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ARTICLE INFO ABSTRACT
Keywords: Background: In the global pandemic of the coronavirus disease 2019 (COVID-19), depression and post-traumatic
Mindfulness stress disorder (PTSD) have commonly occurred among COVID-19 patients, whose experiences of infection and

Mental health

Recovered patients
COVID-19

Structural equation modeling

subsequent treatment might develop negative consequences on their mental well-being even after recovery.
Despite the general recognition of efficacy of mindfulness-based interventions in reducing psychological distress
among various populations, there were insufficient studies on the relationship between mindfulness and mental
health among individuals who have recovered from COVID-19.

Objective: The current study aims to identify the prevalence of common mental health challenges among
recovered COVID-19 patients in Jianghan District, Wuhan, China and to explore the potential mechanism
through which mindfulness alleviate depression and PTSD.

Methods: A cross-sectional survey on mental health was conducted among a convenience sample of adults
recovered from COVID-19 in Jianghan District, Wuhan, China. The study participants completed questionnaires
under the assistance of trained investigators. The questionnaire included Chinese version of Five Facets of
Mindfulness Questionnaire-Short Form (FFMQ-SF), Generalized Anxiety Disorder Questionnaire (GAD-7),
Resilience Style Questionnaire (RSQ), Impact of Events Scale-Revised (IES-R), and Patient Health Questionnaire
(PHQ-9) to measure mindfulness, anxiety, resilience, PTSD, and depression respectively. Structural equation
modeling was used to explore the relationship between mindfulness and mental health outcomes of this
population.

Results: 1541 respondents (654 [42.4 %] men and 887 [57.6 %] women) completed the questionnaire between
June 10 and July 25, 2021, of whom 36.2 % and 27.1 % had mild and severe levels of depressive and anxiety
symptoms respectively, and 15.2 % was indicated with PTSD. The average score of mindfulness of the study
participants was (3.100 + 0.387), and that of resilience was (3.560 + 0.877). The structural equation model fit
the data well, demonstrating that mindfulness was negatively associated with depressive symptoms directly (p =
—0.031, P = 0.021) or indirectly through the mediation effect of resilience (§ = —0.019, P = 0.009) and anxiety
symptoms (f = —0.208, P < 0.001), and was negatively associated with PTSD through the mediation effect of
anxiety symptoms (f = —0.142, P < 0.001).

Conclusion: Individuals who have recovered from COVID-19 commonly experienced psychological distress.
Mindfulness is associated with alleviation of depressive and PTSD symptoms directly or indirectly. Interventions
based on mindfulness are suggested to improve the mental well-being of this population.
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Z. Dai et al.
1. Introduction

The coronavirus disease 2019 (COVID-19) has become a global
pandemic since the outbreak, threatening public health security
worldwide (Chan et al., 2020; Li et al., 2020b). There have been
298,915,721 confirmed cases and 5,469,303 deaths globally according
to the data from World Health Organization (WHO) (WHO, 2022a), and
133,404 confirmed cases and 5699 deaths reported in China, as of
January 07, 2022 (WHO, 2022b). Though there were scattered new
cases across China in the past year, most of the infected individuals have
recovered and discharged from the hospital; more attention has been
paid to helping survivors of COVID-19 to rehabilitate their physical
functions and mental health (Si et al., 2021).

Evidence suggested that the COVID-19 pandemic had psychological
consequences on various populations, especially on COVID-19 patients
(Ceban et al., 2022; Hao et al., 2020a; Renaud-Charest et al., 2021).
Researches showed that COVID-19 infection can trigger the release of
pro-inflammatory cytokines related to psychiatric morbidity, such as
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) (Conti
etal., 2020; Guo et al., 2022). A qualitative study indicated that COVID-
19 patients regarded COVID-19 infection as a major stress event for
them due to high infectivity and potential lethality of COVID-19 infec-
tion, in addition, long hours of hospitalization and isolation may lead to
their depressive disorders (Hao et al., 2020a). A systematic review on
long COVID-19-related psychiatric complications demonstrated that the
prevalence of depressive symptoms over 12 weeks in COVID-19 patients
ranged from 11 % to 28 %, and depressive symptoms can affect neuro-
cognitive functioning in post-COVID-19 syndromes of patients (Renaud-
Charest et al., 2021). A meta-analysis also revealed that 22 % of the
COVID-19 patients 12 or more weeks following diagnosis suffer from
cognitive impairment (Ceban et al., 2022). Furthermore, some of the
COVID-19 patients required intensive care and mechanical ventilation
and had to spend three more weeks on average in the ICU compared with
typical ICU populations (Choon-Huat Koh and Hoenig, 2020; Michel
et al., 2020). Some with severe COVID-19 had respiratory symptoms,
which could develop into respiratory failure (Xie et al., 2020). Most of
them experienced traumatic stress during the treatment, due to fear of
death and physical pains from interventional therapy (Kaseda and
Levine, 2020). Even those patients with moderately severe illness, who
did not undergo hospitalization or reported fear of death, might also face
psychological distress after discharge (Kaseda and Levine, 2020).

Clinical sequelae associated with COVID-19 were known to exist in
survivors (Demertzis et al., 2020). A longitudinal study conducted in
Wuhan showed that nearly half of the individuals recovered from
COVID-19 had certain sequelae, such as myalgia, joint pain, chillness,
chest distress, and high blood pressure, etc. (Xiong et al., 2021). Besides,
discrimination and stigma due to experience of infection were widely
perceived by the COVID-19 survivors (Amadeo et al., 2021; Bao et al.,
2020). These factors predispose COVID-19 survivors to be vulnerable to
negative psychological consequences such as depression and PTSD. A
cross-sectional survey conducted after the outbreak in Shanghai, China
showed that >33 % of the people infected with COVID-19 reported
symptoms of PTSD, 55.3 % with anxiety, and 60.2 % with depression
(Guo et al., 2020). Another survey conducted in April 2020 in Wuhan
indicated that 12.4 % of COVID-19 survivors had symptoms of PTSD,
42.7 % with anxiety, and 65.7 % with depression (Liu et al., 2020).

PTSD is often associated with depression and anxiety. Many in-
dividuals with trauma experience also experienced depression, which
might be caused by exposure to negative events and subsequently
evoked anxiety (de la Torre-Cruz et al., 2021; Kok et al., 2016; Nearchou
and Douglas, 2021). Some empirical evidence revealed that the effect of
stressful events on depression could be better interpreted through
cognitive and emotional functions regarding anxiety, which indicated
significant effect of anxiety or depression (Anyan et al., 2018). Mean-
while, anxiety was shown to be a strong determinant of PTSD; evidence
suggested that one third of those who had anxiety after traumatic events
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might develop PTSD (Bjornsson et al., 2020; Kok et al., 2016).

Depression is the most common mental disorder coexisting with
PTSD. Both disorders could result in high suicidal ideation and self-harm
intention. They were also linked with poorer immune system func-
tioning, which could have negative impact on physical health. There-
fore, it's imperative to take measures to alleviate the depressive and
PTSD symptoms among COVID-19 survivors (Flory and Yehuda, 2015;
Marx et al., 2021; Mazza et al., 2020; Shen et al., 2020). Resilience is
regarded as a dynamic process to positively adapt to adverse conditions
(Waller, 2001). A systematic review demonstrated that resilience in-
terventions could be helpful for the improvement of mental health in
adult population (Ferreira et al., 2021). Some research indicated that a
higher level of resilience could reduce PTSD symptoms, since it may
serve as a translational endpoint in the treatment of PTSD (Gao et al.,
2018; Rakesh et al., 2019). Other research showed that resilience is
relevant to depression alleviation, and that a higher level of resilience
was found to be associated with a lower level of depression (Liu et al.,
2019; Xiang et al., 2020).

As mental ill-health is prevalent among COVID-19 survivors, it is
significant to explore possible protective factors that can improve
mental well-being among this population (Wang et al., 2021b). Mind-
fulness centers on cultivating intentional awareness in the unfolding of
present-moment experiences (Kabat-Zinn, 2005). Mindfulness-based
interventions have shown to be effective in alleviating symptoms
related to depression, anxiety, and PTSD, as well as chronic pain in
various populations (Goldberg et al., 2018; Hilton et al., 2017; Kirk
et al., 2022; Mak et al., 2015). A meta-analysis on mindfulness and
psychiatric ~ disorders-related  biomarkers demonstrated that
mindfulness-based intervention could alleviate PTSD via the decreased
methylation of serotonin transporter genes, and reduce depression and
anxiety by decreasing levels of IL-6 and TNF-a (Sanada et al., 2020). A
clinical study revealed that PTSD is also associated with L-6 and TNF-«
(Kuffer et al., 2019). A longitudinal study showed that the practice of
mindfulness could increase one's resilience level, and further reduce
depressive symptoms (Antonini Philippe et al., 2021). Another study
focused on the biomarkers and psychological resilience indicated that
increased IL-6 level is associated with low psychological resilience,
which provided biological evidence for the effect of mindfulness-based
intervention on psychological resilience (Imai et al., 2019). In China,
researchers have developed a mindfulness-based training protocol for
COVID-19 survivors, named 6-week Mindful Living With Challenge
(MLWC), whose aims were to investigate its effectiveness in cultivating
mindfulness and alleviating psychological distress in this population
through randomized controlled trial (Si et al., 2021). Studies have found
mindfulness to be able to mitigate against psychological distress during
COVID-19 pandemic (Antonova et al., 2021; Behan, 2020; Conversano
et al., 2020; Zhu et al., 2021). However, the resilience mechanism
through which mindfulness may be associated with reduced mental
illness symptoms is yet to be investigated. The present cross-sectional
study aimed to explore the prevalence of anxiety, depressive, and
PTSD symptoms among COVID-19 survivors in Jianghan District,
Wuhan, China, and to examine the potential mechanism of mindfulness
that contributes to reducing psychological distress.

2. Material and methods
2.1. Measures

Demographic characteristics, including age, gender, education, and
marital status, and items on COVID-19 infection, such as clinical clas-
sification and perceived mental health status were asked. In this study,
participants' mindfulness, anxiety, resilience, depression and PTSD were
measured by specific scales, and according to the previous studies, we
hypothesized that resilience and anxiety could both serve as potential
mediators between mindfulness and depression, and mindfulness and
PTSD, respectively.
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2.1.1. Mindfulness

The Five Facets of Mindfulness Questionnaire-Short Form (FFMQ-SF)
in Chinese consists of 20 items that are rated on a 5-point Likert scaled
from 1 to 5 and was used to assess the mindfulness level of participants
during the past two weeks. It measures five facets of mindfulness:
observing, describing, acting with awareness, nonjudging and non-
reacting. For the items of “acting with awareness” and “nonjudging”,
factors are reverse scored (Baer et al., 2006; Hou et al., 2014). Higher
total or mean scores of the 20 items indicate higher levels of mindful-
ness. This instrument has been validated among various Chinese popu-
lation (Arthur et al., 2018; Fong et al., 2021). According to the literature,
due to the changing nature of the five facets of the instrument, the
correlations between the facets could be negative or positive, which
could reduce the internal consistency of the instrument superficially (Gu
et al., 2016; Meng et al., 2019). In this case, the mean scores of the 20
items were employed to represent and reflect the mindfulness level of
the subjects in the model of this study, and the Cronbach's alpha of the
five facets in this study were 0.797, 0.811, 0.812, 0.755 and 0.782
respectively.

2.1.2. Anxiety

The Generalized Anxiety Disorder Questionnaire (GAD-7) consists of
7 items that are rated on a 4-point Likert scaled from 0 to 3. It is
developed for measuring the severity of generalized anxiety symptoms
during the past two weeks (Spitzer et al., 2006). The scores of the in-
strument range from O to 21. Scores between 5 and 9, 10 and 14, and 15
and higher represent mild, moderate and severe anxiety symptoms
respectively. This instrument has demonstrated to be reliable and valid
among Chinese population (Gong et al., 2021; Miao et al., 2021). In this
study, the Cronbach's alpha of the instrument was 0.950.

2.1.3. Resilience

The Resilience Style Questionnaire (RSQ) consists of 16 items that
are rated on a 5-point Likert scaled from 1 to 5. It is used to measure the
level of individual's resilience during the past two weeks (Mak et al.,
2019). Higher total or mean scores of the 16 items indicate greater
ability to recover from negative events. This instrument was developed
and validated among Chinese (Li et al., 2020a; Lin et al., 2020). In this
study, the Cronbach's alpha of the instrument was 0.975.

2.1.4. Depression

The Patient Health Questionnaire (PHQ-9) is a 9-item questionnaire
that is used for screening and monitoring depression of varying degrees
of severity (Kroenke et al., 2001). The items of the PHQ-9 are rated on a
4-point Likert scaled ranging from 0 to 4. The total score is utilized to
assess the degree of depression of participants during the past two
weeks, with scores of <5 indicating no or minimal depression; 5-9 mild
depression; 10-14 moderate depression; 15-19 moderately severe
depression; and scores of >20 severe depression. This instrument has
been validated among various Chinese population (Hou et al., 2021; Yao
et al., 2021). In this study, the Cronbach's alpha of the instrument was
0.913.

2.1.5. PTSD

The Impact of Events Scale-Revised (IES-R) is a 22-item scale aiming
at screening posttraumatic stress symptoms in adults or older people.
The items of this instrument are rated on a 5-point Likert scaled from
0 to 4 (Horowitz et al., 1979; Weiss and Marmar, 1997). The IES-R
contains three dimensions measuring intrusion, avoidance and hyper-
arousal. Respondents rate their degree of distress during the past seven
days after they have identified a specific stressful life event occurred to
them. A total score of equal or above 35 can be regarded as positive
PTSD symptoms. This instrument has been proved valid and reliable
among COVID-19 patients (Zheng et al., 2021). In this study, the
Cronbach's alpha of the instrument was 0.963.
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2.2. Sampling and participants

From June 10 to July 25, 2021, 1601 out of 4122 registered patients
who have recovered from COVID-19 in 13 communities in Jianghan
District, Wuhan City, Hubei Province, China were recruited to receive
clinical re-examination and questionnaire survey at a Grade-A Tertiary
Hospital in Jianghan District, Wuhan by community-based convenience
sampling. All investigators and support staff in this study were trained
based on the same protocol and required to have an educational back-
ground in medicine or public health. Those who had a history of COVID-
19 infection and had recovered were invited to complete an online
structured questionnaire from June to July 2021. Digital informed
consent was obtained from all individuals to ensure their voluntary
participation. Ethics approval for the questionnaire study was obtained
from the Ethics Review Committee of the Institute of Pathogen Biology,
Chinese Academy of Medical Sciences, Beijing, China (IPB-2020-22).
The participants had to meet the following criteria: 1) Over 18 years old;
2) Have a history of COVID-19 infection; 3) Proficiency in Chinese; 4) Be
able to independently cooperate with researchers to complete various
scale assessments; 5) Have a mobile communication equipment such as a
mobile phone, and a WeChat account; 6) Mobile equipment can access
the Internet at any time; 7) Have not received medications for PTSD,
depression, or anxiety within 1 month prior to enrollment in the study.
Those who met any of the below criteria were excluded: 1) Have serious
cognitive impairment; 2) Have serious heart, brain, lung, kidney, liver,
and other medical diseases or tumors; 3) Difficult to cooperate with the
questionnaire study. Finally, 1541 of them were selected as research
sample based on the criterion above.

2.3. Data analysis

Descriptive analyses were used to examine participants' de-
mographic characteristics. Partial least squares structural equation
modeling (PLS-SEM) was primarily used to explore the relationship
between various variables, with a focus on explaining the variance in the
dependent variables (Hair et al., 2013). Structural equation model
(SEM) with SmartPLS 3.3.3 was used to assess the model built. The
standardized root mean square residual (SRMR) and root mean square
residual covariance (RMSer;) Were used to estimate the model fit,
where SRMR<0.08 and RMSpeta < 0.12 indicate good model fit (Hair
et al.,, 2017); The composite reliability (CR) and average variance
extracted (AVE) and were used to evaluate the reliability and convergent
validity of the measurement model, where CR > 0.7 and AVE > 0.5
indicate good reliability and convergent validity of the measurement
model (Fornell and Larcker, 1981); The heterotrait-monotrait (HTMT)
criterion was used to assess discriminant validity of the measurement
model, where HTMT values<0.9 indicate good discriminant validity of
the measurement model (Henseler et al., 2015); The coefficient of
determination (R?) and Stone-Geisser's Q2 values of dependent vari-
ables, and path coefficients were employed to evaluate the structural
model. The bootstrap analysis was performed to test the significance of
the path and mediation effects in the model with 5000 bootstrap samples
at the level of « = 0.05 (MacKinnon, 2008).

3. Results
3.1. Demographic characteristics

A total of 1541 individuals who have recovered from COVID-19 were
recruited in the study. 42.4 % were males, 12.2 % had critical COVID-19
symptoms; over 70 % aged above 50; 87.7 % lived in city; 85.2 % were
married; 14.1 % were at undergraduate or above educational level; 61.5
% had annual family income less than RMB 60000; 84.4 % had been
hospitalized after COVID-19 infection; 15.3 % perceived good psycho-
logical status during infection; 45.7 % had other family members
infected with COVID-19; 29.5 % had relatives or friends infected with
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COVID-19; 12.5 % were current smoker; 27.5 % drank and 59.8.2 %
were of abnormal Body Mass Index (BMI). The detailed results of de-
mographic characteristics are summarized in Table 1.

3.2. Prevalence of depression, anxiety and PTSD of participants

In this sample, 36.2 % and 27.1 % reported mild to severe levels of
depressive and anxiety symptoms; and 15.2 % were positively indicated
for PTSD, as shown in Table 2.

3.3. Correlations between mindfulness and resilience of participants

Correlation between mindfulness and resilience among the partici-
pants are summarized in Table 3. The diagonal elements in the corre-
lation of factors matrix were the corresponding means and standard
deviations. The average score of mindfulness was (3.100 + 0.387), and
resilience was (3.560 + 0.877). All correlation coefficients were statis-
tically significant (P < 0.05).

Table 1
Demographic characteristics of participants (N = 1541).

Variable n(%)

Gender
Male 654(42.4 %)
Female 887(57.6 %)

Age (Year)
18-29 27(1.8 %)
30-39 116(7.5 %)
40-49 242(15.7 %)
50-59 422(27.4 %)
60-69 482(31.3 %)
>70 252(16.4 %)

Clinical classification of COVID-19
Mild 90(5.8 %)
Moderate 1113(72.2 %)
Severe 151(9.8 %)
Critical 187(12.2 %)

Residence place
City 1351(87.7 %)
Village 190(12.3 %)

Marital status
Unmarried 228(14.8 %)
Married 1313(85.2 %)

Educational level
Senior high school or below
Above senior school

Income for 2020(CNY/Year)

1082(70.2 %)
459(29.8 %)

<60,000 947(61.5 %)

>60,000 594(38.5 %)
Perceived mental health during infection

Very bad 114(7.4 %)

Bad 235(15.2 %)

Common 288(18.7 %)

Good 790(51.3 %)

Very good 114(7.4 %)
Have other family members infected with COVID-19

Yes 705(45.7 %)

No 836(54.3 %)
Have relatives or friends infected with COVID-19

Yes 454(29.5 %)

No 1077(69.9 %)
Current smoker

Yes 193(12.5 %)

No 1348(87.5 %)
Alcohol use

Yes 424(27.5 %)

No 1117(72.5 %)
BMI

Thin(BMI < 18.5)
Normal(18.5 < BMI<24)
Overweight(24 < BMI<28)
Obese(BMI > 28)

48(3.12 %)

620(40.2 %)
664(43.1 %)
209(13.6 %)
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Table 2
Prevalence of depression, anxiety and PTSD of participants.
Variable Rank n(%)
Normal 983(63.8 %)
Mild 357(23.2 %)
Moderate 124(8.0 %)
Moderately severe 56(3.6 %)
Depression Severe 21(1.4 %)
Normal 1123(72.9 %)
Mild 331(21.5 %)
Moderate 52(3.4 %)
Anxiety Severe 35(2.3 %)
Positive 234(15.2 %)
PTSD Negative 1307(84.8 %)

3.4. Structural equation modeling analysis

3.4.1. Evaluation of model fit

The model fit were as follows: SRMR = 0.065, RMSiheta = 0.086,
suggesting a well-fitting model in this study. The structural equation
model built in this study is shown in Fig. 1.

3.4.2. Evaluation of measurement model

Measurement model evaluation is an essential step in a structural
equation modeling analysis. The evaluation of reliability and convergent
validity of the measurement model are shown in Table 4. As indicated,
the values of CR and AVE were larger than the recommended values 0.7
and 0.5 respectively for all constructs, which confirmed good reliability
and convergent validity of the measurement model.

The evaluation of the discriminant validity indicated that HTMT
values were all below the recommended value 0.9, which meant
acceptable discriminant validity of the measurement model. The
detailed information is shown in Table 5.

3.4.3. Evaluation of structural model

In this study, the R? of depression and PTSD were 0.697 and 0.474
respectively, indicating large amount of variance in depression and
PTSD explained by all of the exogenous constructs linked to them. In
addition, the Q? values of the dependent constructs were all above 0,
which proved the out-of-sample power of the model (Geisser, 1974;
Stone, 1974).

The standardized path coefficients and their significance calculated
by bootstrap sampling indicated that except the effect of resilience on
depression and PTSD, all the other effects in the model were statistically
significant. The detailed results of coefficients are shown in Table 6.

3.4.4. Mediation analysis

The results of the mediation analysis illustrated that resilience and
anxiety both served as mediators between mindfulness and depression,
and anxiety also mediated the relationship between mindfulness and
PTSD, as shown in Table 7.

4. Discussion

In this study, the rates of depression, anxiety and PTSD among
COVID-19 survivors were 36.2 %, 27.1 % and 15.2 % respectively, all
lower than the results of a survey conducted in the beginning of the
epidemic in 2020 among the hospitalized COVID-19 patients in
Shanghai of China (Guo et al., 2020). The prevalence of anxiety and
depression symptoms in this study was lower than the results of a survey
conducted in April 2020 among the COVID-19 survivors in Wuhan of
China, and the prevalence of PTSD was higher compared with the results
of the Wuhan survey (12.4 %) in April 2020 (Liu et al., 2020). Although
the mental health of the COVID-19 survivors could be improved to some
extent over time, former studies showed that their mental health status
was still worse than that of the population who had never been infected
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Table 3
Correlations between mindfulness and resilience of participants.
Mindfulness Observing Describing Nonreacting Acting with awareness Nonjudging Resilience
Mindfulness 3.100 + 0.387
Observing 2.530 + 0.938
Describing 2.839 + 0.956
Nonreacting 2.704 + 0.926
Acting with awareness 3.885 + 0.768
Nonjudging 3.531 + 0.867
Resilience —0.175%** 3.560 + 0.877
Note: All correlation coefficients were statistically significant.
" P < 0.001.
Resilience
Depression
-0.041**
Mindfulness
-0.208***
0.685™**
Anxiety
Fig. 1. Structural equation modeling of factors affecting depression and PTSD among the recovered patients of COVID-19.
Note: *P < 0.05 **P < 0.01 ***P < 0.001.
Table 4 Table 6
Reliability and convergent validity of measurement model. Path analysis.
Construct CR AVE Effect B S.E. t P Bootstrap 95%CI
Depression 0.932 0.606 Lower Upper
Mindfulness 1.000 1.000 Resili
PTSD 0-967 0.577 ellelse];we - 0.011 0.023 0.486 0.627 0.057 0.035
Resilience 0.978 0.738 Resilience - > e ’ ’ ’ e ’
Anxiet; 0.959 0.770 i
ety Depression ~ —0.041**  0.016  2.648  0.08 —0.071 —0.011
Note: CR: composite reliability; AVE: Average variance extracted. Mindfulness -
> PTSD —0.007 0.022 0.311 0.756 —0.053 0.032
Mindfulness -
> Resilience 0.464** 0.020 23.195 <0.001 0.421 0.502
Table 5 X
T . Mindfulness -
Discriminant validity of measurement model (HTMT). N
Construct Depression Mindfulness PTSD Resilience Anxiety Depression —0.031* 0.013 2.312 0.021  -0.058  —0.005
- Mindfulness -
D(?pressmn > Anxiety —0.208*** 0.021 9.843 <0.001 —0.249 —0.166
Mindfulness 0.227 Anxiety - >
PTSD 0.766 0.154 PTSD 0.685°**  0.021 32924 <0.001 0639 0721
Resilience 0.233 0.469 0.157 Anxiety - >
Anxiety 0.887 0.213 0.714  0.215 Depression 0.818***  0.014 5971  <0.001 0.788 0.843
Note: HTMT: heterotrait-monotrait. * P < 0.05.
" P <0.01.
with COVID-19 (Johnson et al., 2020; Xu et al., 2021; Yue et al., 2020). ~ P <0.001.

Hence, the psychological effects of COVID-19 infection shouldn't be

neglected in the long term (Si et al., 2021). In addition, mindfulness and pandemic (Antonini Philippe et al., 2021; Lee et al., 2021; Vos et al.,
resilience of the participants in this study were on a moderate level, 2021). These results indicated that the level of mindfulness and resil-
similar with those of the general population during the COVID-19 ience were relatively stable regardless of being infected or not and might
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Table 7
Mediation analysis.

Effect B S.E. t P Bootstrap 95%CI

Lower Upper

Mindfulness - >
Resilience -
> PTSD
Mindfulness - >
Resilience -
> Depression
Mindfulness - >
Anxiety - >
PTSD
Mindfulness - >
Anxiety - >
Depression

—0.005 0.011  0.485 0.628  —0.027 0.016

—0.019** 0.007  2.628 0.009 -0.034 —0.005

—0.142%** 0.015 9.322  <0.001 -0.172  -0.112

—0.170***  0.018 9.626  <0.001 -0.205  -0.135

" P <0.01.
™ P < 0.001.

be improved via appropriate intervention, as suggested by previous
studies (Saban et al., 2021; Wang et al., 2021a).

In the current study, the potential pathways of mindfulness associ-
ated with depression and PTSD were explored by structural equation
modeling. The results of the model fit evaluation provided the basis for
the reliability and validity of the model. The structural model indicated
that mindfulness could have a direct negative effect on depression
among COVID-19 survivors, which was consistent with previous
research (Bergmann et al., 2021). Results of a randomized controlled
trial indicated that mindfulness-based interventions delivered via mo-
bile phones can reduce depressive symptoms of university students
during the COVID-19 pandemic by 76.5 % compared with those who
didn't receive interventions (Sun et al., 2021). Another study revealed
that mindfulness-based intervention delivered via mobile phones could
effectively reduce depressive symptoms among social workers during
the pandemic (Hosseinzadeh Asl, 2021). A systematic review from the
prospective of psychoneuroimmunology revealed that mindfulness-
based intervention can lead to positive psychological consequences as
well as positive biomarker outcomes such as decreased interleukin-6 (IL-
6) and tumor necrosis factor alpha (TNF-a) in breast cancer survivors
(Hulett and Armer, 2016). Another meta-analysis revealed that cyto-
kines can lead to the dysregulation of neurogenesis in depressive dis-
order under a complicated mechanism, where IL-6 and TNF-a may play a
key role in the pathogenesis of depressive disorders (Liu et al., 2012).
Hence, the effect of mindfulness-based intervention on depressive dis-
orders has the biological basis. Some researchers have also recom-
mended integrating IL-6 and TNF-a into depression diagnosis and
treatment, which further implied the positive effect of mindfulness-
based intervention on depression (Hodes et al., 2016; Uzzan and Azab,
2021). Additionally, apart from the direct effect of mindfulness on
depression, anxiety and resilience could both serve as mediators be-
tween mindfulness and depression, which is consistent with previous
studies (Fenzel and Richardson, 2021; Wang et al., 2018). That is,
improving mindfulness of COVID-19 survivors could help reduce anxiety
symptoms and raise their resilience, which could further decrease the
depressive symptoms. Those who had higher levels of mindfulness paid
more attention to their current feelings, thoughts, and bodily sensations
in an open and nonjudgmental way, which might enhance their
awareness of their present conditions and improved their resilience in
the face of negative events and reduced psychological distress, such as
anxiety and depression. Higher levels of resilience enable individuals to
take more positive coping strategies, mitigating the experience of
depression (Xiang et al., 2020). The decrease in anxiety enables in-
dividuals to perceive stressful events as less dangerous and less threat-
ening, and eliminate negative emotional experiences such as
nervousness, thus reducing the possibility to develop into depression
(Dzhambov et al., 2019; Grunberg et al., 2021; Kok et al., 2016; Ong
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et al., 2006; Southwick et al., 2005; Wang et al., 2018; Xiang et al.,
2020). This finding revealed a pathway through which mindfulness may
be associated with reduced depression among COVID-19 survivors.
Therefore, it is worth considering mindfulness-based interventions
among COVID-19 survivors as a viable approach to improve their
resilience and reduce their anxiety symptoms, and further decrease the
occurrence of their depression.

Besides depression, another key psychological outcome in this study
was PTSD. Since PTSD might cause long-term negative consequences for
the COVID-19 survivors, it is of great significance to explore effective
ways to reduce or eliminate PTSD symptoms among this population
(Moradian et al., 2020). The results indicated that mindfulness could not
have direct impact on PTSD among COVID-19 survivors, which was
consistent with a previous research (Aliche et al., 2021). In addition, the
direct and indirect effects of resilience on PTSD were both statistically
not significant. The main reason could be that mindfulness put emphasis
on cultivating awareness and training the mind to stay in the present
moment, while those who experienced PTSD during COVID-19
pandemic might have kept recalling and experiencing the trauma
brought by their infection with COVID-19, which could offset the direct
effect of mindfulness. It could also be associated with the intrusion and
hyperarousal symptoms of PTSD among COVID-19 survivors (Weathers
et al., 1993). A previous study showed that resilience was a potential
protective factor against psychological distress, rather than against
PTSD (Arnetz et al., 2013). However, the results of the current study
suggested that anxiety fully mediated the effect between mindfulness
and PTSD. That is, mindfulness could still be a predictor of PTSD among
COVID-19 survivors by affecting anxiety first. Although previous cohort
studies and randomized controlled trials showed that mindfulness
reduced PTSD in various populations, the current study was the first that
revealed its potential pathway among COVID-19 survivors.

The findings of this study revealed how mindfulness was associated
with mental health, especially on depression and PTSD among COVID-
19 survivors in Jianghan District, Wuhan, and provided evidence for
mindfulness-based interventions among this population in the future. As
suggested, the 6-week Mindful Living With Challenge (MLWC) training
could be an option for interventions, since it integrated components of
different forms of mindfulness-based interventions, such as Mindfulness-
Based Stress Reduction (MBSR) and Mindful Awareness Practices
(MAPs), and was specially designed for those experiencing challenging
events in life, and has been systematically developed and written in a
large-sample on-line randomized controlled trial protocol in Wuhan (Si
et al., 2021). With the growing popularity of mobile services, more re-
searchers attached importance to online mindfulness-based in-
terventions (Cillessen et al., 2020; Spadaro and Hunker, 2021). Online
interventions were more convenient and agreed with the rules of
epidemic prevention and control in China (lhm and Lee, 2021). In
consistence with the recommendation proposed by the protocol, re-
searchers could consider online MLWC interventions via WeChat, a
popular instant messaging mobile application in China, and small pro-
grams it contains (Si et al., 2021; Tencent). Additionally, considering the
psychoneuroimmunological impact of COVID-19 on mental health of
patients, future telepsychiatry and immunopsychiatry services are
needed to explore the association between pro-inflammatory cytokines
and mental health in this population during the pandemic (Hao et al.,
2020b).

This study has several limitations. First, we could not make a causal
statement by drawing upon the findings of the current study due to its
cross-sectional nature. Second, the mechanism of the association be-
tween mindfulness, anxiety, depression, and PTSD is yet controversial
and different across studies. Contrary to the evidence and results
mentioned in the current study, some studies indicated that PTSD would
induce depression and anxiety, mindfulness might be a mediator be-
tween stress events and anxiety, and the association between depression
and anxiety might be non-recursive (Liu et al., 2018; Tanguay-Garneau
et al., 2020; Westfall et al., 2021). Third, we used the average score of
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FFMQ-SF scale to represent the levels of mindfulness, and explored the
variables related to psychology only in the model. Fourth, selection bias
due to the limited participants from one distinct and convenience sam-
pling could reduce the representativeness of the research sample. To this
end, further research employing randomized controlled trials could be
considered to examine the effects of mindfulness-based interventions on
the individual variables included in the model, and further meta-
analyses are needed to determine the mechanism of the association
between the variables mentioned in this study. Furthermore, more work
is needed to investigate the relationship between specific facets of
mindfulness and mental health, and to explore other possible variables
mediating between mindfulness and mental health among the recovered
COVID-19 patients like the related biomarkers.

5. Conclusions

There might exist a complicated mechanism, through which mind-
fulness affected depression and PTSD among COVID-19 survivors. The
current study found that mindfulness had direct and indirect negative
associations with depressive and PTSD symptoms of this population in
Jianghan District, Wuhan. To reduce their depressive and PTSD symp-
toms, MLWC interventions delivered via mobile applications could be a
choice.
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