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Abstract

Background: To address the lack of mental health practitioners in developing countries, the current study explored the feasibility
of a newly developed self-guided digital intervention program TEA (training for emotional adaptation) in alleviating depressive and
anxiety symptoms, as one of a few studies which adapted from theoretical models with effective intervention techniques.

Methods: The first part of this study involved 11 professional mental health practitioners giving feedback on the feasibility of
the TEA; while the second part involved a mixed-method single-arm study with 32 participants recruited online, who went
through the seven intervention sessions within 14 days. The questionnaires were collected before, after, 14 days after, and 30
days after intervention. Additionally, 10 participants were invited to semi-structured interviews regarding their suggestions.

Results: Practitioners thought that the TEA showed high professionalism (8.91/10) and is suitable for treating emotional
symptoms (8.09/10). The generalized estimating equation model showed that the TEA significantly reduced participants’
depressive and anxiety symptoms, while the effects of the intervention remained 30 days post intervention (Cohen’s d >
1). Thematic analysis revealed three main themes about future improvement, including content improvement, interaction
improvement, and bug-fixing.

Conclusions: To address the current needs for digital mental health intervention programs to account for the insufficient
availability of mental health services in China, the current study provides preliminary evidence of the effectiveness of
TEA, with the potential to address the urgent need for remote mental health services.

Trial registration: The study was registered at the Chinese Clinical Trial Register (ChiCTR), with number [ChiCTR2200065944].
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Psychological distress refers to an individual’s negative
emotional reaction to stressors, including depressive and
anxiety symptoms.' It has become a serious public health

problem and causes an enormous burden for youth and
the society in recent years. For example, the prevalence
of depressive and anxiety symptoms increased sharply
during the COVID-19 pandemic.2’3 In China, the preva-
lence of mental health problems has reached 17.5%.*
However, the availability of mental health services is far
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from sufficient for individuals with emotional problems,
especially in developing countries, in which 79-93% of
individuals with depressive symptoms and 85-95% indivi-
duals with anxiety symptoms struggle to access effective
mental health intervention.’ Therefore, it is of great import-
ance to develop mental health interventions that are easily
accessible and cost-efficient.

According to a meta-analysis, habitual use of various
emotion regulation techniques significantly correlated to
symptoms of depression or anxiety, where adaptive
emotion regulation skills negatively associated with these
symptoms, and maladaptive emotion regulation skills posi-
tively associated with mental health problems. In particular,
depressive and anxiety symptoms were found to positively
correlate with emotion regulation techniques such as avoid-
ance and rumination, and negatively correlate with accept-
ance. These results underscore the importance of
interventions that develop adaptive emotion regulation
techniques in improving symptoms of depression and
anxiety.® Furthermore, the ubiquitous existence of the inter-
net and smartphones provides a new opportunity to increase
the accessibility of mental health services through
smartphone-based online platforms.” Especially during
the COVID-19 pandemic, the feasibility of attending
in-person mental health services has been repeatedly
reduced, while digital mental health intervention (DMHI)
provides us with an alternative.®

The significant imbalances of mental health profes-
sionals in China also implies the need for extensive and
scalable mental health interventions such as DMHI. For
example,well-trained mental health professionals tend to
gather in psychiatric hospitals in urban areas, leaving
a shortage of accessible mental healthcare in rural areas.’
However, some of the existing DMHI programs still
involve mental health practitioners to offer additional
support either online or in-person,'®~'? those with the pre-
requisite of having mental health practitioners on stand-by
is not feasible, given the lack of sufficient mental health
professionals. Therefore, a cost-effective, self-help inter-
vention DMHI program could be more suitable to meet
people’s mental health needs in China.

Previous studies have validated the effectiveness of
online DMHI for emotional problems and suggested that
emotion regulation techniques from cognitive behavioral
therapy (CBT) and mindfulness-based cognitive behavioral
therapy (MBCT) are effective in treating emotional disor-
ders digitally."*'* Among the existing DMHI for emotional
disorders, intervention techniques including psychoeduca-
tion, behavioral activation, relaxation techniques, cognitive
restructuring, and mindfulness are most frequently
involved'%!113:16.17.18 Nevertheless, as noted by recent sys-
tematic reviews, the majority of existing DMHIs for treat-
ing emotional problems in China mainly focus on treating
schizophrenia® and depressive symptoms,'> while other
common mental health problems such as anxiety received

inadequate attention. Given the high prevalence of
co-morbid depressive and anxiety symptoms in China, the
need to develop a DMHI that addresses these emotional
problems is ever more pressing.'®

Gross®” proposed a process model of emotion regula-
tion, which suggests that individuals may struggle to regu-
late their emotions if they fail at any of the following stages.
The first stage is identification, where an individual
becomes aware of a situation that evokes their emotional
feelings. Then, they might choose an appropriate regulation
strategy to apply in the situation. Finally, in the implemen-
tation stage, the individual must decide on specific actions
to take. In other words, facilitating an individual’s ability
at each stage is necessary to ensure effective emotion regu-
lation, and thus to alleviate their emotional distress. Given
the undeniable significance of emotion regulation in the
treatment of emotional disorders, it is imperative to inte-
grate evidence-based CBT techniques with a solid theoret-
ical foundation to address the underlying causes of
emotional problems.?!-**2?

The training for emotional adaptation

Therefore, we developed a digital self-guided intervention
for emotional problems in line with the process model of
emotion regulation. The training for emotional adaptation
(TEA) is a self-help digital mental health intervention
program that combines effective CBT techniques with the
process model of emotion regulation. The TEA consists
of multiple components and starts with training on emo-
tional identification skills. Participants are guided to recog-
nize and understand their emotional experiences, and to
gain insight into the underlying causes and triggers of
their emotions. This stage helps individuals to develop
greater awareness and insight of their emotional states.
The program then focuses on expanding the repertoire of
emotional strategies by considering both short-term and
longer-term approaches. Short-term strategies aim to
provide immediate relief that helps individuals to cope
with acute emotional distress. This may include techniques
such as deep breathing exercises, grounding exercises, and
distraction techniques. On the other hand, longer-term strat-
egies concentrate on cognitive changes. These strategies
may involve cognitive restructuring, building mindfulness,
and self-awareness.

TEA users will be encouraged to apply learned techni-
ques and strategies in their everyday lives when they face
challenging situations that evoke emotional distress. By
actively implementing these skills in real-life situations,
individuals can refine their skills, strengthen their emotional
adaptability, and incorporate effective emotion regulation
exercises as part of their daily routines. The combination
of the process model of emotion regulation and effective
CBT techniques has the potential to be highly effective in
alleviating emotional distress among TEA users.*!**%
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Specifically, the TEA consists of seven sessions con-
structed through the online platform of WeChat mini
program, in which the structure of the seven sessions
mimics the whole process model of emotion regulation.
Following the themes of each stage of the process model,
a series of CBT and MBCT techniques were assigned to
each session. The intervention was delivered online via a
combination of verbal and graphical information, interven-
tion videos, audio instructions, and interactive practices.

Aims

The current study aimed to investigate the feasibility and
preliminary effect of the TEA program for emotional pro-
blems including depression and anxiety symptoms. We
hypothesized that participants would show a reduction of
symptoms of depression and anxiety via measures. We
also explored the effects on sleep quality and emotion regu-
lation strategies as well as the participants’ satisfaction and
subjective evaluation of the intervention.

Methods

Sample

The current study consisted of two parts. The first part
involved collecting professional mental health practi-
tioners’ feedback regarding the feasibility of the TEA as
an online intervention for emotional disorders. The
second part involved a single-arm study to test the effective-
ness of the TEA on alleviating emotional disorder
symptoms.

The feasibility of TEA

For the professional’s feedback, our final sample involved
11 professional mental health practitioners as participants.
These mental health professionals were recruited by
online convenience sampling, eligibility criteria were that
they received academic degrees in clinical/applied psych-
ology/psychiatry, and currently working in a mental
health setting. Furthermore, in order to gain feedback
from clinicians with diverse working experience, we
included practitioners at various stages of their career
paths, ranging from those who just started working, to
those that have worked for 27 years as clinicians.

The single-arm study

For the single-arm study, our final sample involved 32 par-
ticipants, aged 18-36 (mean age =25.38). The eligibility
criteria include the following: (1) Participants aged 18—
39; (2) Participants who can participate in our study
through smartphones or other electronic devices; (3)
Participants who are identified as having mild or more

severe depression or anxiety symptoms by 9-item Patient
Health Questionnaire (PHQ-9) or 7-item Generalized
Anxiety Disorder (GAD-7) questionnaire (PHQ-9>5 or
GAD-7>5). The exclusion criteria include the following:
(1) Participants who refuse to give consent; (2) Participants
who report having suicide risk within 1 week prior to the
start of our study; (4) Participants who report having been
diagnosed with psychotic disorders (e.g. schizophrenia,
schizophrenic disorders), bipolar disorders, or other disorders
co-occur with schizophrenic disorders; and (5) Participants
who report receiving other psychological intervention pro-
grams. Please refer to Figure 1 for the flow of participant
recruitment.

Data collection

The feasibility of TEA. Mental health professionals first went
through the contents of the TEA WeChat mini program in 2
days. After that, they completed an online questionnaire
that consisted of demographic information, a brief introduc-
tion of the TEA program, as well as a measure to gather
feedback on professionals’ perceptions of the TEA
program through an online questionnaire platform in July
2022. No further data were collected from them in the
rest of the study. Based on professionals’ feedback, the
TEA program was refined.

The single-arm study. Participants were recruited in July
2022 via online poster. They indicated their interest in par-
ticipation by scanning the quick response code provided
with the flyer and completing the online eligibility test
questionnaire. Participants who met the eligibility criteria
were contacted by researchers. A short video of the user’s
guide along with a brief instruction of the study procedure
was provided before participation. Then, participants com-
pleted the pretest questionnaire online and started partici-
pating in the TEA. The TEA involves seven sequential
sessions, in which the participants were required to com-
plete the seven sessions in 14 days, while being limited to
complete one session per day. Upon the completion of the
seventh session, participants completed the post-test ques-
tionnaire online and indicated their interest in participating
in a voluntary one-to-one semi-structured interview. On the
14th day after completion of the seventh session, partici-
pants completed the 14-day follow-up questionnaire
online, while 10 participants were interviewed by team
members online with experience with qualitative methods
(i.e. semi-structured) through video conferencing software
(TencentMeeting Video Communications) regarding
“your experiences and feelings about the TEA for future
improvements.” Investigators explained the study’s aim,
and all of the content was recorded by audio (i.e. after
obtaining the consent from participants) and then tran-
scribed verbatim by a transcription service provided by
Tencent Meeting and deidentified by interviewers later.
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[ Enrollment ]

Assessed for eligibility (n=502)

Excluded (n=462)
+ Not meeting inclusion criteria (n=322)

+ Declined to participate (n=40)
+ Number of participants reached limit
(n=100)

Eligible

(n=40)

A4

[ Allocation ]

Allocated to intervention (n=40)
+ Received allocated intervention (n=40)
+ Did not receive allocated intervention (n=0)

A 4

[ Follow-Up ]

study) (n=8)

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (withdraw from

[ Analysis ] Analysed (n=32)

+ Excluded from analysis (give reasons) (n=0)

Figure 1. The flow chart of participant recruitment.

On the 30th day after completion of the seventh session,
participants completed a 30-day follow-up questionnaire
online. In total, 50 CNY (1 CNY =0.14 USD) was given
to each participant who completed the whole research
process, to increase their intention of participation (see
Figure 2 for the flow of this study).

Ethical considerations

The current study received ethical approval from Tsinghua
University. All participants were debriefed about the study
and gave consent online before participation, while they
were aware of their rights to withdraw at any point of the
study with no harm. For participants who indicated recent
suicidal ideation or suicide attempt, we provided profes-
sional help-seeking information when removing them from
participation. All data were safely stored in password-

protected hardware, with only the relevant researchers
having access to it. All personal information was kept confi-
dential. Participants were given unique ID numbers for par-
ticipant identification throughout the study. The study was
registered at ChiCTR, with number [ChiCTR2200065944].

Measurements
The feasibility of TEA

Demographic information. For the professionals’ feedback,
participants self-reported their demographic information prior
to the introduction to the TEA through online questionnaires.
That includes age, gender, education level, professional title,
and mental health-related work experiences.

Professionals’ feedback. Professional mental health prac-
titioners’ opinions of the TEA were measured through a
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S1: TEA. Stress
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follow up
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30-days follow up
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Demographic information
b.  16-item Professionals’

S3: TEA. Worries

Feedback Scale (Feasibility,

acceptability, potential harm,
potential effectiveness of TEA)

P2. Recruited
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S5: TEA. Distorted Thoughts

arm mixed study

Thoughts

S6: TEA. Challange Distorted

Guidance

Participants finished the E>

training within 14 days

No more than | session

per day

P2.
A semi-structured
interview

“Your experiences

A

Demographic information S7: TEA. Recap

and feelings about
the TEA for future

]
]
)
].
\
J
]

Psychological Distress Scales
Emotion Regulation Scales

improvements”

[
[
[
[
{
[

e o

Sleep Quality

Format: Integrative Audio + Video + Graphic + Practice

Figure 2. The flow chart of the current study.

16-item Professionals’ Feedback Scale specifically designed
for the current study. That includes participants’ opinions
about the feasibility, acceptability, potential harm (reverse
score), and potential effectiveness of the TEA. Participants
self-reported their opinions through an 11-point Likert scale
for each item ranging from 0 (e.g. “Very ineffective”) to 10
(e.g. “Very effective”). See the details of the Professionals’
Feedback Scale in Supplemental Appendix 1.

The single-arm study

Demographic information. For the single-arm study, par-
ticipants self-reported their demographic information at eli-
gibility test and pretest. This includes age, assigned gender,
sexual orientation and gender identity, education level,
socioeconomic status, occupational status, marital status,
religion, ethnicity, psychiatric diagnosis, the current situ-
ation regarding COVID-19-related restrictions and previous
experiences of DMHI.

Psychological distress. Depressive symptoms were mea-
sured through the PHQ-9%* at eligibility test, post-test,
14-day follow-up test, and 30-day follow-up test.
Participants self-reported their depressive symptoms through
a 4-point Likert scale for each item ranging from 0 (“Not at
all”) to 3 (“Nearly every day”), with a maximum possible
total score of 27. The recommended cutoff point for clinically
significant depression was set at 9,%> while a score below 5
was indicated as not having depression symptoms.”> The

PHQ-9 has good reliability and validity for measuring depres-
sive symptoms in Chinese people.”®

Anxiety symptoms were measured through the GAD-7*’
questionnaire at eligibility test, post-test, 14-day follow-up
test, and 30-day follow-up test. Participants self-reported
their anxiety symptoms through a 4-point Likert scale for
each item ranging from O (“Not at all”) to 3 (“Nearly every
day”), with a maximum possible total score of 21. The recom-
mended cut-off point for clinically significant depression was
set at 8,%® while a score below 5 was indicated as not having
anxiety symptoms.”’ The GAD-7 has good reliability and val-
idity for measuring anxiety symptoms in Chinese people.”

Emotion regulation. Emotion regulation abilities were
measured through the 6-item short Emotion Regulation
Questionnaire (ERQ-6)*° at pre-test, post-test, 14-day
follow-up test, and 30-day follow-up test. The ERQ-6
was developed by extracting three items from the cognitive
reappraisal domain and three items from the expressive sup-
pression domain of the original Emotion Regulation
Questionnaire.®" Participants self-reported their emotion
regulation abilities through a 5-point Likert scale for each
item ranging from 1 (“Strongly disagree”) to 5 (“Strongly
agree”), with a maximum possible total score of 15 for
each domain. For each domain of the ERQ-6, higher
scores indicate greater trait strength by which the individual
regulates emotion in the respective manner. The ERQ-6 has
been shown as having good reliability and validity for
measuring emotion regulation abilities.*
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Table 1. Demographic information of the participants.

Age
Mean (SD)
Median [Min, Max]
Assigned gender
Female
Male
Gender minority
No
Yes
Educational level
Mean (SD)
Median [Min, Max]
Occupational status
Full-time student
Full-time employed
Part-time employed
Unemployed
Marital status
Unmarried
Married
Divorced
Religion
Buddhism
Christian
Atheist
Ethnicity
Han

Socioeconomic status

25.38 (5.34)

23 [18, 36]

28 (87.5%)

4 (12.5%)

30 (93.8%)

2 (6.3%)

6.63 (1.43)

6 [5, 10]

13 (40.6%)
13 (40.6%)
2 (6.3%)

4 (12.5%)

27 (84.4%)
4 (12.5%)

1 (3.1%)

4 (12.5%)

1 (3.1%)

27 (84.4%)

32 (100%)

37.73 (6.68)

39 [28, 51]

7 (63.6%)

4 (36.4%)

8.00 (1.55)

8 [6, 10]

(continued)
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Table 1. Continued.

Mean (SD) 4.09 (1.86)

Median [Min, Max] 4 [1, 6]
Previous psychiatric diagnosis

Yes 2 (6.3%)

No 30 (93.7%)
Under COVID-19 quarantine during the study

Yes 1 (3.1%)

No 31 (96.9%)

Previous experiences of DMHI

No previous experience 32 (100%)
Years in mental health service

Mean (SD) =

Median [Min, Max] =
Professional title

Mean (SD) =

Median [Min, Max] =
Subordinate department in the hospital

Psychological crisis intervention center =

Psychology department (counseling) =

Psychological intervention center =

Psychiatry department =

Clinical psychology department =

Sleep quality. Insomnia was used as a reversed indicator
of sleep quality. Insomnia was measured through the 7-item
Insomnia Severity Index (ISI-7)>? at pre-test, post-test,
14-day follow-up test, and 30-day follow-up test.
Participants self-reported their insomnia severity through
a 5-point Likert scale for each item ranging from O (e.g.
“No problem”) to 4 (e.g. “Very severe problem”), with a
maximum possible total score of 28. The cutoff point for
having insomnia symptoms was set as 8.>> The ISI-7 has

12.55 (7.84)

14 [0, 27]

2.73 (0.90)

31, 4]

3 (27.3%)
2 (18.2%)
3 (27.3%)
2 (18.2%)

1 (9.0%)

been shown as having good reliability and validity for
measuring sleep quality in Chinese people.™

Statistics

All quantitative statistics were conducted using R-4.1.0.%*
Demographic information was collected for professional
mental health practitioners and participants in the single-arm
study separately. Descriptive statistics were conducted for
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Table 2. Continued.

Table 2. Training for emotional adaptation (TEA): professional’s
feedback.

Professionalism
Mean (SD)
Median [Min, Max]
Effectiveness in treating emotional disorders
Mean (SD)
Median [Min, Max]
Positive emotion improvement
Mean (SD)
Median [Min, Max]

Potential to bring behavioral changes in real
life

Mean (SD)

Median [Min, Max]
Practicability

Mean (SD)

Median [Min, Max]
Convenience

Mean (SD)

Median [Min, Max]

Feasibility for treating emotional disorders
online

Mean (SD)
Median [Min, Max]
Logic flow of the seven sessions

Mean (SD)

8.91 (0.94)

9.0 [7.00, 10.00]

7.82 (1.40)

8.00 [5.00, 10.00]

8.73 (0.79)

8.00 [7.00, 9.00]

7.18 (0.87)

7.00 [6.00, 9.00]

7.82 (0.98)

8.00 [6.00, 9.00]

7.82 (1.83)

8.00 [4.00, 10.0]

8.09 (1.64)

8.00 [5.00, 10.0]

7.55 (1.29)

Mean (SD)
Median [Min, Max]
Possible harm prevention (reverse score)
Mean (SD)
Median [Min, Max]
Users’ acceptability
Mean (SD)
Median [Min, Max]
Attractiveness
Mean (SD)
Median [Min, Max]
Appearance quality
Mean (SD)
Median [Min, Max]
Multimedia information collection
Mean (SD)
Median [Min, Max]
Complexity
Mean (SD)
Median [Min, Max]
Willingness to recommend the TEA
Mean (SD)

Median [Min, Max]

7.91 (1.38)

8.00 [5.00, 10.0]

8.82 (0.98)

9.00 [7.00, 10.00]

7.73 (1.49)

8.00 [4.00, 9.00]

8.00 (1.41)

8.00 [5.00, 10.0]

8.18 (1.54)

8.00 [5.00, 10.00]

7.73 (1.01)

8.00 [6.00, 9.00]

7.64 (1.43)

8.00 [5.00, 9.00]

7.91 (1.81)

8.00 [5.00, 10.00]

each item of the professional feedback scale. We calculated
the mean, standard deviation, median and range for continuous
variables, and percentages for categorical variables.

We applied generalized equation (GEE) models to
explore the predictive effects of measurement time points
and depression symptoms, anxiety symptoms, cognitive

Median [Min, Max] 8.00 [6.00, 10.0]
Content setting

(continued)
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reappraisal emotion regulation, expressive suppression
emotional regulation, and sleep quality, which reflect the
impacts of the TEA intervention on these mental health
characteristics.

Demographic information was controlled for in the GEE
models. Post-hoc within-participant #-tests were conducted
to explore the differences between these mental health sta-
tuses at four time points, which provides us with additional
information about when the intervention impacts emerged
and how long they remained. Bonferroni corrections were
applied to reduce the risk of false positives. A post-hoc
power analysis was conducted to test if the participants
we reached can provide adequate statistical power.

For qualitative statistics, detailed verbatim transcriptions were
refined and cross-checked by three researchers (CC, JA, and
LDY). Word software was used for coding and analysis of tran-
scripts. The thematic analysis method followed the steps pro-
posed by Clarke et al. (2015), followed by one question, ‘“how
to future improve the TEA from your own experience.” Taken
together, (1) for team members, including two who had previous
experience with qualitative methods (CC and JA), familiariza-
tion with the data, independently reviewed the two transcripts
and created an initial codebook (framework), by using compari-
son and consensus. (2) Then, the codebooks were collaborated
and refined by four team members (CC, JA, LDY, and ZX),
and any disagreements and possible solutions were identified
and evaluated at the research group meeting. Codes were
grouped into themes iteratively until without further modifica-
tion. (3) Then, themes about the “future improvements of the
TEA” were extracted and refined by two researchers from all
transcripts (CC and JA), and cross-checked by two researchers
(LDY, and ZX). (4) Examples were translated and double-

checked by researchers who are fluent in both Mandarin and
English (CC and LDY).

Results

Descriptive statistics can be found in Table 1. Our final sample
includes 32 participants in the single-arm study (mean age =
25.38, 87.5% female, 6.3% gender minority, 40% students,
6.3% with previous psychiatric diagnosis), and 11 mental
health professionals (mean age =37.73, 63.6% female, mean
year working in mental health service=12.55). A post-hoc
power analysis with the final sample size of 32, a significant
level of 0.05, and the smallest effect size of the significant
effects of 0.66 indicated that the current sample provides a
statistical power of 95% for the current study.

Professional’s feedback

The results of the Professionals’ Feedback Scale are presented
in Table 2. Overall, professionals’ evaluation of the TEA was
positive. The professionalism of the TEA (i.e. the accuracy of
how CBT techniques and illustrations were used) received the
highest score (mean=_8.91, SD =0.94), while the extent to
which behavioral changes can be induced by the TEA
received the lowest score (mean=7.18, SD=0.87). Based
on professionals’ feedback, the TEA program was refined.

Qualitative analysis of intervention effects

The results of the GEE model and post-hoc within-group
t-tests are presented in Table 3. Generally, participants’
mental health symptoms reduced significantly after

Table 3. Intervention effects of the training for emotional adaptation (TEA).

Depressive —1.49%** 030 —4.29*** (0.76)
symptoms§

Anxiety symptoms®  —1.46*** 0.29  —3.91** (0.69)

Cognitive 1.63***  0.24 —1.74 (0.31)
reappraisal®

Expressive —2.03*** 0,23 0.15 (0.03)
suppression”

Insomnia® —1.32%** 037  —3.73* (0.66)

GEE: generalized equation modeling; Bonferroni corrections were applied.
***p<0.001; **p<0.01; *p<0.05.

SPositive value indicates worsening of symptoms.

TPositive value indicates greater trait strength.

—4.85*** (0.86) —6.37*** (1.13)

—4.55%*% (0.81) —6.45%** (1.14)
4.67%** (0.83) 5.03%** (0.89)
—7.61%** (1.34) —6.12%** (1.08)
—4.02%* (0.71) —5.24%%* (0.93)
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completing the TEA intervention, in which the symptom
levels remained low a month after intervention (as illu-
strated in Figure 3).

Specifically, for depressive symptoms, the GEE model
indicated significant intervention effects of the TEA on
depression symptoms (f=-1.49, p<0.001). The
post-hoc #-tests showed that compared to pre-intervention,
depression symptoms significantly reduced after interven-
tion (r=-4.29, p<0.001), while the intervention effect
remained at 14-day follow-up (r=-4.85, p<0.001) and
30-day follow-up (r=-6.37, p<0.001).

For anxiety, the GEE model indicated significant interven-
tion effects of the TEA on anxiety symptoms (f=—1.46, p<
0.001). The post-hoc t-tests showed that compared to pre-
intervention, anxiety symptoms significantly reduced after
intervention (r=-3.91, p=0.007), while the intervention
effect remained at 14-day follow-up (r=-4.55, p<0.001)
and 30-day follow-up (r=—-6.45, p<0.001).

For cognitive reappraisal emotion regulation, the GEE
model indicated significant intervention effects of the
TEA on cognitive reappraisal (f=1.63, p<0.001). The
post-hoc #-test showed no significant change in cognitive
reappraisal between pre-intervention and post-intervention
measurements (t=-—1.74, p=1.365). However, cognitive
reappraisal significantly increased at 14-day follow-up
(t=4.67, p<0.001), while the intervention effect remained
at 30-day follow-up (r=5.03, p<0.001).

For expressive suppression emotion regulation, the GEE
model indicated significant intervention effects of the TEA
on expressive suppression (f=-2.03, p<0.001). The
post-hoc #-test showed no significant change in expressive
suppression between pre-intervention and post-intervention

measurements (r=0.15, p=1.323). However, expressive
suppression significantly decreased at 14-day follow-up
(t=-7.61, p<0.001), while the intervention effect remained
at 30-day follow-up (r=—6.12, p<0.001).

For sleep quality, the GEE model indicated significant
intervention effects of the TEA on sleep quality (f=—1.32,
p<0.001). The post-hoc #-tests showed that compared to pre-
intervention, insomnia severity significantly reduced after
intervention (r=-3.73, p=0.012), while the intervention
effect remained at 14-day follow-up (t=-4.02, p=0.005)
and 30-day follow-up (t=-5.24, p<0.001).

Qualitative analysis of future improvements

The results of the thematic analysis of the semi-structured
interview are presented in Table 4. Participants’ suggestions
about future improvements of the TEA were classified and
combined into three larger themes, including “content
improvement,” “interaction improvement,” and “‘bug-fixing.”
Overall, participants’ suggestions are mainly about user
experience. In the content improvement theme, participants
suggested to improve user engagement through gamifica-
tion and more encouraging reinforcement. For example,
“You can modify the existing contents into interactive
games, like Super Mario that involves different sessions
and tasks,” and “The current virtual rewards given (upon

completing each session) are not encouraging enough.”
Additional contents were suggested to include more
detailed examples, review sessions and the marking com-
pletion section. For example, “You can provide me with a
detailed list that includes the activities I can do in a week
. so I know what (activities) to do to improve my
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Figure 3. Intervention effects of the training for emotional adaptation (TEA).
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Table &. Training for emotional adaptation (TEA): participants’ improvement suggestions.

Content User engagement
improvement

Additional contents

Individualization

Interaction Operational design
improvement
Multimedia
interaction
Notification

Communications

Bug-fixing Program crash

Display error

Saving of completed
contents

emotional states,” “Although I have the willingness to
change, I probably need to repeat (the training), or have
recap sessions, as we only have seven sessions,” and
“You can create a marking section for me to mark the

Gamification
Reinforcement/reward

Detailed examples

Recap sessions

Marking completion

Optional more detailed and
difficult contents

Accessibility
Prevention user errors

Audio-verbal information
matching

Daily reminders
Message board
Program crash when
flipping the pages
Input box error
Completed contents not

saved when re-logging
in

“You can modify the existing contents into interactive games,
like Super Mario that involves different sessions and tasks.”

“The current virtual rewards given (upon completing each
session) are not encouraging enough.”

“You can provide me with a detailed list that includes the
activities | can do in a week...... so | know what (activities)
to do to improve my emotional states.”

“Although | have the willingness to change, | probably need
to repeat (the training), or have recap sessions, as we only
have seven sessions.”

“You can create a marking section for me to mark the
activities | should complete, to help me make behavioural
changes”

“If anything, | would like to have some deeper contents. |
think the current content is relatively shallow. You can have
the contents graded (from easy to difficult).”

“It is sometimes not fluent when | want to flip the page. It
would be better to just scroll all of the pages down.”

“It is easy to accidentally tap on the slider button which will
open a figure.”

“| find the audio recording a bit distracting.”
“The audio recording at one page sometimes contains
information on the next page.”

“I think it can push a notification, just to remind you to
complete the session today.”

“To set up a message board, for us to record some of our
puzzles, and then maybe we can answer them next time.”
“To have interactions...... you can have your problems
answered.”

“Every time | want to go back to the previous page, | slide
back to the previous page from left to right, sometimes |
find that | just quitted.”

“Sometimes the input box will jump to the top of the page.”

“When | accidentally quitted the program, the contents |
completed before will all disappear.”

activities I should complete, to help me make behavioural
changes.” Few participants also indicated a desire for
optional more detailed and difficult contents for people
who find the existing contents too shallow. For example,
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“If anything, I would like to have some deeper contents. I
think the current content is relatively shallow. You can
have the contents graded (from easy to difficult).”

In the interaction improvement theme, participants sug-
gested to improve multimedia interactions and add daily
reminders for completing the sessions. For example, “The
audio recording at one page sometimes contains information
on the next page.” Participants also indicated desire for better
communication experiences both with peers and with staff.
For example, “To set up a message board, for us to record
some of our puzzles, and then maybe we can answer them
next time.” In the bug-fixing theme, participants mainly
reported program crashes and content-saving problems that
need to be fixed. For example, “Every time I want to go
back to the previous page, I slide back to the previous
page from left to right, sometimes I find that I just quitted.”

Discussion

Main findings

The current study confirmed a significant impact of the
TEA program on reducing emotional problem symptoms
through a two-step process. In the first study, feedback
was gathered from mental health professionals to assess
the feasibility, acceptability, potential harm, and effective-
ness of the TEA. Based on professionals’ feedback, the
TEA program was refined. Second, the single-arm study
used mixed methods to not only collect and compare quan-
titative data at pre-intervention, post-intervention, and
14-day follow up, and 30- day follow up, but also gathered
qualitative data through semi-structured interviews from
TEA users. Overall, our results supported the feasibility
and preliminary effectiveness of the TEA in alleviating
emotional symptoms including depression and anxiety,
and these findings are in line with similar studies previously
conducted in other countries.™

Our results from the single-arm study indicated a signifi-
cant reduction of both depression and anxiety symptoms
upon the completion of the intervention, in which the inter-
vention effect lasted for a month. Compared to other digital
interventions for depression and anxiety, which generally
showed small to moderate intervention effects,*® the TEA
showed moderate intervention effects for both depression
(d=0.76) and anxiety (d=0.69) post-intervention.
Moreover, compared to pre-intervention, the TEA showed
large intervention effects for both depression and anxiety
at follow-up, which indicated a great potential for TEA to
be applied as a self-guided digital intervention for depres-
sion and anxiety. From professionals’ feedback, the TEA
was also rated highly for professionalism, practicability,
effectiveness in treating emotional disorders, and feasibility
for online intervention, which guaranteed its potential in
treating depression and anxiety as a self-guided digital
intervention program.

Strengths of the current study

One of the strengths of the TEA is that it illustrated a theory-
practice link by systematically integrated intervention techni-
ques based on corresponding factors outlined in the emotion
regulation process model. Another strength of the TEA is
that our results illustrated the impacts of the TEA not only
on emotional problems but also on physiological and cogni-
tive changes. For example, significant improvement in sleep
quality was found after the intervention and at follow-up mea-
sures. An abundance of previous studies has found significant
associations between sleep quality and both depression and
anxiety.?”*** Previous studies have supported the effective-
ness of digital CBT on insomnia comorbid with depres-
sion,40’41 which aligns well with our results showing
reduced insomnia symptoms along with emotional problems.
Through the integration of grounding techniques including
relaxation training and mindfulness that have been shown to
reduce sleep disturbance,* the TEA showed a potential to
alleviate emotional problems by improving sleep quality.
However, the underlying mechanisms between sleep quality
and emotional problem symptoms require further clarification.

Moreover, from the cognitive perspective, our results indi-
cated a significant improvement in participants’ ability in cog-
nitive reappraisal, which supported the impact of the TEA on
improving user’s emotion regulation as conceptualized in the
process model of emotion regulation.*> One meta-analysis
concerning the effective components of intervention pro-
grams developed based on the process model of emotion regu-
lation found that cognitive change has the largest intervention
effects among all aspects of the emotion regulation process.>
The TEA has two sessions devoted to improving cognitive
restructuring skills, hence facilitates reduction in emotional
problems through inducing cognitive reappraisal ability.
Another finding is that expressive suppression scores
decreased among TEA users, and since expressive suppres-
sion has been identified as a maladaptive coping strategy
that damages one’s mental health,44’45 this provided further
support on the effectiveness of TEA in reducing emotional
symptoms. Finally, it was found that neither cognitive
reappraisal nor expressive suppression scores changed signifi-
cantly immediately after the intervention, but significant
changes were found at 14-day and 30-day follow-ups. This
indicated delayed impacts of the TEA on emotion regulation
strategies, which is also in line with previous studies finding
cognition as stable and difficult to change.*® This also sup-
ported the importance of incorporating a comprehensive
process of emotion regulation in an intervention program.
However, future studies are in need to examine the effects
of different intervention components of the TEA.

Limitations

While the TEA has been demonstrated as an effective inter-
vention program for depression and anxiety symptoms, a
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few limitations need to be considered. First of all, the
current study utilized a single-arm design, which under-
mines the strength of evidence in support of the intervention
effects of the TEA. Moreover, the current study failed to
explore the impacts of each intervention component on
mental health outcomes, which means that we cannot
draw a conclusion on whether the moderate-to-large
impacts of the TEA on mental health outcomes is a result
of incorporation of techniques targeting the whole
emotion regulation process. Furthermore, while the
current sample provided adequate power for our statistical
aims, we acknowledge that we only had a limited number
of participants due to our inability to follow a large
number of participants, which restricted the capability of
the current study to testify to the feasibility of the TEA in
reaching potential users needing the interventions.
Nevertheless, 502 participants attended the initial eligibility
test, which indicates the potential of TEA to reach a greater
number of potential users. Therefore, future randomized
controlled trials with more comprehensive measures and a
large participant group are necessary to further verify the
intervention effects of TEA on mental health symptoms.

Implication for future studies

Based on the feedback gathered from participants in the
semi-structured interviews, further versions of the
program need to be developed to address existing problems,
such as adding individualized contents, improving users’
experiences through the interactive user interface, as well
as bug fixing. Although the intervention effects are encour-
aging, preliminary results from the feasibility test should be
interpreted with caution, and a future randomized con-
trolled trial with a large sample size should be conducted
to further evaluate the intervention effect of TEA on psy-
chological distress. Furthermore, considering the enormous
user population of WeChat (i.e. over 1.2 billion monthly
active users), making the TEA a highly cost-effective and
easily accessible tool for people to utilize, and support
them to potentially cope with anxiety and depression symp-
toms more effectively. As about 10% of WeChat users are
international users,*’ the TEA could also be beneficial for
individuals who are not currently living in China (e.g.
Chinese people studying, working, or living abroad).

Conclusions

To address the current needs for digital mental health inter-
vention programs due to the insufficient availability of
mental health services in China, the current study investi-
gated the feasibility of the Online Emotion Regulation
Training Camp (TEA) as a self-help digital intervention
for emotional disorders. Through the combinations of feed-
back from mental health professionals, a one-month single-
arm study and semi-structured interviews, our results

provide preliminary evidence supporting TEA as an effect-
ive intervention program for alleviating depression and
anxiety symptoms, and the intervention effects remain
stable across a month. However, future RCT studies are
warranted to affirm the intervention effects of the TEA.
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