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ABSTRACT

Background: Since the COVID-19 outbreak, the severity of college student’s mental health has
increased, with depression being the most prominent. This study’s primary purpose was to
explore (1) whether the perceived stress of COVID-19 was associated with depression
through sequential mediation of mindfulness and dysexecutive function and also (2) the
temporal association among mindfulness, dysexecutive function and depression.

Methods: We performed two studies to evaluate dysexecutive function as a mechanism
through which mindfulness impacts depression under the stress of the COVID-19 pandemic.
Study 1 used a sequential mediation model to test the mediating role of mindfulness and
dysexecutive function between the perceived stress of COVID-19 and depression based on
1,665 emerging adults. Study 2 used a random-effect, cross-lagged panel model (RE-CLPM)
to test the directionality among mindfulness, dysexecutive function, and depression based
on 370 emerging adults.

Results: The cross-sectional study showed that perceived stress of COVID-19 was positively
associated with depression through the sequential mediation of mindfulness and
dysexecutive function (effect: 0.08, 95%Cl=[0.07, 0.10]), also through the mediation of
mindfulness (effect: 0.05, 95%Cl = [0.03, 0.06]) and dysexecutive function (effect: 0.08, 95%Cl =
[0.06, 0.10]) separately. The RE-CLPM study indicated that dysexecutive function mediates the
reciprocal relation between mindfulness and depression at the within-person level.
Conclusion: These results suggest that dysexecutive function is an intermediate psychological
mechanism that exacerbates depression under pandemic-related stress. Mindfulness can
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HIGHLIGHTS

predict dysexecutive function and subsequently improve depression. As depression under
pandemic-related stress can weaken the mindful state, long-term mindfulness practices are
needed to maintain mental health during COVID-19.

El papel de la atencion plena y el funcionamiento disejecutivo en la
asociacion entre la depresion y el estrés relacionado con COVID-19:
analisis transversales y longitudinales

Dysexecutive function is a
potential cognitive risk
factor of depression under
pandemic stress using
cross-sectional data.

The random effect cross-
lagged panel model (RE-
CLPM) demonstrated
temporal association

among mindfulness,
dysexecutive functions,
and depression.
Long-term mindfulness
practices are needed to
maintain mental health
under COVID-19 stress.

Antecedentes: Desde el brote de COVID-19, la gravedad de la salud mental de los estudiantes
universitarios ha aumentado, siendo la depresidn la mas prominente. El propésito principal de
este estudio fue explorar (1) si el estrés percibido por COVID-19 estaba asociado con la
depresion a través de la mediacidn secuencial de la atencién plena y la funcién disejecutiva,
y también (2) la asociacion temporal entre la atencion plena, la funcién disejecutiva y la
depresion.

Métodos: Realizamos dos estudios para evaluar la funcién disejecutiva como un mecanismo a
través del cual la atencién plena afecta la depresion bajo el estrés de la pandemia de COVID-19.
El Estudio 1 usé un modelo de mediacién secuencial para probar el papel mediador de la
atencion plena y la funcién disejecutiva entre el estrés percibido de COVID-19 y la
depresion, basado en 1665 adultos emergentes. El Estudio 2 usé un modelo de panel
cruzado de efectos aleatorios (RE-CLPM) para probar la direccionalidad entre la atencion
plena, la funcién disejecutiva y la depresion, basado en 370 adultos emergentes.
Resultados: el estudio transversal mostré que el estrés percibido de COVID-19 se asocid
positivamente con la depresién a través de la mediaciéon secuencial de atencién plena y
funcién disejecutiva (efecto: 0.08, IC 95% = [0.07, 0.10]), también a través de la mediacién de
atencion plena (efecto: 0.05, IC del 95 % = [0.03, 0.06]) y funcién disejecutiva (efecto: 0.08, IC
del 95 % =[0.06, 0.10]) por separado. El estudio RE-CLPM indicé que la funcién disejecutiva
media la relacién reciproca entre la atencién plenay la depresién a nivel interno de la persona.
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Conclusién: Estos resultados sugieren que la funciéon disejecutiva es un mecanismo
psicoldgico intermedio que exacerba la depresién bajo el estrés relacionado con la
pandemia. La atencién plena puede predecir la funcion disejecutiva y, posteriormente,
mejorar la depresion. Dado que la depresidon bajo el estrés relacionado con la pandemia
puede debilitar el estado de atencidn, se necesitan practicas de atencién plena a largo plazo
para mantener la salud mental durante el COVID-19.
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1. Introduction

From 2001 to 2020, the prevalence of self-reported
depressive symptoms increased by 34% (Shorey
et al., 2022), and COVID-19 increased the risk of
major depression by 27.6% (Daly & Robinson, 2022).
A longitudinal study reported increased mental health
problems among adults during the COVID-19 pan-
demic and showed the greatest increase among col-
lege-aged participants (18-24 years) (Pierce et al,
2020). Approximately 37% of college students world-
wide have reported depressive symptoms during the
COVID-19 pandemic (Wang et al., 2021). Executive
function is the top-down cognitive regulation process
to exclude interference from irrelevant stimuli and
achieve specific goals, including inhibition, working
memory, information process, and cognitive flexibility
(Diamond, 2013). According to the cognitive
depression theory, dysexecutive function over mood-
congruent material may cause negative biases in atten-
tion and working memory, resulting in increased use
of maladaptive emotion regulation strategies and
depression (LeMoult & Gotlib, 2019).

Evidence from meta-analysis studies has suggested
that depression severity is associated with dysexecu-
tive function (McDermott & Ebmeier, 2009) and
may exacerbate working memory deficits (Nikolin
et al., 2021). The response inhibition defect of negative
materials may be a key mechanism related to the
increased risk of depression (Joormann, 2010).
The role of dysexecutive functions in depression can
be seen in the dual process of cognitive vulnerability
to depression: associative and reflective. The reflective
mode is effortful and slow, whereas the associative

mode is adverse. Individuals with depression engage
in negative automatic processing and negative think-
ing, potentially leading to negative cognitive or
emotional responses. When reflective processing, the
automatic correcting processing, is biased, non-adap-
tive mood onset weakens cognitive resources, leading
to a downward spiral (see Figure 1). According to this
theory, reflection can be triggered when one has
sufficient cognitive resources and is aware that associ-
ative processing violates our expectation (Beevers,
2005). Executive function is necessary for reflective
processing, allowing individuals to reprocess infor-
mation elaboratively (Zelazo, 2020).

The individual differences in dysexecutive function
and depression can be considered from the framework
of the cognitive diathesis-stress model. Specifically,
cognitive diathesis, including dysfunctional attitudes
and negative attribution schemata, interacts with per-
ceived stress (Lewinsohn et al., 2001). From a neuro-
developmental perspective (Zelazo, 2020), adverse
childhood experiences make individuals more suscep-
tible to stress and impair executive function. For
example, Liston et al. (2009) found that prolonged
stress adversely influences prefrontal function during
executive function tasks. However, when the perceived
stressor is removed, these individuals return to lower
stress levels one month later, reducing long-term dys-
executive function.

These theories and findings suggest that interventions
for depression are possible by addressing stress and dys-
executive function. In this regard, mindfulness interven-
tion may allow individuals with depression to improve
their executive functions and trigger reflective proces-
sing, as suggested by the Monitor and Acceptance
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Figure 1. A dual process of the cognitive vulnerability of depression.

Theory (MAT) (Lindsay & Creswell, 2017). From the
view of MAT, awareness is a skill that explains how
mindfulness improves executive function, and accep-
tance is important for lowering affective reactivity.
These two abilities explain how mindfulness improves
negative affectivity like depression (Lindsay & Creswell,
2017). Moreover, the brain region activated by mindful-
ness interventions and executive function overlapped,
mainly in the PFC and ACC (Rogers et al., 2004; Tang
et al, 2015). Mindfulness interventions can enhance
executive control by improving the prefrontal lobe’s abil-
ity to regulate the entire limbic system (Tang et al,
2015).

In addition, the Broaden-and-Build Theory (BBT)
and Mindfulness-to-meaning (MMT) show how mind-
fulness can help minimize depression. According to
BBT, mindfulness intervention can produce positive
emotions, and the repeated experience of positive
emotions can spiral into a sense of happiness, improv-
ing the function of brain regions related to emotion
regulation. Conversely, negative emotional experiences
can create a downward spiral, potentially leading to
depression (Garland et al., 2010). MMT is proposed
based on BBT to answer how mindfulness intervention
produces positive emotions. The theory proposed that
the decentralized mechanism of mindfulness can
reduce automated cognitive responses and enhance
positive emotions, thereby expanding the range of
attention and enhancing cognitive flexibility. This
change in cognitive ability allows individuals to reap-
praise stressors, generate positive emotions, and con-
struct a sense of meaning in life (Garland et al,, 2015).

Generally speaking, dysexecutive function seems to
be an essential risk factor for depression, which the
pandemic stress could further exacerbate. Mindfulness
explains the change of dysexecutive function, sub-
sequently alleviating depression. Mindfulness’s decen-
tering (metacognition) mechanism enables individuals
to adopt a bystander perspective on everyday stress,
thus freeing up more cognitive resources to alleviate
dysexecutive function and decrease perceived pan-
demic stress. Nevertheless, stress may also negatively

influence reflection processing and impaired mindful-
ness state (Zelazo, 2020). In order to test the relations
among these variables, study 1 used cross-sectional
data to determine whether perceived stress of
COVID-19 was associated with depression through
the mediation of dysexecutive function and mindful-
ness. Study 2 used longitudinal data to explore tem-
poral association among mindfulness, dysexecutive
function, and depression.

2, Brief introduction of study 1

As discussed previously, dysexecutive function makes it
difficult for people to suppress negative information,
allowing it to enter their working memory and leading
to potential depression (Joormann, 2010). Based on
MAT and BBT discussed above, mindfulness practice
may reduce depression symptoms by enhancing execu-
tive function. Although executive function plays a role
in how mindfulness affects depression, perceived stress
may impair it and interfere with mindfulness (Spada
etal,, 2008). Thus, in Study 1, we tested four hypotheses
based on the sequential mediation model, as depicted in
Figure 2, using cross-sectional data.

Hypothesis 1 (H1): perceived stress of COVID-19 is
positively correlated with depression.

Hypothesis 2 (H2): mindfulness mediates between the
perceived stress of COVID-19 and depression.
Hypothesis 3(H3): dysexecutive function mediates
between the perceived stress of COVID-19 and
depression.

Hypothesis 4 (H4): mindfulness and dysexecutive
function play sequential mediation between the per-
ceived stress of COVID-19 and depression.

3. Method of study 1
3.1. Participants and procedure

Random sampling was employed to recruit 2,000 par-
ticipants from several universities and communities
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Figure 2. The conceptual model of the sequential mediation role of mindfulness and dysexecutive function.

in Chongqing, Guangxi, and Hubei provinces in
December 2021. The university sample was stratified
by college year (i.e. freshman, sophomore, junior,
and senior). Questionnaires were completed through
an online survey platform. Data from 335 partici-
pants were omitted because they did not provide
valid responses to the detector items (i.e. ‘please
choose the third option’) or took less than 5 min to
complete all questions. The final sample included
1,665 participants, with 768 males and 897 females.
The age of the participants ranged from 18 to 25
(M =21.3; SD=1.35) years. Informed consent was
obtained from all participants before the study
started. This study was approved by the academic
committee of Southwest University (number
H22037).

3.2. Measures

3.2.1. Perceived stress scale adapted for

COVID-19 (PSS-10-C)

The Perceived Stress Scale adapted for COVID-19
(PSS-10-C) was modified from the PSS-10, designed
to assess perceived stress from COVID-19. All
items describe situations related to pandemic stress
(i.e. I have felt affected as if something serious will
happen unexpectedly with the epidemic). This scale
includes ten items and scores from 1 to 4. The aver-
age score was created by averaging responses across
all items, and the higher score indicated greater per-
ceived stress for COVID-19 (Pedrozo-Pupo et al,
2020). The confirmatory factor analyses show that
PSS-10-C is a valid and reliable tool for assessing
COVID-19 related stress among emerging adults
(> =295.6; df =34; p<.001; y*/df = 8.7; RMESA =
0.08; 90%CI, 0.07-0.09; CFI =.93; TLI=.91; SRMR
=.05) (Campo-Arias et al.,, 2021). Cronbach’s a in
the current study was 0.72.

3.2.2. Dysexecutive questionnaire (DEX)

The Dysexecutive Questionnaire (DEX) has 20 items,
with a self-reported rating scale designed to measure
dysexecutive symptoms, including intentionality, inhi-
bition, positive affect, and negative affect executive

memory. This scale is scored from 1-5. The average
score was created by averaging responses across all
items, and higher scores indicate greater dysexecutive
function (Burgess et al., 1998). The DEX was reported
to have good reliability and validity for the early detec-
tion of prefrontal dysfunction (Pedrero-Pérez et al,
2015). The Cronbach’s a of this scale in the current
study was 0.93.

3.2.3. Mindfulness attention awareness scale
(MAAS)

The Mindfulness Attention Awareness Scale (MAAS)
was designed to measure self-awareness and has only
one factor, mindfulness. This scale includes 15 items
and is scored from 1-6. The average score was created
by averaging responses across all items, and the higher
the ability to be self-aware (Brown & Ryan, 2003). The
Chinese version of the MAAS appears to be a reliable
and valid instrument to assess levels of mindfulness in
a Chinese college population (Deng et al., 2012). The
Cronbach’s a of this scale in the current study was 0.91.

3.2.4. Centre for epidemiological studies
depression scale (CES-D)

The Center for Epidemiological Studies Depression
Scale (CES-D) was designed to measure depression
symptoms in the general population (Radloff, 1977).
This scale consists of 20 items for somatic symptoms,
depressive, and positive emotions (Yen et al., 2000).
The response scale was from 1 to 4, with 1 indicating
low depression and 4 indicating high depression. The
average score was created by averaging responses
across all items, and higher scores indicate a higher
level of depressive symptoms. CES-D was reported
to have good reliability and validity for Chinese uni-
versity students (Jiang et al.,, 2019). The Cronbach’s
a of the CES-D in the current study was 0.91.

3.2.5. Childhood trauma questionnaire-short

form (CTQ-SF)

The childhood trauma questionnaire-short form (CTQ-
SF) was designed to assess childhood trauma before the
age of 16 years. This scale has 28 items, including phys-
ical neglect, physical abuse, emotional neglect, emotional



abuse, and sexual abuse, and is scored from 1-5. The
average score was created by averaging responses across
all items, and higher total scores indicate greater child-
hood trauma (Bernstein et al., 2003). The Cronbach’s a
of the CTQ-SF in the current study was 0.90. Because
childhood traumatic experience can influence depressive
symptoms (Hill, 2003), this study used it as a covariate.

4, Data analysis of Study 1

We excluded cases who responded to the detection
items incorrectly or completed the survey in less
than 5 min to ensure the questionnaire’s validity. We
first conducted a descriptive statistical analysis of the
key variables. Then, we tested common method bias
(e.g. variation due to the same data acquisition
method, project’s characteristics, or the subjects’
response bias) in the survey instruments using Har-
man’s single-factor test (Podsakoff et al., 2003). The
first factor’s cumulative variance contribution rate of
less than 40% indicated no significant common
method bias, and this rate was 28.9% in the current
study, suggesting no common method bias. Third, to
test the four hypotheses, we chose Model 6 from PRO-
CESS macro. A total of 5,000 samples were con-
structed, each with a sample size of 1,665 (Hayes &
Rockwood, 2020). Again, because childhood traumatic
experiences can influence depressive symptoms, this
study used it as a covariate.

5. Results of Study 1
5.1. Descriptive statistics and correlations

Table 1 presents the descriptive statistics of the vari-
ables. Perceived stress of COVID-19, dysexecutive
function, depression, and childhood trauma showed
significant positive correlations, and mindfulness was
negatively correlated with them, which is consistent
with what we expected. Since childhood trauma was
positively correlated with depression, we used it as a
covariate in the cross-sectional mediation analysis.
There was no significant correlation between gender
and depression in this study.

5.2. The effect of perceived stress of COVID-19
on depression: a sequential mediation of
mindfulness and dysexecutive function

The result showed the significant direct effect of the
perceived stress of COVID-19 on depression was
0.14 (95% CI=10.10, 0.18]). The indirect effect of
mindfulness as a mediation variable was 0.05 (95%
CI=[0.03, 0.06]). The indirect effect of dysexecutive
function as a mediation variable was 0.08 (95%CI =
[0.06, 0.10]). The indirect effect of sequential
mediation of mindfulness and dysexecutive function
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was 0.08 (95%CI=[0.07, 0.10]). All these indirect
effects were statistically significant, supporting all
four hypotheses. The regression analysis for the
sequential mediation model is shown in Table 2.

6. Discussion of Study 1

The findings of this study supported all four hypoth-
eses. Consistent with earlier studies (Liu & Wang,
2021; Zandifar et al, 2020), the perceived stress of
COVID-19 was positively associated with depression.
This relation is mediated through dysexecutive func-
tion. This mediation effect is expected, given that the
central executive network (CEN) regulates cognition
and emotion from the top down and is easily affected
by perceived stress (Datta & Arnsten, 2019). The
relation between the perceived stress of COVID-19
and depression is also mediated by mindfulness. This
was also expected, given that the advanced function
of metacognition, which depends on reflection proces-
sing, is likewise sensitive to perceived pandemic stress
(Zelazo, 2020). The basic mechanism of mindfulness,
metacognition, acts as an advanced cognitive self-regu-
lation technique that enables depressed people to
observe stressful events from a bystander perspective
without getting engaged (Bennett et al., 2021).

More interestingly, mindfulness and dysexecutive
function played a sequential mediation role between
the perceived stress of COVID-19 and depression.
The findings supported the BBT and MMT. The decen-
tering mechanism of mindfulness is associated with
positive emotion, which increases cognitive flexibility
and reduces dysexecutive function. It is also associated
with a sense of meaning and lower depression (Bennett
et al., 2021; Garland et al., 2010; Garland et al., 2015).
Stress and unfavourable feelings can, in turn, negatively
impact mindfulness and impair metacognition, which
can involve threatening messages about the self, such
as the fear of being infected by a virus. Subsequently,
it leads to cognitive narrowing, impairs reflective pro-
cessing, and causes dysexecutive function (Zelazo,
2020) and depression(LeMoult & Gotlib, 2019). The
results of the sequential mediation study indicate that
the cognitive self-regulation system composed of mind-
fulness and executive function is susceptible to the per-
ceived pandemic stress.

However, in Study 1, cross-sectional data were used
to illustrate the sequential mediation relation rather
than temporal association among variables. In Study
2, longitudinal data were used to explore the direction-
ality among variables to fill the gap in Study 1.

7. Brief introduction of Study 2

Based on our literature review, mindfulness practice may
reduce dysexecutive function, which may reduce
depressive symptoms. However, the opposite is also
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Table 1. Descriptive statistics and correlations.

M SD 2 3 4 5
Mindfulness 3.81 0.85
Perceived stress of Covid-19 2.34 0.42 —0.36%* 1
Dysexecutive functions 2.32 0.67 —0.72%* 0.42%* 1
Depression 1.96 0.50 —0.62%* 0.41%* 0.72%* 1
Childhood trauma 1.85 0.57 —0.34** 0.15%* 0.37** 0.55%* 1

Note: M = mean; SD = standard deviation.
Two-tailed test. *p < 0.05; **p < 0.01; ***p < 0.001.

possible. Executive function and metacognition are com-
ponents of the cognitive self-regulation system, and a
decline in executive function may result in a decrease
in mindfulness since the executive function can be easily
damaged by stress or depression (Roebers, 2017). Given
this possibility, we expect that there is a bidirectional
relation between dysexecutive function, depression,
and mindfulness. Thus, we hypothesized that:

Hypothesis 5 (H5): The level of mindfulness at time 1
affects depression at time 3 through dysexecutive
function at time 2.

Hypothesis 6 (H6): Depression at time 1 affects
mindfulness at time 3 through dysexecutive function
at time 2.

We examined the directionality of mindfulness, dysex-
ecutive function, and depression using longitudinal
data based on the random-effect, cross-lagged panel
model (RE-CLPM). This approach allows the disag-
gregation of between-person variation from within-
person variation, such as gender and personality
(Wu et al., 2018). RE-CLPM can also be used to inves-
tigate whether the change of one variable (such as
mindfulness) at the time (t1) would affect the change
of another variable (such as dysexecutive function) at
the time (t2) after controlling the within-person
variations.

8. Methods of Study 2
8.1. Participants

A total of 534 emerging adults from several univer-
sities and communities were recruited to complete
questionnaires via an online platform. The data were

December 2021 (n, =534, n, =451, and n;=390).
The current study used data from 370 participants
who completed all three surveys (47.8% male; Mg ot
time 3 = 21.0; SD = 1.59), excluding those who did not
provide valid responses to the detector items. Attrition
analyses were conducted to examine whether the par-
ticipants with complete data differed from those who
dropped out at T3. Multivariate analysis of variance
(MANOVA) revealed no significant differences in all
the variables between the two groups in the first -
and second-wave survey (F =2.175, p=.09).

8.2. Measures of Study 2

We used the MAAS, DEX, and CES-D to measure
mindfulness, dysexecutive function, and depression,
respectively, as we did in Study 1. The CTQ-SF was
used to assess childhood trauma and treated as a cov-
ariate, as in Study 1. All Cronbach’s a values were
greater than 0.87 in three measurements.

8.3. Procedure of Study 2

Participants completed the questionnaires via an
online platform. They were invited to the social
media group in the first wave so that we could trace
them in subsequent data collection. Informed consent
was obtained from the participants at each wave of
data collection to complete all the items before sub-
mission. The study was approved by the academic
committee of Southwest University (number H22038).

8.4. Data analyses of Study 2

First, SPSS 20.0 was used to calculate correlations and

collected every three months from June 2021 to  Cronbach’s o of the key variables. Second,
Table 2. Regression analysis for the sequential mediation model (N = 1665).

M1 M2 Y
Variables B SE t B SE t B SE t
X -.633 0.045 —14.122%% 0.295 0.028 10680 0.141 0.200 7.080%**
M1 — 475 0014 —33.257%%* -090 0.128 —6.991%**
M2 0.338 0.017 19.849%%
Y
C 0275 0.014 19.383%%
R 0.208 0563 0.632
F 218.54%* 7132374 712.989***

Note: X = perceived stress of COVID-19; M1 = mindfulness; M2 = Dysexecutive function; Y = depression; SE = Standard error; C = Childhood trauma.

Two tailed test, ***p < 0.001.



confirmatory factor analysis (CFA) was used to
evaluate measurement invariance for all measures
across the three waves. Measurement invariance is
the premise for comparing data collected at
different time points, which ensures the consistent
psychological significance of one questionnaire in
the measurement at different time points. Changes
in the comparative fit index (ACFI) that did not
exceed 0.01 and changes in root mean square error
of approximation (ARMSEA) that did not exceed
0.015 were considered indicators of measurement
invariance (Chen, 2007). Third, a random-effect,
cross-lagged panel model (RE-CLPM) was used to
examine the temporal association between mindful-
ness, dysexecutive function, and depression. The
Mplus 8.0 was used to run RE-CLPM. The significant
mediation effects were tested using a 5,000-bootstrap-
ping procedure, and if the 95% confidence interval
(CI) did not include 0, the mediation effect was
significant.

9. Results of Study 2
9.1. Descriptive statistics and correlations

Table 3 shows descriptive statistics and correlations
for the key variables. As we expected, mindfulness,
dysexecutive function, and depression were signifi-
cantly correlated in the three waves. Childhood
trauma was measured in the third wave, and the cor-
relation between childhood trauma and depression
was 0.52 (p <.01). Since gender and age were not sig-
nificantly correlated with depression, we did not use
them in the analysis.

9.2. Measurement invariance

In the current study, mindfulness (ACFI=0.01;
ARMSEA =0.002), dysexecutive function (ACFI=
0.01; ARMSEA =0.001), and depression (ACFI=
0.006; ARMSEA =0.001) all showed scalar measure-
ment invariance, suggesting that data comparison
across waves was meaningful.

9.3. Random-effect, cross-lagged panel models

We used the RE-CLPM to test the longitudinal,
within-subjects relation between mindfulness, dysexe-
cutive function, and depression. These results support
a reciprocal relation between mindfulness and
depression. Time 1 mindfulness significantly pre-
dicted Time 2 dysexecutive function (B=-0.124,
95%CI = [—-0.201, —0.047]), and Time 2 dysexecutive
function predicted Time 3 depression (B=0.131,
95%CI = [0.049, 0.206]). In addition, Time 1
depression significantly predicted Time 2 dysexecutive
function (B=0.228, 95%CI=[0.120, 0.333]), and
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Time 2 dysexecutive function significantly predicted
Time 3 mindfulness (B=-0.264, 95%CI = [—0.457,
—0.068]). All autoregressive paths are shown in Figure
3. The indirect effects of mindfulness on depression
from Time 1 to Time 3 were —0.016 (95%CI=
[-0.031, —0.002]), and the direct effect was —0.079
(95%CI = [—0.128, —0.036]). The indirect effect of
depression on mindfulness from Time 1 to Time 3
was —0.06 (95%CI=[—-0.102, —0.017]), while the
direct effect was not significant (see Table 4).

10. Brief discussion of Study 2

This study’s results supported both hypotheses. The
relation between mindfulness and depression is bidir-
ectional through dysexecutive function. Our study
result was consistent with that of Allen et al. (2012),
which revealed that the mindfulness intervention
group displayed high levels of the dorsolateral pre-
frontal cortex (DLPFC) and dorsal anterior cingulate
cortex (dACC) activation during response inhibition
of unfavourable stimuli, and the activated brain
areas were closely associated with those in charge of
executive control. From the cognitive perspective to
depression proposed by LeMoult and Gotlib (2019),
depression and executive function interact. Long-
term depression, on the other hand, affects synaptic
plasticity, impairs prefrontal function, and causes dys-
executive function (Selemon, 2013), which disrupts
the cognitive self-regulation system and reduces the
state of mindfulness (Roebers, 2017).

11. General dicussion

Our results are consistent with the cognitive diathesis-
stress model, suggesting maladaptive cognitive and
stress interactions will trigger depressive symptoms
(Lewinsohn et al., 2001). Moreover, our result sup-
ported the MAT proposed by Lindsay and Creswell
(2017) and the BBT proposed by Fredrickson and
Joiner (2002). Mindfulness intervention leads to
broadened awareness, a state of mindfulness that has
been shown to enhance attentional processes,
especially executive function (Im et al., 2021; Miiller
et al., 2021). For example, the neural mechanism of
executive function deficiency in patients with
depression involves decreased activation of the
anterior cingulate gyrus, enhanced activation of the
amygdala, and reduced internal functional connec-
tivity of the frontal limbic system, and MBI can
improve these brain regions (Disner et al., 2011;
Y. Y. Tang et al., 2015). Furthermore, the high execu-
tive function interacts with the non-judgemental atti-
tude of mindfulness to reduce depression (Lindsay &
Creswell, 2017).

Interestingly, our study found that the level of
depression predicted mindfulness after six months
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Table 3. Descriptive statistics and Pearson correlations for key variables.

M T2M M T1DF T2DF T3DF T1DE T2DE T3DE
M 1
M 0.66* 1
M 0.62** 0.70** 1
T1DF —0.67** —0.60** —0.58** 1
T2DF —0.57** —0.70** —0.61** 0.70** 1
T3DF —0.55** —0.65** —0.72** 0.66** 0.75%* 1
T1DE —0.60** —0.51** —0.47** 0.68** 0.56** 0.55** 1
T2DE —0.49** —0.59** —0.53** 0.54** 0.72%* 0.64** 0.65** 1
T3DE —0.48** —0.51** —0.58** 0.54** 0.55%* 0.66** 0.64 0.66** 1
M 3.83 3.85 3.72 2.40 240 242 1.93 1.92 2.06
SD 0.72 0.72 0.77 0.62 0.64 0.65 0.49 0.49 0.47

Note: M = Mindfulness; DF = Dysexecutive function; DE = Depression.
Two-tailed test, *p < 0.05; **p < 0.01; ***p < 0.001

through the mediation of dysexecutive function. As
the cognitive theory of depression suggests, deficits in
executive function over mood-congruent material
are associated with depression, contributing to negative
attentional, memorial, and self-reference bias and
maladaptive emotional regulation strategies such as
rumination (LeMoult & Gotlib, 2019), reducing the
usefulness of mindfulness. A study has shown that the
anterior cingulate cortex (ACC) and the autonomic
nervous system (ANS) are brain regions shared by
mindfulness and executive function (Yi-Yuan Tang
et al, 2012). The abnormality of ACC will cause
difficulty of inhibition (Allen et al, 2012), and
dysfunctional ANS will impair emotional regulation
ability (Kreibig, 2010), which narrows the range of cog-
nition and weakens the metacognition of mindfulness
(Roebers, 2017).
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11.1. Clinical implication

There are several clinical implications in our studies.
First, since emerging adults experience numerous
pressures and are vulnerable to depression, mindful-
ness interventions can be used as a mental health
course for university students. Second, our results
show that mindfulness can effectively predict execu-
tive function and depression. MAT also points out
that the awareness component of mindfulness can
effectively improve executive function, and the syner-
gistic effect of awareness and acceptance can alleviate
emotional disorders, so future studies may employ
experimental designs to separate the distinct effects
of mindfulness’s awareness and acceptance com-
ponents to explore the mechanisms how mindfulness
is associated with depression. Third, our longitudinal
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Figure 3. The result of RE-CLPM. (a) The RE-CLPM of mindfulness to depression. (b) The RE-CLPM of depression to mindfulness.
Note: M =mindfulness; DF = Dysexecutive function; D = depression; Two-tailed test*p <.05,**p <.01, ***p <.001. The solid line indicates significant

paths, and the dotted line indicates a non-significant path.



Table 4. Direct and indirect effects on mindfulness,
dysexecutive functions, and depression.

Cl (95%)
Effects B SE Lower Upper
M—DF—D (indirect) -0.016* 0.009 —0.031 —0.002
D—DF—M (indirect) —0.06* 0.026 —0.102 —-0.017
M—D (direct) —0.079*% 0.028 —0.128 —0.036
D—M (direct) —0.075 0.079 —0.205 0.054

Note: M = Mindfulness; DF = Dysexecutive functions; D = Depression; B =
Standardized coefficients; SE = Standardized error.
Two-tailed test, *p <.05; **p <.01; ***p < .005.

study has shown that depression is negatively associ-
ated with the state of mindfulness by impairing execu-
tive function. The prevalence of depression in
emerging adults experiencing persistent stress may
increase, highlighting the value of ongoing mindful-
ness training for treating depression.

11.2. Limitations

Several limitations should be considered when inter-
preting the study results. First, observational data
from self-reports makes deducing a causal relation
among variables challenging. Second, we did not
measure traumatic symptoms or other stress incidents,
only the perceived stress from the pandemic. Third,
because the study data were from emerging adults, it
is important to be cautious when extrapolating its con-
clusions to other populations due to this group’s unique
pressures and neurodevelopmental traits. Fourth, given
that data is cross-sectional with many partial
mediations in Study 1, the results would benefit from
conducting other model to strengthen and refine
interpretations of the primary model.

12. Conclusion

Our results suggest mindfulness and dysexecutive func-
tion as intermediate psychological mechanisms between
pandemic-related stress and depression, showing a tem-
poral association among mindfulness, dysexecutive func-
tion, and depression. As a group psychological
intervention, mindfulness intervention is viable for
large-scale promotion in universities and communities
to reduce depression among emerging adults susceptible
to depression during the post-pandemic era. Executive
functions could be a psychological index of mindfulness
interventions to reduce depression.
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