
Evaluating a smartphone-based symptom self-
monitoring app for psychosis in China (YouXin):
A non-randomised validity and feasibility study
with a mixed-methods design

Xiaolong Zhang1,2 , Shôn Lewis1,3, Lesley-Anne Carter4, Xu Chen2,5,
Jiaojiao Zhou2,5, Xingyu Wang1 and Sandra Bucci1,3

Abstract

Background: Psychosis causes a significant burden globally, including in China, where limited mental health resources hinder
access to care. Smartphone-based remote monitoring offers a promising solution. This study aimed to assess the validity, feasi-
bility, acceptability, and safety of a symptom self-monitoring smartphone app, YouXin, for people with psychosis in China.

Methods: A pre-registered non-randomised validity and feasibility study with a mixed-methods design. Participants with
psychosis were recruited from a major tertiary psychiatric hospital in Beijing, China. Participants utilised the YouXin app
to self-monitor psychosis and mood symptoms for four weeks. Feasibility outcomes were recruitment, retention and outcome
measures completeness. Active symptom monitoring (ASM) validity was tested against corresponding clinical assessments
(PANSS and CDS) using Spearman correlation. Ten participants completed qualitative interviews at study end to explore
acceptability of the app and trial procedures.

Results: Feasibility parameters were met. The target recruitment sample of 40 participants was met, with 82.5% completing
outcome measures, 60% achieving acceptable ASM engagement (completing >33% of all prompts), and 33% recording suf-
ficient passive monitoring data to extract mobility indicators. Five ASM domains (hallucinations, suspiciousness, guilt feel-
ings, delusions, grandiosity) achieved moderate correlation with clinical assessment. Both quantitative and qualitative
evaluation showed high acceptability of YouXin. Clinical measurements indicated no symptom and functional deterioration.
No adverse events were reported, suggesting YouXin is safe to use in this clinical population.

Conclusions: The trial feasibility, acceptability and safety parameters were met and a powered efficacy study is indicated.
However, refinements are needed to improve ASM validity and increase passive monitoring data completeness.
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Background
Psychosis is a severe mental health condition that causes
significant personal, social and economic burden.1 China
has the highest prevalence of schizophrenia in the world.2

A recent Chinese national mental health survey showed
that the lifetime prevalence rate of schizophrenia and
other psychotic disorders was 0.7%.3 Moreover, schizo-
phrenia accounted for 13.7% of all mental and substance
disorder disability-adjusted life years (DALYs) in 2019 in
China.4 However, staffing and resources to support
people with severe mental health problems is scarce, with
an estimated shortage of 40,000 mental health professionals
relative to the population need.5

Digital mental health is a promising solution for the short-
fall of mental healthcare resources in China.6,7 The wide-
spread availability of digital technologies offers an
unparalleled opportunity to expand service delivery on an
unprecedented scale. Previous studies have shown that the
internet access rate in people with a diagnosis of schizophre-
nia in Hong Kong reached 90.9%,8 and people with mental
health problems in China in general are willing to accept
digital health interventions (DHIs) for their mental health
and considered them helpful.9 Integrating digital health tech-
nologies (DHTs) into clinical workflows holds promise in
enhancing evidence-based care, fostering shared decision
making, and facilitating continuity of care.10

Smartphone-based symptommonitoring has the potential to
generate near real-time data through active and passive moni-
toring methods to capture symptom fluctuation,11 which is
not achievable by conventional face-to-face methods of assess-
ments in current service settings. Active monitoring is typically
defined as the collection of user self-reported data (e.g., psy-
chological, behavioural, physiological) by ecological moment-
ary assessment.12 Passive monitoring refers to using sensors
embedded in a smartphone or a wearable device to record
the user’s behaviour pattern (e.g., app usage, activity, mobility)
or contextual information (e.g., location, social interaction).13

By combining active and passive monitoring, smartphone-
based monitoring has the potential to provide a dynamic, per-
sonal, and valid representation of a person’s emotional and
behavioural state.14,15 Additionally, a recent randomised con-
trolled trial (RCT) study has shown that active self-monitoring
of symptoms can reduce positive psychotic symptoms in
people with early psychosis in the UK.16

Smartphone-based symptom monitoring in people with
psychosis has proved to be feasible in the Western context16–
18; however, only one published study has been conducted in
non-western, low- and middle-income countries (LMICs)
that tested a digital platform with a symptom monitoring
element.19 To date, no smartphone-based symptommonitoring
tool has been developed and evaluated for people with psych-
osis in China.6 Therefore, given the potential of smartphone-
based symptom monitoring to improve the outcome of psych-
osis and reduce the burden of mental health system in China,

we developed the YouXin smartphone app, a digital remote
monitoring tool combining active and passive monitoring,
and tested its validity, feasibility, acceptability and safety for
people with psychosis in China. Further details of the develop-
ment of the app are published elsewhere.20

Methods
The study was approved by the University of Manchester
and Beijing Anding Hospital Research Ethics Committee.
A pre-published trial protocol is published elsewhere.20

Participants

Participants were recruited from one of the major tertiary
psychiatric hospitals located in the Beijing metropolitan
area from August to November 2022. Staff identified and
approached prospective participants and evaluated their will-
ingness and eligibility to take part. With consent, those con-
sidered eligible and interested were referred to author XZ
who confirmed eligibility. Eligible prospective participants
were given an information sheet and at least 48 h to consider
taking part. After this time, author XZ contacted the potential
participant to explain the details of the study and answer any
questions. Consent and assessments took place face-to-face
at the hospital. Written informed consent was obtained
from all participants prior to study initiation. Eligibility cri-
teria were deliberately inclusive to fully assess feasibility
of the app and to reach generalisable conclusions to a wide
range of service users with psychosis. Inclusion criteria
were: (1) diagnosed with a DSM-5 (F20-F29) schizophrenia
spectrum disorder or met criteria for being at clinical high
risk for psychosis according to the Structured Interview for
Prodromal Syndromes (SIPS); (2) aged 16 to 65; (3) receiv-
ing care from Beijing Anding Hospital, China and continued
to be actively supported by the hospital for the trial duration
(5 weeks); (4) owned and able to use a smartphone; and (5)
clinically stable as judged by the responsible clinician.
Exclusion criteria were: (1) diagnosed with organic or sub-
stance induced psychosis; (2) lack of capacity to provide
informed consent as judged by the responsible clinician;
and (3) judged to be at risk for self-harm or harm others.

The intervention: YouXin app

YouXin is a smartphone app-based symptom self-monitoring
tool designed specifically for people with psychosis, available
for both Android and iOS platforms. The app is adapted from
the ClinTouch app.21 Palmier-Claus et al.21 found that the
ClinTouch items were significantly correlated with the
Positive and Negative Syndrome Scale (PANSS) positive
and general psychopathology subscales and the Calgary
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Depression Scale (CDS) but not PANSS negative subscale.
Therefore, to develop the YouXin app, we selected the vali-
dated ClinTouch psychosis and mood items equivalent to
PANSS positive and general psychopathology subscales
and the CDS, and translated the items into Chinese. To
assess negative symptoms, we added a passive monitoring
function to the app to extract mobility and activity indicators
corresponding to the PANSS negative subscale. The YouXin
app was developed by a multidisciplinary team, including
academics, clinicians, software engineers and experts by
experience. We utilised a systematic co-production approach
to development to maximise user usability and acceptability
from both patient and clinician perspectives. Author XZ
carried out four online co-production consultation meetings
with patients and clinicians (three patient meetings and one
clinician meeting) at Beijing Anding Hospital, China. The
co-production procedure is shown in Supplementary Text 1.

The core functions of YouXin consist of active monitor-
ing of current symptoms (termed active symptom monitor-
ing (ASM); including psychosis and mood symptoms;
contextual information) in real-time and passive monitoring
of behavioural activity (i.e., global positioning system
(GPS) and step counting). Examples of items are shown
in Supplemental Table 1. The ASM component uses a time-
contingent design. That is, prompts were set to alert at two
pseudo-random timepoints per day in a 12-h interval from
10:00 a.m. to 10:00 p.m. seven days a week for four
weeks. This prompt frequency was set to minimise partici-
pant assessment burden. To prevent clustering of responses,
each prompt on a particular day had a minimum 1-h inter-
val. Participants could either snooze the prompt for 5 or
30 min or decline to answer. GPS data was passively col-
lected every 5 min from smartphone sensors to measure
users’ mobility and activity levels. All collected data were
wirelessly uploaded in real-time to a secure server
managed by Beijing Anding Hospital.

Procedure

Participants were given a training session to help them navi-
gate the app. Support was given to help the participant down-
load the app onto their smartphone and a demonstration of
the app was given. Participants had the opportunity to prac-
tice using the app and ask questions during the process; they
had access to the app from the training session until the four-
week assessment timepoint. An opt-out approach was
applied to give participants autonomy to switch on/off the
passive sensing section during the study. Participants were
informed at the training sessions that the app was not suitable
for seeking urgent medical care.

The timeline of outcome assessments is summarised in
Table 1. Participants were assessed in person at baseline,
one and four weeks. To assess the validity of the ASM
items, the PANSS and CDS were administered at the
one-week timepoint to calculate the correlation between

the relevant ASM and clinical assessment items. The asses-
sor was a clinician with experience conducting assessments
in clinical trials and was trained in the assessment measures
used here. The assessor was blind to the ASM results.
Semistructured qualitative interviews were conducted
after the four-week timepoint to explore the acceptability
of the app and trial procedures. Author XZ provided tech-
nical support with the app as needed; participants were
referred to their treating clinician for appropriate mental
healthcare if any clinical concerns arose.

Measures

Sociodemographic and clinical characteristics. We gathered
descriptive demographic (age, gender, education level, mar-
riage status, average income, accommodation and living
situation, employment status, ethnicity), clinical, service
use and digital and mental health literacy information.
Service use and clinical information were collected from
the participant’s medical record, with consent.

Feasibility parameters. To assess feasibility, we collected
detailed recruitment and retention data according to the
CONSORT statement for feasibility studies,22 including (i)
number of eligible participants consenting; (ii) completeness
of outcome measures; (iii) number lost to follow-up; and (iv)
reason for withdrawal. We defined a threshold of > 80%
retention rate as feasible and no changes needed. The app
usage and engagement parameters were explored using the
Analysing and Measuring Usage and Engagement Data
(AMUsED) framework.23 The checklists of AMUsED
framework are shown in Supplemental Tables 2–4. We
defined acceptable engagement as completing at least 33%
of the prompts, a criterion widely accepted within the
digital mental health field,16,18,24 despite its arbitrary nature.

Acceptability. The Quantitative Feedback Questionnaire
(QFQ) was used to collect quantitative information regard-
ing acceptability at the four-week timepoint. This is a
20-item questionnaire designed to assess the acceptability
of utilising smartphone-based DHIs and has been used in
previous DHI trials in psychosis.25,26 Qualitative exit inter-
views were conducted to explore participants’ experience of
using Youxin, detailed findings of which are reported else-
where (summary-level findings are reported here).

Clinical measures. The Chinese version of the Mini-
International Neuropsychiatric Interview27 was used to
assess DSM-5 diagnosis. The Chinese version of the
SIPS28 was used to determine the presence of an At Risk
Mental State. Psychotic symptoms were rated using the
Chinese version of the PANSS,29 a 30-item scale that
assesses positive and negative symptoms and general psy-
chopathology. Mood symptoms were assessed using the
Chinese version of the CDS,30 a nine-item scale designed
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specifically for assessing depression in schizophrenia. Higher
scores of PANSS and CDS correspond to more severe symp-
toms. Participant engagement was measured using the
Patient Health Engagement (PHE) Scale,31 a self-report
scale assessing patient attitudes of engagement in healthcare.
Social functioning was rated using the Chinese version of the

Personal and Social Performance (PSP) scale32 a 100-point
single-item rating scale assessing four areas of functioning
(socially useful activities, personal and social relationships,
self-care, and disturbing and aggressive behaviours).
Quality of life was measured by the EuroQoL 5D 5 level
version (EQ-5D-5L),33 a self-report questionnaire designed

Table 1. Timeline of data collection.

Timepoint Enrolment Baseline 1-week follow up 4-week follow up

Enrolment

Eligibility screen X

Informed consent X

Training session X

Intervention

Smartphone monitoring

Assessments

MINI X

SIPS X

PANSS X X X

CDS X X X

PHE-s X X

PSP X X

EQ-5D-5L X X

Socio-demographic characteristics X

Clinical characteristics X

QFQ X

Qualitative interview X

Electronic health record

Number of hospitalisations

Time of first onset X

Number of episodes

Medication(s) or therapy used

Abbreviations: MINI: mini-international neuropsychiatric interview; SIPS: structured interview for prodromal syndromes; PANSS: Positive and Negative
Syndrome Scale; CDS: Calgary Depression Scale for Schizophrenia; PHE-s: Patient Health Engagement Scale; PSP: Personal and Social Performance; EQ5D:
EuroQoL 5D 5 level version; QFQ, Quantitative Feedback Questionnaire.
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Table 2. Demographic and clinical characteristics: numbers (%) of
participants.

Characteristics Values

Age range

16–25 14 (35.0)

26–35 16 (40.0)

36–45 7 (17.5)

46–55 2 (5.0)

56–65 1 (2.5)

Gender

Male 24 (60.0)

Female 16 (40.0)

Ethnicity

Han 38 (95.0)

Hui 1 (2.5)

Mongolian 1 (2.5)

Education level

Primary school 1 (2.5)

Middle school 1 (2.5)

High school 16 (40.0)

College 10 (25.0)

University 12 (30.0)

Marriage status

Single 25 (62.5)

Divorced 2 (5.0)

Married 13 (32.5)

Average monthly income

1000–5000 20 (50.0)

5000–10,000 12 (30.0)

10,000–15,000 6 (15.0)

(continued)

Table 2. Continued.

Characteristics Values

>15,000 2 (5.0)

Accommodation and living situation

Lived alone 2 (5.0)

Lived with others 38 (95.0)

Employment status

Full time 11 (27.5)

unemployed 18 (45.0)

student 9 (22.5)

Parttime 2 (5.0)

Diagnosis

Brief psychotic disorder 2 (5.0)

Clinical high risk 1 (2.5)

Delusional disorder 1 (2.5)

Schizophrenia 35 (87.5)

Schizophreniform disorder 1 (2.5)

Number of hospitalisations

0 13 (32.5)

1 18 (45.0)

2 6 (15.0)

3 2 (5.0)

4 1 (2.5)

Number of episodes

1 31 (77.5)

2 5 (12.5)

3 3 (7.5)

4 1 (2.5)

Medication(s) or therapy used

Antipsychotics 40 (100.0)

(continued)
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for assessing health status and health-related quality of life.
Higher scores of PSP and EQ-5D-5L correspond to better
outcomes. Assessors received training and ongoing supervi-
sion in all study procedures.

Safety. Adverse events (AEs) were monitored throughout the
study and reported using standardised procedures in line with
the National Institute for Health and Care Research and
Health Research Authority safety reporting procedures.

Data analysis

All quantitative analysis was conducted using R (Version
4.0.5).34 Descriptive statistics were performed to analyse
feasibility, acceptability and safety data. Logistic regression
was used to explore socio-demographic and clinical charac-
teristics and device attributes as predictors of feasibility. We
also reported descriptive statistics of the clinical outcomes at
baseline, one-week, and four-week assessments. Paired t-test
andWilcoxon signed-rank test were conducted to explore the
changes in clinical outcomes during the four-week study
period. To measure the validity of ASM domains,
subject-level active monitoring data mean score of the first
week was used to calculate the association between the
active monitoring items score and the relevant symptom
domain score of the PANSS and CDS at the week one
follow-up assessment. Cronbach’s alpha was used to calcu-
late the internal consistency of the ASM item sets. The
mean squared successive difference (MSSD) and intraclass
correlation coefficient (ICC) were used to assess the instabil-
ity of active monitoring domain scores over the first week.
MSSD shows the day-to-day variability within participants.
ICC indicates the proportion of variance that can be attribu-
ted between participants. GPS data was analysed following
Müller et al.’s35 approach. The R code was modified to fit
the data set of this study. We used at least 12 h GPS data col-
lected in a day as the criteria of valid GPS recording, as it is
in line with the active monitoring interval. In order to deter-
mine “home” location, GPS data must include night-time
hours (i.e., 9 p.m. to 6 a.m.). Locations were clustered as
“unique” if a person spent at least 30 min within a 200-m
radius. We did not perform imputation for missing data;

instead, we used available data to extract GPS mobility indi-
cators, including unique locations, places visited, and time
spent at home. Spearman correlation was used for explora-
tory analysis of the association between GPS mobility indi-
cators and PANSS negative symptom score.

Qualitative data was transcribed verbatim in Chinese and
then translated to English by author XZ. The English tran-
scripts were then independently back-translated to Chinese
by coauthor (XW) to check the validity of the translation. A
framework analysis approach was employed following
Braun and Clarke’s36 protocol of six phases of thematic ana-
lysis, including familiarisation, transcription, generating
initial codes, searching for themes, reviewing themes, and
then defining and deciding on meaningful themes. Nvivo soft-
ware (Version 12)37 was used to support qualitative analysis.

Results

Sample characteristics

Participant sociodemographic and clinical characteristics
are shown in Table 2. In total, 40 people participated in
the study. The median age of participants was 29 years
(IQR= 22–35.25). Participants were predominantly male
(n= 24, 60%), Han Chinese (n= 38, 95%), single (n= 25,
63%), lived with others (n= 38, 95%), and unemployed
(n= 18, 45%). Approximately half the sample had college-
level or higher education (n= 22, 55%) and reported
an average monthly income between 1000–5000 RMB
(n=20, 50%). Schizophrenia was the most common diagnosis
received (n=35, 87.5%). The median age at first onset was
22 years (IQR=18–27.25). Nearly half of the participants had
one prior hospitalisation (n=18, 45%), and more than three-
quarters of participants had one episode of psychosis (n=31,
77.5%). All participants were prescribed antipsychotic medica-
tion (n=40/40, 100%). Regarding ownership, use and aware-
ness of DHTs, most participants (n=38, 95%) used
smartphones with the Android operating system. Smartphones,
social media, and smartphone apps were the most frequently
used digital technologies, with almost all participants reporting
using these technologies daily, suggesting relatively high
digital literacy levels in the sample. Participants showed a
good level of mental health literacy as indicated by an average
of 14.8 (SD=3.0) correct answers out of the 20-item true or
false mental health literacy questionnaire.38

Recruitment and retention

From August to October, 2022, 47 people were approached
to take part, of which 41 agreed to participate (see Figure 1).
Reasons for not participating included concerns that
answering app questions would be a burden and family
member concerns that answering app questions might be
triggering for the individual. One person did not meet the
inclusion criteria, leaving 40 consenting study participants

Table 2. Continued.

Characteristics Values

Antidepressants 11 (27.5)

Antianxiety medications 4 (10.0)

Mood stabiliser 3 (7.5)

Other 7 (17.5)
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who completed the baseline assessment and installed the
YouXin app on their smartphones. Of the 40 participants,
37 (92.5%) completed the one-week follow-up assessment,
and 33 (82.5%) completed the four-week follow-up assess-
ment. Ten participants took part in the post-intervention
qualitative acceptability interview. Logistic regression indi-
cated that age, education level, diagnosis, mental health liter-
acy level, operating systems of the smartphone, baseline
symptom severity and functioning scores were not associated
with study drop-out (i.e., discontinued from the study).

ASM feasibility and completion rates

On average, participants completed 45.9% (SD= 33.7,
range 0–94.6) of scheduled prompts and engaged with the
app for 20.5 days (SD= 10.6, range 0–28) during the four-
week exposure period (see Supplemental Figure 1 for a line
graph of completion rate over four weeks). Twenty-four

(60%) participants met the acceptable engagement criterion
as defined by completing at least 33% of all prompts. The
median time spent to complete each ASM question set
was 79.5 s (IQR= 59–133.75); two prompts took >1 h to
be completed, probably due to the participant using other
apps (e.g., taking a phone call) while the question set was
live. The average time interacting with the app, defined
by the number of log-ins (i.e., opening the app on the smart-
phone), was 185.7 s (SD= 173.2, range 13–794).

Passive monitoring feasibility and completion rate

As we permitted participants to turn on and off the passive
monitoring throughout the study, we examined the number
of participants who remained using passive monitoring at
the end of the study. At the four-week time point, 78% (n=
31) and 80% (n=32) participants continued to have the GPS
recording and step count function respectively enabled. There

Figure 1. Flow diagram of recruitment and retention.
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is no consensus on the threshold of acceptable data complete-
ness of GPS recording.35 To explore theGPS data completeness
for this study, we used the criterion of at least one data point
recorded in a day (the minimum data availability threshold).
Over the four-week exposure period, GPS data of 33 (82.5%)
participants was recorded. The average number of hours of
GPS data recorded per day was 3.41 (SD=3.89). Seven parti-
cipants recorded no GPS data, which might have been caused
by turning off GPS recording at study start. For the 33 partici-
pants where GPS data was recorded, the average number of
days recorded was 18.7 (SD=9.37), with a mean GPS record-
ing completion rate (% days recorded GPS data) of 66.78%.
The mean number of days with useable GPS data, defined by
recording at least 12 h GPS data including the night-time
period (i.e., 9 p.m. to 6 a.m.) in a day was 2.79 (SD=5.22).
In total, 13 of the 33 participants met the threshold of sufficient
GPS data to extract mobility features. Step data was collected
from 35 (87.5%) participants. The mean number of step days
collected was 17.06 (SD=9.43). The mean completion rate
(% days recorded step data) was 60.92%. More information
regarding passive monitoring completeness is shown in
Supplemental Table 5 and Supplemental Figure 2.

Acceptability

Acceptability was evaluated using the QFQ (see Supplemental
Table 6 for a summary). Thirty-two participants completed the
QFQ at the four-week follow-up. Overall, the YouXin app
was acceptable, with a QFQ total score of 47.4 (SD= 13.6,
range 26–83). Participants reported the app was easy to use
and they felt comfortable tracking their symptoms using the
app. Negative ratings related to the burden of answering ques-
tions (e.g., “Did answering the questions take up a lot of
time?”), the difficulties of operating the devices (e.g., “Was
using the touchscreen difficult?”), and distress induced by
the questions (e.g., “Did filling in the questions make you
feel worse?”) were minimal.

Qualitative feedback was collected from 10 participants
after the four-week assessment. All the participants found
the YouXin app to be acceptable and easy to use. Benefits
from using the app were expressed, including being more
aware of their mental health problems, using the insights
gained from the app to self-manage thoughts, emotions, and
behaviours, and improving their ability to communicate their
mental health problems with family members and mental
health professionals based on the monitoring results.
Participants reported the volume of the alerts sent by the
app was too low, causing them to miss some of the scheduled
notifications. The GPS monitoring consumed a significant
amount of phone battery, which meant participants found
they had to charge the phone more than usual; this was a
major barrier to the effective use of the app and phone.
A small number of participants said they felt uncomfortable
giving ‘truthful’ responses to some ASM items for fear of
their doctor finding out about changes in symptom patterns,

potentially indicating a deviation from anticipated recovery
progress. A summary of illustrative quotes is shown in
Supplemental Table 7. A more detailed analysis of qualitative
interviews is reported elsewhere (Zhang et al., in preparation).

Safety and clinical outcomes

During the four-week study period, no AEs or SAEs were
recorded. As the primary objective of the study was to
assess feasibility, we report descriptive results to demon-
strate the trend of changes in clinical outcomes between
baseline and four-week follow-up. As shown in Table 3,
no deterioration was found in both symptoms and func-
tional outcomes, suggesting that using the app did not
result in a worsening in symptoms and functioning.

Reliability, validity, and instability of active
monitoring

Table 4 shows the summary statistics for active monitoring
scores and corresponding clinical assessment scores at
one-week follow-up, and the results of reliability, validity,
and instability. Clinical assessment scores of guilt feelings,
grandiosity, anxiety, somatic concern, hopelessness, and
depression were generally low and less varied between par-
ticipants, as most participants scored 1 on these items (0 on
the hopelessness item). Cronbach’s alpha was high (> 0.7)
and showed good reliability, expect for the grandiosity
(0.59) and hopelessness (0.62) ASM items. In terms of val-
idity, hallucinations, suspiciousness, guilt feelings, delu-
sions, and grandiosity items in active monitoring showed
moderate Spearman’s correlations (> 0.35) with the corre-
sponding PANSS items. However, anxiety, somatic
concern, hopelessness, and depression were not signifi-
cantly correlated with their corresponding PANSS or
CDS items. Instability was measured by MSSD and ICC;
a visual description of the scores across time is shown in
SupplementaL Figure 3. There was a lot of variation
between participant’s scores; many reported very little vari-
ation both within and between days, while some saw much
greater moment-to-moment changes. Somatic concern was
the most unstable item, followed by anxiety, hopelessness,
and suspiciousness. In contrast, grandiosity, delusions, and
guilt feelings were relatively more stable across time com-
pared to other items.

Association between passive monitoring indicators
and PANSS

The GPS indicators varied considerably between partici-
pants (see Supplemental Table 8). The time spent at home
extracted from GPS data was not significantly correlated
with self-reported time spent at home from the active mon-
itoring item (rho=−0.06, p= .575). Supplemental Figure 4
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shows the correlation matrix between passive monitoring
indicators and the negative symptom subscale of PANSS.
Due to the missingness of the GPS data, the sample size
available for calculating the correlations was small (n=
10). Therefore, the correlation coefficients reported here
show the trend of the relationships between the variables;
results should be interpreted with caution.

Discussion
This study examined the validity, feasibility, acceptability
and safety of the YouXin app for symptom self-monitoring
for people with psychosis in China using a non-randomised
study design. The completeness of active monitoring met
our pre-defined threshold (>80%); however, the data avail-
ability of passive monitoring is suboptimal with only a

small number of participants recording sufficient data to be
able to extract mobility indicators. The validity of ASM was
demonstrated with several domains achieving moderate cor-
relation with corresponding gold-standard clinical assessment.
However, some domains were not significantly correlated with
clinical assessment, suggesting further refinement of ASM
items is needed. Both the quantitative and qualitative evalua-
tions showed high acceptability of YouXin among partici-
pants. Clinical measurements indicated no symptom and
function deterioration. No adverse reactions to using the app
or study procedures were reported, suggesting the app is
safe to use. Taken together, the findings demonstrate
YouXin is feasible, acceptable, and safe for symptoms self-
monitoring for people with psychosis in China.

Retention in the study was high, with 82.5% of partici-
pants completing the four-week follow-up, which is

Table 3. Clinical measures at baseline, 1 week and 4 weeks.

Baseline
(n= 40)

1 week
(n= 37)

4 weeks
(n= 33)

Measure Mean SD Mean SD Mean SD
Mean difference between
baseline and 4 weeksa

95% CI of mean
difference

P
value

Cohen’s
D

PANSS
positive

12.7 6.4 12.3 6.4 10.7 5.0 −1.58 −2.56 to −0.59 0.003 −0.57

PANSS
negative

15.6 6.4 15.8 6.5 15.2 6.6 −0.15 −0.76 to 0.46 0.616 −0.09

PANSS
general

25.6 5.6 24.5 5.6 22.7 5.2 −2.12 −3.14 to −1.10 0.000 −0.74

PANSS total 53.8 14.9 52.5 15.7 48.6 14.4 −3.85 −5.70 to −2.00 0.000 −0.74

CDS total 1.6 1.9 1.1 1.7 0.9 1.9 −0.39 −1.22 to 0.43 0.336 −0.17

PSP 69.1 9.5 - - 73.3 11.5 3.79 0.96 to 6.62 0.010 0.47

EQ-5D-5L
VAS

69.0 23.4 - - 75.8 17.9 5.52 -0.43 to 11.46 0.068 0.33

Measure Number % Number % Wilcoxon signed-rank test P value Wilcoxon r (95% CI)

PHEs - - - - - - 42 0.393 0.16 (0–0.47)

Blackout 3 7.5 - - 2 6.1 - - -

Arousal 9 22.5 - - 4 12.1 - - -

Adhesion 23 57.5 - - 21 63.6 - - -

Eudaimonic project 5 12.5 - - 6 18.2 - - -

aPaired t-test.
PANSS: Positive and Negative Syndrome Scale; CDS: Calgary Depression Scale for Schizophrenia; PSP: Personal and Social Performance; EQ-5D-5L VAS:
EuroQoL 5D 5 level version visual analogue scale; PHE-s, Patient Health Engagement Scale.
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comparable to previous remote symptom monitoring
studies conducted in people with psychosis.16,18 Although
none of the socio-demographic and clinical characteristics
and device attributes predicted study drop-out, it should
be noted that this sample is relatively young, had mild
symptom severity and high digital and mental health liter-
acy at baseline. Previous findings regarding the impacts
of age and baseline symptoms on engagement have been
mixed; some studies have reported that people with psych-
osis of older age39,40 or with more severe symptoms21,41

might have more difficulty using digital health technolo-
gies. The recruitment strategy is feasible in general, as we
met our recruitment target (four participants per week on
average). However, we did not collect clinical and demo-
graphic characteristics from those who declined participa-
tion, and we were not able to collect the overall
proportion of clinician caseload recruited, which limited
our understanding of recruitment feasibility. Of the seven
potential participants who declined participation, one indi-
vidual refused taking part due to a family member’s con-
cerns that the study would be triggering for the potential
participant. As family members are important carers of
people with psychosis in China,42 further consideration of
the views of family members in digital symptom monitor-
ing research and clinical implementation is needed.

The completion rate of active monitoring is acceptable;
60% of participants met the threshold of completing at
least 33% of the prompts. However, the completion rate
is lower than in previous studies.16,18 This might be
because the feedback in the app was minimal, and we did
not provide active human support in this study, which has
been shown to be helpful in increasing engagement in
DHIs in psychosis.18,43

Although passive monitoring required less effort from
participants, the completion rate of passive monitoring
was not largely different from active monitoring (mean
completion rate 66.78% and 60.92% for GPS recording
and step count respectively). We did not set any pre-defined
threshold for the feasibility of passive monitoring due to the
exploratory nature of this analysis. The completion rates
(i.e., % days recorded passive data) we reported here
were broad since we aimed to understand the quantity and
quality of passive data collection in our study sample.
Setting completion rate criteria is needed for future
studies with specific clinical purposes to assess the feasibil-
ity of passive monitoring in a specific clinical context.
Moreover, data missingness is common in passive monitor-
ing.44–46 There are many factors that could impact the col-
lection of passive data, including types of sensor selected,
frequency of sensing, participants turning off or incorrectly

Table 4. Summary statistics for active monitoring YouXin scores and corresponding clinical assessment scores, and the results of reliability,
validity, and instability (week 1 data).

Item

YouXin scores
Clinical assessment
scores

Chronbach’s
alpha

Spearman’s
rho MSSD (SD) ICCMean (SD) Median (IQR) Mean (SD)

Median
(IQR)

Hallucinations 1.86 (1.24) 1.24 (1.00–2.43) 1.92 (1.57) 1 (1–3) 0.92 0.58*** 0.85 (1.72) 0.81

Suspiciousness 2.19 (1.42) 1.53 (1.20–2.54) 2.46 (1.73) 1 (1–3) 0.93 0.57*** 0.90 (2.11) 0.82

Guilt feelingsa 1.81 (1.42) 1.07 (1.00–1.73) 1.16 (0.55) 1 (1–1) 0.96 0.55*** 0.63 (1.51) 0.88

Delusions 2.44 (1.32) 2.01 (1.39–3.14) 2.51 (1.68) 3 (1–4) 0.94 0.49** 0.60 (1.19) 0.86

Grandiosity 2.26 (1.12) 1.97 (1.38–2.58) 1.65 (1.23) 1 (1–1) 0.59 0.35* 0.59 (1.04) 0.79

Anxiety 2.46 (1.70) 1.61 (1.16–3.83) 2 (1.20) 1 (1–1) 0.93 0.25 1.41 (2.65) 0.81

Somatic
concerna

2.52 (1.53) 2.08 (1.31–3.57) 1.38 (0.79) 1 (1–1) 0.79 0.15 2.04 (5.18) 0.70

Hopelessnessa, b 2.16 (0.94) 2.00 (1.48–2.53) 0.14 (0.35) 0 (0–0) 0.62 0.14 1.35 (2.33) 0.61

Depression 2.81 (1.17) 2.67 (1.93–3.76) 1.35 (0.82) 1 (1–1) 0.78 0.13 0.72 (0.85) 0.75

aThese items only have two scores (i.e., binary variable), so we used Point-Biserial Correlation rather than Spearman’s Correlation for these three items.
bThis item corresponds to the CDS item hopelessness.
*** p < .001, ** p < .01, * p < .05.
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setting data permissions, and smartphone operating systems
turning off data collection for battery or performance
reasons.44,47 We allowed participants to turn on and off data
permissions during the study. Also, some participants men-
tioned in qualitative interviews that the GPS monitoring con-
sumed a significant amount of phone battery. This might
explain the high missingness of passive data observed in
this study. Additionally, more comprehensive training on
using the app and smartphone device itself and close monitor-
ing of data completeness may be needed to increase data col-
lection as proposed by Currey and Torous.44

The acceptability of YouXin was demonstrated by both
the quantitative and qualitative evaluations. The QFQ total
score of YouXin is comparable to a previous study evaluating
smartphone-based assessment for psychosis (i.e., QFQ total
score=53.0).25 Qualitative interviews indicated that although
some participants encountered some practical barriers (e.g.,
low alarm volume and charging smartphone more often),
most participants found the app helpful, which is consistent
with previous DHI studies.48,49 Overall, participants felt the
app was easy to use. These findings are in line with previous
studies reporting that remote symptom monitoring is well tol-
erated by people with psychosis.16,18

Regarding the validity of ASM items, hallucinations,
suspiciousness, guilt feelings, delusions, and grandiosity
items in active monitoring showed moderate Spearman’s
correlations (> 0.35) with their corresponding PANSS
items. Anxiety, somatic concern, hopelessness, and depres-
sion were not significantly correlated with their correspond-
ing PANSS or CDS items. These findings were not in line
with the initial ClinTouch study.21 One potential reason
could be due to the relatively mild symptom severity of
the sample and the lack of variance of some clinical assess-
ment items, as ASM domains corresponding with higher
clinical assessment score variation (e.g., hallucinations)
demonstrated better correlation compared to domains corre-
sponding with lower clinical assessment score variation
(e.g., hopelessness). Another reason could be the phrasing
of the ASM items. We referenced the Chinese version of
the PANSS and CDS when translating the ClinTouch
items to ensure we used accurate Chinese terms to describe
symptoms. However, these terms may be difficult to under-
stand by participants as both the PANSS and CDS are
designed to be used by trained mental health professionals.
Some participants from the qualitative interviews reported
that some terms in the ASM were hard to understand,
which lends support to this interpretation and may explain
the low validity. Additionally, qualitative interviews showed
that some participants felt uncomfortable responding to
prompts because they did not want their treating doctor to
notice their symptoms fluctuations, which may also explain
the low validity between someASM and clinician-administered
items. Furthermore, the low validity may also be explained by
cultural factors, as cultural beliefs and behaviours may influence
interpretations of schizophrenia pathology.50

All the ASM items showed relatively high MSSD and
ICC, suggesting the items were sensitive to both within-
participant symptom fluctuation and between-participant
symptom differences. This finding supports the advantage
of digital remote symptom monitoring of recording real-
time symptom changes,15 which cannot be achieved by
conventional clinic-based face-to-face assessment due to
practical (e.g., accessibility) and methodological (e.g., eco-
logical validity, recall bias) challenges.14

Potential associations between mobility indicators
extracted from passive data and clinical assessments were
observed, with some passive monitoring indicators
showing non-significant moderate correlations with some
PANSS negative items. For example, distance travelled,
number of unique locations, and number of places visited
negatively correlated with emotional withdrawal and
passive/apathetic social withdrawal, and time spent at
home positively correlated with emotional withdrawal and
passive/apathetic social withdrawal. These findings align
with previous studies that reported an association between
reduced GPS mobility and higher severity of negative
symptoms.51–53 However, due to the small sample size
caused by missing data, no definitive conclusion can be
drawn about the associations between passive monitoring
indicators and negative symptoms in this sample. High
levels of data completeness are crucial for ensuring the
accuracy of features derived from passive monitoring
data.44 A more comprehensive investigation of the relation-
ship between passive monitoring indicators and negative
symptoms in people with psychosis in China is needed.

To our knowledge, this is the first study to develop and
evaluate a digital remote monitoring tool specifically
designed for people with psychosis in China. There were
notable strengths. We used a mixed-methods design,
which allowed us to have a more comprehensive under-
standing of the feasibility and acceptability of YouXin by
combining quantitative and qualitative methods. In the
development of the YouXin app, we implemented a
co-production approach, involving input from both clini-
cians and service users, enabling us to optimise the app’s
alignment with end-user needs. Nevertheless, there are
some limitations of the study. The study was primarily
designed to understand the feasibility of YouXin; therefore,
we did not include elements to promote engagement with
either the prompts or app usage, which may have affected
our ability to calculate validity parameters and to extract
passive monitoring mobility indicators. A future study spe-
cifically designed for testing validity between ASM and
gold-standard clinical assessment is needed after the refine-
ment of the app to provide a more concrete conclusion.
Despite the broad eligibility criteria, our sample was relatively
young and had less severe symptoms, which limits our under-
standing of the feasibility of the Youxin app and our study pro-
cedures in an older more symptomatic sample in China.
Additionally, the use of PANSS might have introduced a
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floor effect in the assessment of people at risk of psychosis. An
instrument specifically developed for people at risk of psych-
osis is needed when studying the feasibility and validity of the
YouXin app in this population more specifically in the future.
Moreover, as the participants had the option of switching off
the passive monitoring, it could have increased the probability
of missing data and introduced selection bias, as participants
more concerned about privacy might choose to switch off
passive monitoring. Furthermore, we recruited participants
with high digital literacy, which may have led to selection
bias with people who are more familiar with digital technol-
ogy. With a single group design, we were not able to
examine the clinical efficacy of the app.

Conclusions
In summary, this study provided an initial evaluation of the
validity, feasibility, acceptability, and safety of a remote
symptom self-monitoring smartphone app in people with
psychosis in China. YouXin was found to be feasible, accept-
able and safe among participants. Before conducting a future
randomised controlled study, refinements are needed to
improve the validity of active monitoring items. Strategies to
increase passive monitoring data completeness are also
required. Furthermore, more comprehensive feedback and a
blended approach involving human support may be consid-
ered to improve participant engagement. Bearing these consid-
erations in mind, as our feasibility parameters were met, a
future powered efficacy study is warranted.
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