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Abstract: The present study examined the role of self-enhancement and self-criticism in the relation-
ship between physical activity and anxiety. A total of 305 students from Chinese universities, ranging
in age from 18 to 36, completed a questionnaire package comprising a physical activity questionnaire,
a self-enhancement strategies scale, a level of self-criticism scale, and a short form of state and
trait anxiety scale. Findings highlighted that physical activity had a significant negative correlation
with anxiety (r = −0.31, p < 0.01), a significant positive association with self-enhancement (r = 0.43,
p < 0.01), and a significant negative relationship with self-criticism (r = −0.14, p < 0.05). It was also
found that anxiety was significantly predicted by self-enhancement (−0.21, p < 0.01) and self-criticism
(0.44, p < 0.01). Moreover, the mediation model supports the mediation of self-enhancement and
self-criticism between physical activity and anxiety in university students. The findings suggest that
interventions aimed at promoting physical activity and enhancing the self-system should be worthy
strategies for reducing students’ anxiety.

Keywords: physical activity; students’ anxiety; self-concepts; the mediating role

1. Theoretical Background

In China, scholars are examining ways to help people cope with the stresses of modern
life that affect their mental health. Anxiety is a common mental issue characterized
by a complex emotional reaction to stressful circumstances affecting psychological and
behavioral states [1,2]. Various studies conducted in China reveal that physical activity
(PA) has a positive relationship with psychological well-being [3–5]. PA means body
movement in which skeletal muscles are involved [6], and there are evidences that PA
is beneficial for decreasing anxiety and pressure that often affects students’ cognitive
performance (Biddleand Asare [7]. In various empirical studies involving Chinese students,
researchers have found PA to be positively associated with a reduction in anxiety, stress,
and depression [8,9]. Nevertheless, the rate of participation in PA and sport is declining
nowadays in China [10], as 83.8% of those aged 18 or older are inactive in China [11].

The relationship between PA and anxiety has been an important topic considered by
educational psychologists, sports psychologists, and medical experts for many years [12].
Many researchers have found that individuals performing more PA have greater emotional
stability [13], are less prone to feel depression [14], are less likely to experience anxiety [8],
feel greater self-esteem, and have a lower risk of mental illness [15,16]. Most of the

Int. J. Environ. Res. Public Health 2021, 18, 4468. https://doi.org/10.3390/ijerph18094468 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-2883-7270
https://orcid.org/0000-0002-7784-4258
https://doi.org/10.3390/ijerph18094468
https://doi.org/10.3390/ijerph18094468
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18094468
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph18094468?type=check_update&version=2


Int. J. Environ. Res. Public Health 2021, 18, 4468 2 of 13

research has paid attention to the association of PA with mental health, psychological
well-being and self-concept, with different samples from China [3,17,18], but a few studies
have mentioned the connection between PA and the anxiety of university students [15].
Hence, the relationship between PA and the anxiety of university students still needs to be
investigated in greater detail [8,19,20].

Theoretically, several theories and models address the relationship between PA and
psychological well-being [21]. For instance, researchers who developed the biopsychosocial
model (BPSM) of physical and mental health proposed that PA promotes mental health
and reduces depression and anxiety [22,23]. Social withdrawal theory [24] explains that
physical inactivity is directly associated with psychosocial problems, including stress,
depression, or anxiety. Research empirically supports the claim that anxiety is increased
when PA is scarce or not performed at all by students [25]. Conversely, Lee et al. reported
that physically active students had lower anxiety than students who were less physically
active [26].

Several studies have examined the effect of PA and exercise on depression and anxiety
among university students [15,27]. Li, Xu [15] pointed out that PA was a protective factor
for the academic stress of students, and Wang, Li [27] confirmed, through an experimental
study, that long-term PA significantly prevents anxiety and depression among university
students. Despite numerous studies linking PA and reduced anxiety, a recent review in
China suggested investigating the mechanism/s underlying specific aspects, such as the
intermediary role of other variables, including self-concept [8]. This raises the proposition
that there are other pathways from PA to anxiety. For instance, PA may indirectly affect
anxiety through other factors.

The influence of PA on anxiety is likely to be mediated by different social, psycho-
logical, cognitive, and psychosocial factors. However, the mechanism through which PA
transfers its effect to anxiety is poorly understood. One potential mediator between PA
and anxiety is self-enhancement (SE), which is a positive personality trait or a cognitive
propensity [28] for maximizing positive self-views and minimizing negative self-views [29].
SE is considered to be an essential element for mental well-being and psychological pros-
perity [30]. Researchers have found that SE is positively associated with PA and inversely
linked with mental illness [18,31]. Previous studies have mentioned SE as a protective
therapy that promotes anxiety reduction [32–34] and psychological well-being [35]. In
a recent meta-analysis, Dufner, Gebauer [36] concluded that participants who have pos-
itive emotions and happy moods are less likely to feel anxious. In addition, physically
active individuals usually feel self-enhanced, as compared to less active and depressed
populations [37]. Health, productive lifestyle, well-being, positive feelings, and enhance-
ment can be maintained and improved through PA [25,38,39]. PA develops positivity and
emotional stability among young people and reduces barriers through which well-being
can be enhanced [40]. From the literature reported here, it is inferred that SE could be a
mediator of the relationship between physical health and psychological well-being [41].
However, the mediating role of SE between PA and anxiety has not yet been examined in a
Chinese context.

Another potential mediator between PA and anxiety is self-criticism (SC). SC is a
negative personality trait and is characterized by possessing negative views of the self [42].
Duarte, Stubbs [43] reported that SC has been found to be associated with anxiety dis-
orders in the literature. SC is conceptualized as negatively affecting psychological and
mental health, specifically depression, anxiety, and affective disorders [44,45]. People with
high SC do not feel satisfied with themselves, nor do they appreciate themselves [46,47]
Their negative thinking and anxiety are increased in various situations [48]. For exam-
ple, self-critical individuals develop unhealthy perfectionism that leads to psychological
distress [49]. Furthermore, students possessing SC are found to be inactive or less active,
leading them to have more anxiety [50]. Therefore, when individuals exhibit SC, it should
be decreased through contemporary approaches and possible solutions, as little is known
about how to reduce SC [46]. Epidemiologic studies have posited that PA can protect
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people from depression, and individuals who engage in higher levels of PA tend to display
lower SC [51], as SC has previously been shown to be negatively related to PA (Kayani et al.,
2018). Adverse effects of SC, depression, and anxiety can be reduced through continued
PA [52,53]. This theoretical explanation demonstrates that SC is another variable that has
the potential to explain the effect of PA on anxiety.

Further, a study on Chinese adolescents provides evidence that PA can be associated
with a positive change in moods [54], which reduces stress and anxiety levels [55]. PA
and exercise have been proposed to be useful for the promotion of aspects of self-concept,
including self-efficacy and the enhancement of moods [8], which could be beneficial for
mental health. From a psychological perspective, it is understandable that increasing
physical health enhances mood, which reduces stress and anxiety, thus improving mental
health. While a positive self-concept has been shown to promote well-being, a negative
self-concept causes depression and anxiety.

We are not aware of any study that provides empirical evidence and elucidates the
theoretical relationships among PA, SE, SC, and anxiety in a concurrent model in the
Chinese context. We have found only two exceptions in the extant literature addressing
PA, self-system, and anxiety issues in a concurrent model. However, these studies were
conducted in Canada [50] and Pakistan [56], where psychological well-being, and self-
concepts are perceived as different from those in China. Research has consistently reported
lower well-being, lower self-concept and life satisfaction, and greater depression and
anxiety by Easterners such as the Chinese, Japanese, and Koreans, compared to Westerners
such as the British, Americans, and Canadians (Cai, Wu, Shi, Gu, and Sedikides, 2016;
Hepper et al., 2013). For example, Cai, Brown, Deng, and Oakes (2007), in a sample
of university undergraduates, found that Chinese participants possessed fewer positive
cognitive self-evaluations than Americans. Likewise, a few recent studies have explored
how Westerners are more self-enhancing while eatserners are more self-critical (Cai, Wu,
Shi, Gu, and Sedikides, 2016; Hepper et al., 2013). Besides, Canada and Pakistan follow
the independent and interdependent self [57,58]. On the other hand, according to the bi-
cultural self-theory of contemporary Chinese individuals, the Chinese self-system possesses
both individual and social self orientations [59]. Additionally, the biopsychosocial model
argues that the self-concept is a protective cognitive strategy for anxiety issues, and also
proves to be a supportive mediating factor between physical exercise and mental well-
being (Di Benedetto, 2010, 2015). However, the authors studied other self-concepts such
as self-esteem and self-efficacy, but not self-enhancement and self-criticism (Di Benedetto,
2015). This has led us to the expectation that these self-systems would play a different role
between physical activity and students’ anxiety in China. Therefore, in this study, we have
investigated the role of SE and SC as mediators between PA and students’ anxiety. We have
predicted that the self-system, particularly SE and SC, would interevene between PA and
students’ anxiety.

Current Study

In the present study, we investigated the dynamic association between PA, anxiety, SE,
and SC. We developed a hypothetical model by integrating the BPS model components
describing PA as a beneficial coping strategy for reducing depressive symptoms and
anxiety issues [22,23]. We proposed that the self-system (SE and SC) plays a role in the
biopsychosocial relationship between PA and anxiety. We proposed that SE and SC would
predict the anxiety of students. We hypothesized that students doing more PA would
become less anxious. We further predicted that students doing PA would become more self-
enhanced and less self-critical. We then predicted that possessing a positive self-concept
and avoiding negative self-views would lead to less anxiety. Specifically, we hypothesized
that PA and anxiety would be mediated through SE and SC.

To control for additional variables affecting PA, SE, SC, and anxiety of students, we
included age, education, and gender as covariates. Past studies have consistently reported
that male students are more active than female students [60,61]. Further, several studies
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have concluded that PA and self-concept are higher in males than in females [62]. In
addition, we can argue that students studying in higher degrees would find less time to
undertake exercise and PA than those who study in lower degrees, yet less education is
described as directly associated with physical inactivity in the literature [63]. Moreover,
younger students are found to be more active than older ones in the past research [61]. The
study model is presented in Figure 1.

Figure 1. Study model.

2. Method
2.1. Measurement of Variables
2.1.1. Physical Activity

PA was measured through various tools, including objective and subjective measures.
Subjective measures included logbooks, self-reports, questionnaires, and diaries of activity,
while the objective tools included pedometers, accelerometers, and heart rate monitoring
and oxygen consumption [64]. These measures were readily applicable to a large popu-
lation, and all of them did not fulfill the requirements of the recommendations of type,
intensity, frequency, duration, and length of PA. The duration, frequency, and quantification
of the intensity of PA performed were required for the present study. Therefore, Cho’s five
items PA questionnaire (PAQ) was specially developed on the basic principles of frequency,
duration time, intensity, overall length, and type of PA for the current research [65]. This is
a valid and reliable measure based on previous studies [66]. It had five items about the
type, frequency, intensity, duration, and total length of PA, measured on a 5-point Likert
scale. Example questions were, “during a week, how often do you participate in the activity
in your free time?”; and “how intensely do you participate in the activity?” The tool was
validated in an East Asian country before, but it was revalidated in the Chinese context.
To determine the PA level, we first obtained a score by summing the responses on overall
length, frequency, duration, and intensity of PA. The summed scores were then multiplied
by the scaled score on the type of PA performed by the students. The minimum score was
4 and the maximum score was 100. The levels of PA were categorized into a very high level
greater than 96; a high level between 64 and 95; an acceptable level between 36 and 63; a
low activity level between 16 and 35; and an inactive level between 4 and 15. Higher scores
indicated higher activity levels, while lower scores indicated low activity levels.

2.1.2. Self-Enhancement

We measured SE by using the short-form of SE Strategies scale (SFSESS; Hepper et al.,
2013), with the permission of the corresponding author. It was a validated 20-item scale
rated on a 5-point Likert scale (1 = not at all characteristic of me, 5 = very characteristic of
me). A sample item was: “When you achieve success or really good grades, do you think
it was due to your ability?” Further, internal consistency reliability for the current data
was α = 0.95.
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2.1.3. Self-Criticism

The Level of SC scale (LOSC) was adopted for the study. The LOSC is a 22-item
scale developed by Thompson and Zuroff [67] to measure two aspects of negative SC
in undergraduate students. Twelve items measured one dimension named comparative
SC (CSC). A sample item was “I have a nagging sense of inferiority”. A further 10 items
measured another dimension named internalized SC (ISC). A sample item was “Failure
is a very painful experience for me.” The items 6, 8, 11, 12, 16, 20, and 21, made positive
statements, so they were reverse coded. Items were rated on a 5-point Likert scale, on
which 1 = not at all, and 5 = very well. Thus, the total score range was 22 (1 × 22 items)
to 110 (5 × 22 items). We translated the LOSC into Chinese, using the translation and
back-translation method [68] and it was revalidated with a Chinese student sample, as no
Chinese version was available.

2.1.4. Anxiety

To test anxiety we used the short form of the state scale of Charles Spielberger’s
State-Trait Anxiety Inventory (STAI Y-6)[69], which is a widely used, valid, and reliable
measure for assessing anxiety in various cultures [70–72]. This short form of state scale
contained six items. The items were, “I am tensed.”, “I feel calm”, and I am relaxed”, “I
feel content”, “I feel upset”, and “I am worried”. The scale was measured on a 5-point
Likert scale from 1 = not at all to 5 = very much. The calm, relaxed, and content items were
reverse coded.

2.2. Data Analysis

Using SPSS version 20, data were checked for normality. Then, means and standard
deviations were calculated to present a basic description of the study variables. After
that, correlations among the variables were calculated to provide a basis for testing the
model by indicating whether the variables that were proposed to be related in the model
do actually correlate with each other. The measurement model was developed in AMOS
graphics version 23. Model fit indices were estimated in terms of χ2/df ≤ 5, SRMR ≤ 0.08,
RMSEA ≤ 0.08, CFI ≥ 0.90, TLI ≥ 0.90 [73,74]. Major hypotheses were tested in Hayes’
PROCESS ver. 3 (2018) by developing multiple mediation models and performing boot-
straps. The advantageous characteristic of multiple mediation models was that they
allowed us to determine “to what extent specific M (mediator) variables mediate the X/Y
(X = independent variable; Y = dependent variable) effect, conditional on the presence of
other mediators in the model” [75].

3. Results
3.1. Demographic Information

Participants were Chinese university students who were accessed by adopting a
convenience sampling technique. We distributed a set of questionnaires among 700 students
during the fall semester of 2018. We received 504 questionnaires back within two months.
The response rate was 72%. A total of 148 questionnaires were useless in the received pack,
as they exhibited random responses. It also includes the cases with missing values that
were minimal, hence, excluded from the data. Mahalanobis distance was calculated for
identifying outliers, and 51 cases were excluded from the analysis on the suspicion of being
distorted. Finally, 305 (age range = 18–36) cases were included in the analyses of the study.
A total of 185 (60.7%) male students and 120 (39.3%) female students participated. In total,
86 (28.2%) students were from a bachelor’s program, 139 (45.6%) were from a master’s
program, and 80 (26.2%) were from a Ph.D. program. Students from ages 18 to 25 made up
32.5% (n = 99), 26 to 30 years comprised 37% (n = 113), 31 to 35 made up 25.9% (n = 79), and
36 and above comprised 4.6% (n = 14) of the total population. Most of the students were
from social sciences (n = 113, 37%) and computer and engineering fields (n = 105, 34.4%),
and others were from natural and applied sciences (n = 87, 28.5%).
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3.2. Preliminary Analyses

Basic analyses indicate that data for all variables are normally distributed, with
skewness ranging from −0.16 to −1.26, and Kurtosis ranging from −0.16 to 1.44 [76].
Further analyses were performed in three steps. Exploratory factor analysis (EFA) was
performed by randomly taking half of the sample. It exhibited four individual factors
for PA, SE, and SC and anxiety, with a total variance of 64.42% and with an eigenvalue
above one. The first factor explained 27.92% variance, which confirmed that our data set
was not threatened by common method bias, as the first factor did not explain a major
percentage of the variance [77]. Common method bias was also checked by comparing
the standardized regression weights of the model with common latent factor (CLF) and
without CLF [78]. There was no significant difference between the two, indicating no path
was affected by common method bias.

3.3. Correlation among Study Variables

Table 1 shows mean and standard deviation values and bivariate correlations among
all variables. In this sample, PA was negatively associated with students’ anxiety, SE was
positively related to PA, while SC was negatively linked with PA. This means that students
with favorable views of the self, performed more PA than those with less favorable views.
Conversely, students possessing more negative views of the self were less active or inactive
compared to students who were less self-critical.

Table 1. Correlations of study variables.

Variables 1 2 3 4 5 6

1. Education -
2. Age 0.087 -
3. PA −0.051 −0.218 ** -
4. SE 0.103 * −0.016 0.425 ** -
5. SC 0.079 0.233 ** −0.137 * 0.011 -
6. Anxiety 0.127 * 0.489 ** −0.309 ** −0.206 ** 0.436 ** -

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
PA= physical activity; SE = self-enhancement; SC = Self-criticism.

3.4. Validity and Reliability

Loading range for the PAQ was 0.729 to 0.840; 0.70 to 0.88 for the SFSESS; 0.70 to 0.90
for the LOSC, and 0.73 to 0.91 for STAI Y-6. Confirmatory factor analysis (CFA) was then
applied to assess the standardized factor loadings, validity, and reliability of the factors,
measurement, and structural model fit. PAQ, SFSESS, LOSC, and STAI Y-6 were valid
and reliable before use. All the items showed satisfactory standardized factor loadings
(above 0.70, p < 0.001). Composite reliability (CR) was above 0.70. Convergent validity
was measured by calculating the average variance extracted (AVE). Convergent validity
(AVE > 0.50, and <CR) and discriminant validity (AVE > MSV;

√
AVE > the inter-construct

correlations) provided satisfactory results [73]. The model fit was acceptable, as we found
the data fit the measurement model (χ2/df = 2.13, CFI = 0.92, TLI = 0.91 RMSEA = 0.06,
and SRMR = 0.05) [73,74].

3.5. Results of the Tested Pathways

To test the major hypotheses and to examine the direct and indirect relationships
between PA and anxiety through SC and SE, we developed multiple mediation models by
using Hayes’ PROCESS macro, Model 4 [79], setting bootstrapping to 10,000 resamples with
95% confidence intervals (CI). The independent variable was PA, the dependent variable
was anxiety, and the mediators were SC and SE. We controlled for gender, education,
and age. However, gender showed no significant difference, hence, it was excluded from
covariates. The structural model showed structural paths (Figure 2). Bootstrap analyses are
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given below in Table 2, as are exhibited path coefficients for the parallel mediation model,
indirect effects, 95% confidence intervals, and upper and lower limits of bootstraps.

Figure 2. Structural model exhibiting mediation of SE and SC between PA and anxiety.

Table 2. Bootstrapping of mediation analyses.

Path Beta Boot-LLCI Boot-ULCI SE T p-Value

c = (a1b1 + a2b2 + c’) −0.2740 −0.3693 −0.1788 0.0484 −5.6617 0.0000
c’ −0.1768 0.2731 −0.0805 0.0489 −3.6135 0.0004

IVM1 (a1) 0.2752 0.2090 0.3414 0.0336 8.1791 0.0000
IV-M2 (a2) −0.1337 −0.2429 −0.0245 0.0555 −2.4085 0.0166

M1-DV (b1) −0.1724 −0.3199 −0.0250 0.0749 −2.3017 0.0220
M2-DV (b2) 0.3722 0.2829 0.4616 0.0454 8.1980 0.0000

(a1b1 + a2b2) −0.0972 −0.1643 −0.0410 0.0308 - -
IV-M1-DV (a1b1) −0.0474 −0.0918 −0.0058 0.0212 - -
IV-M2-DV (a2b2) −0.0498 −0.1018 −0.0099 0.0235 - -

The structural model (Figure 2) revealed that PA was positively associated with SE
(b = 0.275, p < 0.01), which, in turn, was inversely related to anxiety of students (b = −0.172,
p < 0.05), supporting the hypotheses that higher levels of PA increased the level of SE,
and higher levels of SE led to reduced levels of anxiety. Independently, PA was inversely
related to SC (b = −0.133, p < 0.05), which was positively associated with anxiety (b = 0.372,
p < 0.001), supporting the predictions that higher levels of PA decreased level of SC,
while lower levels of SC increased levels of anxiety. Furthermore, the indirect effect of
SE (a1b1 = −0.0474) and the indirect effect of SC (a2b2 = 0.0498) indicate the significant
mediation of SE and SC between PA and students’ anxiety.

Controlling for education and age, the association between PA and anxiety was
significant (b = −0.176, p < 0.001). In support of the major study hypotheses that SC and
SE would have mediating effects between PA and anxiety, a significant indirect association
was established for both SE (b = −0.047; 95% CI = −0.0058, 0.0212) having a minimal
effect size (0.0022), and SC (b = −0.049; 95% CI = −0.0099, 0.0235) having an effect size
of 0.0024, which is also quite low. The proportion of the total effect of PA on anxiety that
was predicted through SE was 34.5%. The proportion of the total effect of PA on anxiety
that was predicted through SC was 18.2%. This means that 52.7% of the total effect was
accounted for by these two mediators, while 47.3% of the relationship operated directly.
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Hence, it is supported that there is mediation in the relationship between PA and anxiety
by SE and SC.

4. Discussion

Based on the data collected from Chinese students, this research validates a theoretical
model of the connection between PA and anxiety. Findings provided evidence that the
variables in the hypothesized model did predict anxiety, and the significant finding was
that the effect of PA on anxiety not only operates directy but indirectly through SE and SC.

The study results contribute to the theory and literature by providing endorsement
that inactive students were more likely to develop psychosocial problems, whereas active
students showed higher levels of psychological health [22–24]. The results imply that men-
tal health issues, such as anxiety, are influenced by PA. Findings of this study corroborate
the arguments proposed by Rebar, Stanton [80] that PA is positively associated with physi-
cal, mental, and psychological outcomes, such as reductions in stress, depression, or anxiety.
Endorsing our results, researchers have recently suggested that regular participation in
sport and PA reduces stress, anxiety, and depression in university students [26,50,56,81].
The research indicates that, in terms of reducing anxiety, PA has the potential to assist
university students in obtaining beneficial results.

Further, the multiple mediation model tested in the present study confirmed that SE
mediated the association between PA and anxiety after controlling for age and education.
Like many previous studies [50,56,82,83], we used PA as a predictor variable for developing
mediation models in various contexts. Notwithstanding this, it was possible in this study
to postulate SE as a mediator between PA and anxiety in a specific context. This is a crucial
strength of the current study, as other studies have reported the correlational link between
PA and other self-determined psychological variables or self-evaluation motives, such as
self-efficacy [84] and self-esteem [82,85]. This result follows prior work indicating that
students who engaged in more PA had high SE, leading to reduced anxiety [50,56]. The
mediating role of SE implies that enhancement of the self has potential for the promotion
of psychological health, if it is taught to university students. PA was found to influence SE
positively. The finding was consistent with studies that publicized that physically active
populations have satisfactory enhancement for their self [50,56] or their self-esteem [82],
as compared to less active populations. On the flip side, anxiety is also an essential factor
associated with SE and PA [86]. Our findings endorse past results which indicate that
regular exercise has a positive influence on depression and high life satisfaction [87]. The
results also supported the suggestion that SE mediated PA and anxiety. The mediation by
SE of the association between PA and anxiety is consistent with the recent work of Kayani,
Wang [56] in a South Asian country. It proves the importance of SE for university students
in gaining positive self-views [29].

Multiple mediation analyses confirmed that SC also significantly mediated between
PA and anxiety, after controlling for age and education. We found that students doing
more PA were less engaged in SC, which is further associated with a reduction in anxiety.
Past research in Western and Asian societies supports these results [50,56]. This finding
is similar to research reported by Duarte, Stubbs [43], which described how an increased
amount of PA lead to decreased SC. Comversely, there is a significant positive relationship
between SC and anxiety associated with previous work [56]. In the present research, we
observed that PA weakened the level of association between PA and SC [51,52]. Chen,
Chen [86] confirmed that high SC leads to a high level of anxiety. Thus, students possessing
less negative self-views have the potential to show less anxiety. Furthermore, PA impacts
SC, which further diminishes anxiety, suggesting that PA depends on SC, to some extent,
for transferring its effect to anxiety.

Findings from the present study have some implications for enhancing the self-system,
especially in the context of China, where the self is considered as bi-cultural, containing the
components of both individualistic and collectivistic cultures [59]. Pedagogical implications
can also be drawn from the current study. This research shows a positive association
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between high PA and lower levels of anxiety, mediated by SE and SC. Thus, we recommend
that teachers have to be educated with professional training in how to motivate students to
participate more in PA in order to attenuate anxiety. Importantly, if teachers are trained
to promote SE in their students, and to help students avoid SC, then the effects of PA
on anxiety are likely to be enhanced. Moreover, the results of this research identified
the significant role of PA in the reduction of anxiety and SC that often hamper students
from achieving high academic performances. Indeed, anxious and self-critical students
are likely to find it difficult to achieve academic results that reflect their true capability.
Hence, we recommend that teachers learn to mitigate behaviors that are likely to increase
PA and SC, thus reducing anxiety among students. Regarding the valuable benefits of
PA, we recommend that the universities consider designing programs that can motivate
students to adopt sport and PA. Overall, the findings also imply that interventions aimed
at promoting PA and enhancing the self-system as a way to reduce anxiety would be a
fruitful strategy.

5. Limitations and Future Research

Based on a thorough examination of the literature, to the best of our knowledge,
the present study is the first to embrace key factors that lead to a reduction of anxiety in
university students. Still, a few constraints exist in this study, which should be addressed
in future work. First, given that China is a vast country with striking differences between
various regions, the sample size is relatively small, and the use of a convenience sampling
strategy could not produce a representative sample. Therefore, the generalizability of the
findings from the current study is limited to a relatively small population in China. Further,
the effect sizes for the mediating effect of SE and SC in this study were minimal, showing
weak support for mediation of the variables. It may be due to the small sample size. Hence,
developing the model with a large sample in future research may generate different results.
Second, we conducted a cross-sectional study that does not show changes over time. Future
researchers are advised to use longitudinal data as cross-sectional data is often criticized
for common method bias. In addition, we have not checked each dimension of SE and SC
which might be affected by low, moderate, or vigorous PA, and which may lead to different
levels of anxiety. These limitations open a new approach for future researchers.

6. Conclusions

In the present study, we examined the relationship between PA and anxiety, with a
particular focus on the intervening effect of SE and SC in a sample of Chinese university
students. The results indicated that PA had a significant influence on SE and SC, which
both significantly mediated the impact of PA on Chinese students’ anxiety. These findings
emphasize the importance of PA for reducing anxiety and enhancing the self-system in
Chinese culture.

Author Contributions: Methodology, S.K. (Saima Kayani); data curation, T.K.; writing—original
draft preparation, S.K. (Sumaira Kayani); writing—review and editing, T.M., M.B. and J.W. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge Rumana Keyani, COMSATS University, Pakistan, for proof-
reading this article.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2021, 18, 4468 10 of 13

References
1. Putman, S.M. The Debilitative Effects of Anxiety on Reading Affect. Anxiety in Schools. The Causes, Consequences, and Solutions

for Academic Anxieties. Peter Lang Publishing, Inc.: Lausanne, Switzerland, 2010.
2. Biasutti, M.; Concina, E. The role of coping strategy and experience in predicting music performance anxiety. Music Sci. 2014, 18,

189–202. [CrossRef]
3. Qurban, H.; Wang, J.; Siddique, H.; Morris, T.; Qiao, Z. The mediating role of parental support: The relation between sports

participation, self-esteem, and motivation for sports among chinese students. Curr. Psychol. 2019, 38, 308–319. [CrossRef]
4. Poon, C.Y.M.; Fung, H.H. Physical activity and psychological well-being among Hong Kong Chinese older adults: Exploring the

moderating role of self-construal. Int. J. Aging Hum. Dev. 2008, 66, 1–19. [CrossRef]
5. Yu, C.C.W.; Chan, S.; Cheng, F.; Sung, R.Y.T.; Hau, K. Are physical activity and academic performance compatible? Academic

achievement, conduct, physical activity and self-esteem of Hong Kong Chinese primary school children. Educ. Stud. 2006, 32,
331–341. [CrossRef]

6. Biddle, S.J.; Mutrie, N. Psychology of Physical Activity: Determinants, Well-Being and Interventions; Routledge: Milton Park, UK, 2007.
7. Biddle, S.J.H.; Asare, M. Physical activity and mental health in children and adolescents: A review of reviews. Br. J. Sports Med.

2011, 45, 886–895. [CrossRef]
8. Qian, H.B.; Wang, Z.Y. Literature Review of Physical Exercise and Mental Health Study; China School Physical Education (Higher

Education): Beijing, China, 2017.
9. Shi, M.; Liu, L.; Wang, Z.Y.; Wang, L. The Mediating Role of Resilience in the Relationship between Big Five Personality and

Anxiety among Chinese Medical Students: A Cross-Sectional Study. PLoS ONE 2015, 10, e0119916. [CrossRef] [PubMed]
10. Lu, C.; Stolk, R.P.; Sauer, P.J.J.; Sijtsma, A.; Wiersma, R.; Huang, G.; Corpeleijn, E. Factors of physical activity among Chinese

children and adolescents: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 36. [CrossRef]
11. China CDC. The Report of 2010 Behavioral Risk Factors Surveillance of PRC. China CDC, 2011. Available online: http://www.

chinacdc.cn/zxdt/201109/t20110906_52141.htm (accessed on 19 April 2021).
12. Habe, K.; Biasutti, M.; Kajtna, T. Flow and Satisfaction with Life in Elite Musicians and Top Athletes. Front. Psychol. 2019, 10, 698.

[CrossRef]
13. Li, G.S.-F.; Lu, F.J.; Wang, A.H.-H. Exploring the Relationships of Physical Activity, Emotional Intelligence and Health in Taiwan

College Students. J. Exerc. Sci. Fit. 2009, 7, 55–63. [CrossRef]
14. Sallis, J.F.; Prochaska, J.J.; Taylor, W.C. A review of correlates of physical activity of children and adolescents. Med. Sci. Sports

Exerc. 2000, 32, 963–975. [CrossRef] [PubMed]
15. Li, Y.; Xu, Z.; Liu, S. Physical Activity, Self-Esteem, and Mental Health in Students from Ethnic Minorities Attending Colleges in

China. Soc. Behav. Pers. Int. J. 2014, 42, 529–537. [CrossRef]
16. Bhochhibhoya, A.; Branscum, P.; Taylor, E. Exploring the relationship of physical activity, emotional intelligence and mental

health among college students. Am. J. Health Stud. 2014, 29, 191–197.
17. Xiaoping, Y. Would College Students Have Higher Life Satisfaction if Participating in More Physical Activities? Youth Stud.

2015, 6.
18. Liu, M.; Wu, L.; Ming, Q. How Does Physical Activity Intervention Improve Self-Esteem and Self-Concept in Children and

Adolescents? Evidence from a Meta-Analysis. PLoS ONE 2015, 10, e0134804. [CrossRef]
19. Stubbs, B.; Koyanagi, A.; Hallgren, M.; Firth, J.; Richards, J.; Schuch, F.; Rosenbaum, S.; Mugisha, J.; Veronese, N.; Lahti, J.; et al.

Physical activity and anxiety: A perspective from the World Health Survey. J. Affect. Disord. 2017, 208, 545–552. [CrossRef]
[PubMed]

20. Anderson, E.; Shivakumar, G. Effects of exercise and physical activity on anxiety. Front. Psychiatry 2013, 4, 27. [CrossRef]
21. Habe, K.; Biasutti, M.; Kajtna, T. Well-being and flow in sports and music students during the COVID-19 pandemic. Think. Skills

Creat. 2021, 39, 100798. [CrossRef]
22. Di Benedetto, M.; Burns, G.L.; Lindner, H.; Kent, S. A biopsychosocial model for depressive symptoms following acute coronary

syndromes. Psychol. Health 2010, 25, 1061–1075. [CrossRef]
23. Di Benedetto, M. A Biopsychosocial Model of Health Status: An Integrated Approach to Physical and Mental Health; RMIT University:

Melbourne, Australia, 2015.
24. Vasey, M.W.; Dadds, M.R. An Introduction to the Developmental Psychopathology of Anxiety; Oxford University Press (OUP): Oxford,

UK, 2001; pp. 3–26.
25. Jaakkola, T.; Yli-Pilpari, S.; Watt, A.; Liukkonen, J. Perceived physical competence towards physical activity, and motivation and

enjoyment in physical education as longitudinal predictors of adolescents’ self-reported physical activity. J. Sci. Med. Sport 2016,
19, 750–754.

26. Lee, E.; Kim, Y. Effect of university students’ sedentary behavior on stress, anxiety, and depression. Perspect. Psychiatr. Care 2019,
55, 164–169. [CrossRef] [PubMed]

27. Wang, L.; Li, J.; Bai, S.; Liu, T.; Pei, T.; Liu, Z.; Wang, L.; Yang, D.; Ruan, C. The effect of different exercise on anxiety and
depression of college students. In Proceedings of the 2018 International Conference on Biotechnology and Bioengineering (8th
ICCB, Budapest, Hungary, 24–26 October 2019.

28. Taylor, S.E.; Brown, J.D. Illusion and well-being: A social psychological perspective on mental health. Psychol. Bull. 1988, 103, 193.
[CrossRef]

http://doi.org/10.1177/1029864914523282
http://doi.org/10.1007/s12144-018-0016-3
http://doi.org/10.2190/AG.66.1.a
http://doi.org/10.1080/03055690600850016
http://doi.org/10.1136/bjsports-2011-090185
http://doi.org/10.1371/journal.pone.0119916
http://www.ncbi.nlm.nih.gov/pubmed/25794003
http://doi.org/10.1186/s12966-017-0486-y
http://www.chinacdc.cn/zxdt/201109/t20110906_52141.htm
http://www.chinacdc.cn/zxdt/201109/t20110906_52141.htm
http://doi.org/10.3389/fpsyg.2019.00698
http://doi.org/10.1016/S1728-869X(09)60008-3
http://doi.org/10.1097/00005768-200005000-00014
http://www.ncbi.nlm.nih.gov/pubmed/10795788
http://doi.org/10.2224/sbp.2014.42.4.529
http://doi.org/10.1371/journal.pone.0134804
http://doi.org/10.1016/j.jad.2016.10.028
http://www.ncbi.nlm.nih.gov/pubmed/27802893
http://doi.org/10.3389/fpsyt.2013.00027
http://doi.org/10.1016/j.tsc.2021.100798
http://doi.org/10.1080/08870440903019535
http://doi.org/10.1111/ppc.12296
http://www.ncbi.nlm.nih.gov/pubmed/29797324
http://doi.org/10.1037/0033-2909.103.2.193


Int. J. Environ. Res. Public Health 2021, 18, 4468 11 of 13

29. Hepper, E.G.; Sedikides, C.; Cai, H. Self-enhancement and self-protection strategies in China: Cultural expressions of a funda-
mental human motive. J. Cross Cult. Psychol. 2013, 44, 5–23. [CrossRef]

30. O’Mara, E.M.; Gaertner, L.; Sedikides, C.; Zhou, X.; Liu, Y. A longitudinal-experimental test of the panculturality of self-
enhancement: Self-enhancement promotes psychological well-being both in the west and the east. J. Res. Pers. 2012, 46, 157–163.
[CrossRef]

31. Alicke, M.D.; Sedikides, C. Self-enhancement and self-protection: What they are and what they do. Eur. Rev. Soc. Psychol. 2009,
20, 1–48. [CrossRef]

32. Hohenberger, C.; Spörrle, M.; Welpe, I.M. Not fearless, but self-enhanced: The effects of anxiety on the willingness to use
autonomous cars depend on individual levels of self-enhancement. Technol. Forecast. Soc. Chang. 2017, 116, 40–52. [CrossRef]

33. Sedikides, C.; Rudich, E.A.; Gregg, A.P.; Kumashiro, M.; Rusbult, C. Are normal narcissists psychologically healthy?: Self-esteem
matters. J. Pers. Soc. Psychol. 2004, 87, 400–416. [CrossRef] [PubMed]

34. Dai, Q.; Chu, R.-X. Anxiety, happiness and self-esteem of western Chinese left-behind children. Child Abus. Negl. 2018, 86,
403–413. [CrossRef]

35. Marshall, M.A.; Brown, J.D. On the Psychological benefits of Self-enhancement. In Self-Criticism and Self-Enhancement: Theory,
Research, and Clinical Implications; Chang, E.C., Ed.; American Psychological Association: Worcester, UK, 2008; pp. 19–36.

36. Dufner, M.; Gebauer, J.E.; Sedikides, C.; Denissen, J.J.A. Self-Enhancement and Psychological Adjustment: A Meta-Analytic
Review. Pers. Soc. Psychol. Rev. 2018, 23, 48–72. [CrossRef] [PubMed]

37. Taylor, S.E.; Lerner, J.S.; Sherman, D.K.; Sage, R.M.; McDowell, N.K. Are self-enhancing cognitions associated with healthy or
unhealthy biological profiles? J. Pers. Soc. Psychol. 2003, 85, 605–615. [CrossRef]

38. Skayannis, P.; Goudas, M.; Rodakinias, P. Sustainable mobility and physical activity: A meaningful marriage. Transp. Res. Procedia
2017, 24, 81–88. [CrossRef]

39. Schwaneberg, T.; Weymar, F.; Ulbricht, S.; Dörr, M.; Hoffmann, W.; Berg, N.V.D. Relationship between objectively measured
intensity of physical activity and self-reported enjoyment of physical activity. Prev. Med. Rep. 2017, 7, 162–168. [CrossRef]
[PubMed]

40. Ullrich-French, S.; Cole, A.N.; Montgomery, A.K. Evaluation development for a physical activity positive youth development
program for girls. Eval. Program Plan. 2016, 55, 67–76. [CrossRef] [PubMed]

41. Colvin, C.; Griffo, R. Self-Criticism and Self-Enhancement: Theory, Research, and Clinical Implications; Chang, E., Ed.; American
Psychological Association: Washington, DC, USA, 2008.

42. Blatt, S.J. Levels of Object Representation in Anaclitic and Introjective Depression. Psychoanal. Study Child 1974, 29, 107–157.
[CrossRef] [PubMed]

43. Duarte, C.; Stubbs, J.; Pinto-Gouveia, J.; Matos, M.; Gale, C.; Morris, L.; Gilbert, P. The Impact of Self-Criticism and Self-
Reassurance on Weight-Related Affect and Well-Being in Participants of a Commercial Weight Management Programme. Obes.
Facts 2017, 10, 65–75. [CrossRef]

44. Kotera, Y.; Green, P.; Sheffield, D. Mental Health Attitudes, Self-Criticism, Compassion and Role Identity among UK Social Work
Students. Br. J. Soc. Work 2018, 49, 351–370. [CrossRef]

45. Zhang, H.; Watson-Singleton, N.N.; Pollard, S.E.; Pittman, D.M.; Lamis, D.A.; Fischer, N.L.; Patterson, B.; Kaslow, N.J. Self-
Criticism and Depressive Symptoms: Mediating Role of Self-Compassion. Omega J. Death Dying 2017, 80, 202–223. [CrossRef]

46. Kopala-Sibley, D.C.; Zuroff, D.C. The developmental origins of personality factors from the self-definitional and relatedness
domains: A review of theory and research. Rev. Gen. Psychol. 2014, 18, 137–155. [CrossRef]

47. Gong, T.; Ren, Y.; Wu, J.; Jiang, Y.; Hu, W.; You, J. The associations among self-criticism, hopelessness, rumination, and NSSI in
adolescents: A moderated mediation model. J. Adolesc. 2019, 72, 1–9. [CrossRef]

48. Wadsworth, L.P.; Forgeard, M.; Hsu, K.J.; Kertz, S.; Treadway, M.; Björgvinsson, T. Examining the Role of Repetitive Negative
Thinking in Relations Between Positive and Negative Aspects of Self-compassion and Symptom Improvement During Intensive
Treatment. Cogn. Ther. Res. 2018, 42, 236–249. [CrossRef]

49. James, K.; Verplanken, B.; Rimes, K.A. Self-criticism as a mediator in the relationship between unhealthy perfectionism and
distress. Pers. Individ. Differ. 2015, 79, 123–128. [CrossRef]

50. Kayani, S.; Wang, J.; Kayani, S.; Kiyani, T.; Qiao, Z.; Zou, X.; Imran, M. Self-System Mediates the Effect of Physical Activity on
Students’ Anxiety: A study from Canada. Asia Pac. Educ. Res. 2020, 1–15. [CrossRef]

51. Cairney, J.; Faulkner, G.; Veldhuizen, S.; Wade, T.J. Changes over Time in Physical Activity and Psychological Distress among
Older Adults. Can. J. Psychiatry 2009, 54, 160–169. [CrossRef] [PubMed]

52. Vancampfort, D.; Van Damme, T.; Probst, M.; Vandael, H.; Hallgren, M.; Mutamba, B.B.; Nabanoba, J.; Basangwa, D.; Mugisha, J.
Motives for physical activity in the adoption and maintenance of physical activity in men with alcohol use disorders. Psychiatry
Res. 2018, 261, 522–526. [CrossRef] [PubMed]

53. Vancampfort, D.; Stubbs, B.; Venigalla, S.K.; Probst, M. Adopting and maintaining physical activity behaviours in people with
severe mental illness: The importance of autonomous motivation. Prev. Med. 2015, 81, 216–220. [CrossRef]

54. Chan, J.S.Y.; Liu, G.; Liang, D.; Deng, K.; Wu, J.; Yan, J.H. Special Issue—Therapeutic Benefits of Physical Activity for Mood: A
Systematic Review on the Effects of Exercise Intensity, Duration, and Modality. J. Psychol. 2019, 153, 102–125. [CrossRef]

55. Kim, A.C.H.; Park, S.H.; Kim, S.; Fontes-Comber, A. Psychological and social outcomes of sport participation for older adults: A
systematic review. Ageing Soc. 2019, 40, 1529–1549. [CrossRef]

http://doi.org/10.1177/0022022111428515
http://doi.org/10.1016/j.jrp.2012.01.001
http://doi.org/10.1080/10463280802613866
http://doi.org/10.1016/j.techfore.2016.11.011
http://doi.org/10.1037/0022-3514.87.3.400
http://www.ncbi.nlm.nih.gov/pubmed/15382988
http://doi.org/10.1016/j.chiabu.2016.08.002
http://doi.org/10.1177/1088868318756467
http://www.ncbi.nlm.nih.gov/pubmed/29534642
http://doi.org/10.1037/0022-3514.85.4.605
http://doi.org/10.1016/j.trpro.2017.05.072
http://doi.org/10.1016/j.pmedr.2017.06.004
http://www.ncbi.nlm.nih.gov/pubmed/28702313
http://doi.org/10.1016/j.evalprogplan.2015.12.002
http://www.ncbi.nlm.nih.gov/pubmed/26741783
http://doi.org/10.1080/00797308.1974.11822616
http://www.ncbi.nlm.nih.gov/pubmed/4445397
http://doi.org/10.1159/000454834
http://doi.org/10.1093/bjsw/bcy072
http://doi.org/10.1177/0030222817729609
http://doi.org/10.1037/gpr0000013
http://doi.org/10.1016/j.adolescence.2019.01.007
http://doi.org/10.1007/s10608-017-9887-0
http://doi.org/10.1016/j.paid.2015.01.030
http://doi.org/10.1007/s40299-020-00530-0
http://doi.org/10.1177/070674370905400304
http://www.ncbi.nlm.nih.gov/pubmed/19321020
http://doi.org/10.1016/j.psychres.2018.01.038
http://www.ncbi.nlm.nih.gov/pubmed/29395875
http://doi.org/10.1016/j.ypmed.2015.09.006
http://doi.org/10.1080/00223980.2018.1470487
http://doi.org/10.1017/S0144686X19000175


Int. J. Environ. Res. Public Health 2021, 18, 4468 12 of 13

56. Kayani, S.; Wang, J.; Biasutti, M.; Sánchez, M.L.Z.; Kiyani, T.; Kayani, S. Mechanism Between Physical Activity and Academic
Anxiety: Evidence from Pakistan. Sustainability 2020, 12, 3595. [CrossRef]

57. Markus, H.R.; Kitayama, S. Culture and the self: Implications for cognition, emotion, and motivation. Psychol. Rev. 1991, 98,
224–253. [CrossRef]

58. Heine, S.J.; Lehman, D.R.; Markus, H.R.; Kitayama, S. Is there a universal need for positive self-regard? Psychol. Rev. 1999, 106,
766–794. [CrossRef]

59. Lu, L. The Individual-Oriented and Social-Oriented Chinese Bicultural Self: Testing the Theory. J. Soc. Psychol. 2008, 148, 347–373.
[CrossRef]

60. Fagaras, S.-P.; Radu, L.-E.; Vanvu, G. The Level of Physical Activity of University Students. Procedia Soc. Behav. Sci. 2015, 197,
1454–1457. [CrossRef]

61. Buckworth, J.; Nigg, C. Physical Activity, Exercise, and Sedentary Behavior in College Students. J. Am. Coll. Health 2004, 53, 28–34.
[CrossRef] [PubMed]

62. Orth, U.; Robins, R.W. The development of self-esteem. Current directions in psychological science. Psychol. Sci. 2014, 23, 381–387.
63. Florindo, A.A.; Guimarães, V.V.; Cesar, C.L.G.; De Azevedo Barros, M.B.; Alves, M.C.G.P.; Goldbaum, M. Epidemiology of

Leisure, Transportation, Occupational, and Household Physical Activity: Prevalence and Associated Factors. J. Phys. Act. Health
2009, 6, 625–632. [CrossRef] [PubMed]

64. Petersen, C.B.; Thygesen, L.C.; Helge, J.W.; Grønbæk, M.; Tolstrup, J.S. Time trends in physical activity in leisure time in the
Danish population from 1987 to 2005. Scand. J. Public Health 2010, 38, 121–128. [CrossRef] [PubMed]

65. Cho, M.-H. Preliminary reliability of the five item physical activity questionnaire. J. Phys. Ther. Sci. 2016, 28, 3393–3397. [CrossRef]
66. Cho, M.-H. Are Korean Adults Meeting the Recommendation for Physical Activity during Leisure Time? J. Phys. Ther. Sci. 2014,

26, 841–844. [CrossRef]
67. Thompson, R.; Zuroff, D.C. The Levels of Self-Criticism Scale: Comparative self-criticism and internalized self-criticism. Pers.

Individ. Differ. 2004, 36, 419–430. [CrossRef]
68. Brislin, R.W. Translation and content analysis of oral and written material. In Handbook of Cross-Cultural Psychology; Triandis, H.,

Berry, J.W., Eds.; Cambridge University Press: Cambridge, UK, 1980.
69. Marteau, T.M.; Bekker, H. The development of a six-item short-form of the state scale of the Spielberger State—Trait Anxiety

Inventory (STAI). Br. J. Clin. Psychol. 1992, 31, 301–306. [CrossRef]
70. Alacacioglu, A.; Binicier, O.; Gungor, O.; Oztop, I.; Dirioz, M.; Yilmaz, U. Quality of life, anxiety, and depression in Turkish

colorectal cancer patients. Support. Care Cancer 2010, 18, 417–421. [CrossRef]
71. Fioravanti-Bastos, A.C.M.; Cheniaux, E.; Landeira-Fernandez, J. Development and validation of a short-form version of the

Brazilian state-trait anxiety inventory. Psicol. Reflexão Crítica 2011, 24, 485–494. [CrossRef]
72. Vigneau, F.; Cormier, S. The Factor Structure of the State-Trait Anxiety Inventory: An Alternative View. J. Pers. Assess. 2008, 90,

280–285. [CrossRef] [PubMed]
73. Hair, J.F.; Black, B.; Babin, B.; Anderson, R.E. Multivariate Data Analysis, 7th ed.; Prentice-Hall, Inc.: Hoboken, NJ, USA, 2010.
74. Hu, L.T.; Bentler, P.M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.

Struct. Equ. Model. 1999, 6, 1–55. [CrossRef]
75. Preacher, K.J.; Hayes, A.F. Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple mediator

models. Behav. Res. Methods 2008, 40, 879–891. [CrossRef]
76. George, D.; Mallery, P. SPSS for Windows Step by Step: A Simple Study Guide and Reference, 17.0 Update; Allyn & Bacon, Inc.: Boston,

MA, USA, 2010.
77. Podsakoff, P.M.; Organ, D.W. Self-Reports in Organizational Research: Problems and Prospects. J. Manag. 1986, 12, 531–544.

[CrossRef]
78. Eichhorn, B.R. Common Method Variance Techniques; SAS Institute Inc.: Carrey, NC, USA, 2014.
79. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach, 2nd ed.; Guilford

Press: New York, NY, USA, 2018.
80. Rebar, A.L.; Stanton, R.; Geard, D.; Short, C.; Duncan, M.J.; Vandelanotte, C. A meta-meta-analysis of the effect of physical activity

on depression and anxiety in non-clinical adult populations. Health Psychol. Rev. 2015, 9, 366–378. [CrossRef]
81. Viana, R.B.; Campos, M.H.; Santos, D.D.A.T.; Xavier, I.C.M.; Vancini, R.L.; Andrade, M.S.; De Lira, C.A.B. Improving Academic

Performance of Sport and Exercise Science Undergraduate Students in Gross Anatomy Using a Near-Peer Teaching Program.
Anat. Sci. Educ. 2019, 12, 74–81. [CrossRef] [PubMed]

82. Kayani, S.; Kiyani, T.; Wang, J.; Sánchez, M.L.Z.; Kayani, S.; Qurban, H. Physical Activity and Academic Performance: The
Mediating Effect of Self-Esteem and Depression. Sustainability 2018, 10, 3633. [CrossRef]

83. Van Dijk, M.L.; De Groot, R.H.; Savelberg, H.H.; Van Acker, F.; Kirschner, P.A. The Association between Objectively Measured
Physical Activity and Academic Achievement in Dutch Adolescents: Findings from the GOALS Study. J. Sport Exerc. Psychol.
2014, 36, 460–473. [CrossRef] [PubMed]

84. Ho, F.K.W.; Louie, L.H.T.; Chow, C.B.; Wong, W.H.S.; Ip, P. Physical activity improves mental health through resilience in Hong
Kong Chinese adolescents. BMC Pediatr. 2015, 15, 48. [CrossRef]

http://doi.org/10.3390/su12093595
http://doi.org/10.1037/0033-295X.98.2.224
http://doi.org/10.1037/0033-295X.106.4.766
http://doi.org/10.3200/SOCP.148.3.347-374
http://doi.org/10.1016/j.sbspro.2015.07.094
http://doi.org/10.3200/JACH.53.1.28-34
http://www.ncbi.nlm.nih.gov/pubmed/15266727
http://doi.org/10.1123/jpah.6.5.625
http://www.ncbi.nlm.nih.gov/pubmed/19953839
http://doi.org/10.1177/1403494809357098
http://www.ncbi.nlm.nih.gov/pubmed/20064919
http://doi.org/10.1589/jpts.28.3393
http://doi.org/10.1589/jpts.26.841
http://doi.org/10.1016/S0191-8869(03)00106-5
http://doi.org/10.1111/j.2044-8260.1992.tb00997.x
http://doi.org/10.1007/s00520-009-0679-2
http://doi.org/10.1590/S0102-79722011000300009
http://doi.org/10.1080/00223890701885027
http://www.ncbi.nlm.nih.gov/pubmed/18444124
http://doi.org/10.1080/10705519909540118
http://doi.org/10.3758/BRM.40.3.879
http://doi.org/10.1177/014920638601200408
http://doi.org/10.1080/17437199.2015.1022901
http://doi.org/10.1002/ase.1790
http://www.ncbi.nlm.nih.gov/pubmed/29659165
http://doi.org/10.3390/su10103633
http://doi.org/10.1123/jsep.2014-0014
http://www.ncbi.nlm.nih.gov/pubmed/25356610
http://doi.org/10.1186/s12887-015-0365-0


Int. J. Environ. Res. Public Health 2021, 18, 4468 13 of 13

85. White, K.; Kendrick, T.; Yardley, L. Change in self-esteem, self-efficacy and the mood dimensions of depression as potential
mediators of the physical activity and depression relationship: Exploring the temporal relation of change. Ment. Health Phys. Act.
2009, 2, 44–52. [CrossRef]

86. Chen, W.-W.; Chen, C.-C.; Dai, C.-L.; Man, N.U.; Cheng, L. Is the incremental theory of intelligence a key to students’ motivational
engagement? The moderating effects of self-enhancement and self-criticism. Interact. Learn. Environ. 2017, 26, 730–744. [CrossRef]

87. Pitts, B.L.; Whealin, J.M.; Harpaz-Rotem, I.; Duman, R.S.; Krystal, J.H.; Southwick, S.M.; Pietrzak, R.H. BDNF Val66Met polymor-
phism and posttraumatic stress symptoms in U.S. military veterans: Protective effect of physical exercise. Psychoneuroendocrinology
2019, 100, 198–202. [CrossRef] [PubMed]

http://doi.org/10.1016/j.mhpa.2009.03.001
http://doi.org/10.1080/10494820.2017.1402061
http://doi.org/10.1016/j.psyneuen.2018.10.011
http://www.ncbi.nlm.nih.gov/pubmed/30388593

	Theoretical Background 
	Method 
	Measurement of Variables 
	Physical Activity 
	Self-Enhancement 
	Self-Criticism 
	Anxiety 

	Data Analysis 

	Results 
	Demographic Information 
	Preliminary Analyses 
	Correlation among Study Variables 
	Validity and Reliability 
	Results of the Tested Pathways 

	Discussion 
	Limitations and Future Research 
	Conclusions 
	References

