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Background: Social anxiety disorder (SAD) is a common but under-treated mental health condition. Internet-
based cognitive behavioral therapy (iCBT) and virtual reality exposure therapy (VRET) are effective treatment
approaches for SAD. However, few studies have integrated both, particularly in Chinese communities. This study
examines the effectiveness of a 14-week iCBT program that includes VRET, called “Ease Anxiety in Social Event
Online” (Ease Online), among Hong Kong adults with SAD.

Method: 329 Hong Kong Chinese adults with SAD were randomized into web-based iCBT with VRET (n = 117),
app-based iCBT with VRET (n = 111), or waitlist control (WLC) (n = 101) groups. The mean age was 30.49 years
old (SD = 9.34), with 36 % male and 64 % female. Assessments were administered at pre-test, post-test, and 3-
and 6-month follow-ups. The primary outcome measure was the Social Phobia Inventory (SPIN). Data were
analysed by using linear regression and mixed effects models.

Results: Both treatment groups were superior to WLC group on both the primary and secondary outcome mea-
sures. The effects were comparable between the two iCBT formats. Improvements were maintained at 3-month
and 6-month follow-ups. The rate of reliable improvement based on the SPIN was 34 % and 40 % in the web-
based and app-based iCBT groups, respectively, compared to 11 % in the WLC group; and 15 % and 23 %
who meet the criteria for remission of social anxiety, compared to 3 % in the WLC group.

Conclusions: Both web- and app-based iCBT with VRET are effective for Hong Kong Chinese adults with SAD. The
EASE Online iCBT programme is an effective treatment approach for Hong Kong Chinese with SAD.

1. Introduction

Social anxiety disorder (SAD), or social phobia, is one of the most
common mental health problems, yet often neglected with a low treat-
ment rate (Stein et al., 2017). SAD is characterised by fear of negative
evaluation or rejection in social situations which leads to embarrassed or
humiliation (Emmelkamp and Meyerbroker, 2021). Lee et al. (2005)
reported that the 12-month prevalence of SAD in Hong Kong is 3.2 %
which translates into an estimated 230,000 sufferers, but only 8.7 %
have sought treatment. SAD has far-reaching impacts not only on in-
dividuals, such as under-performance and under-achievement, impaired
social life, increased risk for other mental health issues, and poor quality
of life, but also on society, such as low work productivity, increased
healthcare costs, and reduced social cohesion (National Collaborating

Centre for Mental Health (UK), 2013). People with SAD usually avoid
social situations, so they might feel overwhelmed if they were to meet a
stranger for traditional face-to-face treatment. As such, internet-based
interventions may be a better way to meet their treatment needs
(Erwin et al., 2004).

1.1. Internet-based cognitive behavioral therapy for SAD

Internet-based cognitive behavioral therapy (iCBT) is an online
intervention that can be delivered through either web platforms (web-
based iCBT) or mobile phone applications (apps) (app-based iCBT) with
both being equally effective in reducing SAD symptoms and increasing
well-being (Stolz et al., 2018). Compared to face-to-face CBT, there are
several potential advantages of iCBT, such as shorter therapist time
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required, easy and increased access to treatment, affordability, ano-
nymity, flexibility and convenience, well-documented efficacy, reduced
stigma associated with mental health problems, and overcoming ob-
stacles to treatment, such as when social anxiety prevents a client from
leaving home (Aboujaoude et al., 2015; Andrews et al., 2018; Ashford
et al., 2016). ICBT is also cost-effective (You et al., 2022). For example,
the therapist time in iCBT can be more than halved for the same amount
of reduction in social anxiety (Clark et al., 2023).

A recent meta-analysis shows that iCBT has a significant positive
treatment effect for SAD compared to control groups (g = —0.55) and an
equivalent effect with face-to-face CBT on treating SAD (g = —0.18)
(Guo et al., 2021). Randomized controlled trials (RCTs) have shown that
guided iCBT, where therapists provide regular support and feedback, is
more effective than unguided iCBT (Karyotaki et al., 2021) in reducing
general and social anxiety, avoidance, depression, and dysfunctional
thinking, as well as improving quality of life and functioning for people
with SAD (e.g. Andersson et al., 2006; Carlbring et al., 2007; Gershko-
vich et al., 2017; Tulbure et al., 2015). In addition, guided iCBT pro-
grams for SAD show loss of diagnosis rates (Stolz et al., 2018). Benefits
have been maintained at 6-month (e.g. Tulbure et al., 2015), 1-year (e.g.
Andersson et al., 2006; Clark et al., 2023), 2-year (e.g. Hullu et al.,
2017), and 4-year (Hedman et al., 2016) follow-ups.

As a newer development in internet interventions, iCBT delivered by
smartphone application (app-based iCBT) has shown comparable out-
comes to iCBT delivered through web platforms (web-based iCBT) in the
treatment of SAD, with both conditions being effective in reducing SAD
symptoms and increasing psychological well-being (Stolz et al., 2018).
Treatment gains were maintained at the 3-month follow-up (Stolz et al.,
2018). The recovery rate ranged from 15 % (Stolz et al., 2018) to 55.6 %
(Dagoo et al., 2014) for the treatment of SAD. Compared to conventional
computer-delivered iCBT programs, the time use of smartphone appli-
cations is more evenly spread throughout the day, thus indicating the
integration of the iCBT for smartphone as part of daily life routine (Stolz
et al., 2018). Users have found the apps both acceptable and easy to use
(Pramana et al., 2014). However, majority of the available mental
health apps lack scientific evidence about their efficacy (Donker et al.,
2013). Thus, further rigorous research is required to develop and test
evidence-based mental health apps (Donker et al., 2013).

1.2. ICBT for Chinese people with SAD

A few studies on iCBT for those with SAD in Chinese communities
have emerged in recent years due to the increasing needs with promising
evidence of the effectiveness of both therapist-guided and self-help iCBT
compared to waitlist controls (Kishimoto et al., 2016; Lin et al., 2020;
Thew et al., 2022; Wang et al., 2020). ICBT reduces shame proneness
which mediates engagement in exposure therapy and changes in SAD
symptoms (Wang et al., 2020). ICBT with a shame intervention
component can significantly reduce both shame and social anxiety
symptoms at posttreatment compared to normal iCBT and waitlist
control groups in China (Wen et al., 2024). The current iCBT programs
for SAD in the Chinese population were developed based on programs
from the West which were translated into Chinese with some cultural
adaptations (Kishimoto et al., 2016; Lin et al., 2020; Wang et al., 2020).
When implementing iCBT in Chinese population, cultural adaptations
may further enhance its effectiveness as showed by a meta-analysis
study which demonstrated short-term effects (Ng and Wong, 2018). Li
et al. (2023) also showed in their meta-analysis that culturally adapted
interventions for Chinese people have medium effect sizes in reducing
both self-reported and clinician-rated symptom severity across mental
disorders at post-intervention. However, they also concluded that their
findings are limited by the insufficient reporting of cultural adaptation
of interventions for Chinese population, particularly for iCBT. In addi-
tion, current studies on iCBT for Chinese with SAD are limited by small
sample sizes (Lin et al., 2020; Thew et al., 2022; Wang et al., 2020), non-
RCT designs (Kishimoto et al., 2016), untranslated and unadapted
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treatments (Thew et al., 2022), or lack of follow-up (Kishimoto et al.,
2016; Lin et al., 2020; Wang et al., 2020; Wen et al., 2024). Finally, there
are currently no Chinese language iCBT studies on Hong Kong Chinese
with SAD.

1.3. Virtual reality exposure therapy

Virtual reality exposure therapy (VRET) is an innovative approach
that bridges traditional exposure therapy and digital intervention by
using computer-generated virtual social environments to expose clients
to feared stimuli (Morina et al., 2023). VRET is often used with CBT to
challenge and modify anxious thoughts and behaviours (Clemmensen
et al., 2020). Meta-analysis studies show the efficacy of VRET which can
sustain up to 6 years (Anderson et al., 2017; Arif et al., 2023; Horigome
etal., 2020). Compared to in vivo exposure, VRET shows similar efficacy
at post-intervention, but declines at later follow-up points (Horigome
et al., 2020). Specifically, VRET was found to be effective in reducing
social fear and avoidance, fear of negative evaluation, self-reported
public speaking anxiety, catastrophic belief expectancy, probability
and cost biases, distress, perceived stress and depressive symptoms, and
increasing length of speech time, perceived performance quality and
confidence (e.g. Anderson et al., 2013; Bouchard et al., 2017; Lindner
et al., 2021; Kim et al., 2017). However, only one study was conducted
in Chinese community, which found that VRET reduced symptoms
caused by fear of COVID-19 infection (Zhang et al., 2020). While VRET is
promising and innovative for treating SAD, no work has been done to
integrate iCBT with VRET to treat SAD in the Chinese population.

1.4. The present study

The absence of VRET in Chinese-speaking communities, such as
Hong Kong, led to the development of an iCBT program that in-
corporates VRET, which is called “Ease Anxiety in Social Event Online”
(Ease Online), for Hong Kong adults with SAD. The primary aim of the
present randomized controlled trial was to evaluate whether the EASE
Online iCBT program was superior to a waitlist control group in
reducing SAD symptoms and on a range of secondary outcome measures
in the Hong Kong context. It also examined whether the program
showed sustained clinical effects on these measures at 3- and 6-month
follow-up. This study also delivered EASE Online iCBT in two formats
— one using a web platform (web-based iCBT) and one via an app (app-
based iCBT). It also aimed to examine whether web-based iCBT and app-
based iCBT showed comparable treatment effects. It was hypothesized
that both the web-based and app-based iCBT groups would be superior
to waitlist at post-treatment on the primary outcome (SAD symptoms)
and on the secondary outcomes of generalised anxiety and depression
symptoms, psychological distress, automatic thoughts, internalised
stigma, and quality of life. These effects were expected to be comparable
between the two treatment formats, with sustained improvements at the
3- and 6-month follow-ups.

2. Methods
2.1. Participants and procedure

A total of 1807 participants were recruited on an ongoing basis be-
tween January 2020 and January 2023 via social media (Facebook and
Instagram) and Google, a press conference, posters, and referrals from
local non-governmental organisations. The selection criteria are: fluency
in Cantonese; between the ages of 18 and 70; a score of 24 or more on the
Chinese version of the Social Phobia Inventory (SPIN) (Tsai et al., 2009)
(representing a clinically validated threshold for identifying likely cases
of social anxiety disorder in the Chinese population); having a social
anxiety disorder assessed by the Structured Clinical Interview for
DSM-I1V Disorders (SCID-5-CV) (First et al., 2016); having no psycho-
logical treatment at the time of registration or willingness to suspend
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treatment during the study; having access to a computer or smartphone
with internet connection; and having a valid email address. The exclu-
sion criteria are: having severe depressive symptoms with a score over
30 on the Beck Depression Inventory-II (BDI-II) (Beck et al., 1996);
having suicidal risk in the past three months (score of Item 9 in BDI-II is
“2” or “3” and assessed to have suicidal risk during an intake interview);
and having a self-reported severe psychiatric condition (e.g. bipolar
disorder, schizophrenia, or borderline personality disorder) diagnosed
by a psychiatrist or clinical psychologist. All of the participants provided
informed consent and completed an online screening questionnaire that
included the BAIL, BDI-II, and SPIN on the program website. A total of
439 potential participants attended a 1.5-hour intake interview with the
Structured Clinical Interview for SAD and assessment of suicidal risk.
Marginal cases were discussed in a case meeting (including the first
author, an intake worker and a program therapist). A project assistant
contacted the eligible participants to reconfirm their participation. In
the end, 329 participants were recruited and randomized (see Fig. 1).
Those with severe depressive symptoms and/or suicidal risk identified
during screening were referred to local mental health services with
consent.

2.2. Research design

A 3-arm RCT was conducted in which the participants were
randomly assigned to three groups by computer-generated random
numbers in 12 cohorts with an average of 27 participants in each cohort.
The two experimental groups received either the web-based iCBT (n =
117) or app-based iCBT (n = 111). A waitlist control (WLC) group (n =
101) received no intervention for 14 weeks and were then given access
to the app-based iCBT. All completed the same online questionnaires at
pre-test, post-test, and 3- and 6-month follow-up assessments. The WLC
group completed the questionnaire one more time as a post-test after the
two experimental groups completed the program. This study was gran-
ted ethics approval by the Human Research Ethics Committee of the
university where the first author is employed and was pre-registered at
https://clinicaltrials.gov/.

2.3. Intervention: Ease Online program

Ease Online is a 14-week therapist-guided iCBT program that was
tailor-made for Hong Kong people with SAD (Pan, 2023). It consisted of
9 online modules, 3 counselling sessions and 2 VRET sessions. The on-
line modules were premised on the CBT framework in Beck (2011) and
CBT work for Chinese clients in Wong (2005) and Pan and Zhuang
(2022). Participants learnt various CBT skills to cope with social anxiety
through animated videos and 4 case demonstration videos developed
from local cases. At the end of each module, participants were asked to
complete an assignment to apply the CBT skills to deal with their own
social anxiety. The program functions also included internal messaging,
session review, a moderated online discussion forum, online question-
naires, reminders, and an online booking system. In the 3 counselling
sessions, the therapist supported participants in reviewing and consoli-
dating the module contents and planning ways to apply CBT skills in
their daily life. Therapist also provided feedback on assignments. Each
counselling session was 60 minutes conducted in person, on Zoom or
through a WhatsApp call. The VRET sessions used five virtual scenarios
developed for this study: (1) job interview; (2) delivering a presentation;
(3) participating in a work performance appraisal; (4) expressing
disagreement; and (5) drinking in public. Participants chose one and
spent up to 15 minutes in the virtual environment. The VRET session was
conducted in person with a duration of up to 60 minutes (including
setup and debriefing) for each session. For a detailed description of the
EASE Online program, please refer to Pan (2023).

As Li et al. (2023) suggested, cultural adaptation that either has
appropriate modifications or is rooted in the sociocultural context, can
enhance intervention effects for Chinese people. Thus, the case
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demonstration videos were developed based on local SAD cases, which
would resonate with the real-life situation of the participants and served
as good role models for them to learn and apply CBT skills to cope with
SAD symptoms. Chinese peoples social anxiety may be influenced by
culturally relevant beliefs. For example, the pressure to be a “good
offspring” reflects the emphasis on filial piety and maintaining face in
Chinese culture, which is central to Chinese family relationship and
social interaction. Also, being a “good student” is highly valued in
Chinese culture, which may be related to an over-emphasis on academic
achievement and career prospects. Fear of not living up to the familial
and societal expectations may contribute to social anxiety as Chinese
people may worry about negative evaluations from others, such as being
perceived as incompetent or impolite. Thus, the EASE Online program
also focuses on working with culturally relevant beliefs related to social
anxiety, such as redefining a “good offspring” and “good student”, and
making unhelpful comparisons with others. For example, the “pie chart”
technique is used to relax the cognitive rule of “To be a good offspring, I
can't make mistakes” to “Besides not making mistakes, there are many
other ways to be a good offspring”.

The online modules were released to participants weekly, with the
first counselling session occurring between Modules 3 and 4, second
counselling and two VRET sessions between Modules 6 and 7, and the
final counselling session after Module 9. The Cantonese dialect was used
for program development and service delivery. Data security and pri-
vacy were ensured by data encryption, two-factor authentication for
system login, user acceptance test and security test by a third party
before the program launch. Technical support was provided by two
consecutive programmers to facilitate service delivery and participant
engagement.

2.4. Therapist and treatment fidelity

One therapist, having a masters degree in counselling (Clinical
Mental Health), delivered the EASE Online program. She is a certified
counsellor in both the U.S.A. and Canada with 9 years of counselling
experience in Hong Kong, including experience of working with clients
with SAD. She received CBT training, including CBT for SAD in both the
U.S.A. and Hong Kong. The intake interviews were conducted by both
the therapist and an experienced social worker who was registered in
Hong Kong with bachelors and masters degrees in social work, has >30
years of counselling experience in Hong Kong and received CBT training.
Both are native Cantonese speakers.

To ensure treatment fidelity, the following strategies were adopted:
(1) progress reports were completed and submitted by the therapist after
each individual counselling session to record participants understanding
of the content of each online modules and their challenges in self-
learning as well as application of CBT skills to cope with their own so-
cial anxiety, and client feedback; (2) progress reports were also sub-
mitted by the therapist for each VRET session to record the session
contents, including the skills that the client used to cope with social
anxiety in the VRET environment, reflections from their experience in
VRET, and client feedback. The VRET process was recorded for each
client for debriefing by the end of each VRET session; and (3) all the
tasks, including assignments, completed by the clients were recorded in
the system. The first author reviewed a randomly selected sample of
progress reports from the counselling and VRET sessions across both the
web-based and app-based iCBT conditions to examine session content
and fidelity to the treatment protocols. No substantive protocol de-
viations were observed in either condition.

2.5. Outcome measures

2.5.1. Primary outcome measure

The Chinese version of the SPIN (Connor et al., 2000) was used to
assess the severity of social anxiety symptoms. It consists of 17 items
with 3 subscales: fear, avoidance and physiological response.


https://clinicaltrials.gov/

J.-Y. Pan et al.

Journal of Affective Disorders 383 (2025) 228-239

Registration for online screening
(n=_1807)
L

| Excluded: (n=561*)

SPIN <24 (n=243)

- BDI>29 (n=264)
BDI item 9 =2 or 3 (n = 60)

Sever psychiatric condition (n = 52)

Concurrent counseling (n = 21)

Suicidal risk (n = 33)
Sever psychiatric conditions (n=29)

Invited for an intake mterview i}
Excluded: (n=2807) (n=1246) R
- Withdraw (n=38) <€ ! - Invalid contact (n = 7)
- Unable to contact (n= 534)
- Noreply to intake invitation | lntakc_mtcrvncw |
(n=232) ( —|439) Excluded: (n= 110)
- No show on intake interview > -
(n=3) Eligible participants for randomization -
(n=329) - 4
- Withdraw ( n=27)
! group (n = App 1CBT group (n=111) WLC group (n= 101)
(pre-test: n = 117) (pre-test: n=111) (pre-test: n = 101)
Did not login —_—_— Did not login
(n=38) (n=9) 1
v y

Web-based iCBT program (n=109)
Complete 0 session (n=16)

Complete 1 session (n=6)

Complete 2 sessions (n=5)

Complete 3 ns (n=2)

Complete 4 sessions (n=4 )

Complete 5 sessions (n=5 )

Complete 6 sessions (n=15)

Complete 7 sessions (n=3 )

Complete 8 sessions (n=5 )

Complete 9 sessions (n=48 )

Complete 1 counseling session (n=14 )
Complete 2 counseling sessions (n=33)
Complete 3 counseling sessions (n=25)
Complete 1 VRET session (n= 3)
Complete 2 VRET sessions (n=56 )

- Complete 0 session (n=12)

- Complete 1 session (n=5)

- Complete 2 sessions (n=4 )
- Complete 3 sessions (n=4)
- Complete 4 sessions (n=4 )
- Complete 5 sessions (n=3 )
- Complete 6 sessions (n=7)
- Complete 7 sessions (n=8)
- Complete 8 sessions (n=10)
- Complete 9 sessions (n=45)

App-based iCBT program (n=102
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* The sum of the following number is bigger than excluded number as some participants
have fulfilled more than two exclusion criteria.

Fig. 1. Participant flow chart of the study.
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Participants are asked to rate their distress for each item during the past
week on a 5-point Likert scale that ranges from “0” (not at all) to “4”
(very much so). All of the item scores are summed up into a total score
that ranges from 0 to 68, with a higher score indicating a higher level of
social anxiety. Sample items are “fear of others watching”, “avoid talk-
ing to others” and “bothered by blushing”. The alpha coefficient is 0.89
for the Chinese SPIN (Tsai et al., 2009) and 0.89 in the current sample.

2.5.2. Secondary outcome measures

Chinese version of the Beck Anxiety Inventory (BAI) (Beck and Steer,
1993) was used to measure anxiety symptom. Participants are asked to
rate 21 items on a 4-point Likert scale. Item scores are summed up, with
a higher total score indicating a higher level of anxiety. The alpha co-
efficient is 0.95 in a Chinese sample (Cheng et al., 2002) and 0.92 in the
current sample.

BDI-II (Beck et al., 1996) was used to measure depressive symptom.
Participants are asked to rate 21 items on a 4-point Likert scale. The item
scores are summed up, with a higher total score indicating a higher level
of depressive symptoms. The alpha coefficient is 0.86 for the Chinese
BDI-II (Shek, 1990) and 0.91 in the current sample.

General Health Questionnaire-12 (GHQ-12) (Goldberg and Williams,
1988) was used to measure psychological distress. The 0—0-1-1 scoring
method was used to calculate the scale score (which ranges from 0 to
12). All item scores are summed up, with higher scores indicating higher
levels of psychological distress. The Cronbach's alpha is 0.87 in a Hong
Kong Chinese sample (Li et al., 2009) and 0.88 in the current sample.

Chinese Automatic Thoughts Questionnaire (CATQ) (Pan et al.,
2016) was used to measure positive and negative automatic thoughts
(AT). It contains 14-items for assessing positive and negative automatic
thoughts. Participants are asked to rate the frequency of 14 items in the
past week on a 5-point Likert scale (which ranges from “1” = “Not at all”
to “5” = “All the time”). Item scores are average for the two subscales,
with higher total scores indicating more positive and negative automatic
thoughts, respectively. The Cronbach's alpha is 0.83 in a Hong Kong
Chinese sample (Pan et al., 2016) and 0.80 and 0.89 for the positive and
negative AT sbuscales, respectively, in the current sample.

WHO Quality of life Scale-BREF (WHOQOL-BREF) (Leung et al.,
2005) was used to measure quality of life. It consists of 28 items,
including 2 items that measure the overall quality of life and 26 items
that measure physical and psychological health, social relationships and
the environment. Each item is rated on a 5-point Likert scale that ranges
from 1 (very dissatisfied) to 5 (very satisfied), with a higher score
indicating better quality of life. The Cronbachs alpha ranges from 0.59
to 0.78 and test-retest reliability ranges from 0.72 to 0.83 for the Chinese
WHOQOL-BREF (Leung et al., 2005) and 0.88 in the current sample.

Internalised Stigma of Mental Illness (ISMI) (Ritsher et al., 2003) was
used to measure subjective experiences of self-stigma on mental illness.
It consists of 24 items and 4 subscales: shame/alienation, stereotype
endorsement, perceived discrimination and social withdrawal. Partici-
pants are asked to rate on a 4-point Likert scale that ranges from “1”
(“strongly disagree™) to “4” (“strongly agree”). All items were averaged
as a scale score, with a higher score indicating a higher level of self-
stigma. The Cronbach's alpha is 0.93 in a Hong Kong Chinese sample
(Young et al., 2017) and 0.95 in the current sample.

2.6. Statistical analysis

Each treatment was compared against waitlist by using linear
regression models to predict the posttreatment/postwait score. The
waitlist was specified as the reference category for the condition vari-
able. These models included the baseline score, gender and status of
psychiatric medication (Yes/No) as covariates. Analyses of secondary
outcome measures additionally included the baseline primary outcome
(SPIN) score as a covariate.

To compare the two active treatments over the posttreatment, 3-
month, and 6-month timepoints, linear mixed effects models were
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used to allow random effects of the participants to be specified to ac-
count for the between-subject variation across the three timepoints.
These models included categorical fixed factors of timepoint, condition,
and their interaction, which allow group differences to be estimated at
each timepoint. The covariates were the same as described above. Q-Q
plots indicated that the normality of residuals assumption was met for
all of the models. Standardised between-group effect sizes were calcu-
lated by dividing the adjusted group difference by the baseline standard
deviation. Standardised within-group effect sizes were computed from
separate models that included the baseline score as a timepoint in the
model, rather than a covariate, to allow estimation of within-group
changes from the baseline. Based on Cohen (1988), small, medium
and large effect sizes are 0.2, 0.5 and 0.8, respectively.

Reliable change and remission were defined based on changes on the
primary measure (SPIN) between the baseline and postwait/posttreat-
ment. Reliable improvement or deterioration was defined as a change of
10 or more points on SPIN. Remission was defined as starting in clinical
caseness (19 or more points), showing reliable improvement, and fin-
ishing below caseness (<19 points) (see National Collaborating Centre
for Mental Health (2024)). The commonly used SPIN cutoff of 19 was
used for these analyses to permit comparability with existing literature.

Mann-Whitney U and chi-square tests were used to examine differ-
ences in baseline clinical or demographic variables between treatment
completers (defined as completing all nine modules and providing
posttreatment data) and non-completers. Measures of treatment adher-
ence (modules completed, counselling and VRET sessions attended)
were explored as candidate predictors of clinical outcomes by using a
linear or logistic regression. Analyses were conducted in R version 4.3.1
(The R Foundation, 2023) by using the packages ‘tidyverse’ (Wickham
et al., 2019), ‘jmv’ (Selker et al., 2018) and ‘nlme’ (Pinheiro et al.,
2018).

3. Results
3.1. Demographic characteristics

A total of 329 eligible participants were randomized into three
groups: (1) web-based iCBT (n = 117); (2) app-based iCBT (n = 111);
and (3) WLC (n = 101). The mean age was 30.49 years old (SD = 9.34),
with 36 % male and 64 % female. Most were single (75 %), had a uni-
versity or higher degree (81 %), and atheist (69 %). The majority had a
monthly family income of HK$10,001-30,000 (USD1,287-3861, 42 %),
followed by HK$30,001-50,000 (USD3,861-6435, 28 %) and HK
$50,001 or higher (USD6,435 +, 22 %). The majority did not have a
mental disorder diagnosis (74 %), were not receiving counselling service
(84 %) and had not reported suicide attempt/ideation in past 3 months
(89 %) at the time of registration, and were not taking psychiatric
medication (88 %). Their demographics are presented in Table 1.

3.2. Participant flow and adherence

The flow of the participants through the trial is shown in Fig. 1. Data
completeness at the post, 3-month, and 6-month timepoints were 49 %,
47 %, and 37 % for the web-based iCBT group, and 53 %, 42 %, and 34 %
for the app-based iCBT group, respectively. Data completeness at post-
wait was 78 % for the WLC group. Following the wait period, the WLC
participants then received app-based iCBT (see outcomes in supple-
mentary material Table S1).

Among the web-based iCBT group, 109/117 participants (93 %)
logged into the program. On average, 5.52 out of 9 (61 %) modules (SD
= 3.67) were completed, 34 %, 13 %, 30 % and 23 % of the logged-in
participants completed zero, one, two and three counselling sessions,
and 46 %, 3 % and 51 % completed zero, one and two VRET sessions,
respectively. Among the app-based iCBT group, 102/111 participants
(92 %) logged into the programme. On average, they completed 5.76 out
of 9 (64 %) modules (SD = 3.63), 21 %, 12 %, 22 % and 45 % of the
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Table 1
Participant demographics.
Variable Web App WLC Total
o= (= (n= (n=
117) 111) 101) 329)
Age 30.63 30.16 30.69 30.49
(9.99) (9.62) (8.26) (9.349)
Gender Male 32 (27 49 (44 39 (39 120
%) %) %) (36 %)
Female 85 (73 62 (56 62 (61 209
%) %) %) (64 %)
Marital status Single 85 (73 86 (77 76 (75 247
%) %) %) (75 %)
Married 23 (20 17 (15 15 (15 55 (17
%) %) %) %)
Widowed 1(0.9 1 (0.9 1(1.0 3(0.9
%) %) %) %)
Cohabiting 7 (6.0 4 (3.6 6 (5.9 17
%) %) %) (5.2%)
Other 1(0.9 327 3(3.0 7 (21
%) %) %) %)
Family monthly HK 9 (7.7 6 (5.5 11 (11 26
income $0-10,000 %) %) %) (7.9 %)
HK$10,001- 45 (38 50 (45 44 (44 139
30,000 %) %) %) (42 %)
HK$30,001- 31 (26 30 (27 30 (30 91 (28
50,000 %) %) %) %)
HK 32 (27 24 (22 16 (16 72 (22
$50,001+ %) %) %) %)
Education Secondary 23 (20 18 (16 20 (20 61 (19
school %) %) %) %)
University 94 (80 93 (84 80 (80 267
or higher %) %) %) (81 %)
Religion None 82 (70 77 (69 67 (66 226
%) %) %) (69 %)
Christian 26 (22 29 (26 23 (23 78 (24
%) %) %) %)
Catholic 6 (5.1 3 (2.7 8(7.9 17
%) %) %) (5.2%)
Buddhist 1(0.9 1(0.9 1(1.0 3(0.9
%) %) %) %)
Other 2Q1.7 1 (0.9 2(2.0 5.5
%) %) %) %)
Any diagnosed mental No 83 (71 87 (78 75 (74 245
health condition %) %) %) (74 %)
Yes 34 (29 24 (22 26 (26 84 (26
%) %) %) %)
Receiving counselling No 101 94 (85 83 (82 278
at the time of (86 %) %) %) (84 %)
registration
Yes 16 (14 17 (15 18 (18 51 (16
%) %) %) %)
Self-reported suicide No 105 99 (89 90 (89 294
attempt/ ideation in (90 %) %) %) (89 %)
past 3 months at the
time of registration
Yes 12 (10 12 (11 11 (11 35 (11
%) %) %) %)
Psychiatric medication ~ No 100 100 89 (88 289
(85 %) (90 %) %) (88 %)
Yes 17 (15 11 12 (12 40 (12
%) (9.9 %) %) %)

participants who logged in completed zero, one, two and three coun-
selling sessions, and 34 %, 2 % and 64 % completed zero, one and two
VRET sessions, respectively.

3.3. Comparison of each treatment to waitlist

The results of the regression models to compare each treatment to the
WLC are shown in Table 2. Both treatments were superior to the WLC at
post-test on the primary outcome measure (SPIN), as shown in Fig. 2.
Both treatments were also superior to the WLC on the secondary
outcome outcomes at post-test, with significantly reduced general anx-
iety symptoms (BAI), depression symptoms (BDI), psychological distress
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(GHQ-12), and internalised stigma (ISMI), as well as improved quality of
life (QoLS) and automatic thoughts (CATQ). The between-group effect
size on the SPIN was 1.02 and 1.15 in the web- and app-based iCBT
groups, respectively while those on the secondary outcome measures
ranged from 0.28-0.85 and 0.43-1.12 for the web- and app-based iCBT
groups, respectively.

Eight web-based and nine app-based iCBT participants did not log
into the program. A sensitivity analysis that removed these cases showed
no effect on the model results (see supplementary material Table S2).
Additionally, we found two baseline variables that in logistic regressions
were significant predictors of missingness on the SPIN at the post
timepoint: age (estimate = 0.05, p < .001, OR = 1.05), where being
older was associated with the greater likelihood of presenting data, and
baseline BDI score (estimate = —0.03, p =.016, OR = 0.97), where more
baseline depression symptoms were associated with a greater likelihood
of missingness. A sensitivity analysis which included age and baseline
BDI score as additional covariates in the model showed that they did not
substantially affect the model results (see supplementary material
Table S2). Among the WLC group, no significant predictors of postwait
SPIN scores were found.

A secondary analysis was then performed to determine the impact of
replacing missing values. Given the extent of missing data at the post
timepoints, we assumed that the missing values reflect lack of change (i.
e., no improvement or deterioration from the previous timepoint). We
replaced missing values using a “last observation carried forward”
approach and ran the same models (see supplementary material
Table S3). The results were consistent with the primary analyses and
showed that both treatments were superior to the WLC on the primary
and secondary outcome measures, except the social relationship sub-
scale in the WHOQOL-BREF for the web-based iCBT group, and the
physical health subscale in the WHOQOL-BREF for the app-based iCBT
group. As expected, the effect size estimates were smaller. The effect size
of the SPIN was in the medium range with 0.44 and 0.56 in the web- and
app-based iCBT groups, compared to 1.02 and 1.15 with the original
model, respectively. The effect sizes of the secondary outcome measures
ranged from small to medium, or between 0.13 and 0.38 and 0.19 and
0.43 in the web- and app-based iCBT groups, respectively. This sug-
gested that under a relatively strict assumption for replacing missing
data, both treatments showed effect sizes in the medium range for the
SPIN, and the small to medium range for most secondary outcomes.

3.4. Comparison of two active treatments

The results of the linear mixed effects models that compared the two
active treatments against each other are shown in Table 3. No significant
differences were observed for the primary or secondary outcome mea-
sures across the post, 3-month, or 6-month timepoints, apart from the
GHQ-12 at 6-month follow-up. The means and within-group effect sizes
showed that the clinical effects of both interventions were well-
sustained over the 3-month and 6-month timepoints.

In line with previous regression models, we conducted a sensitivity
analysis that included age and baseline BDI score as additional cova-
riates in the model, which did not substantially affect the model results
(see supplementary material Table S4). We also conducted secondary
analyses that replaced the missing data by using “last observation car-
ried forward” approach (see supplementary material Table S5). The
findings were consistent with the primary analyses in that no significant
differences between the treatments were observed across the post, 3-
month, or 6-month timepoints, apart from the GHQ-12 at 6-month
follow-up. The within-group effect size estimates compared to the
baseline were smaller. The effect size of the SPIN was 0.80 and 0.89 in
the web- and app-based iCBT groups at posttreatment, compared to 1.63
and 1.69 in the original model, respectively. The posttreatment effect
sizes for the secondary outcome measures were small to medium, which
ranged between 0.08 and 0.45, and 0.12 and 0.50, in the web- and app-
based iCBT groups, respectively.
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Comparison of web-based and app-based iCBT groups with WLC group on primary and secondary outcome measures at initial allocation.
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Measure Time  Unadjusted mean (SD) [N] Adjusted difference [95%CI], p value Standardised between-
group effect size [95%CI]
Web App Wait Web vs Wait App vs Wait Web vs App vs
Wait Wait
SPIN Pre 39.76 (9.45) 37.77 (9.86) 37.42 (10.58)
[117] [111] [101]
Post 23.82(10.61) 20.83 (11.41) 36.05 (11.65) —13.36 [-16.79, —9.93], —15.16 [-18.53, —11.80],  1.02 1.15
[571 [59] [79] <0.001 <0.001 [0.75, [0.90,
1.28] 1.41]
BAI Pre 19.79 (10.58) 19.02 (9.55) 20.11 (10.14)
[117] [111] [101]
Post 11.75 (7.39) 10.44 (8.23) 19.47 (10.86) —7.30 [-10.11, —4.49], —8.64 [-11.38, —5.89], 0.73 0.86
[57]1 [59] [79] <0.001 <0.001 [0.45, [0.59,
1.01] 1.13]
BDI Pre 18.10 (8.59) 15.56 (8.89) 17.07 (8.06)
[117] [111] [101]
Post 9.53(8.67) [57]  6.98(6.21) [59]  16.89 (8.12) —7.59 [-10.08, —5.101, —8.73 [-11.22, —6.25], 0.85 0.98
[79] <0.001 <0.001 [0.57, [0.70,
1.13] 1.26]
GHQ Pre 5.18 (3.55) 4.95 (3.80) 6.09 (3.56)
[117] [111] [101]
Post 1.93(2.81) [57] 0.86(1.54) [59] 4.82(3.44)[79] —2.75[-3.71, —1.80], —3.66 [—4.61, —2.71], 0.84 1.12
<0.001 <0.001 [0.55, [0.83,
1.13] 1.41]
AT positive Pre 1.92 (0.50) 2.06 (0.54) 1.98 (0.43)
[117] [111] [101]
Post 2.26 (0.75) [57]  2.46 (0.68) [59]  1.98 (0.47) [79]  0.29 [0.10, 0.48],0 0.42 [0.23, 0.61], <0.001 0.44 0.64
.003 [0.15, [0.35,
0.73] 0.92]
AT negative Pre 2.49 (0.80) 2.37 (0.73) 2.43 (0.71)
[117] [111] [101]
Post 1.84(0.64) [57]  1.69(0.52) [59]  2.45(0.74) [79]  —0.60 [—0.81, —0.40], —0.70 [-0.90, —0.50], 0.83 0.95
<0.001 <0.001 [0.55, [0.68,
1.11] 1.23]
QoLS Physical Pre 54.59 (13.08) 57.06 (13.58) 55.73 (11.19)
health [117] [111] [101]
Post 63.72 (15.33) 65.83 (12.96) 56.35 (10.47) 7.57 [3.74, 11.40], 6.93[3.13,10.73],<0.001  0.56 0.52
[57] [59] [79] <0.001 [0.28, [0.23,
0.85] 0.80]
QoLS Mental health Pre 38.00 (13.59) 42.35 (14.45) 39.95 (12.58)
[117] [111] [101]
Post 47.07 (15.90) 52.97 (16.06) 39.81 (11.36) 7.23 [3.35, 11.11], 9.89[6.04, 13.74], <0.001 0.47 0.65
[57]1 [59] [79] <0.001 [0.22, [0.40,
0.73] 0.90]
QoLS Social Pre 40.74 (14.27) 39.12 (15.13) 37.18 (13.51)
relationship [117] [111] [101]
Post 47.39 (13.88) 49.92 (15.3) 38.56 (14.87) 6.26 [1.71, 10.81],0 9.49 [5.06,13.92], <0.001  0.40 0.61
[57] [59] [79] .007 [0.11, [0.33,
0.70] 0.90]
QoLS Environment Pre 53.08 (15.46) 55.06 (13.33) 54.89 (12.53)
[117] [111] [101]
Post 57.68 (17.12) 60.49 (14.04) 52.82 (13.43) 4.21 [0.39, 8.02],0 6.45 [2.69, 10.20],0 0.28 0.43
[57]1 [59] [79] .031 .001 [0.03, [0.18,
0.53] 0.68]
ISMI Pre 2.22 (0.49) 2.13 (0.58) 2.22(0.52)
[117] [111] [101]
Post 1.99 (0.50) [57]  1.86(0.60) [58]  2.29(0.43) [79]  —0.25 [-0.38, —0.12], —0.31 [-0.44, —0.18], 0.47 0.57
<0.001 <0.001 [0.22, [0.33,
0.72] 0.82]

Notes: Linear regression models to predict post score from condition, controlling for baseline score, gender, and medical treatment status. SPIN = Social Phobia
Inventory; BAI = Beck Anxiety Inventory; BDI = Beck Depression Inventory; GHQ = General Health Questionnaire; AT = Automatic Thoughts questionnaire; QoLS =

Quality of Life Scale; and ISMI = Internalised Stigma of Mental Illness scale.

3.5. Reliable change and remission

Based on the criteria described in the Method section, the number of
participants in each condition who showed reliable improvement, reli-
able deterioration, or remission between baseline and postwait/post-
treatment are shown in Table 4. The results were calculated based on the
available SPIN data at posttest/postwait. In the web- and app-based
iCBT conditions, 34 % and 40 % showed reliable improvement based
on the SPIN score, compared to 11 % in the WLC group; 0 % and 1 %
showed reliable deterioration, compared to 8 % in the WLC group; and
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15 % and 23 % met the criteria for remission of social anxiety, compared
to 3 % in the WLC group, respectively.

3.6. Exploration of treatment completion

In each treatment condition, 38 % of participants completed all nine
modules and provided posttreatment data, and were therefore classified
as treatment completers. The baseline demographic and clinical char-
acteristics compared to the non-completers are provided in the supple-
mentary material section (Table S6). Compared to the completers, the
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Fig. 2. Mean scores on SPIN at baseline, postwait/posttreatment, 3-month and 6-month follow-ups. Error bars = 95%CI.

non-completers were younger, single, and had more severe depression
symptoms on the BDI at baseline.

We examined whether the extent of treatment completion was
associated with the posttreatment SPIN scores. Completing more mod-
ules was associated with a greater likelihood of providing posttreatment
SPIN data (estimate = 0.72, SE = 0.09, p < .001). Although data visu-
alisations indicated trends that completing more modules and attending
more counselling sessions were associated with lower SPIN scores at
posttreatment, these variables were not significant predictors of
outcome (modules completed estimate = —0.55, p = .353; counselling
sessions attended estimate = —1.25, p = .294). Those who completed at
least one VR session finished treatment with a slightly lower SPIN score
(M = 21.97, SD = 11.10), compared to those who did not (M = 24.92,
SD = 10.99), but overall, completing the VR sessions does not signifi-
cantly predict outcome (estimate = —3.49, p = .263).

4. Discussion

4.1. Effectiveness of iCBT with VRET for Hong Kong Chinese with SAD
To the best of our knowledge, this is the first study to test the

effectiveness of iCBT in combination with VRET for Chinese participants

with SAD in Hong Kong. Although attrition rate was high, the results
indicated that both web-based and app-based Chinese language iCBT
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with VRET were superior to the WLC in reducing social and general
anxiety and depression symptom, psychological distress and internalised
stigma, and improving automatic thoughts and quality of life. No sig-
nificant differences between the two treatment formats were observed
on almost all secondary outcome measure, and the positive effects were
maintained at the 3-month and 6-month follow-up assessments (except
psychological distress at 6-month follow-up for app-based iCBT group).
The findings are promising and consistent with those reported in
Western contexts (e.g. Andersson et al., 2006), China (e.g. Lin et al.,
2020) and Hong Kong (Thew et al., 2022). In addition, 34 % and 40 % of
the participants allocated to the web-based and app-based iCBT groups
showed reliable improvement on the SPIN, respectively, and 15 % and
23 % met the criteria for remission of social anxiety disorder. These are
conservative estimates based on the shown changes. Those who did not
provide SPIN data at the post timepoints may also have improved but
this cannot be confirmed.

The positive effects may be related to the use of Cantonese language
(the first language of Hong Kong people) to facilitate participants' un-
derstanding of the program content, use of real human beings in VR
videos to enhance sense of reality and presence, therapist support
delivered in counselling and VRET sessions to facilitate participants'
skills application, and video-based iCBT which fits preferred ways of
receiving information by Hong Kong people. Although similar inter-
vention effects were found for web-based and app-based iCBT for the
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Table 3
Comparisons of web-based and app-based iCBT on the primary and secondary outcome measures.

Measure Time  Unadjusted mean (SD) [N] Adjusted difference [95% Standardised Between-Group Effect Standardised Within-Group
CI], p value size [95%CI] Effect size [95%CI]
Web App Web App
SPIN Pre 39.76 (9.45) 37.77 (9.86)
[117] [111]
Post 23.82 (10.61) 20.83 (11.41) 1.97 [-1.70, 5.65], 0.290 0.20 [—0.18, 0.58] 1.63[1.37, 1.69 [1.44,
[57] [59] 1.89] 1.95]
3m 20.87 (9.42) 18.77 (9.24) 0.31 [-3.50, 4.11], 0.873 0.03 [-0.36, 0.42] 1.92 [1.65, 1.82 [1.54,
[55] [471 2.18] 2.11]
6 m 20.35 (9.57) 18.63 (10.53) 1.08 [—2.94, 5.11], 0.596 0.11 [-0.30, 0.53] 1.93 [1.64, 1.87 [1.56,
[43] [38] 2.22] 2.17]
BAI Pre 19.79 (10.58) 19.02 (9.55)
[117] [111]
Post 11.75 (7.39) 10.44 (8.23) 0.83 [—1.81, 3.48], 0.535 0.08 [—0.18, 0.35] 0.72 [0.52, 0.77 [0.57,
[57] [59] 0.93] 0.98]
3m 10.22 (7.65) 9.55 (8.43) [47] —0.39 [-3.14, 2.36], 0.780 0.04 [-0.23, 0.31] 0.88 [0.67, 0.79 [0.56,
[55] 1.09] 1.01]
6 m 9.14(7.09) [43]  9.39 (6.84) [38] —1.22 [-4.14, 1.69], 0.408 0.12 [-0.17, 0.41] 1.03 [0.80, 0.84 [0.60,
1.26] 1.08]
BDI Pre 18.10 (8.59) 15.56 (8.89)
[117] [111]
Post 9.53(8.67) [57]1  6.98 (6.21) [59] 1.04 [-1.63, 3.72], 0.442 0.12 [-0.19, 0.42] 0.93 [0.70, 0.83 [0.60,
1.16] 1.06]
3m 9.16 (7.92) [55]  6.06 (6.18) [47] 1.44 [-1.36, 4.25], 0.310 0.16 [-0.15, 0.48] 0.96 [0.72, 0.92 [0.67,
1.19] 1.18]
6m 7.93 (7.08) [43] 8.74 (9.45) [38] —2.37 [-5.41, 0.67], 0.125 0.27 [-0.08, 0.61] 1.11 [0.85, 0.62 [0.34,
1.37] 0.89]
GHQ Pre 5.18 (3.55) 4.95 (3.80)
[117] [111]
Post 1.93(2.81)[57] 0.86(1.54) [59]  0.65 [-0.26, 1.55], 0.161 0.18 [-0.07, 0.42] 0.90 [0.67, 1.04 [0.80,
1.13] 1.27]
3m 1.60 (2.12) [55] 1.34 (2.46) [47] —0.12 [-1.08, 0.84], 0.804 0.03 [-0.23, 0.29] 1.00 [0.77, 0.91 [0.65,
1.24] 1.16]
6 m 1.63(2.73) [43]  2.61(3.51) [38] —1.31 [-2.37, —0.25], 0.36 [0.07, 0.65] 1.00 [0.74, 0.57 [0.30,
0.015 1.26] 0.85]
AT positive Pre 1.92 (0.50) 2.06 (0.54)
[117] [111]
Post 2.26 (0.75) [57]1  2.46 (0.68) [59] —0.13 [-0.37, 0.11], 0.296 0.25 [-0.21, 0.70] 0.60 [0.32, 0.69 [0.40,
0.90] 0.97]
3m 2.36 (0.76) [55]  2.49(0.83) [47] —0.02 [-0.28, 0.23], 0.848 0.05 [—0.44, 0.53] 0.78 [0.48, 0.70 [0.38,
1.07] 1.01]
6 m 2.29 (0.92) [43] 2.54(0.74) [38] —0.12 [-0.39, 0.15], 0.385 0.23 [—0.29, 0.74] 0.66 [0.34, 0.76 [0.42,
0.99] 1.10]
AT negative Pre 2.49 (0.80) 2.37 (0.73)
[117] [111]
Post 1.84 (0.64) [57] 1.69 (0.52) [59] 0.08 [—0.12, 0.28], 0.433 0.10 [-0.16, 0.36] 0.81 [0.60, 0.81 [0.58,
1.03] 1.03]
3m 1.79 (0.53) [55] 1.65(0.49) [47]  0.07 [-0.14, 0.29], 0.496 0.10 [-0.18, 0.38] 0.85 [0.64, 0.85 [0.61,
1.08] 1.09]
6m 1.76 (0.66) [43] 1.82(0.76) [38] —0.16 [-0.39, 0.071, 0.179 0.21 [-0.09, 0.51] 0.95 [0.70, 0.63 [0.38,
1.19] 0.90]
QoLS Physical Pre 54.59 (13.08) 57.06 (13.58)
health [117] [111]
Post 63.72 (15.33) 65.83 (12.96) 1.58 [-3.13, 6.28], 0.508 0.12 [-0.23, 0.47] 0.66 [0.42, 0.48 [0.24,
[57] [59] 0.90] 0.72]
3m 62.11 (13.37) 69.02 (13.24) —4.16 [-9.09, 0.771, 0.097 0.31 [-0.06, 0.68] 0.48 [0.23, 0.73 [0.47,
[55] [47] 0.72] 0.99]
6 m 63.05 (15.42) 64.29 (18.09) 1.88 [-3.45, 7.21], 0.486 0.14 [-0.26, 0.54] 0.60 [0.34, 0.39 [0.11,
[43] [38] 0.87] 0.67]
QoLS Mental health Pre 38.00 (13.59) 42.35 (14.45)
[117] [111]
Post 47.07 (15.90) 52.97 (16.06) —2.53 [-7.43, 2.37], 0.309 0.18 [-0.17, 0.53] 0.54 [0.31, 0.61 [0.38,
[57] [59] 0.77] 0.84]
3m 45.96 (15.28) 55.09 (16.04) —4.50 [—9.64, 0.64], 0.086 0.32 [—0.05, 0.68] 0.46 [0.23, 0.68 [0.43,
[55] [47] 0.69] 0.93]
6 m 51.33 (17.55) 53.84 (17.78) 3.45 [—2.11, 9.00], 0.221 0.24 [-0.15, 0.64] 0.86 [0.60, 0.51 [0.24,
[43] [38] 1.11] 0.78]
QoLS Social Pre 40.74 (14.27) 39.12 (15.13)
relationship [117] [111]
Post 47.39 (13.88) 49.92 (15.30) —2.71 [-7.82, 2.39], 0.294 0.18 [-0.16, 0.53] 0.40 [0.17, 0.66 [0.43,
[57] [59] 0.63] 0.89]
3m 48.31 (14.67) 52.57 (15.99) —4.07 [-9.37, 1.22], 0.130 0.28 [—0.08, 0.64] 0.44 [0.20, 0.77 [0.52,
[55] [471 0.67] 1.02]
6 m 48.72 (17.65) 49.84 (18.82) —1.39 [-7.03, 4.25], 0.628 0.09 [-0.29, 0.48] 0.46 [0.20, 0.62 [0.34,
[43] [38] 0.72] 0.89]
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Measure Time  Unadjusted mean (SD) [N] Adjusted difference [95% Standardised Between-Group Effect Standardised Within-Group
CI], p value size [95%CI] Effect size [95%CI]
Web App Web App
QoLS Environ-ment Pre 53.08 (15.46) 55.06 (13.33)
[117] [111]
Post 57.68 (17.12) 60.49 (14.04) —1.78 [-6.34, 2.79], 0.443 0.12 [-0.19, 0.44] 0.19 [-0.02, 0.26 [0.05,
[57] [59] 0.40] 0.46]
3m 57.78 (17.36) 62.68 (14.99) —4.58 [-9.35, 0.19], 0.060 0.32 [-0.01, 0.65] 0.11 [-0.10, 0.39 [0.16,
[55] [47] 0.32] 0.62]
6 m 60.70 (19.19) 66.39 (15.98) —4.16 [-9.28, 0.95], 0.110 0.29 [-0.07, 0.64] 0.32 [0.09, 0.56 [0.31,
[43] [38] 0.55] 0.80]
ISMI Pre 2.22 (0.49) 2.13(0.58)
[117] [111]
Post 1.99 (0.50) [57]  1.86(0.60) [58]  0.03 [-0.12, 0.19], 0.677 0.06 [-0.22, 0.35] 0.33 [0.15, 0.39 [0.19,
0.52] 0.58]
3m 1.85 (0.50) [55] 1.77 (0.61) [47] 0.05 [-0.11, 0.21], 0.545 0.09 [-0.20, 0.39] 0.51 [0.32, 0.59 [0.37,
0.71] 0.80]
6 m 1.84(0.59) [43]  1.66(0.53) [38]  0.08 [-0.09, 0.25], 0.350 0.15 [-0.17, 0.46] 0.61 [0.39, 0.76 [0.54,
0.82] 0.98]

Notes: Linear mixed effects models include post/3-month/6-month timepoints, and controlling for baseline score, gender and medical treatment status. Within-group
effect sizes indicate change from baseline, calculated from separate models including pre/post/3-month/6-month timepoints, and controlling for baseline score,
gender and medical treatment status. SPIN = Social Phobia Inventory; BAI = Beck Anxiety Inventory; BDI = Beck Depression Inventory; GHQ = General Health
Questionnaire; AT = Automatic Thoughts questionnaire; QoLS = Quality of Life Scale; and ISMI = Internalised Stigma of Mental Illness scale.

Table 4
Rates of Reliable Improvement, Reliable Deterioration, and Remission based on
SPIN scores between baseline and postwait/posttreatment.

Web (n = 117) App (n =111) Wait (n = 101)
(57 provided post (59 provided post (79 provided post
data) data) data)
Reliable 40/117 (34 %) 44/111 (40 %) 11/101 (11 %)
Improvement
Reliable 0/117 (0 %) 1/111 (1 %) 8/101 (8 %)
Deterioration
Remission 18/117 (15 %) 25/111 (23 %) 3/101 (3 %)

Notes: Reliable improvement/deterioration = pre-post change of 10 or more
SPIN points. Remission defined as starting in caseness (19 or more points),
showing reliable improvement, and finishing below caseness (<19 points). Note
that % values include all randomized participants; if only those who provided
data at post are included, the rates of Reliable Improvement, Reliable Deterio-
ration, and Remission are 70 %, 0 %, and 32 % respectively in the Web-based
iCBT condition, 75 %, 2 %, and 42 % in the App-based iCBT condition, and
14 %, 10 %, and 4 % in the waitlist condition.

treatment of SAD for Hong Kong people, the rates of reliable improve-
ment (40 % vs 34 %) and remission (23 % vs 15 %) in app-based iCBT
were slightly higher than those in web-based iCBT. The slightly higher
rates may be attributed to the enhanced accessibility and convenience of
mobile applications and seamless integration with daily life to fit Hong
Kong's fast-paced lifestyle, improved engagement features within the
app, such as automated reminder notifications, and a possible ‘mobile-
first’ preference by young people (Mean age of 30.49 in the sample).

4.2. Program engagement

The initial uptake of both treatment conditions was good, with
nearly all of the participants logging into the program. The average
completion rates of the online modules (61 % and 64 % for the web-
based and app-based groups, respectively) are comparable to the 59 %
in Nordgreen et al. (2018) and 63 % in Kishimoto et al. (2016), but lower
than the 81 % in Clark et al. (2023). Counselling and VRET session at-
tendances were moderate (67 % and 79 % for counselling session, and
54 % and 66 % for VRET session for the web-based and app-based iCBT
groups, respectively) probably because most of the appointment time
slots were provided on weekdays which may have conflicted with the
working time of participants, but they may have helped to support
continued engagement with the intervention.
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4.3. Attrition during study

The attrition rates in this study (51 % and 47 % at post-test, 53 % and
58 % at 3-month, 63 % and 66 % at 6-month follow-up for web- and app-
based groups, respectively) are comparable to those reported in iCBT
studies in China (33 % - 62 %) (Kishimoto et al., 2016; Wang et al., 2020;
Wen et al., 2024), but higher than those reported by Thew et al. (2022)
in Hong Kong (5 % and 9 % at post-test and 3-month follow-up test,
respectively), and lower than those reported in Mak et al. (2017) in
Hong Kong (83 % and 90 % at post-test and 3-month follow-up test,
respectively). Although various means were used to minimise with-
drawal, including automatic and staff reminders, attrition and missing
data were relatively high. This may reflect the different levels of
commitment or motivation for treatment among the sample, perhaps
linked to busy lifestyles that are common in Hong Kong, or possible
difficulties related to clinical comorbidity or technical challenges.
Further examination of the reasons for withdrawal would be helpful for
future studies. The attrition rate at post-test was lower in the WLC group
(22 %), likely because they were required to complete the post-test
questionnaire before participating in the app-based iCBT program.

4.4. Implications

This study is the first to provide empirical evidence of the effec-
tiveness of iCBT combined with VRET for Hong Kong people with SAD,
and contributes to the broader development and evaluation of internet
interventions in Chinese communities. Given the extremely low treat-
ment rate of SAD in Hong Kong, iCBT is a promising treatment option
due to its flexibility and convenience. This treatment approach can
address the gap between high service demands and the limited number
of mental health professionals in Hong Kong. More investment to
develop, evaluate, and implement iCBT programs for SAD and support
therapist training may be therefore beneficial.

4.5. Strengths and limitations

The current study culturally adapted the treatment contents to
accommodate the service needs of Chinese people, used a randomized
design with a large sample size, included follow-up assessments, and
used sensitivity and secondary analyses to verify the robustness of the
findings. Although the EASE Online Program was developed for the
Hong Kong context, it may be relevant and applicable to Chinese people
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worldwide. Therefore, it has potential to support wider access to
evidence-based mental healthcare. Furthermore, there would also be
scope to undertake linguistic translation and/or alternative cultural
adaptations to make the program suitable for use in other settings.

The limitations of this study are the relatively high attrition rate and
missing data at later timepoints. Nevertheless, the sensitivity analysis
suggests that these do not substantively impact the results. However,
further improvements may be needed to engage and retain participants
in the intervention. For example, the time slots of the VR sessions could
be provided at night or on Saturday and Sunday to avoid scheduling
difficulties of the working participants. Therapist time was not recorded
during the study, which would have been helpful for supporting the
work of cost-effective analysis. The remission rate was calculated based
on the SPIN score, instead of diagnostic clinical interviews at post-
intervention, which may have affected the accuracy. No booster ses-
sions were offered, which could have been helpful for consolidating
treatment gains. Finally, to avoid the wait period being too long, the
control group received treatment immediately after the two iCBT groups
completed the intervention. Thus, no assessment data were collected at
3-month and 6-month follow-ups from the control group for
comparison.

5. Conclusions

Overall, the results suggest that iCBT with VRET is promising to
effectively treat Hong Kong Chinese adults with SAD, and that the effects
do not significantly differ between the web-based and app-based de-
livery formats. Further work to promote engagement and reduce attri-
tion is warranted, but the programme represents a viable and effective
treatment option for mental healthcare professionals in Hong Kong.
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