health among the adult age groups, who are yet not
suffering from clinical symptoms [for overviews see for example
(36, 44, 45)]. A recent publication (46) summarizing data from
the HUNT cohort prospective follow-up studies is one of the
few studies that investigated the relationship between exercise
and mental health in healthy adults and controlled for the role
of exercise related dose-response effects. The publication (46)
included a sample of 33 908 healthy, never depressed adults, with
a mean age of 45.2 years (SD = 16.5 years) who were investigated
two times in a time window of 11 years. The results suggest that
exercise of low intensity of about 1h (walking) exercise a week
to be effective in reducing the risk of depression by 12% with
little or no significant additional depression alleviating benefits
of exercise with a duration beyond 1h a week. Similar promising
effects that low-intensity exercise interventions comprising a
diversity of exercise types (aerobic exercise, yoga, dancing,
resistance training, etc.) can alleviate stress- and depressive
symptoms and improve mental health across a wide age range,
comes from recent reviews of meta-analytic studies (44, 47).
The meta-analyses suggest that a diversity of different types
of exercise, specifically, mind-body exercises such as yoga have
proven equivalent to aerobic moderate intensity exercise such
as walking, swimming or cycling, in improving mental health
at least in clinical groups or vulnerable groups at risk of mental
ill health.

As far as the treatment of mental disorders in emerging
adults by means of exercise interventions is concerned, still
few systematic evidence is available so far. A recent scoping
review suggests that the current evidence is restricted to only
a few studies (48). Moreover, concerning primary prevention
of health in emerging adults, evidence that physical activity,
mental health and well-being are related comes mainly from
self-report studies [e.g., (49)]. In addition, systematic research
evaluating the effectiveness of exercise interventions on mental
health of university students, depression in particular, seems
also still limited (50). A recent meta-analysis compared seven
exercise interventions for their effectivity in alleviating depressive
symptoms in undergraduate college students and found that
mind-body exercises such as Tai Chi and yoga were best suited
to reduce depressive symptoms compared to team sports such as
basketball or badminton or dance (50) in the targeted groups.
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AIM AND SCOPE OF THE PRESENT
MANUSCRIPT

As summarized in the previous section, the following important
and significant question remains: can exercise interventions
of low- to moderate intensity and short duration as well as
acute bouts of exercise make an important contribution to the
primary prevention and the promotion of mental health and
well-being of emerging adults such as university students, yet not
suffering from clinically relevant mental health conditions? In
this manuscript, first results from a still ongoing psychological
research project (Anem Fit&Well) will be summarized that
provides first answers to this question. The research project
(Anem Fit&Well) and its studies examine the relationships
between physical activity, different types of acute and regular
exercise, mental health and well-being in healthy adults with a
specific focus on emerging adults including university students.

In the following sections, the research project, its concept,
methods, and first results from available, already published
studies are summarized and discussed in relation to current
scientific evidence, health care needs and future developments.
In particular, the results from 5 studies will be summarized
that investigated if physical activity, exercise interventions and
acute bouts of exercise of low- to moderate intensity can buffer
perceived stress, alleviate self-reported symptoms of mental
health conditions such as depressive and anxiety symptoms,
change cardiovascular activity during exercise and at rest, and
strengthen subjective well-being by positively influencing mood
and affect, emotion perception, body awareness, and overall
quality of life.

The first section under Materials and Methods will describe
briefly the general framework of the research project in terms
of the theoretical understanding of concepts, the methodological
approach including systematic classification of the exercises
chosen in the research project and its studies. Next, the study
designs, the participant samples, inclusion and exclusion criteria
of the already available studies are described and the major results
and conclusion drawn from the results are summarized in the
Results and Discussion. Finally, a future outlook will be provided
and the aims of the research project will be discussed in relation
to health care needs and future developments.

MATERIALS AND METHODS

Conceptual Framework of the Project

Theoretically, the research projects builds on a biopsychosocial
model and understanding of health. A biopsychosocial
understanding of the effects of exercise on mental health allows
to take physical and mental processes and their interaction
into consideration. As illustrated in Figure 2, this is critical
for the understanding of how psychological and physiological
mechanisms interact at different exercise intensities to promote
mental health and well-being. So far, most studies and most
research programs focus on either the psychological or the
physiological mechanisms of exercise on mental health. Several
physiological and psychological variables have been suggested to
play arole [e.g., (51)]. Therefore, and as summarized in Figure 2,

methodologically, the present research project and its scientific
studies are following a multimethod approach that combines
psychological methods and psychophysiological methods to
investigate exercise-related health effects on behavior, physiology,
and subjective experience in well controlled laboratory and field
(survey, online) experiments.

Exercise Classification and Methodology
There is a huge variation across exercise studies in the way
physical activity and the individual exercises included in the
exercise interventions are described. The exercise descriptions
of the study protocols of previous studies often vary in terms
of the outcome variables investigated in a particular study.
They vary across the research disciplines that carry out the
research (medicine, psychology, health and life science, etc.),
and the exercise descriptions vary with the preconditions of
measures available in a lab or research team/environment. This
makes comparison across studies difficult. Therefore, one major
attempt of the research project Anem Fit&Well is to describe
the individual exercises and exercise interventions included in
its studies as best as possible according to the major dimensions
of exercise including type of exercise, exercise duration, and
intensity (52, 53). Moreover, frequency, density and duration
of the exercise sessions (its repetitions) are included if the
exercise comprises more than one exercise session. Notably, all
studies included in the research project follow the scientific
nomenclature (52, 53): the term physical activity (PA) is used
for the description of any activity that is carried out on
a regular day including activities from or to work. In the
following sections, the term physical activity (PA) is used
whenever to describe the habitual physical activity levels of the
participants engaged as study participants. The term “exercise”
is used for the exercises included in the research project
and its exercise intervention studies that are carried out as
planned, structured, repetitive and intentional movements with
the intention to explicitly improve or maintain mental health
(52, 53). Like for each individual exercise of the research project,
the exercise interventions are described along fundamental
exercise dimensions including frequency of the individual
exercise sessions, number of repetitions of a session per day
or weeks (daily and weekly practice). The exercise protocols
allow comparison with physical activity recommendations from
the literature examining the relationship between mental health,
physical activity and exercise.

Standardized Assessment of Type of

Exercise and Exercise Intensity

The individual exercises included in the research project
comprise different types of exercises [e.g., cardio, resistance,
coordination and balance, ergometer or treadmill exercise,
mind-body exercise (e.g., yoga)] whose movements (isometric,
isotonic, or isokinetic) and activity carried out can load on
the different exercise dimensions (cardiorespiratory, endurance,
muscular strength, flexibility, speed, balance, and coordination)
in varying degrees and whose intensity and duration range
above rest (> 1.5 MET), but below, at or if whished, above the
physiologically and metabolically effective stimulus thresholds
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Exercise for Health: Meth

Multimodal assessment of health effects of physical activity
and different types of exercise

dological Framework and Recommendation

- Psychological
Multimethod Approach Methods

| Biopsychosocial Understanding of Health & Exercise |

Psychophysiological
Methods

Detailed descriptions of the exercises / exercise interventions
along physical and psychological exercise dimensions

perception, emotion, cognition,
motivation (e.g., exercise adherence),
preferences and attitudes (e.g., health
literacy), personality,
cognitive and affective vulnerability,
resilience and self-regulation skills as
parts of well-being

Social/
Environment

Physi°|°gy/ gender, physical fitness,
4 neurophysiology, psychophysiology,
B|°|°gy immune functions

social support, education,
social economic status, culture

FIGURE 2 | Exercise for health prevention. Overview of the theoretical and methodological approach of the research project. For details see text.

(1.5-6 MET or beyond; short: MET, metabolic equivalents) see
Figure 3 for examples!.

Objective measures of exercise intensity (e.g., measures of
MET and of energy expenditure such as VO, max, heart rate,
respiration) might not be available in all research units or
research labs, furthermore these measures are often difficult
to obtain in online studies without wearable devices for
monitoring and recording of these measures. This makes cross-
comparison of exercises and exercises interventions described in
the literature often difficult. To avoid this lack of standardization,
in the current research project, exercise professionals and
novices additionally rate the individual exercises on pre-chosen
standardized exercise dimensions. Expert ratings are an excellent
means and research tool for providing valid descriptions of the
exercises from an experts point of view (54). The Borg exercise
scale(s) of perceived exertion (55) ask for bodily and cognitive
exercise symptoms such as changes in heart rate, respiration or
breathing rate, sweating, or (muscle) fatigue. The scales are often
used as valid self-report methods to classify exercises. The Borg
scale has received good validity and can be used by health care
experts or by novices for exercise ratings. Its scores corresponds
well with the objective measure of the degree of heart rate
changes elicited by the exercise, at least for aerobic exercises

Typically, exercises and physical activities with a maximum increase of only 30—
39% of the resting heart rate (below 3 MET) are below the physiological threshold
at which considerable adaption in performance and physiologic capacity in terms
of exercise training effects can be expected. To achieve physical health-related
training effects, the physical activities and exercises should preferably include
large muscle groups and be above a certain physiological threshold of energy
expenditure (EE) >6 MET and 75% of VO, max (maximal aerobic capacity), i.e.,
the intensity range of moderate exercise.

(55). Its verbal descriptions allow categorization of exercise
activities into low, moderate and high intensity. Moreover,
besides the evaluation by experts and novices, the individual
exercises are compared to exercise descriptions in the literature.
For example, the general classification schemes of physical
activity provided by the Compendium of physical activities (56)
comprise a plethora of physical activities grouped into daily
physical activities and sports activities (exercise planned and
structured). The Compendium provides MET values for each
activity, and based on these, the activities are classified as low,
moderate or high in intensity. Of note, the classification system
of the Compendium of physical activities can only provide rough
average estimates of categorization of activities into those of low,
moderate or high intensity. In the present research project, the
classification of the exercises based on the compendium (56) is
included as heuristic additional source of comparison.

Standardized Assessment of Mental
Health, Perceived Stress, Well-Being and
Habitual Physical Activity

Importantly within and across the scientific studies of the
research project, a number of standardized psychological self-
report measures as well psychological-experimental tasks and
tests are included for profound mental health assessment and
for capturing changes in perceived stress as well as in in
other psychological domains including well-being and quality
of life. Of note, mental health, well-being and quality of life
are broad constructs, especially well-being and quality of life
are often divided into subdomains of physical and psychological
well-being or objective and subjective measures of quality
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FIGURE 3 | Different types of exercises included in the research project. Pre-classification and evaluation of the exercises according to exercise dimensions, expert

of life, the latter often comprising aspects of physical and
mental health and well-being (e.g., material and physical well-
being) as well. In addition, subjective well-being focuses on
several factors such as mood, affect or emotions as well as
a person’s capacity, resilience and satisfaction with one’s life
[e.g., (57)]. As briefly illustrated in Figure4, the research
project and its studies aim to assess mental health, stress,
and several facets of quality of life and subjective well-
being with standardized questionnaires in addition to using
standardized questionnaires for detailed profiling of depressive
symptoms, anxiety, mood, body awareness and body image
to name but a few of the dimensions included in the
project’s psychological assessment. In addition, the psychological
assessment is not only based on self-report measures but aims
to include experimental psychological paradigms to capture
immediate changes in perception, cognition, and emotion or
body awareness, during or after the exercise intervention
compared to pre-exercise. In contrast to self-report measures,
experimental investigations include objective outcome variables
such as reaction times or task accuracy that can be further
combined with measuring changes in brain activity or heart
rate for psychophysiological assessment. Inclusion of a battery
of self-report measures and assessment tools that comprise
standardized self-report questions and short experimental
investigations can give comprehensive insight into exercise-
driven mental health effects. Moreover, the default assessment
in the project includes the assessment of the participants
habitual physical activity level. In addition, each participant is

screened for his/her physical activity habits, and, if possible
(e.g., in the laboratory), for cardiovascular/cardiorespiratory
fitness according to standardized in house anamnestic screening
protocols. From a biopsychological understanding of health
undertaken in this research project, only a full assessment of this
kind can improve understanding of the when and why physical
activity and exercise interventions promote health and well-being
in healthy adults.

Study Description and Study Design

In summary, the study design of five intervention studies
conducted within the research project and whose results have
already been published separately, all investigating university
students (gender-mixed samples or all-female samples) and
some including randomized control trial studies (RCTs) are
described in the following sections and their main findings
are outlined in a brief review in the Results section. The
original results of these studies can be found in the following
publications (58-62). An overview of the studies and the study
designs is illustrated in Figure4. As illustrated in Figure 4,
study 1, study 2 and study 3 were using similar study protocols
comparing exercise interventions against cognitive interventions
or against a non-exercise control group (59, 61). Study 1, study
2 and study 3 were carried out during the time course of
a semester, i.e., when university students were at the campus
and actively enrolled in their studies. Study 1 was carried
out as an online intervention, study 2 was carried out in the
laboratory (59) and study 3 (61) was carried out weekly once
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Exercises for Mental Health — University Students

Overview of the studies (Anem Fit&Well)
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FIGURE 4 | Overview of the intervention studies of the research project. For details see text.
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within the classroom across the term. Study 1 and study 2
were RCTs.

Study 1 Cardio Exercise vs. Cognitive Intervention vs.
Wait List

In study 1, all interventions (exercise, cognitive intervention
or wait list) lasted 6 weeks. In study 2 all interventions lasted
2 weeks. In study 1, the exercise intervention as well as the
cognitive intervention comprised 12 sessions within 6 weeks. The
12 exercise sessions increased in duration across the 12 sessions
from 8, 12, to 16 min, respectively. The cognitive intervention
and wait list followed the same time schedule. The exercise
intervention was semi-guided by a female and male exercise
model at the age of the volunteers (all university students, women
and men). The exercise sessions were delivered as exercise videos.
The exercise intensity of the exercises included in study 1 were
evaluated in a separate sample of volunteers by means of heart
rate measures. Moreover, the exercises were evaluated by experts
in a separate study (60). This suggested that the 16 min exercise
sessions of study 1 (59) were at moderate intensity and suited to
increase cardiorespiratory fitness and muscular strength.

Study 2 Cardio Exercise vs. Motor Balance and
Coordination Exercise vs. Wait List

To better understand the contributions of the type of exercise
and the contribution of the duration of the exercise intervention
to mental health improvements, the exercises included in study
1 were also used in study 2 and in study 2 compared against

an exercise intervention comprising balance, coordination and
motor training. The effects of the exercise interventions in study
2 were compared against a wait list control group and in contrast
to study 1, the exercise interventions were carried out across a
period of 2 weeks only, with 3 sessions per week (see Figure 4).
Thus, in study 2, the exercises of study 1 were carried out at the
same intensities but the individual exercise sessions (frequency)
was increased to 2 weeks instead of 6 weeks. Akin to the
participants of study 1, the participants of study 2 performed
the interventions on the same days, hours etc. to control and
exclude as many confounding factors as possible (changes in
circadian rhythm, etc). Moreover, study 2 included detailed
psychophysiological assessment of parameters of cardiovascular
fitness of the participants and improvements therein pre- to
post intervention. Finally, participants of study 2 received the
same psychological assessment battery of questionnaires as the
participants of study 1, and although study 2 was conducted in
the laboratory, the exercises were presented akin to study 1 as
semi-guided exercise videos [for an overview see, (59)].

Study 3 Short Physical Activity Breaks vs. Cognitive
Intervention

In study 3, the duration and frequency of the interventions were
reduced to 1 session/week, the interventions were carried out
weekly once within the classroom across the winter term (1
session per week, starting at T1, T2 until T3; the distance between
T1, T2 and T3 was 3 weeks, follow-up at T4), guided by an
exercise model. The exercise interventions were carried out at
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the beginning of the class and lasted about 5 min and no longer
than 10 min. Moreover, in contrast to study 1 and study 2, the
exercises included in study 3 consisted of a mix of exercises of
low intensity that comprised muscle relaxation and other types
of activities such as simple dance steps [see (61); and Figure 4 for
an overview and summary].

The cognitive intervention included in study 1 and study 3
comprised an expressive writing task (12 sessions, 6 weeks, study
1 or 1 session weekly across the winter term, study 3). The
participants in the expressive writing group of study 1 wrote
about their most stressful weekly events (59). In study 3, the
cognitive intervention included writing about positive events
following the in-house protocol of the author of this manuscript.
The effects of a single session of expressive writing about stressful
events as well as of positive writing used in study 1 and study
3 is described in detail (63). The writing intervention of study
1 was carried out online, whereas in study 3, it was akin to the
exercise session carried out in the classroom, weekly, starting at
T1, T2 until T3 with a distance of 3 weeks between T1, T2, and
T3, respectively. Like in study 1 and study 2, the participants of
study 3 underwent detailed psychological assessment including
assessment of global physical activity, depressive symptoms, and
quality of life.

Study 4 Acute Bouts of Cycling Exercise of Moderate
Intensity vs. Control Group

Whereas, study 1, study 2 and study 3 used individual
exercises comprising aerobic cardio fitness exercises, motor
balance and coordination training, and relaxation exercise
(study 3 only) to investigate specifically the mental health
benefits of different types of exercises combined in the
interventions, the laboratory study 4 (62) investigated the
effectiveness of 4 sessions of ergometer exercise (bicycling
of moderate intensity) in a within study design in which
the same participants performed all exercise sessions and the
control condition.

Study 5 Mind-Body Exercise (Yoga) With Controlled
and Mindful Breathing vs. Without

The laboratory study 5 (64) used yoga exercises with and without
controlled breathing and mindfulness instructions as mind-
body exercise intervention and investigated the effects of the
exercise after a single exercise session (see Figure 4). Moreover,
akin to study 2, the laboratory study 4 and the laboratory
study 5 included detailed psychophysiological assessment of
cardiovascular improvements pre- to post intervention and a set
of experimental tasks allowing first answers to the question of the
role psychophysiological interactions play in the improvement
of cognitive-affective processing, and body awareness after single
sessions of low to moderate intensity exercise.

Study Participants, Inclusion and Exclusion Criteria

Study 1 comprised a mixed gender sample, study 3 aimed at
including women and men, and study 2, 4 and 5 comprised
all female samples (to keep psychophysiological recordings
constant). All participants were screened for mental and physical
health conditions because a history of mental or physical

disorders and past and current injuries or cardiovascular
disorders and other health conditions were exclusion criteria. An
age of at least 18 years was an inclusion criterion as was German
as native language. Study 1 comprised n = 153 university students
(127 women), study 2 comprised n = 32 university students (n =
2 men), study 3 comprised n = 105 university students, whereas
study 4 included n = 30 university students (all-female) and study
4 included n = 34 university students (all-female sample). In
study 1 and study 3, participants with missing data or drop outs
were excluded from the final analysis of pre-post intervention
effects, resulting in smaller sample sizes, especially in study 3
[for a detailed overview of the study design and drop outs see
(59, 61)].

RESULTS

Habitual Physical Activity Behavior and

Sedentarism Among University Students

As summarized in this section and in Table 1, the RCT studies,
i.e, study 1 (mixed-gender sample) and study 2 (all-female
sample) yielded an overall sitting time of 7.45 h/day (study 1)
and 7.6h/day (study 2) in the samples of university students.
Averaged across the study sample, 23.94% and 26.76% of
the participants of study 1 reported to not engage in any
vigorous or moderately intensive activities in their free time.
Regarding the total duration of their weekly physical activity (i.e.,
including activities at work, during transport or leisure), 14.79%
participants of study 1 and 30% of the all-female sample of study
2 did not reach the WHO guidelines of 150 min of moderate-
intensive physical activity, and about 7% (study 1) reported to
not engage in vigorous activity and this held true for both,
women and men [for an overview see (59)]. Study 3 confirmed
this trend in sedentary behavior (574.62 min/week vs. 638.57
min/week corresponding to 9.6-10.64 h/week sitting). Thirty-five
percentage of the university students reported to spend between
15 and 25 h/week at the university and akin to the participants of
the study 1 and study 2, the participants of the study 3 reported
to be physically active only about 62.86-137.96 min/day and 15%
in total did not reach the WHO recommendations. Seventy-four
percentage of the all-female sample of study 5 (64) reported to
spend at least once a week in regular exercise activities such as
jogging, swimming, cycling, dancing, team sports, martial arts,
strength training, balance, or gymnastics.

Mental Health and Relationship With
Physical Activity Among University
Students

Importantly, akin to the results obtained for sedentarism and
physical activity behavior, the assessment of mental health
yielded heightened scores of depression, anxiety and perceived
stress among university students. In study 1, only 63.40% of
the participants received an average score on the depression
inventory [Beck Depression Inventory, BDI-II (65)] indicating
no depression. In study 2, 16.7% of the all-female sample reported
minimal depressive symptoms (on the BDI-II), while in study
3, depressive symptoms as assessed with the BDI-II ranged on
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TABLE 1 | Overview of the results of the studies (study 1 and study 2) of the
research project assessing prevalence of physical activity (A), self-reported
depressive, anxiety and stress symptoms (B) and the relationship between
habitual physical activity, mental health and well-being (C) among university
students.

A. Sedentarisms and physical activity
Average sitting time (hours per day/week) 7.45-7.6 h/day
Not reaching the WHO recommendations 14.79-30%

of moderate exercise intensity

B. Mental health and stress

Depressive symptoms 63.40% (study 1) - 83.3%

(study 2) no depression
23.3-41.83%

mainly stress due to uncertainty

State anxiety

Perceived stress

C.Relationship between mental health, well-being and habitual physical
activity

Self-reported overall habitual physical activity level (GPAQ) and self-reported
depressive symptoms (—)

Self-reported overall habitual physical activity level (GPAQ) trait as well as state
anxiety (—)

Self-reported overall habitual physical activity level (GPAQ) and body
dissatisfaction (—)

Self-reported overall habitual physical activity level (GPAQ) and self-reported
psychosomatic stress symptoms (—)

Self-reported overall habitual physical activity level (GPAQ) and physical as well
as psychological quality of life including aspects of well-being (+)

(—): negative correlation, (+): positive correlation. For details see text.

average from 3.85 (no depression)—10.14 (minimal depression).
Assessment of trait and state anxiety revealed that in study 1,
29.41% of the participants scored above the clinical cutoft score
of trait anxiety and 41.83% reported state anxiety (comparable
to clinical samples) and this was confirmed in study 2 in the
all-female sample [i.e., 30% (trait) and 23.3% (state) of the
participants obtained high scores on trait and state anxiety].
The participants in study 3 reported on average comparable trait
anxiety to the participants of study 1 and study 2, respectively.
As far as perceived stress is concerned, across studies, perceived
stress seemed to be more pronounced in the domains of perceived
stress due to uncertainty or excessive demands than perceived
stress due to actual negative life events among the study samples
of university students.

In accordance with the literature, the results of the RCT
studies 1-2 (59) showed significant relationships between mental
health and regular physical activity and exercise. Significant
negative correlations were found between the participants’ self-
reported overall habitual physical activity level [GPAQ, (66)] and
self-reported depressive symptoms, trait as well as state anxiety,
body dissatisfaction and self-reported psychosomatic stress
symptoms. Moreover, regular physical activity was positively
correlated with well-being and physical as well as psychological
quality of life domains. In study 2, relationships between
physical fitness and mental health were confirmed by correlations

between the participants’ cardiovascular fitness [assessed by heart
rate variability (HRV) at rest] and the degree of self-reported
depressive and anxiety symptoms.

Health Benefits: Comparison of Exercises

Across Studies

When compared across the studies, particularly aerobic exercises
(cardio exercise) alleviated depressive symptoms and perceived
stress. These effects are seen in women and men when the
exercises are carried out regularly, 3 times a week for a duration
of 6 weeks at exercise intensities comprising both, low to
moderate intensities (study 1). Interestingly, when the same
exercise intervention is reduced to 2 weeks and the session
number per week are increased (3 sessions per week instead
of two sessions per weeks), these effects cannot be found in
an all-female sample (study 2). Likewise, the results of study
3 in which a single session of exercise per week was carried
out for the period of the winter term and a weekly session
comprised a mix of 5-10 min of exercises with low intensity not
exclusively focusing on aerobic exercise, this did not significantly
change self-reported depression in university students pre to post
intervention. In study 2, the exercise intervention comprising
balance and motor-coordination exercise only, was not superior
to cardio exercise in alleviating perceived psychological stress,
depression or anxiety symptoms when carried out for 2 weeks
[3 sessions/week, see study 2 in (59)]. However, it improved
the participants’ performance of motor balance and motor
coordination significantly in the all-female sample of study 2 and
therefore, not just as known from the literature in the elderly.
The participants in study 3 performing low intensity exercise
executed for 5-10 min on 1 day per week showed significantly
higher overall physical activity and less sedentary behavior at
the end of the intervention compared to the participants who
engaged in a cognitive intervention of positive writing carried
out at the same amount of time and frequency as the exercise
intervention (61).

Interestingly, four sessions of 22 min of ergometer exercises
[cycling at moderate intensity, see (62)] carried out with different
attentional focus (internal vs. external) at moderate intensity
seem not to have differential effects on cardiovascular activity
during the exercise compared to a control condition (no cycling)
in a sample of healthy women, however, the self-reported
attentional focus during exercise seems to influence both, the
degree of exertion from the exercise and the correlations with
measures of cardiac activity [see Table 4 in (62)]. In contrast
to the cycling exercise used in study 4, the results of study 5
(64) found significant effects on indicators of well-being after
a single session of mind-body exercise (yoga). In study 5,
women (all university students) performed yoga exercises either
with (exercise group 1) or without controlled breathing and
mindfulness instructions (exercise group 2) for 30 min. Self-other
referential emotional processing, awareness of bodily signals
and changes in cardiac activity (heart rate, respiratory sinus
arrhythmia, time- and frequency-domain measures of HRV as
estimates of parasympathetic cardiac control) were investigated
before, during and after the exercise using standardized
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Results: Exercise and Mental Health
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FIGURE 5 | Overview of the results of the exercise interventions on mental health parameters (study samples: university students). For details see text.

experimental tasks, standardized questionnaires, and mobile
recording devices. This showed that a single session of yoga
exercise (of 30min duration) can facilitate (a) emotional
processing, appraisal of bodily signals and cardiac adaptability
during the exercise as well as during affective task processing
post- to pre-exercise in healthy women. Assessment of cardiac
activity showed that mean HR increased during the exercise
session. The results of the interventions used in the studies 1-5
are summarized in Figure 5.

DISCUSSION

There is currently open questions of whether exercise
interventions of low to moderate intensity can improve or
promote mental health in emerging adults such as university
students. This question is the focus of the research project
described in this manuscript and its related studies. Emerging
adults such as university students are considered vulnerable to
mental health conditions, depression and anxiety in particular
as well as to the experience of stress [for a discussion, (67)].
Additionally, there is evidence that a majority of emerging adults
are not adhering to the physical activity levels recommended
in the national and international physical activity guidelines
[for metaanalytic results, see (31)]. The results of the already
available studies of the research project reviewed above
support the hypothesis that university students as emerging
adults are suffering from mental health problems including
depressive symptoms, anxiety and stress and that among

university students, both, the individual physical fitness and
the individual regular exercise and physical activity behavior
are significantly related to mental health and well-being.
Moreover, the studies suggest that these relationships hold true
in study samples of university students whose regular physical
activity behavior, on average, might range below the weekly
physical activity level recommended by the physical activity
guidelines. Moreover, the prevalence of sedentary behavior and
the amount of habitual physical activity behavior observed in
the studies confirm results from previous studies among college
students (29) that also support the nationwide trend that a
significant majority of the young emerging adult population
including university students spends too many hours/days
sitting (68). Recent recommendations suggests that sitting
more than 8 h/day is as damaging to one’s health as obesity or
smoking (69).

Of note, all the studies whose results are reviewed in the
manuscript were conducted before the COVID-19 pandemic.
There is concerns and evidence from research that the mental
health of university students might be seriously affected by the
consequences of the pandemic. Sadly, this is supported by own
survey data (58) collected during the first wave and lockdown in
2020. The results show that compared to the prevalence scores
obtained in studies conducted before the pandemic, depression
and anxiety as well as threat perception (as type of stress) have
increased significantly. Similar results are reported in the surveys
conducted in other countries across the world that were affected
by lockdowns (34).
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The exercise interventions investigated in the different studies
summarized in the Results varied in the type of exercises,
the frequency and duration of the exercise sessions and the
intensity of the exercises. Reviewing the results across the studies
allowed giving first answers to the question of when, ie., at
which intensity, frequency and duration low to moderate exercise
interventions exert effects on the mental health of university
students either immediately after a single exercise session or after
repeated and regular exercise sessions. The results of the studies
suggest that exercise interventions with a certain frequency (3
times weekly) and frequency and duration of the sessions (6
weeks) and of moderate exercise intensity are best suited to
decrease certain mental health problems such as depressive
symptoms and perceived stress pre to post intervention in
emerging adults (i.e., university students), reporting mild to
moderate symptoms in standardized questionnaires and yet
not having been diagnosed with a mental disorder [study 1,
(59)]. This does however not mean that exercise interventions
comprising exercises of low intensity do not have any positive
effects on mental health and well-being of university students.
Motor balance and coordination training might be effective as
well [study 2, (59)]. In addition, even one session comprising
a mix of low intensity exercise executed for 5-10min on 1
day per week might motivate university students to adhere
to an active lifestyle with participants taking part in this
intervention showing higher overall physical activity and less
sedentary behavior at the end of the intervention compared
to the participants who engaged in a cognitive intervention
of positive writing over the period of a semester [study 3,
(61)]. Moreover, the results of study 5 (64) investigating
acute bouts of mind-body exercise (yoga) are particularly
promising because they support immediate adaptive effects of
low intensity exercise (yoga exercise) on both, physical and
psychological health parameters. Although effects of additional
exercise sessions were not investigated, the results of this
experimentally controlled study demonstrate that mind-body
exercise of low intensity such as yoga can not only be
recommended as an exercise for mental and physical health
prevention in the elderly or in certain vulnerable target groups
but be recommended among university students as well. The
results support the notion that promotion of regular physical
activity and exercise of low- to moderate intensity is an important
health promotion task in order to help emerging adults such
as university students to buffer the psychological, cognitive and
emotional demands of pre-dominantly sedentary activities and
mental stress.

CONCLUSION

Limitations and Future Outlook

The results briefly summarized in this manuscript await future
investigations. In particular, more evidence is needed from
studies that use combined examination of psychological and
physiological factors to determine the mechanisms of how
exercise of low and moderate intensity strengthen mental
health and well-being (psychologically and physiologically) and
promote an active lifestyle in emerging adults. In light of the
so far limited systematic research given (48), the present studies

and specifically, the approach of the research project described in
this manuscript can be considered a first step into that direction
underscoring the importance of the relevance of systematic
scientific investigations. Moreover, as proposed by the research
project, future studies should focus more on “the individual
person” and consider the person’s individual preexisting physical
activity behavior, the individual’s needs, preferences, motivation
and reasons for exercise and physical activity behavior. The
results and the scientific approach taken by the research project
support the notion that theoretical assumptions from exercise
psychology, health psychology, but also from neuroscience and
emotion and motivation and sports psychology could be helpful
when examining mental health effects of exercise interventions.
In the long run, the multidimensional approach suggested and
approached by the research project can give theoretically guided
and personalized exercise and physical activity recommendations
for building psychologically-driven exercise interventions that
strengthen mental health and well-being of emerging adults in
the field of primary prevention. To this end, the investigation of
exercise-related effects on mental health should as recommended
in this manuscript include a precise description of the exercise
and its health benefits along several psychological and exercise
dimensions. A detailed and systematic description of both, the
exercise itself and its possible health benefits, in addition to
a detailed description of the physical activity habits, sedentary
behavior, and mental profile of the participants is mandatory
for a better understanding of how exercise of different type
and intensity influences mental health. Moreover, the purpose
of the interventions (e.g., for improving physical health, mental
health, or both or other domains such as well-being) should
be clearly stated and if relevant may include a description of
training principles known from sports psychology and exercise
physiology [for an overview see (70, 71)].

Importantly, exercise adherence and dissemination of the
interventions also play a role. As outlined in this manuscript,
university students as emerging adults display high numbers of
activities (job, leisure time) with a high sitting time and sedentary
behavior. Therefore, the present research project also includes
and provides exercises in a format that can be easily integrated
into the daily activity without much need of persuasion or effort.
For example the exercises of study 1-3 and study 5 could be
carried out as e.g., workout at home or at work. To this end,
the individual exercises are videotaped with different exercise
models [women and men, e.g., see (59, 60)] at the age of
the target groups. Moreover, because guidance of exercise as
well as the physical appearance and expertise of the exercise
models can have a significant impact on exercise adherence,
the individual exercises are also available as standalone (without
videos) as digital paper-pencil booklets [see e.g., (60)]. In these
exercise manuals, each exercise is given a verbal and a pictorial
description of its movements with feedback about its duration,
intensity and frequency. The manuals are currently available
in two languages, German and English, the latter reducing
language and cultural barriers [see e.g., (60)]. The exercises
investigated in the research project will be continuously updated,
include different types of exercises (as illustrated in Figure 2).
Thus, the exercises can be delivered to a broad audience
digitally and semi-guided with or without real and symbolic
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exercise models and with health recommendations from health
experts [see (60)].
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Background: The coronavirus disease 2019 (COVID-19) pandemic has had a negative
effect on mental health and subjective psychological wellbeing. One of the most affected
population is medical students, reporting higher levels of depression, anxiety, sleep
difficulties, and overall poorer wellbeing. However, the relationship between depression,
anxiety, and sleep difficulties, and subjective psychological wellbeing has not been
extensively researched in medical students in the context of COVID-19 pandemic. The
aim of this study was to investigate the associations between depression, anxiety, and
sleep quality, and subjective psychological wellbeing.

Methods: In total, 524 medical students and resident doctors (78.6% female, mean
age 24 + 3 years old) participated in an online survey between December 2020 and
February 2021. Participants completed the WHO —Five Wellbeing Index Questionnaire,
the Pittsburgh Sleep Quality Index questionnaire, the Patient Health Questionnaire-9,
and the Generalized Anxiety Disorder Assessment-7.

Results: Multivariable logistic regression analysis showed that female participants’
worse subjective psychological wellbeing was associated with sleep difficulties [odds
ratio (OR) = 2.39, 95% Cl/ = 1.37-4.18, p = 0.002], higher depression (OR = 6.13,
95% Cl = 3.46-10.88, p < 0.001), and anxiety symptoms (OR = 2.95, 95% C/ = 1.66—
5.22, p < 0.001). In male participants, analysis revealed an association between worse
subjective psychological wellbeing and higher depression scores (OR = 9.94, 95%
Cl = 3.29-30.03, p < 0.001).

Conclusion: Sex differences are an important factor to consider when evaluating
subjective psychological wellbeing. Clinicians should be aware of significant
contributors, such as sleep patterns anxiety, and depression, to subjective
psychological wellbeing.

Keywords: sleep, anxiety, depression, wellbeing, COVID-19, medical students, resident doctors
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INTRODUCTION

It is known that external life circumstances can have an impact
on a persons’ subjective wellbeing (1, 2). The coronavirus disease
2019 [COVID-19; (3)] pandemic and restrictions, implemented
to stop the spread of the virus, have caused a lot of disruption
in today’s world. The COVID-19 pandemic can be described
as a traumatic event, as one study in China found that the
post-traumatic stress symptoms in the hardest-hit areas reached
7% (4). Individuals’ mental health and subjective psychological
wellbeing may be jeopardized under such circumstances.

Early evidence suggests that the pandemic has had a negative
and substantial effect on mental wellbeing. Research reports
that subjective wellbeing is decreasing during the COVID-19
pandemic (5-9). Subjective psychological wellbeing is strongly
linked to depression and anxiety symptoms (10) as well as sleep
problems, such as insomnia (11), all of which have also been on
the rise since the start of the COVID-19 pandemic (11-14).

When it comes to mental health and wellbeing, a significant
amount of research has found differences between genders. In
general, men are known to report higher levels of wellbeing
compared with women (15). Across various different studies,
women are more likely to have mental health problems compared
with men (16-18), such as depressive symptoms, suicidal
ideation, sleeping problems, and fatigue (18). Many risk factors
for mental disorders, such as low educational level, low social
support, inadequate income, and lack of physical, sexual, and
psychological safety and security are more prominent in women
compared with men (18, 19). Sex and gender differences
can emanate from biomedical, psychosocial, or epidemiological
reasons (19) and can impact the development of mental
health disorders.

Differences in mental health and wellbeing have only escalated
since the start of the pandemic. In a study conducted in the
United Kingdom, women reported higher levels of depression,
anxiety, insomnia, and had lower scores of wellbeing compared
with men (20). Similar results were found in the United States
(21), Poland (5), China (9), and Denmark (10). Overall, women
have been found to be at a higher risk for psychological distress
during the COVID-19 pandemic compared with men (22).

Nonetheless, men have also reported disturbances in their
mental health, with depression symptoms being the most
prevalent. A cross-sectional study of German students found
major depressive syndromes were present for 36.8% of men, while
anxiety syndromes were present for only 12% of men (23).

One of the most affected and vulnerable populations globally
is medical students and resident doctors (24). Overall, medical
students are known to have higher rates of depression, suicidal
ideation, and are also less likely to seek help (25). The COVID-19
pandemic has only highlighted the problems in this population,
with high levels of depression, anxiety (26-30), sleep problems,
and decreased appetite (31). An Australian study found that
the deterioration in mental wellbeing since the COVID-19
pandemic was reported by 68% of medical students (32). Another
study reported that one in three students and medical residents
showed symptoms of depression and anxiety, and almost 35%
of students suffered from poor sleep quality (33). Such mental

health problems can lead to burnout, which in the COVID-19
pandemic have become more prevalent in both medical students
and resident doctors (34, 35). Most medical students perceive
that the COVID-19 pandemic had a negative impact on their
medical training, with pre-clinical medical students reporting the
most difficulties in their academic and social life (36-39). The
prevalence of stress, anxiety, and depression in medical students
is significantly higher than in medical staff and community
populations (40), making this population more vulnerable to
the psychological effects of the COVID-19 pandemic to their
psychological wellbeing.

However, the relationship between depression, anxiety, and
sleep problems and subjective psychological wellbeing has not
been researched in medical students and resident doctors in the
context of the COVID-19 pandemic. In this study, we aimed
to investigate the associations between depression, anxiety, and
sleep quality and subjective psychological wellbeing. In the light
of reviewed literature, we hypothesize that there will be significant
sex differences in subjective wellbeing: anxiety and depression
will be more important in the relationship among women,
while the most important determinant for wellbeing in men
will be depression.

MATERIALS AND METHODS
Study Procedure

A cross-sectional study design was used to conduct the study
within the Lithuanian University of Health Sciences (LUHS)
during the COVID-19 pandemic period between December 2020
and February 2021. Participants—medical students and resident
doctors—were invited to participate in the study via the official
university mailing system and appropriate social media groups.
They had to fill in an online survey available through Google
Forms. To participate in the study, participants had to be older
than or equal to 18 years old and provide online informed consent
by ticking the appropriate answer “agree/disagree.” They received
no incentives for participating in the study.

The study protocol was approved by the Bioethics committee
of the LUHS (No. BEC-LSMU [R]-18) and the study was executed
in accordance with the Declaration of Helsinki principles. More
detailed description of study design and questionnaires used can
be found in our initial study (41).

Measures

The survey consisted of scales measuring general wellbeing (the
WHO-Five Wellbeing Index (WHO-5) and Cronbach’s o was
0.88) (42, 43), sleeping patterns (Pittsburg sleep quality index
(PSQI) and Cronbach’s o was 0.71) (44, 45), depression symptoms
(Patient Health Questionnaire (PHQ-9) and Cronbach’s o was
0.84) (46), and anxiety symptoms (Generalized Anxiety Disorder
Assessment (GAD-7) and Cronbach’s o was 0.91) (47, 48).
Questions about socio-demographic characteristics, such as
participants’ sex, age, living conditions, family situation, physical
activity, academic achievements, and participation in academic
classes were developed by the researchers.
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Statistical Analysis

Statistical analyses were performed with the Statistical Package
for Science Software v.27 (SPSS, Chicago, IL). The comparisons
between the socio-demographic characteristics and subjective
psychological assessments between male and female study
participants were completed using the two-tailed Student’s ¢-test
and Fisher’s x2-test. Multivariable logistic regression analyses
were used to assess the relationship between wellbeing, sleeping
patterns, depression, and anxiety symptoms, and the outcome
variable was wellbeing. Two different models were created for
male and female participants, adjusted for age, types of studies,
and marital state. Regarding the sample size, a 10:1 ratio of cases
to variables was used (49). The level of significance was set at
p < 0.05.

RESULTS

Overall, 524 individuals participated in the study, of whom
65.6% were medical students and 34.4% were resident doctors.
The mean age of participants was 23.7 £ 3.1 years, and
the majority of the participants were women (n = 412).
A detailed description of sample characteristics is presented in
Table 1.

In general, 45.2% of the participants reported a WHO-
5 wellbeing score of less than 50, which indicates serious
impairment of subjective psychological wellbeing (42). Sleep
problems were reported by 64.7% of the participants. Higher

depression symptoms were prevalent in 41.6% of the participants
and anxiety symptoms in 34.2% of the participants.

Female participants were significantly younger (t = —3.34,
234 vs. 24.5, p < 0.001, medium effect d = 0.337), more of
them were pre-clinical medical students (x> = 12.68, 42.2 vs.
28.6%, p < 0.002, small effect V' = 0.156) and had a higher
anxiety score (¢ = 2.33, 7.7 vs. 6.4, p = 0.020, small effect
d = 0.255) than men (Table 1). In addition, we noticed a
tendency that women were more likely to be married or in a
partnership (2 = 3.50, 59.0 vs. 49.1%, p = 0.061), they were
less likely to smoke (x? = 3.37, 19.7 vs. 27.7% p = 0.066)
and had lower wellbeing (t = -1.76, 51.1 vs. 54.6, p = 0.078)
compared with men. Due to significant differences between the
sexes, further analysis was performed separately for men and
women. Inter-correlation between study variables is presented in
Supplementary Tables 1, 2.

Table 2 shows multivariable logistic regression analyses for
women and men separately. Both models were adjusted for
age, types of studies, and marital state. Multivariable logistic
regression analysis for women showed that worse subjective
psychological wellbeing is significantly associated with sleep
difficulties [odds ratio (OR) = 2.39, 95% CI = 1.37-4.18,
p = 0.002], higher depression (OR = 6.13, 95% CI = 3.46-10.88,
p < 0.001), and anxiety symptoms (OR = 2.95, 95% CI = 1.66-
5.22, p < 0.001). Multivariable logistic regression analysis for
men revealed that worse subjective psychological wellbeing is
significantly associated with higher depression scores (OR = 9.94,
95% CI = 3.29-30.03, p < 0.001).

TABLE 1 | Socio-demographic characteristics and subjective psychological assessments in study participants.

Characteristics All, n =524 Female, n = 412 Male, n = 112 t/y2 Cohen’s d/Cramer’s V P
Age, years; mean (SD) 23.7 (3.1) 23.4 (3.0) 24.5 (3.5) -3.34 0.337 <0.001
Types of studies, n (%) 12.68 0.156 0.002
Pre-clinical medical student 206 (39.3) 174 (42.2) 32 (28.6)

Clinical medical student 138 (26.3) 112 (27.2) 26 (23.2)

Doctor resident 180 (34.4) 126 (30.6) 54 (48.2)

Living condition, n (%) 0.40 0.028 0.525
Alone 174 (33.2) 134 (32.5) 40 (35.7)

With partner/family members 350 (66.8) 278 (67.5) 72 (64.3)

Marital state, n (%) 3.50 0.082 0.061
Single 266 (43.1) 169 (41.0) 57 (50.9)

Married/Partnership 298 (56.9) 243 (59.0) 55 (49.1)

Smoking, n (%) 3.37 0.080 0.066
Yes 112 (21.4) 81(19.7) 31(27.7)

No 412 (78.6) 331 (80.3) 81 (72.9)

Five wellbeing index WHOS5, total score; mean (SD) 51.9(18.9) 51.1(18.6) 54.6 (19.7) —-1.76 0.183 0.078
WHO5 < 50, n (%) 237 (45.2) 195 (47.3) 42 (37.5) 3.44 0.081 0.064
Global PSQI index, mean (SD) 6.6 (3.0) 6.1 (3.0 6.0 (3.1) 0.36 0.083 0.723
PSQl > 5, n (%) 339 (64.7) 271 (65.8) 68 (60.7) 0.99 0.043 0.320
PHQ-9, total score; mean (SD) 9.1 (5.7) 9.3(5.8) 8.5(5.6) 1.31 0.140 0.190
PHQ-9 > 10, n (%) 218 (41.6) 174 (42.2) 44 (39.9) 0.32 0.025 0.575
GAD-7, total score; mean (SD) 7.4 (5.1) 7.7 (6.2) 6.4 (5.0) 2.33 0.255 0.020
GAD-7 > 9, n (%) 179 (34.2) 149 (36.2) 30 (26.8) 3.44 0.081 0.063

SD, standard deviation; WHOS5, World health Organization—five wellbeing index; PSQI, Pittsburgh sleep quality index; PHQ-9, Patient health questionnaire; GAD-7,

Generalized anxiety disorder assessment.
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TABLE 2 | Multivariable logistic regression analyses for women and men.

Outcome
Women Men
WHO 5 < 50 WHO 5 < 50
Predictors R2(p) 0.333 (<0.001) 0.241 (<0.001)
PSQl > 5 (1) OR (95%Cl) (p) 2.39 (1.37-4.18) (0.002) 0.94 (0.32-2.75) (0.910)
PHQ-9 > 10 (1) OR (95%Cl) (p) 6.13 (8.46-10.88) (< 0.001) 9.94 (3.29-30.03) (<0.001)
GAD-7 > 9 (1) OR (95%Cl) (p) 2.95 (1.66-5.22) (< 0.001) 1.27 (0.37-4.30) (0.609)
Cohen’f? 0.499 0.331

Multivariable: adjusted for age, types of studies, and marital state. WHO5, World Health Organization—five well-being index; PSQI, Pittsburgh sleep quality index; PHQ-9,
Patient Health Questionnaire for depression symptom severity; and GAD-7, Generalized anxiety disorder assessment for anxiety symptom severity.

DISCUSSION

Our study aimed to investigate the associations between
depression, and anxiety, sleep quality and subjective
psychological wellbeing. Our study revealed different associations
of mental distress, such as anxiety and depression symptoms
and subjective psychological wellbeing among men and women.
In women, wellbeing was associated with sleep difficulties,
depression, and anxiety symptoms. In comparison, in men, we
found that wellbeing was associated only with depression. These
results are in line with our hypotheses.

Comparing our results with other research, we can see some
similarities between other countries. In a study conducted in
Germany about students’ wellbeing, the researchers found that
72.2% of the participants had a WHO-5 wellbeing score of
less than 50. Of the responders, 41.6% had indications of the
major depressive syndromes (measured by PHQ-9), 20%—for
generalized anxiety or panic syndromes (measured by GAD-
7) (23). However, the researchers reported that students of
medicine were less affected compared with students from other
disciplines (23). Our study sample consisted only of medical
students and residents, which could help explain the differences
between samples in subjective psychological wellbeing scores.
It is believed that medical students and resident doctors had
more opportunities for social exchange during the COVID-19
pandemic due to the nature of work in healthcare and the fact
that they could not work remotely, providing more opportunities
for everyday social interactions and activities.

Nevertheless, mental health is in decline during the COVID-
19 pandemic. A study from Turkey before the COVID-19
pandemic investigated depression and anxiety among medical
students and found that 30.6% of them reported feeling
depressive symptoms (measured by Beck depression inventory
II) and 20.7% of students reported feeling anxiety (measured by
Beck anxiety inventory) (50). Other studies before the COVID-
19 pandemic have found similar results (51). Some differences
between studies could arise from different forms of screening
of depression and anxiety as well as from different cultural
backgrounds. However, the trend of students reporting more
depression than anxiety is still prevalent in both cases as well as
in the current study.

Our study showed that subjective psychological wellbeing in
women was associated with sleep difficulties, depression and
anxiety. It is known that women consistently report poorer
wellbeing compared with men (52) and such a divide is being
made more apparent in the midst of the COVID-19 pandemic.
Other sex-related factors, such as the unemployment rate (53)
during COVID-19 pandemic might have contributed to this
burden. Furthermore, the newest data suggest that the loss
of non-parental child care and involvement in homeschooling
were associated with more negative employment outcomes for
mothers but not for fathers (54).

In our study, women consistently reported higher levels of
depression, anxiety, and sleep difficulties, all of which were
important to women’s overall wellbeing. This could be explained
by the gender differences in mental disorders, where women
are known to have a higher lifetime prevalence of mood and
anxiety disorders (55). The differences can be partly explained
by the potential role of the sex hormones acting as risk factors
for depression (56), anxiety, stress-related, and trauma-related
disorders (57).

Furthermore, we found that in men, the subjective
psychological wellbeing was associated only with depression.
No other research linking men’s depression to their subjective
psychological wellbeing could be found for comparison.
Gender roles may have implications for coping styles used
in stressful situations. A cross-sectional study investigating
the risk factors of psychological distress during the
COVID-19 pandemic found that men were more likely
to experience higher psychological distress compared with
women, and were more likely to use negative coping styles,
for example, emotion suppression (58). Psychological
distress and negative coping styles can lead to deteriorated
mental health, as it has been discovered that stressful
life events have a predictive role for major depressive
episodes in men (59). During the COVID-19 pandemic,
men feel more stressed than before the pandemic. They
employ unhealthy coping mechanisms to deal with their
emotions, which in turn can lead to feelings of depression.
Therefore, depression can have a bigger impact on men’s
subjective psychological wellbeing compared with anxiety and
sleep difficulties.
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The study should be interpreted in the context of its
design and limitations. First, the results depended on self-
assessment data and cannot be generalized to a wider
population, as only a small sample of medical students and
resident doctors from Lithuania participated in the study.
Second, the self-selected cross-sectional design prevents us from
making implications with regards to causal effects between
study variables. Third, the data for the study were collected
during the COVID-19 pandemic period, therefore, we are
unable to draw inferences on how the associations could
possibly change after the pandemic is over. Last, we did not
collect the COVID-19 related medical status of participants,
isolation, or other variables related to the pandemic that
could have had an impact on mental health and subjective
psychological wellbeing.

It is known that women consistently report poorer wellbeing
compared with men (52), however, not a lot of research has
been dedicated to learn about sex differences. Understanding the
differences and their causes could give us a more comprehensive
understanding of psychological wellbeing as well as provide help
in creating policies and programs designed to strengthen the
wellbeing and mental health of men and women. This study
highlighted the differences between associations of wellbeing,
depression, anxiety, and sleep difficulties in men and women,
showing that there are significant differences between the sexes
and how they express subjective psychological wellbeing. Future
research should concentrate on replicating these results in a wider
population sample.

In conclusion, we found that in women, subjective
psychological wellbeing is associated with sleep problems,
depression, and anxiety. In men, subjective psychological
wellbeing is associated only with depression.
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Problematic Mobile Phone Use and
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A previous cross-sectional study found that problematic mobile phone use (PMPU) was
associated with students’ eating disorder symptoms. However, since the cross-sectional
study cannot infer the causality and the direction of effect, the longitudinal relationship
between the two and the mechanism behind this relationship are unclear. Therefore,
the present study explores the prospective association between PMPU and eating
disorder symptoms and related mediation mechanisms using a 1-year longitudinal
study of 1,181 college students (from December 2019 [T1] to December 2020 [T2]).
Survey tools used include the Mobile Phone Addiction Tendency Scale, the 10-item
Connor-Davidson resilience scale, and the 12 item Short Form of the Eating Disorder
Examination Questionnaire. The longitudinal relationship between PMPU and eating
disorder symptoms and the mediating effect of resilience was analyzed using a
cross-lagged model. The results showed that PMPU (8 = 0.086, P < 0.01) and resilience
(B = —0.145, P < 0.01) at T1 predicted eating disorder symptoms at T2, but not vice
versa. PMPU was bidirectionally associated with resilience, and the prediction effect
of PMPU at T1 to resilience at T2 (8 = —0.151, P < 0.001) was higher than the
prediction effect of resilience at T1 to PMPU at T2 (8 = —0.134, P < 0.001). The
standardized indirect effect of PMPU at T1 on eating disorder symptoms at T2 via
resilience was significant (8 = 0.022, 95% C/ = 0.010~0.040, P < 0.001). Therefore,
PMPU and resilience were predictive for eating disorder symptoms in college students,
and resilience may play a mediating role in the prospective association between PMPU
and eating disorder symptoms. This study provides new ideas and higher-level evidence
for the development of prevention and intervention measures for college students’ eating
disorder symptoms.

Keywords: problematic mobile phone use, eating disorder symptoms, resilience, mediation, college students,
longitudinal study
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PMPU, Resilience, and Eating Disorder Symptoms

INTRODUCTION

Eating disorders are a class of psychiatric disorders characterized
by abnormal diet or weight control behaviors, such as excessive
dietary restrictions, body image disturbances (aversion to one’s
body shape or weight, excessive fear of gaining weight), or
overeating (1). Previous studies have shown that eating disorders
are associated with multiple adverse health outcomes such as
type 2 diabetes (2), muscle dysmorphia (3), poor oral health
(4), gastrointestinal disorders, malnutrition (5), and anxiety
and depression symptoms (6). In addition, studies have found
that eating disorders are associated with poor psychosocial
functioning, such as alexithymia (7), increased risk of dropout
(8), and illicit drug use (9). In recent years, with the increase in
global overweight and obesity rates, eating disorder symptoms
in non-clinical populations have received increasing attention
from scholars. A meta-analysis showed the pooled lifetime and
12-month prevalence of eating disorder symptoms were 0.91%
(95% CI, 0.48-1.71) and 0.43% (95% CI, 0.18-0.78), respectively
(10). The prevalence of eating disorder symptoms in different
age groups may be different. Previous studies have shown that
eating disorder symptoms are the most common disorder in
adolescence (11), and their prevalence peaks in late adolescence
(12, 13), that is, early adulthood. A 14-year longitudinal study in
the United States of 745 women aged 11 years old showed that
the rate of their eating disorder symptoms increased year by year
beginning at the age of 11 and showed significant stability after
the age of 18 (14). During this subsequent period of stability,
this demographic enters university, during which time they may
experience high rates of eating disorder symptoms. A survey
of 3,148 college students in six Asian countries showed that
11.5% of students are at risk of developing an eating disorder
(15). Furthermore, research has also found that college students
with eating disorder symptoms have higher suicidal tendencies
(16), more depression and anxiety symptoms (17), and poorer
quality of life (18). Considering these potential adverse effects
and the higher risk of disease among college students, it is
important to pay attention to the factors related to the occurrence
of eating disorder symptoms in this group, as this is essential
to designing related prevention and intervention measures to
reduce their incidence.

Sociocultural models of eating disorders stated that the
prevalence of body image concerns may exacerbate individual
dissatisfaction or concerns about body image, lead to dietary
restriction or overeating, and increase the risk of eating
disorders (19). The rapid development of the Internet has
widely disseminated the culture of dieting and bodybuilding
(20, 21), which may create potential risks for eating disorders.
Previous systematic reviews and meta-analysis studies also
found that Internet use may be associated with -eating
disorder symptoms in college students (22, 23). Mobile phones
provide the most convenient way for individuals to access the
Internet anytime and anywhere (24). Due to the convenience
and accessibility of mobile phones, they have become an
indispensable communication tool for Chinese college students
(25). Meanwhile, many problem behaviors, such as overuse
and dependence, have also arisen through mobile phone use.

Currently, academics conceptualize these problem behaviors as
problematic mobile phone use (PMPU), which is also known as
mobile phone addiction, smartphone addiction, or smartphone
dependency, and refers to the uncontrolled or excessive use
of smartphones that has a negative impact on daily life (26).
Problematic mobile phone use was relatively common among
Chinese college students. A meta-analysis showed that the
combined prevalence of PMPU among Chinese college students
was 23% (27). A large number of studies has found that PMPU
may be related to many health problems of college students, such
as heart palpitations, nausea (28), anxiety, and depression (29).
In addition, studies also found PMPU may increase body image
dissatisfaction (30), and produce unhealthy eating behaviors (31).
However, few studies have focused on the relationship between
PMPU and eating disorder symptoms. To our knowledge, only
one cross-sectional study has explored the relationship between
PMPU and eating disorder symptoms in college students (24).
However, we cannot determine the direction of the association
between PMPU and eating disorder symptoms because cross-
sectional studies are unable to infer the limitations of causality.
Therefore, it is necessary to conduct longitudinal research
to further explore the prospective association between the
two factors.

When exploring the relationship between PMPU and eating
disorder symptoms, understanding the mechanism of this
association is of great significance for the prevention of
eating disorders in the future. Previous studies found that
resilience can mediate the relationship between PMPU and
poor health status (such as depression and anger) (32, 33).
However, it was unclear whether resilience is able to mediate
the link between PMPU and eating disorder symptoms. Before
exploring this mechanism, it is necessary to understand the
association of resilience with PMPU and eating disorders.
Resilience refers to an individual’s ability to actively cope
with and adapt to life events or adversities (34). Resilience is
often considered a positive psychological resource that helps
explain the psychological mechanisms underlying life events and
adverse health outcomes in individuals. For example, a previous
study found resilience could neutralize the association between
online risk exposure and negative psychological problems (35).
Meanwhile, resilience is seen as a dynamic process and is
influenced by many environmental and behavioral factors (36).
As an unhealthy behavior, PMPU may deplete an individual’s
internal psychological resources, resulting in the individual’s
maladaptation to stress and difficulties. Studies have found that
resilience is significantly negatively correlated with PMPU (37,
38). This suggests that PMPU may be an important predictor
of resilience, but there is a lack of evidence from longitudinal
studies. In addition, resilience plays an important role in the
development of eating disorders. Early research has examined
the role of resilience during the eating disorder recovery
process (39). A previous longitudinal study of patients diagnosed
with eating disorder symptoms found that resilience predicts
that eating disorder symptoms will decrease over time (40).
However, the studies discussed above were conducted in patients
with diagnosed eating disorder symptoms, and it is not clear
whether resilience can predict eating disorder symptoms in the
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non-clinical population. Obviously, exploring the relationship
between resilience and eating disorder symptoms in non-clinical
populations has important public health significance for early
prevention and intervention. According to the test principle of
the mediating effect, the mediating effect is established when
both the independent variable and the mediating variable can
predict the dependent variable and the independent variable can
predict the mediating variable (41). Based on the above literature,
it can be found that PMPU, resilience, and eating disorders are
all pairwise correlated. Therefore, this study hypothesized that
resilience may mediate the association between PMPU and eating
disorder symptoms among college students.

In summary, the objectives of this study are as follows: (1) to
explore the longitudinal association between PMPU, resilience,
and eating disorder symptoms; and (2) to examine the mediating
effect of resilience in the association between PMPU and eating
disorder symptoms among college students.

MATERIALS AND METHODS

Participants

We conducted a 1-year longitudinal study at a comprehensive
university in Shandong Province, China. Before the study,
we estimated the required sample size using the formula for
epidemiological estimation of continuous outcomes: n = n =

2
2(217“/337;_21’5) (42). In this study, we set the effect size (§)

for eating disorder symptoms at 0.20, the o at 0.05, and the
power (1 — ) at 80%. Based on the parameters assumed above,
Z1_q/2 was 1.96, Z1_g was 0.84, and the calculated minimum
sample size was 392. The stratified cluster sampling method
was used to select 10 classes from freshman, sophomore, and
junior levels, respectively, all of whom were 18 years of age or
older. College students with clinically diagnosed diseases were
excluded from the investigation. In December 2019 (T1), 1,235
participants completed the first survey. After 12 months (T2),
54 participants were not in school (due to leave and other
reasons) and did not participate in the follow-up survey. In
the end, 1,181 participants (599 women; age: mean = 18.91
years, SD = 0.85) participated in the two surveys (retention rate
of 95.6%). Each survey takes ~30min to complete, and each
participant completed all survey content independently. This
study was approved by the Medical Ethics Committee of the
Second Affiliated Hospital of Shandong University of Traditional
Chinese Medicine. All participants signed an informed consent
document (on paper) before completing the survey.

Measurements

PMPU (Both Waves)

PMPU was assessed using the Mobile Phone Addiction Tendency
Scale (MPATS) (43), which is widely used in China (44).
Participants rated the 16 items on a five-point Likert scale (from
1 “very inconsistent” to 5 “very consistent”). The total score,
ranging from 16 to 80, is calculated by adding the scores of the 16
items. The higher the total score, the more serious the individual’s
PMPU. The Cronbach’s alpha of this scale was 0.906 at T1 and
0.937 at T2.

Resilience (Both Waves)

The 10-item Connor-Davidson resilience scale (CD-RISC-10)
(45) was used to measure the individuals® resilience. The scale
has a total of 10 items and is scored using a four-point Likert
scale (from 0 “never” to 4 “almost always”). The total score is
obtained by adding the 10 items. A higher score indicates that
the individual is more resilient. In this study, we used a validated
Chinese version of the scale (46). The Cronbach’s alpha of this
scale was 0.925 at T1 and 0.947 at T2.

Eating Disorder Symptoms (Both Waves)

The 12 item Short Form of the Eating Disorder Examination
Questionnaire was used to measure the individuals’ eating
disorder symptom severity (47). The scale has a single factor
structure, with 12 items in total. Each item is scored using a four-
point scale (from 0 “0 days” to 3 “6-7days”). A higher total score
indicates that the individuals’ eating disorder symptoms are more
severe. In this study, we used a validated Chinese version of the
scale (48). The Cronbach’s alpha of this scale was 0.809 at T1 and
0.903 at T2.

Sociodemographic Variable

At TI1, a self-designed sociodemographic information
questionnaire was used to collect participants’ age, sex,
residence (urban or rural), self-reported height and weight [used
to calculate body mass index (BMI)], self-rated health status
(good, medium, or poor), and self-rated family economic level
(high, medium, or low). Self-reported height and weight were
again collected at T2.

Statistical Methods

Data was analyzed using SPSS version 25.0 (IBM Corporation,
Armonk NY, USA) and Amos version 23.0. Continuous variables,
such as age and PMPU, were described by mean =+ standard
deviation (SD), while categorical variables, such as sex and
residence, were described by n (%). Since all measurements
were self-reported, we used Harman’s single-factor test (49) to
assess the presence of common method bias. According to the
test criteria, when the variance explained by the first common
factor is less than 50%, it means there is no serious common
method bias (50). Spearman correlation analysis was used
to investigate the relationship between PMPU, resilience, and
eating disorder symptoms. The structural equation model with
maximum likelihood estimation approach was used to construct
a cross-lagged model to investigate the longitudinal relationship
between PMPU, resilience, and eating disorder symptoms based
on the control of sex, age, residence, BMI, self-rated health status,
and self-rated family economic level at T1. Chi-square/degree
of freedom, the comparative fit index (CFI), the Tucker-Lewis
index (TLI), the root-mean-square error of approximation
(RMSEA), and the standard root-mean-square (SRMR) were
used to evaluate the model fit. When the chi-square/degree of
freedom is <5, CFI and TLI are >0.90, and RMSEA and SRMR
are <0.08, then the model fit is acceptable (51). According
to Cole and Maxwell’s recommendation regarding two waves
of longitudinal studies (52), we calculated the product of the
regression coefficient from T1 PMPU to T2 resilience and the
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regression coefficient from T1 resilience to T2 eating disorder
symptoms, and we used the bootstrap method for the significance
test. When the 95% confidence interval (CI) does not contain 0,
then the mediating effect of resilience is statistically significant.

RESULTS

Descriptive Statistics

The data on the characteristics of sociodemographic variables,
PMPU, resilience, and eating disorder symptoms are shown in
Table 1.

Common Method Bias Test

The results showed that the characteristic values of a total of
14 factors were >1, and that the first common factor explained
23.5% of the total variation, which is <50%. This indicates there
was no serious common method bias in this study.

Correlation Analyses

Table 2 shows the correlations for BMI, PMPU, resilience, and
eating disorder symptoms at two time points. The results show
significant positive correlations between BMI, PMPU, resilience,
and eating disorder symptoms of both T1 and T2, suggesting
that the four factors have shown stability across time within
a year. In addition, resilience at T1 and T2 was significantly
negatively correlated with PMPU and eating disorder symptoms,

TABLE 1 | Descriptive statistic for all variables (N = 1,181).

Variables n(%)/M + SD Range

Age 18.91 £0.85 18-22

Sex

Male 582 (49.3)

Female 599 (50.7)

Residence

Urban 518 (43.9)

Rural 663 (56.1)

Self-rated health status

Good 580 (49.1)

Medium 418 (35.4)

Poor 183 (15.5)

Self-rated family economic level

High 190 (16.1)

Medium 827 (70.0)

Low 164 (13.9)

BMI-T1 20.81 £2.70 14.20-32.39
BMI-T2 20.98 + 3.11 14.35-35.56
PMPU-T1 39.20 + 12.27 16.00-80.00
Resilience-T1 26.74 +6.92 0.00-40.00
Eating disorders-T1 6.49 + 4.95 0.00-26.00
PMPU-T2 37.08 + 13.62 16.00-77.00
Resilience-T2 27.36 + 7.61 0.00-40.00
Eating disorders-T2 6.39 + 6.80 0.00-30.00

M, mean; SD, standard deviation.

and PMPU was significantly positively correlated with eating
disorder symptoms at two time points, indicating there was
a certain synchronous correlation between the three factors at
different time points. Moreover, BMI was positively associated
with eating disorder symptoms at two time points.

Cross-Lagged Model and Mediation

Analyses

The results showed that the cross-lagged model has a fit index
(x2/df = 3.036, CFI = 0.989, TLI = 0.943, RMSEA = 0.042,
SRMR = 0.024). The cross-lagged model showed that PMPU (8
= 0.086, P < 0.01) and resilience (8 = —0.145, P < 0.01) at T1
predicted eating disorder symptoms at T2, but not vice versa.
PMPU was bidirectionally associated with resilience, and the
prediction effect of PMPU at T1 to resilience at T2 (8 = —0.151,
P < 0.001) was higher than the prediction effect of resilience at
T1 to PMPU at T2 (8 = —0.134, P < 0.001). More details are
displayed in Figure 1; Table 3.

In addition, the standardized indirect effect of PMPU at T1
on eating disorder symptoms at T2 via resilience was significant
(B = 0.022, 95% CI = 0.010~0.040, P < 0.001); that is,
resilience mediated the relationship between PMPU and eating
disorder symptoms.

DISCUSSION

Our study clarifies the prospective association between PMPU,
resilience, and eating disorder symptoms in college students
using a 1l-year follow-up survey. Our results show that
early PMPU and resilience predict follow-up eating disorder
symptoms, and PMPU can indirectly affect eating disorder
symptoms through resilience. These findings provide scientific
evidence for the early prevention of and intervention against
eating disorder symptoms.

This study found that PMPU at T1 predicted eating disorder
symptoms at T2, but not vice versa. Although previous cross-
sectional studies have found that PMPU is associated with
eating disorder symptoms (24), it is impossible to determine
whether PMPU causes eating disorder symptoms or eating
disorder symptoms cause PMPU. Our findings further clarified
that PMPU is an antecedent variable for eating disorder
symptoms, rather than the reverse. One possible reason to
explain this result is that individuals with PMPU are more
susceptible to sociocultural influences. At present, Chinese
college students’ smartphones were mainly used for accessing
web pages, socializing, and taking selfies (53). Previous studies
found that news about beauty and slimness prevalent on the web
may cause frequent users to be dissatisfied with their body image
and appearance (54, 55). In addition, studies also found that
adolescents who frequently take selfies and post selfies on social
media are more likely to develop eating disorder symptoms,
as social media depictions and dissemination of the idealized
female body can exacerbate habitual monitoring of physical
appearance and body anxiety (56, 57). The above literature
provides indirect support for the results of this study; that is,
PMPU may lead individuals to pay more attention to body
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TABLE 2 | Spearman correlations analyses for BMI, PMPU, resilience, and eating disorders at two time points.

Variables 1 2 3 4 5 6 7 8
1.BMI-T1 1.000

2.BMI-T2 0.624** 1.000

3.PMPU-T1 0.002 0.011 1.000

4. PMPU-T2 0.037 0.040 0.5627* 1.000

5.Resilience-T1 —0.045 —-0.017 —0.407* —0.347* 1.000

6.Resilience-T2 -0.012 —0.009 —0.319* —0.480* 0.484** 1.000

7.Eating disorders-T1 0.280** 0.207* 0.360** 0.240** —0.197* —0.190* 1.000

8.Eating disorders-T2 0.237** 0.269* 0.276** 0.325" —0.257* —0.342** 0.456** 1.000

“P<o0.01.

-0.377%%*

Tl

0.378%* Resilience

-0.159%**

T1
Eating
disorders

0.454%%*

FIGURE 1 | Cross-lagged model for PMPU, resilience, and eating disorders at two time points. “P < 0.01, P < 0.001.

*

**
o
"1) %
,Q.\,

-0.320%**

T2

a 0.111%*
Resilience

-0.111%*

T2
Eating
disorders

TABLE 3 | Bootstrapped estimation of each path of the reciprocal cross-lagged model.

Path Effect SE LLCI ULCI P-value
PMPU-T1 to PMPU-T2 0.454 0.031 0.391 0.512 <0.001
Resilience-T1 to resilience-T2 0.363 0.031 0.302 0.422 <0.001
Eating disorder symptoms-T1 to eating disorder symptoms-T2 0.402 0.030 0.344 0.459 <0.001
PMPU-T1 to resilience-T2 —0.151 0.027 —0.204 —0.098 <0.001
PMPU-T1 to eating disorder symptoms -T2 0.086 0.031 0.024 0.147 0.008
Resilience-T1 to PMPU-T2 —0.134 0.028 -0.187 —0.078 <0.001
Resilience T1 to eating disorder symptoms-T2 —0.145 0.041 —0.229 —0.066 0.001
Eating disorder symptoms-T1 to PMPU-T2 0.020 0.028 —0.035 0.075 0.462
Eating disorder symptoms-T1 to resilience-T2 —0.054 0.030 -0.114 0.003 0.059

LLCI, lower limit confidence interval 95%, ULCI, upper limit confidence interval 95%.

image, thereby causing them to reduce their food intake or
deliberately stop eating, resulting in eating disorder symptoms.
Moreover, the displacement effect assumption holds that the
more time individuals watch TV, the less time and energy
they spend on other activities (58), and this also applies to
smartphones. This means that because individuals with PMPU

use their smartphones for too long, they may reduce their
eating time and choose to eat fast food or not eat at all, which
increases their risk of developing eating disorder symptoms. In
addition, individuals with PMPU are prone to sedentary behavior
(59), which increases the likelihood of becoming overweight or
obese (60) to a certain extent. Previous studies have found that
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individuals with a higher BMI are vulnerable to discrimination,
which can cause dissatisfaction with weight and induce eating
disorder symptoms (61). Furthermore, research has also found
that exposure to screen media can cause children and adolescents
to increase their food intake while watching (62), and similar
phenomena may also occur during smartphone use. Given
the limited literature on the association of PMPU with eating
disorders, our further interpretation of the association is also
limited. It is necessary to conduct further observational studies
in more countries and regions in the future to better understand
the relationship between the two factors.

The results of the cross-lagged model show that resilience at
T1 negatively predicted eating disorder symptoms at T2; that
is, the higher one’s resilience, the lower the risk of developing
an eating disorder. However, the association between eating
disorder symptoms at T1 and resilience at T2 was not significant.
This result infers resilience from the patients with eating disorder
symptoms to the college student population, extending the
findings of previous studies. Many studies have confirmed the
positive effect of resilience on individual health status (63, 64).
For example, resilience is significantly positively correlated with
the quality of life of adolescents (65) and negatively correlated
with negative emotions, such as depression (66) and anxiety (67).
In terms of eating-related aspects, research has also found that the
higher the resilience of college students, the fewer the symptoms
of food addiction and eating disorders they exhibit (68, 69). These
studies further support that resilience has a positive effect on the
reduction of the rate of eating disorder symptoms. In addition,
the resilience framework proposed by Kumpfer (70) explains
that resilience can help individuals actively cope with and adapt
to the impact of negative factors after encountering negative
life experiences. The epigenetic model of the etiology of eating
disorder symptoms indicates that life stress is an important cause
of eating disorder symptoms (71). Obviously, high resilience
can help individuals actively adapt to stressful events, which
helps reduce the incidence of bad eating behaviors. Meanwhile,
individuals with lower resilience may respond negatively to
stress and traumatic events, and may adopt disordered eating,
overeating, and other poor eating behaviors to relieve stress,
which greatly increases the risk of developing an eating disorder.

Another important finding of this study is that resilience
can mediate the association between PMPU and eating disorder
symptoms. This result deepens our understanding of the
underlying mechanisms of PMPU and eating disorder symptoms.
Previous studies have also identified a potential mediating effect
of resilience in the development of eating disorder symptoms;
that is resilience could mediate the relationship between
posttraumatic stress disorder symptoms and disordered eating
in college women (69). In this study, the mediation mechanism
can be divided into two stages: (1) PMPU-reduced resilience, and
(2) lower resilience-induced eating disorder symptoms. The latter
has already been explained above. For the former, some studies
have focused on the relationship between PMPU and resilience
(72), but as we mentioned earlier, there is also a lack of evidence
from longitudinal studies. Our research indicates that PMPU
and resilience are bidirectionally related, and early PMPU has
a greater predictive effect on follow-up resilience. Considering

that the prediction effect of PMPU at T1 to resilience at T2 was
higher than the prediction effect of resilience at T1 to PMPU
at T2, it can also be said that PMPU is an antecedent variable
of resilience. Research has shown that resilience is an important
internal resource formed in the development process of young
people, and such resources can promote and protect healthy
growth (73). However, research has also found that PMPU can
reduce self-control (74), thereby consuming individual internal
resources and reducing resilience. The possible explanation for
the mediating effect of resilience is that PMPU may increase
individual body image stress, consumes positive psychological
resources, and reduces resilience to cope with stress, while low
resilience makes individuals more likely to adopt poor eating
behaviors, resulting in eating disorder symptoms. Therefore,
if college students with PMPU can accept early psychological
intervention programs to improve their resilience, such programs
may, to a certain extent, be able to reduce their likelihood of
developing eating disorder symptoms caused by PMPU.

According to our research, it may be a good idea to
develop prevention and intervention programs related to
PMPU and eating disorder symptoms in college students from
the perspective of resilience. Previous randomized controlled
trials conducted among American college students have found
that interventions related to resilience significantly improved
participants’ mental health (75). A meta-analysis also showed
that school-based resilience interventions can effectively reduce
illicit substance use in adolescents (76). These studies suggest
that interventions related to resilience may also have a positive
impact on PMPU and eating disorder symptoms, but as far as we
know, no relevant intervention studies currently exist. However,
a meta-analysis also found that existing resilience intervention
research has problems, such as the small intervention effect,
small sample sizes, and poor compliance, and has made
relevant recommendations for the development of high-quality
intervention research (77). Therefore, we suggest that future
research should learn from the problems and suggestions of
previous studies, conduct resilience intervention studies on
PMPU and eating disorder symptoms in college students,
properly deal with all possible biases, and further understand
whether resilience intervention can help reduce PMPU and
eating disorder symptoms to provide a higher level of evidence
for future prevention and intervention measures.

This study has the following advantages. First, as far as
we know, this is the first study to investigate the longitudinal
association between PMPU, resilience, and eating disorder
symptoms, which provides a higher level of research evidence
for understanding the direction of the association between the
three. Second, we explored the mechanism of association between
PMPU and eating disorder symptoms for the first time and found
that resilience played a mediating role between the two, which
provided a new direction for the prevention of eating disorder
symptoms in college students. Third, all surveys were conducted
using scales that have been tested by psychometrics, and the
quality of the data is credible and reliable.

This study has the following limitations. First, we only
conducted two waves of investigations. Although previous
studies have suggested that two waves of research can also be
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used to test the mediation effect (78), since there is no continuous
time relationship between PMPU, resilience, and eating disorder
symptoms in the two waves of the present study, the mediating
effect of resilience has a certain limitation. In the future, three
waves of longitudinal study will be needed to test whether the
mediating role of resilience can be replicated. Second, due to
the short 1-year follow-up period, it remains unclear whether
the longitudinal relationship of the three factors in this study
will change over time. Long-term follow-up research is needed
to further determine the direction of associations among these
factors. Third, the two surveys were conducted in the form of self-
reports, and the results may be subject to recall and information
bias. Finally, this study only selected college students from one
university as the research object, which may introduce selection
bias. In the future, a multi-center research design will be needed
to verify whether the results of this study are applicable to college
students in other regions of China.

CONCLUSIONS

This study found that PMPU and resilience are predictive for
eating disorder symptoms in college students. Resilience may
play a mediating role in the prospective association between
PMPU and eating disorder symptoms.
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