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Background: Anxiety disorders have the highest prevalence of all psychiatric disorders

in China. Medication and psychotherapy are two main treatment approaches for this

group of disorders, and when used in combinations are significantly more beneficial than

medication alone. The resources are insufficient. The availability of psychotherapy is low

due to the limited resources. Artificial intelligence (AI)-assisted psychotherapy offers an

opportunity to develop an efficient and standardized psychotherapy model and improve

the availability of psychotherapy, which is key to improve the clinical efficacy of anxiety

disorder treatments.

Objectives: The present protocol aims to determine whether medication plus

AI-assisted psychotherapy has greater efficacy than medication alone in the treatment

of anxiety disorders.

Methods: We will recruit patients in eight hospitals in China. Seven hundred and

eight patients with anxiety disorders will be randomly allocated on a 1:1 basis to

either medication plus AI-assisted psychotherapy group, or medication alone group.

We have built an AI psychotherapy robot named XIAO AN. In this study we will

deliver psychotherapy to patients in the medication plus AI-assisted psychotherapy

group. Patients will be assessed at baseline and at the end of week 2, 4, 8, and

12. Follow-up assessments will be conducted at 3 and 6 months posttreatment. The

primary outcome is change of Hamilton Anxiety Rating Scale (HAMA) score from baseline
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the end of 12-week treatment. A secondary efficacy outcome will be improvement in

treatment at an early stage (score reduction in HAMA ≥25% after 2 weeks of treatment).

Other measurements include Hamilton Depression Scale, Clinical Global Impression,

Treatment Emergent Symptom Scale, Social Disability Screening Schedule, Insomnia

Severity Index and so on. Scales will be assessed by independent raters who are blind

to treatment allocation and analyses will be conducted by a statistician who is also blind

to treatment allocation.

Discussion: This will be the first multicentered randomized controlled single-blind trial

in China to assess the efficacy of medication plus AI-assisted psychotherapy compared

with medication alone for anxiety disorders. The study has the potential to address the

limitations of the limited availability of psychotherapy, and to augment the efficacy of the

treatment of anxiety disorders in China.

Keywords: anxiety disorder, artificial intelligence, psychotherapy, randomized controlled single-blind trial,

protocol

INTRODUCTION

Background
Anxiety disorders are a cluster of psychiatric disorders that
are characterized by symptoms of anxiety. They are the
most prevalent class of psychiatric disorders worldwide. The
average lifetime prevalence of any anxiety disorder is ∼16%
and the average 12-month prevalence is ∼11% (1). Generally
speaking, the prevalence varies widely across different studies,
in which higher prevalence is estimated in Western developed
countries than in developing countries (1). In the recent national
epidemiological study in China, anxiety disorders were the most
prevalent mental disorders, with a lifetime prevalence of 7.6%
and an annual prevalence of 5.0% (2). The disease burden of these
disorders will grow significantly.

In clinical practice, psychotherapy can be used for the
treatment of anxiety disorders alone or to optimize the effect
of medical treatment with evidence-based studies showing that
psychotherapy combined with medication is significantly more
beneficial than medication alone (3). Guidelines for anxiety
disorders in different countries recommend psychotherapy as
the first-line treatment, such as cognitive behavioral therapy,
relaxation therapy, systematic desensitization, exposure-response
prevention, and other psychotherapy (4–6). However, providing
any of these interventions requires professional and experienced
therapists, but with limited numbers of qualified therapists,
especially in underdeveloped or isolated areas, many patients
don’t have the opportunity to receive standardized and
appropriate treatments. In fact, only 27% of the patients
who have received psychotherapy actually got standardized
psychotherapy (7).

In response to the lack of availability of standardized
face-to-face psychotherapy, artificial Intelligence (AI)-assisted
psychotherapy offers an alternative approach. Multiple meta-
analyses have shown that Internet Cognitive Behavior Therapy
(iCBT) and Computerized Cognitive Behavior Therapy (cCBT)
have a significant treatment effect on anxiety disorders and
other disorders (8–10). For example, Woebot, a fully automated

conversational agent can assist patients to identify emotions and
acquire skills to reduce anxiety levels, and to reduce symptoms
(11). Our team is one of the earliest teams in the field of exploring
AI-assisted psychological treatment for anxiety disorders in
China. In the early stage, we have developed the human-
computer interaction mode of online micro-video therapy to
improve the mental resilience of patients with obvious anxiety
and depression, and we have developed computerized cognitive
behavioral therapy for people with obsessive-compulsive disorder
and substance-use disorders (12–14).

To sum up, in order to ameliorate the current situation of
the lack of treatment of anxiety disorders, it is necessary to
find optimized, efficient and standardized treatment technology.
AI-assisted psychotherapy has the potential to do this. We
have developed XIAO AN as an AI-assisted psychotherapy
robot. XIAO AN is designed to monitor mood and deliver
psychotherapy mainly based on Cognitive Behavior Therapy
(CBT) in a brief and integrated format, not to replace therapist. It
is now necessary to test whether this approach will be beneficial
for patients. This proposed study will be the first multicentered
randomized controlled trial in China to assess the efficacy of
medication plus AI-assisted psychotherapy for anxiety disorders
compared with medication alone.

Objectives
A national multi-center prospective, randomized controlled
clinical trial was designed to establish the efficacy of AI-
assisted psychotherapy for anxiety disorders in 8 research centers
across China.

Specifically, the objective of this trial is to determine whether
medication plus AI-assisted psychotherapy has greater efficacy
than medication alone in the treatment of anxiety disorders.

METHODS

Ethics and Informed Consent
This study was approved by Ethics Committee of Shanghai
Mental Health Center (SMHC) as the main center and also Ethics
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Committees of other seven hospitals (Renji Hospital, Zhongshan
Hospital, Shanghai General Hospital, Suzhou Guangji Hospital,
Wuhan Mental Health Center, the Second Xiangya Hospital of
Central South University, and the Fourth People’s Hospital of
Wuhu) as the subcenters. Written informed consent will be
obtained before a screening assessment by trained researchers.
Patients will be informed that they will volunteer to participant
this study and they have the right to withdraw from the study
at any time. If they withdraw, it will bring none negative
consequences to them. During all the process of the trial,
possible adverse reactions will be monitored. We will do
our best to protect the privacy and safety of the patients.
The trial was designed and will be conducted based on the
principles of good clinical practice and reported according to the
CONSORT statement (15, 16). This study has been registered on
ClinicalTrials.gov (NCT04515173).

Setting and Recruitment
We will recruit patients in eight hospitals in China. These
sites include Shanghai Mental Health Center, Renji Hospital,
Zhongshan Hospital, Shanghai General Hospital, Suzhou
Guangji Hospital, Wuhan Mental Health Center, the Second
Xiangya Hospital of Central South University, and the Fourth
People’s Hospital of Wuhu. We will recruit patients with anxiety
disorders, including generalized anxiety disorder, panic disorder,
agoraphobia, social anxiety disorder, and specific phobia. New
outpatients at each of these eight sites who are diagnosed with an
anxiety disorder will get a pre-screening individually for about
15 mins by a trained researcher. Pre-screening will introduce the
study and invite patients to participate. Those patients who are
willing to participate will firstly sign written informed consent
forms, then proceed into a screening visit. In the screening
visit, they will be assessed to confirm the diagnosis of a DSM-5
anxiety disorder using the Mini International Neuro-psychiatry
Interview (MINI 6.0.0) and other eligibility criteria. All the
assessments will be administered by qualified staff at each center.
All the raters have been trained to high levels of inter-rater
reliability (kappa = 0.85). Training of raters for the MINI and
other scales includes studying an expert administration firstly
and then assessment of patients under the supervision of a
qualified trainer. Patients who meet inclusion criteria (show later
in section Participants and Eligibility) will proceed into the next
step. The trial flow chart is shown in Figure 1.

Trial Design
This study is a multicenter, parallel, superiority, two-arm,
randomized controlled single-blind trial with participants
recruited from eight hospitals. Seven hundred and eight
outpatients will be randomly assigned on a 1:1 basis to each of
the treatment conditions. There will be 354 participants assigned
to each group. We consider the medication plus AI-assisted
psychotherapy treatment group as the testing group while the
medication alone treatment group as the control group.

Participants and Eligibility
Patients who are eligible need to (a) be between the ages of 18–60
years, (b) meet DSM-5 criteria for an anxiety disorder, including

generalized anxiety disorder, panic disorder, agoraphobia, social
anxiety disorder, and specific phobia, (c) score>14 on the
Hamilton Anxiety Rating Scale (HAMA), (d) be psychotropic
medication naïve or have discontinued medication for at least
8 weeks prior to the screening visit, (e) be able to use a
computer and smart phone skillfully, and (f) provide written
informed consent.

Candidates will be excluded if they: (a) have a severe
concurrent medical condition, (b) are at high self-injury or
suicide risk, (c) are suffering from a serious physical disease,
neurological disease, or substance abuse, (d) have a lifetime
history of other DSM-5 mental disorders, (e) are experiencing
major life changes, (f) have received systematic drug therapy,
psychological therapy or modified electric convulsive therapy
(MECT) treatment within 3 months before enrollment, (g) are
pregnant or in the lactation period.

Randomization and Blinding
In this study, a multi-center randomized controlled single-
blind design has been adopted. Each site is being used as a
stratified factor for stratified block randomization, and each site
competes to enroll the subjects. We use the sealed envelope
randomization method. Once a patient is deemed eligible to
participate, researchers at the relevant site will open the particular
numbered envelope to allocate the patient to his or her study
condition, either medication plus AI-assisted psychotherapy
group or medication alone group. As blinding to patients and
researchers is not possible in psychotherapy trials, this trial will
be single-blind. The researcher who does randomization is in
charge of contacting participants and arranging independent
rater to conduct certain assessment at each visit. The assessment
time arranging and content in both groups are same. All the
measurement will be assessed by independent raters who are
unaware of the treatment allocation of patients.

Allocation of patients will be recorded in a separate assessment
log which cannot be accessed by raters. In order to ascertain the
blinding, patients will be informed not to reveal their treatment
during the blinding assessments, and the raters will be asked
to document whether patients told them the allocation. The
statisticians will also be blind to group allocation.

Intervention
Medication

Patients in both treatment groups will be prescribed anxiolytics.
Anxiolytics include selective serotonin reuptake inhibitors
(SSRIs), Selective 5-HT and NE reuptake inhibitors (SNRIs),
buspirone, tandospirone, and so on, which are approved by
the Chinese Food and Drug Administration (CFDA) for the
treatment of anxiety disorders. The type and dose of anxiolytics
will be based on clinician recommendation according to usual
practice. The dosage could be titrated and adjusted as needed,
with the maximum dose not exceeding dosage guidelines.
Patients with sleep problems will be prescribed benzodiazepines
or non-benzodiazepines as sleeping drugs if needed, but not for
more than 2 weeks. Other psychotropic drugs are not allowed
to use. All the patients should follow the prescription at least
12 weeks of acute treatment and will be asked to keep a daily
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FIGURE 1 | Study design and measurement time point.

record of medication use. Non-adherence should be recorded
if there is any. Medication use will be documented during the
scheduled assessments.

AI-Assisted Psychotherapy

Technical Overview and Customization
Patients assigned to the medication plus AI-assisted
psychotherapy group will receive 12 weekly sessions of AI-
assisted psychotherapy. The therapist is XIAO AN. XIAO AN
is the name of the virtual psychotherapist designed by Shanghai
Mental Health Center (SMHC). The Chinese character for “AN”
means quiet, peaceful and safe, which symbolizes a state of mind
free from anxiety.

XIAO AN is an AI-based psychological chatbot app which is
designed to address the current situation of lack of psychotherapy
resources, but not to replace the role of therapists. The knowledge
structure and content of XIAO AN were selected, discussed
and developed by psychiatric and psychological professionals at
SMHC. User experience testing was conducted among a group
of medical students and hospital staff, including medical-related
staff and non-medical-related staff. We have been continually
optimizing the structure and content of XIAO AN over the
last year.

The app is installed on an Android tablet. Patients are treated
by XIAO AN in a particular consulting room for this study
in the relevant hospital. The researchers monitor the patients’
treatment via video, and as XIAO AN does not have the crisis
management function, if there is a risk of self-injury or suicide,
the researchers will recommend patients to pause the process and
refer the patient to emergency medical treatment.

Integrative Support Approach
The psychotherapy composite modules for each patient will be
informed by the results of the psychological assessment. The
treatment sessions last 15–25mins and are delivered once a week,
for 12 sessions in total.

XIAO AN and the patient interact “face to face,” with XIAO
AN delivering therapy that is mainly based on CBT combining
psychoeducation, mindfulness-based therapy and interpersonal
psychotherapy. For the purpose of relieving anxiety, the therapy
embodies regulation of emotion, cognition, behavior, and
interpersonal functions. At the end of each session, self-help
homework or tasks are assigned, and there is a brief review of
the session content, so that patients have the opportunity to
apply learnt techniques to their daily life in order to expand and
consolidate the effects of the therapy.
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TABLE 1 | Study assessment tools and assessment time schedule.

Timepoint Enrollment Randomization Postrandomization

–t1 t0 t1 t2 t3 t4 t5 t6

0 weeks 2 weeks 4 weeks 8 weeks 12 weeks 3 months 6 months

MINI6.0.0 �

Demographic

information

�

HAMA � � � � � � � �

HAMD-17 � � � � � � � �

GAD-7 � � � � � � �

PHQ-9 � � � � � � �

ISI � � � �

CGI � � � � � �

TESS � � � � � �

SASE � � �

SDSS � � � � � � �

WHO-QOL-Brief � � � � � � �

TAS-20 � � � �

CERQ � � � �

LSAS � � � � � � �

PDSS � � � � � � �

MINI6.0.0, Mini International Neuro-psychiatry Interview (Version 6.0.0); HAMA, Hamilton Anxiety Rating Scale; HAMD-17, the 17-item Hamilton Depression Scale; GAD-7, Generalized

Anxiety Disorder-7; PHQ-9, Patient Health Questionnaire-9; ISI, Insomnia Severity Index; CGI, Clinical Global Impression.

TESS, Treatment Emergent Symptom Scale; SASE, Self-Assessment Scale of the Overall Efficacy and Satisfaction of Patients; SDSS, Social Disability Screening Schedule; WHO-QOL-

Brief, World Health Organization Quality of Life Brief Form; TAS-20, Toronto Alexithymia Scale; CERQ, Cognitive Emotion Regulation Questionnaire; LSAS, Liebowitz social anxiety scale;

PDSS, Panic Disorder Severity Scale.

In total, there are 15 treatment modules: one episode
of psychoeducation about anxiety disorders, two episodes of
mindfulness therapy, two episodes of cognitive reconstruction,
two episodes of relaxation training, one episode of problem
solving, one episode of accumulation of positive emotions, one
episode of STOP technology, one episode of self-soothing, one
episode of interpersonal efficacy, two episodes of insomnia
coping, and one episode of exposure therapy. For each patient,
12 specific treatment modules are recommended according to
his or her pattern of anxiety symptoms and sleep problems.
For example, treatment modules for patients with agoraphobia
and social anxiety disorder will contain an exposure treatment
module, while patients having significant sleep difficulties will
complete a insomnia coping module.

XIAO AN is designed to reply in an empathic and supportive
way in response to the patients’ information. For example, if
patients rated their anxiety level as more than 8 (ranged 0–10,
a higher score means more severe symptom), XIAO AN will
respond “I know you are having a hard time, maybe hoping
someone or something can help you stop the suffering. Now
I’m here, staying with you.” If patients completed an exposure
training module, XIAO AN will say “You are doing great. You
are so brave. It’s very encouraging.”

Participant Timeline
Each participant will complete the psychological assessment
including symptom measurement at baseline and at the end

of weeks 2, 4, 8, and 12. Follow-up assessments will be
conducted at 3 and 6 months after the 12-week treatment
(Table 1).

Sample Size
We calculated the sample size based a significance level of
0.05 and with power of 0.8. Previous literature showed that
the effective rate of single-drug combination psychotherapy (the
reduction rate of HAMA after treatment is greater than or equal
to 50% as effective treatment) was 70%, and the effective rate of
single-drug therapy was 50%. We assumed that the medication
plus AI-assisted psychotherapy group had a 10% higher response
rate than the medication alone group. Assuming 20% as drop-out
rate, the target enrollment is 354 patients in each group, and 708
in total (17).

Discontinuation
Patients could withdraw or will be asked to withdraw from
the study for the following reasons: (1) serious adverse events,
(2) emergence of a new concurrent severe physical disease
that is not well controlled, (3) exacerbation of any existing
physical disease, (4) poor compliance, (5) any time when the
patient asks to withdraw, and (6) certain situations in which
the researchers consider it will be better for the patient to
discontinue the treatment than to continue (e.g., increased
suicide risk, participation in the study presents a significant
burden to the patient, patient needs hospitalization). Patients
will be clearly informed that they have the right to withdraw
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from the study at any time for any reason, during no matter
screening or intervention period. The decision to withdraw
a patient from the study will be made by the site principal
investigator in consultation with the research team at the main
research site.

MEASUREMENTS

Our primary efficacy measurement is the Hamilton Anxiety Scale
(HAMA). Response is defined by a 50% reduction at least in total
HAMA score. Secondary efficacy measurement is improvement
in treatment at an early stage (score reduction in HAMA ≥25%
at week 2 of treatment). Incidence of adverse events will be
also recorded.

Other measurements include the Hamilton Depression Scale
(HAMD-17), Clinical Global Impression (CGI), Treatment
Emergent Symptom Scale (TESS), Social Disability Screening
Schedule (SDSS), World Health Organization Quality of
Life Brief Form (WHO-QOL-Brief), Generalized Anxiety
Disorder-7 (GAD-7), Patient Health Questionnaire-9 (PHQ-
9), Insomnia Severity Index (ISI), the Self-Assessment Scale
of the Overall Efficacy and Satisfaction of Patients (SASE),
Toronto Alexithymia Scale (TAS-20), Cognitive Emotion
Regulation Questionnaire (CERQ), Liebowitz social anxiety
scale (LSAS), Panic Disorder Severity Scale (PDSS). The
HAMD-17, CGI, TESS, SDSS, PDSS will be administered
by independent blind raters. Other scales will be self-
assessed. Paradigm of negative pictures stimulation, facial
expression emotion analysis, phonetic and semantic analysis are
also included.

STATISTICAL ANALYSIS

The aim of this trial is the explore whether medication plus AI-
assisted psychotherapy has greater efficacy thanmedication alone
in the treatment of anxiety disorders. The principal analyses
will be conducted using the intention-to-treat sample. One-
sided 5% significance level will be adopted, and corresponding
95% CIs will be calculated whenever possible. Continuous
outcomes, the HAMA score reduction from baseline to week
2 and week 12, will be analyzed using analysis of variance
and general linear mixed models. Treatment allocation, time,
and interaction between treatment allocation and time will
be the main predictors. Gender, age, education level, and
baseline scores will be the covariates and treatment site will
be a random effect in the model. The mixed models will
be estimated using restricted maximum likelihood. The least
square mean difference between the groups at 12 weeks will
be tested as the main analysis. Other analyses will include
comparisons at weeks 2, 4, 8, and 12, with adjustment for
multiple testing. Multiple comparison issues of post-hoc analysis
will be handled using Bonferroni adjustment. Dichotomous
variables will be compared between groups using the chi-square
test, Fisher’s exact test, or generalized estimating equation.
The above analyses will also be conducted with the follow-
up data.

OVERSIGHT

The project management team of ShanghaiMental Health Center
will be responsible for the management of this trial. All the
members of the team will meet once a week to discuss the
progress of the project and issues requiring attention. The project
manager will be responsible for organizing trainings of the
researchers and raters at each trial sites. The trial statistician will
be responsible for the establishment of data acquisition systems
and in designing the clinical reporting forms.

Clinical research center of SMHC will guarantee the quality
of the study. The clinical research center will be responsible for
supervising the conducting of the study. There will be regular
conferences every 3 months. The supervision might include
patient recruitment, patient retention, protocol amendments,
protocol violations, adverse events, data collection and recording,
and timely reports of trial results. Additional meetings will be
held when unforeseen circumstances occur. The clinical research
center will also provide advice on all appropriate aspects of the
trial if needed.We also hold meetings in smaller scales of the core
researchers and supervisors every week, discussing the progress
and problems during the conducting procedure.

DISCUSSION

Psychotherapy delivered in combination with medications
produces better outcomes for patients with anxiety disorders
than medication alone. However, psychological resources are
very limited in China and the ability, to deliver psychotherapy
to patients with anxiety disorders is therefore also limited. AI-
assisted psychotherapy has the potential to address this problem
and to be delivered in a standardized way in combination with
medications. Our AI-based psychological chatbot app, XIAOAN,
adopts multi-modal signal recognition and natural interaction
technology, and combines virtual human technology to simulate
a “real therapist.” It can deliver systematic psychological
evaluation and treatment for anxiety disorder patients. At the
same time, it can be trained to continuously optimize and
upgrade by using AI deep learning technology. In this project,
we will determine if in combination with medication it addresses
anxiety disorders more effectively than medication alone.

TRIAL STATUS

The trial is in the recruitment phase. The protocol version
number is 2021-02 (January 13th, 2021). Recruitment began on
May 6, 2021 and is expected to be completed by March 31, 2022.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Ethics Committee of Shanghai Mental
Health Center. The patients/participants provided their written
informed consent to participate in this study.
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