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Abstract

Background: Youper is a widely used, commercialy available mobile app that uses artificial intelligence therapy for the
treatment of anxiety and depression.

Objective: Our study examined the acceptability and effectiveness of Youper. Further, we tested the cumulative regulation
hypothesis, which posits that cumulative emotion regulation successes with repeated intervention engagement will predict
longer-term anxiety and depression symptom reduction.

Methods: We examined datafrom paying Youper users (N=4517) who allowed their datato be used for research. To characterize
the acceptability of Youper, we asked users to rate the app on a 5-star scale and measured retention statistics for users’ first 4
weeks of subscription. To examine effectiveness, we examined longitudinal measures of anxiety and depression symptoms. To
test the cumulative regulation hypothesis, we used the proportion of successful emotion regulation attempts to predict symptom
reduction.

Results. Youper usersrated the app highly (mean 4.36 stars, SD 0.84), and 42.66% (1927/4517) of users were retained by week
4. Symptoms decreased in the first 2 weeks of app use (anxiety: d=0.57; depression: d=0.46). Anxiety improvements were
maintained in the subsequent 2 weeks, but depression symptoms increased sightly with a very small effect size (d=0.05). A
higher proportion of successful emotion regulation attempts significantly predicted greater anxiety and depression symptom
reduction.

Conclusions:  Youper is alow-cost, completely self-guided treatment that is accessible to users who may not otherwise access
mental health care. Our findings demonstrate the acceptability and effectiveness of Youper asatreatment for anxiety and depression
symptoms and support continued study of Youper in arandomized clinical trial.

(J Med Internet Res 2021;23(6):€26771) doi: 10.2196/26771
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mental health conditions are anxiety and depression, jointly
termed “emotional disorders,” and these impact 34% and 21%

Nearly half the people in the United States will have amental  ©f People in the United States, respectively [3]. Despite the
disorder at some point during their life span [1,2], and many availability of effective treatmentsfor emotional disorders, most

more will have subthreshold symptoms. The most frequent people in need of treatment will not receive it [4]. Researchers
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have found that both structural (eg, financial, availability) and
attitudinal barriers (eg, desireto handle problemsindependently)
prevent patients from seeking mental health treatment [5]. Fully
automated mental health intervention apps offer the promise of
overcoming these barriers. By obviating the need for a trained
clinician, the cost of treatment can be reduced by orders of
magnitude and can be delivered to anyone with access to the
internet. Moreover, fully automated treatments provide ameans
to treat patients who are uncomfortable seeking help from
another person.

One particularly promising type of digital mental health
intervention is amobile app that can be installed on a person’s
mobile device. The Apple and Google Play stores organize these
apps, centralizing the location where interventions can be
accessed and alowing users to vet apps by reviewing their
descriptionsin the store and reading user reviews. Onceinstalled
on a person’s phone, the mobile app medium makesit possible
for people to access interventions anytime and anywhere. This
opportunity has not been overlooked. Recent figures tally over
10,000 mental health apps availableto consumers[6]. However,
while the options for mental health treatment apps are at an
all-time high, there is little research on the acceptability of
available app-based treatments and whether they can actually
reduce symptoms of psychopathology. In particular, mobile
apps that are completely self-guided, and hence maximally
accessible and scalable, are especially understudied. That said,
a significant portion of the literature supports the efficacy of
self-guided cognitive behavioral therapy administered via the
internet, which patients may or may not be able to access on
mobile phones depending on the intervention [7,8]. Thus, the
potential for mobile apps to demonstrate similar efficacy is
promising. The present study aimed to assess the acceptability
and effectiveness of a salf-guided intervention app called Youper
that targets emotional disorders.

Although few in number, a handful of randomized controlled
trials (RCTs) examining fully self-guided mental health
intervention apps have shown promise. One mobile cognitive
behavioral therapy intervention similar to Youper that employs
a humanlike, chatbot interface found that college students
experienced significantly reduced depression symptoms over
the course of 2weeks[9]. A humber of RCTs have demonstrated
the efficacy of self-guided mobile treatment programs for
depression, including 1 testing problem-solving therapy and
cognitive training [10], 3 testing cognitive behavioral therapy
interventions [11-13], and 1 testing acceptance-based therapy
[14]. Small-scale observational studies have al so shown positive
results for self-guided app-based treatments for symptoms of
depression and anxiety [15,16].

Although these studies are promising, the evidence on
self-guided digital mental health treatment is limited by small
sample sizes obtained almost exclusively via RCTs. RCTs are
considered the gold standard of evidence and play an
indispensable role in assessing the efficacy of medical
interventions. However, real-world evidence provides a
necessary complement to understanding the impact of an
intervention in the context that it will be received [17]. This
fact has been acknowledged by numerous government bodies
including the National Institute of Health, the Food and Drug
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Administration, and the European Medicines Agency, who have
called for real-world evidence on interventions [18-20]. This
call arisesfrom the recognition of external validity shortcomings
in RCTsdueto factorssuch asinclusion criteriaand differences
in treatment adherence [21-23]

First, RCTs may be composed of different populations than
those that naturally seek digital mental health treatment.
Participantsin RCTsare acquired through recruiting efforts and
are then selected based on specific inclusion criteria. For
example, participants in RCTs may be required to meet a
minimum threshold of depression symptoms [10]. In the real
world, digital mental health treatment (often distributed via
smartphone app stores) isavail able to anyone with asmartphone
and users span the range of depression symptomatology levels.
Thus, the distribution of potential app users may or may not
match the distribution of participants seen in the small body of
existing literature on self-guided digital mental health. Further,
it is plausible that participants who enroll in clinical mental
health trials are more comfortabl e with seeking external mental
health care than are users that discreetly download an app on
their phone. Since targeting populations who carry stigma
against seeking mental health care is an important goal and
potential advantage of this technology, it is important that the
populations being studied have equivalent attitudes to the
population of potential users.

Second, treatment adherencein RCTsmay systematically differ
from real-world app usage because of the different experience
that a participant in aclinical trial has compared to a user who
downloads an app. In clinical trials, participants are often paid
money to participate. Paid participants may feel a social
obligation to adhereto the treatment plan. However, inredl life,
where app-based treatment is a completely individua
experience, it is unclear whether adherence will be equivalent.
Moreover, RCTs require, at minimum, an initial contact with
study coordinators and sometimes additional contactsthroughout
the study. As contact with a treatment provider is known to
increase adherence, this initial contact could boost levels of
engagement [ 24]. Because the degree to which one engagesand
adheres to a treatment is related to treatment success [7], it is
critical that we supplement evidence gained from RCTs with
an understanding of how treatment recipients organically
experience the app in the real world.

We define artificial intelligence (Al) therapy as a digital and
fully automated, mobile, psychological treatment program that
uses a conversational interface to deliver just-in-time adaptive
interventions. The 3 key featuresthat set Al therapy apart from
traditional digital intervention approaches are (1) the use of a
conversational (chatbot) interface, (2) inclusion of just-in-time
interventions, and (3) adaptation and personalization. A primary
goal of this study isto test whether Al therapy has potential as
aviable treatment approach.

An additional goal of this study isto test the theoretical model
underlying the just-in-time approach, which isacritical feature
of Al therapy. Although just-in-time approaches have been used
to target health behaviors, such as alcohol use, smoking, and
obesity, only a small number of studies have described this
approach in relation to emotional disorders[25,26].
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Just-in-timeinterventions are designed to help the user manage
moment-to-moment challenges that accumulate to negatively
impact broader mental health functioning and produce symptoms
of psychiatric disorders. Thus, just-in-time interventions target
aproxima outcome that is theorized to accumulate over time
to impact a longer-term outcome. In the case of anxiety and
depression symptoms, emotion dysregul ation istheorized to be
aproximal cause for the manifestation of symptoms as well as
atarget for intervention [27,28]. Consistent with thishypothesis,
aprior study of ajust-in-timeintervention for depression showed
that it had promising impacts on depressive symptoms, albeit
in asamplewith just 10 people[25]. Following this theoretical
work, we hypothesized that users who repeatedly succeed in
regulating negative emotions by engaging just-in-time digital
mental health interventionswill experience long-term symptom
reduction through accumulation of these regulation successes.
We call this the cumulative regulation hypothesis. In addition
to assessing Al therapy’s effectiveness for symptom reduction,
the current study will test the cumul ative regulation hypothesis
by testing the association between the accumulation of
successful emotion regulation efforts with symptom reduction
over time.

In this paper, we examine the acceptability and effectiveness
of Al therapy asit isimplemented in a smartphone app called
Youper. Our study had 3 aims. First, we explored the
acceptability of Youper by analyzing user ratings and retention
metrics. Second, we examined effectiveness by measuring the
reduction in anxiety and depression symptomsin thefirst month
of app use. We hypothesized that users of Youper would
experience a reduction in anxiety and depression symptoms
during this time period. Third, we tested the cumulative
regulation hypothesisby examining thelongitudinal relationship
between success in downregulating acute negative emotion in
Youper conversations and clinical symptoms. We hypothesized
that within-session emotion regulation success during Youper
engagements would predict greater reductions in anxiety and
depression symptoms. Finally, in exploratory anayses, we
examined whether demographics, including gender and age;
and clinical characteristics, including the number of self-reported
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diagnoses, current psychotropic medications, and concurrent
therapy, could predict symptom reduction over time.

Methods

Participants

Participants were Youper subscribers (ie, users who paid for
full accessto Youper) who downloaded the app between March
4, 2020, and July 10, 2020. This time frame was selected
because Youper was relatively stable during this period (ie, no
significant updates or changesto theintervention were deployed
during thistime). Subscriberspaid US $44.99 to have unlimited
access to Youper's interventions for 1 year. Users who did not
subscribe were only able to access the emotion regulation
interventions once as part of afree sample, and therefore, were
not included in this analysis.

Of 5943 users who completed at least one symptom measure
in the study timeframe, 76.01% (n=4517) agreed for their data
to be used for research, leaving a useable sample of 4517
participants. The sample was composed of 81.62% women
(n=3687), 14.15% men (n=639), and 3.43% nonbinary
individuals (n=155), and the average age of participants was
28.73 years (SD 9.63). Additional participant demographics
and clinical characteristicsare presented in Table 1. Participants
completed symptom assessments at baseline (TO; within 3 days
of subscribing to Youper), 2 weeks after baseline (T1), and 4
weeks after baseline (T2). Assessments were available to users
every 14 days, and the mgjority of users completed their
assessments within 3 days of them becoming available.
Participants received access to anxiety or depression symptom
measures based on their responses to screening questions.
Symptom measureswere administered if they endorsed ahistory
of being diagnosed with clinical anxiety or depression, or if
they reported elevated anxiety or depression symptoms on
2-item screening measures. Participants could receive only an
anxiety measure, only adepression measure, or both depending
on their responsesto the screening items. Throughout the course
of the measurement period, participants engaged in emotion
regulation interventions at their discretion when emotional
episodes arose.
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Table 1. Additional demographic and clinical characteristics (N=4517).
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Variable

Value, n (%)

Occupation
Employed full time
Work and attend school
Student full time
Unemployed
Freelancer or work part time
Homemaker
No response
Retired

Operating system
i0S
Android

Talked to a doctor about emotional health
Yes
No

Sdlf-reported diagnoses??
Anxiety disorder
Depressive disorder
Any diagnosis

Current treatment type®
Prescribed medication

Psychotherapy
Prescribed medication or psychotherapy

2221 (49.17%)
708 (15.67%)
493 (10.91%)
420 (9.30%)
397 (8.79%)
149 (3.30%)
93 (2.06%)

36 (0.80%)

4038 (89.40%)
479 (10.60%)

3559 (78.79%)
954 (21.12%)

2479 (54.88%)
2412 (53.40%)
2994 (66.28%)

1904 (42.15%)
1196 (26.48%)
2161 (47.84 %)

8Users were only asked about diagnoses if they reported talking to a doctor about their emotional health (n=3559).

BMean number of diagnoses=2.82 (SD 1.47).

CUsers were only asked about treatment if they reported a diagnosis (n=2994).

Youper Intervention

Youper is a hovel intervention approach that aims to enhance
the user’s emotion regulation skills using empirically supported
treatments for anxiety and depression. Although the emotion
regulation strategies employed in Youper have precedent in
existing treatment protocols for anxiety and depression, the
adaptation of these interventions to help a user manage
emotional distress at the present moment is novel. Youper's
interventionisdelivered viaaconversational (ie, chat) interface
andisentirely automated. Youper primarily usesadecision tree
to select its responses to the user input. Each interaction with
Youper is caled a “conversation.” Conversations follow a
prespecified sequence (see Figure 1 for examples): identify
current emotion and intensity (0%-100%), select contributing
factors from a prespecified list, complete an open text entry
about what is causing the current mood, complete emotion
regulation skill practice for anegative mood or wellness practice
for apositive mood (see Table 2), and identify current emotion
and intensity (0%-100%).

https://www.jmir.org/2021/6/e26771

The goal of each conversation isto help the user learn adaptive
emotion regulation skills. If the user is experiencing a negative
emotion, the skill targets the current emotion. If the user is
experiencing a positive emotion, the skill encourages
upregulation of that emotional state. If the user isin a neutra
state, the skills encourage practice of activities that promote
emotionally adaptive behaviors and attentional and cognitive
control. Youper primarily uses just-in-time interventions
(delivered at the moment of need) to help users practice and
learn skillsfor emotion regulation. Youper’sinterventionstarget
the 3 categories of treatment mechanisms defined by the
common elements framework [29].

The common elementsframework providesareview of common
elements across cognitive and behavioral therapiesinclusive of
both traditional (cognitive therapy, behavioral activation) and
third-wave (acceptance and commitment therapy, dialectical
behavior therapy) approaches. They identify 3 mechanistic
targets common to multiple effective therapies, including
attention change (improving attentional focus and flexibility),
cognitive change (improving ability to change perspective on
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an event), and context engagement (engaging new internal and
external contexts to counteract maladaptive patterns). Youper’'s
interventions aim to increase emotion regulation skills by
targeting these common elements. For example, Youper includes
interventionsto increase attentional control such as mindfulness,
cognitive change such as cognitive restructuring or gratitude
journaling, and context engagement via behavioral activation
exercises. The common elements framework was used to guide
the development of Youper’sinterventions due to the extensive

Mehtaet al

empirical support for the efficacy of each of these targets in
enhancing emotion regulation and reducing symptoms of
emotional disorders [30-36].

Each intervention is described in Table 2. Each skill follows a
series of steps modeled after existing treatment manuals or
research protocols. Skills practice includes avariety of formats
including open-text entry following a prompt, graphical user
interfaces, written content delivered via the chat, and audio.

Figure 1. Example interaction with Youper. Users start by reporting a discrete emotion (A) and the intensity (B) which they feel the emaotion. They
then report which factors contributed to the emotion (C) and describe the precipitating event (D). Next, they proceed through a randomly selected
intervention (eg, E or F) fromthelist (see Table 2). Finally, they report their discrete emotional state again and the intensity which they feel that emotion

(A and B).

Anxious

(A) Select discrete emotion

Ashamed

.a E g

Guilty

It's not always easy to
understand what's causing your

. emation
I'm sorry to hear that things are

not so great &

because the mind often mixes up
an objective situation with your

You're not alone in this. -~
thoughts about it.

How about we discuss what's
making you feel anxious?

You can say whatever you want.
Use this opportunity to ventilate
your mind.

.

I'm feeling very anxious

(B) Select intensity

@

Negative Glasses

Let's understand what could be influencing
your anxiety. That will help me guide you in
feeling better.

Partner Family Friend

Paying more attention to the negatives and

ignoring the positives in a situation,

(D) Identify cause of emotion

https://www.jmir.org/2021/6/e26771

XSL-FO

RenderX

(E) Emotion regulation skill practice
(eg, cognitive restructuring)

‘What would you like to achieve in
the next 24 hours?

(F) Emotion regulation skill practice
(eg, goal setting)
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Table 2. Emotion regulation change process targets and interventions.
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Change process with interventions

Description

Context engagement

Behavioral activation

Goal setting

Problem solving

Attention change

Mindfulness

Sleep relaxation

Cognitive change

Acceptance

Cognitive restructuring

Gratitude journaling

Self-compassion

1. Selecting arewarding or social activity from alist
2. Psychoeducation about action/motivation cycle
3. Setting agoal to complete the activity

1. Psychoeducation about setting challenging, specific goals
2. Identifying agoal

3. Setting areminder to check about goal completion

1. Identifying the problem

2. |dentifying a goal

3. Brainstorming solutions

4. Selecting a solution and setting a goal

1. Selection from alist of audio-recorded mindfulness exercises such as
following the breath, progressive muscle relaxation, and mindfulness of
thoughts

1. Visuaization of calming scenery

2. Selection from alist of different types of white noise

1. Practicing accepting negative thoughts and feelings without trying to
change them

2. Planning to engage in value-driven behavior

1. Identifying thoughts
2. Identifying cognitive distortions
3. Examining evidence
4. |dentifying aternative thoughts

1. Identification of things for which the user is grateful

1. Identification of how the user would treat afriend dealing with difficult
emotions

2. Identification of how to treat oneself with the same compassion

Measures
Acceptability Measures

User Ratings

To assess acceptability of the Youper intervention, we asked
users to provide arating of the app using a 5-star scale. Users
were given the following prompt: “1'd love to know how our
journey together is going so far” Users then provided their
rating of Youper by selecting a number of stars ranging from 1
to 5. Users then were asked to provide feedback using an open
text box.

Retention

Retention was measured asthe proportion of Youper subscribers
who engaged with the app during week 1, 2, 3, and 4 after
subscription, as well as the average number of conversations
that users had during each of these weeks.

Anxiety and Depression Symptoms

Anxiety symptomswere measured using the 7-item generalized
anxiety disorder measure (GAD-7) [37]. The GAD-7 isawidely
used measure of generalized anxiety disorder symptom severity

https://www.jmir.org/2021/6/e26771

and is frequently used as a general measure of overall anxiety
symptoms. It has demonstrated excellent psychometrics with a
Cronbach a of .92 and a sensitivity and specificity of 89% and
82%, respectively, for classifying generalized anxiety [37].
Depression symptoms were measured using amodified version
of the Patient Health Questionnaire-9 (PHQ-9) with the
suicide-related item removed and 1 of the items divided into 2
separate items [38]. Specifically, the item that asks if the
respondent “has been moving slowly or has been fidgety and
restless” was divided into an item about “moving slowly” and
another item about “being fidgety and restless.” The PHQ-9 is
a widely used measure of depression symptom severity with
excellent psychometrics. The PHQ-9 has a Cronbach a of .89
and has both asensitivity and a specificity of 88% for classifying
major depression. In our slightly modified PHQ, we observed
acomparable Cronbach a of .84 (95% CI 0.83-0.85) indicating
good reliability.

Predictors of Symptom Reduction

Within-Session Emotion Regulation
To test the cumulative regulation hypothesis, we derived a
measure of cumulative emotion regulation success. At the
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beginning of each Youper conversation, users selected their
current emotion from alist of possible emotions as well asthe
intensity of that emotion (see Figure 1). Users who selected a
negative emotion were also asked to report their emotion at the
end of the conversation with Youper. We classified caseswhere
users started with a negative emotion and ended with either a
positive emotion or with a less intense negative emotion as a
within-session emotion regulation “success” We classified
caseswhere usersreported aworsening or unchanging negative
emotion as a “failure to regulate” To calculate a measure of
cumulative within-session regul ation success, we computed the
proportion of cases classified as a success out of all
conversations that started with a negative emotion.

Asdiscrete negative emotion words encode different emotional
intensities, we scaled the numeric self-reported emotional
intensity according to an intensity scale factor corresponding
to the discrete emotion the user selected. To derive theintensity
scale factor for each discrete emotion, we first obtained
normative valence and arousal ratings from a database of words
that have been rated on a scale of 1 to 9 by alarge sample of
participants [39]. Next, we subtracted a constant (C=6) from
the normative valence ratings, chosen so that all negative
valence words would have negative-val ued ratings and positive
valence words would have positive ratings. To compute the
intensity scalefactor for each emotion word, we took the square
root of the sum of the squared valence and arousal ratings (ie,
the L2 norm). This decision was premised on the assumption
that emotion intensity is a composite of valence and arousal
[40Q]. Finally, we multiplied the self-reported numeric intensity
by the intensity scale factor for the given emotion to obtain a
scaled emotion intensity rating that could be compared across
discrete emotion categories.

The scaling procedure had the effect of incorporating both the
intensity of the emotion word and the self-reported numeric
intensity into a single value which could be used to assess
emotion regulation success pre- to postintervention. For
example, without scaling, a participant that went from arating
of “75 annoyed” to“ 70 angry” would be erroneously classified
asaninstance of successful downregulation of negative emotion,
despite the higher intensity imbued in the word “angry.” With
scaling, “ 75 annoyed” would trandlateto “—383" and “ 70 angry”
would trandate to “—482,” and the increase in magnitude of
negative emotion would result in a classification of failure to
regulate. However, if the participant went from “75 annoyed”
to“30angry,” the*30 angry” rating would be scaled to “—207,
and the instance would be classified as a regulatory success.
This procedure allowed us to use both the text information and
numeric information in our assessment of success or failure to
regul ate emotions. Asacheck of robustness, weran all analyses
without the scaling procedure, and the results were substantively
similar. To be conservative, we ultimately dichotomized these
scaled scores into regulation successes and failures because,
despite appearing to have a continuous measure of emotion
regul ation success, we were not confident that these scorestruly
represented precise gradations along a continuum.

https://www.jmir.org/2021/6/e26771
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Demaogr aphic and Clinical Characteristics

We examined both demographic and clinical characteristics as
predictors of symptom reduction. Demographic characteristics
included age (continuous) and gender (multinomial; man,
woman, and nonbinary). Clinical characteristics included
number of self-reported diagnoses (continuous), whether the
user was currently taking psychotropic medication (binary), and
whether the user was currently receiving psychotherapy (binary).

Statistical Analyses

Aim 1: Acceptability
We report descriptive statistics for user retention and app ratings.

Aim 2; Effectiveness

To estimate symptom reduction as a function of time, we fit
piecewise multilevel models in R (version 4.0.2; The R
Foundation for Statistical Computing) using the package
“ImerTest” (version 3.1-2) [41]. Consistent with prior work, we
selected a piecewise approach to capture a typical pattern of
symptom reduction observed in treatment studies where
symptoms initially decrease sharply and then level out astime
progresses [42-47]. Inthese model s, we regressed the symptom
outcome measure (GAD-7 score or PHQ score) onto the number
of days since subscribing to the app.

We selected multilevel models because our outcome measures
were nested within individuals as a result of repeated
measurement at multiple timepoints. Multilevel models allow
for the estimation of within-subject effects. Further, when fit
with maximum likelihood, multilevel models alow for the
inclusion of participants with incomplete data without deletion
or imputation and produces unbiased estimates for model
parameters [48,49]. As per guidelines for randomized clinical
trials, we conducted an intent-to-treat analysis, including all
participants who had at least one assessment [50-53]. As
discussed by Gupta [51], “intent-to-treat analysis avoids
overoptimistic estimates of the efficacy of an intervention
resulting from the removal of non-compliers by accepting that
noncompliance and protocol deviations are likely to occur in
actual clinical practice” We estimated the reduction of
symptoms from TO to T1 and from T1 to T2. We used a
breakpoint at 14 days, as participants’ second of 3 symptom
measurements was available to be completed 14 days after the
first measurement. Because not all participants completed
assessments immediately when they were available, we chose
to treat time as a continuous predictor in our analysisrather than
simply grouping observations into time points at TO, T1, and
T2. This approach allowed us to keep al information that we
had about thetime that had el apsed from baseline and wasmore
conservative because it did not assume that a change occurring
more than 14 days after baseline was occurring exactly at 14
days.

The models included 2 fixed effect parameters. one which
estimated the slope of symptom reduction from the start of using
Youper to 14 days later, and another which estimated the slope
of symptom reduction from the 14-day mark onward.
Additionally, we included a random intercept term for each
participant. We cal culated Cohen d effect sizes by dividing the
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mean difference in symptom levels by the sguare root of the
sum of the participant-level intercept variance and the residual
variance [54].

Aim 3: Cumulative Regulation Hypothesis

To test the cumulative regulation hypothesis (ie, whether
cumulative emotion regulation success within conversations
predicted subsequent psychopathology symptoms), we fit
longitudinal path analysis models for each of the 2 symptom
measures (GAD-7 and PHQ) inthe R package, “lavaan” (version
0.6-6) [55]. Wefit these modelsusing full information maximum
likelihood and allowed the covariances between exogenous
variables to be freely estimated [56]. This method enabled us
to conduct an intent-to-treat analysis, including all participants
that had ameasurement for at least one variable included in the
model. In these models, we estimated all autoregressive paths
and lagged paths from emotion regul ation success to subsequent
clinica symptoms. Specifically, each path analysis model
consisted of 3 regression equations. In the first equation, we
regressed the T1 symptom outcome onto the TO symptom
outcome and the proportion of within-session regulation
successes between TO and T1 (ie, the proportion of negative
emotions that were successfully regulated of the total number
of negative emotion regulation attempts). In the second equation,
we regressed the proportion of within-session regulation
successes between T1 and T2 onto the proportion of
within-session regulation successes between TOand T1. Finally,
we regressed the T2 symptom outcome onto the T1 symptom
outcome and the proportion of within-session regulation
successes between T1 and T2. (See Figure 3 for an illustration
of paths with standardized coefficients.)

Exploratory Analyses: Clinical and Demographic
Predictors

Totest predictors of treatment response, wefit piecewise mixed
effects models like those used in Aim 2, with the addition of
interaction terms for the specified predictor. Specificaly, we
regressed the symptom outcome onto the interaction of the
specified predictor and the number of days since the participant
subscribed to the app. We examined age (continuous), gender
(dummy coded with female as the reference group), number of
self-reported diagnoses (continuous), whether the user was
taking psychotropic medication (binary), and awhether the user
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was in therapy (binary) as individual difference predictors of
symptom reduction.

Results

Aim 1. Acceptability

User Ratings

On the 5-point star rating scale, the median Youper rating was
5 and the mean was 4.36 (SD 0.84). Out of 3667 users who
rated the app, 56.09% (n=2057) gave a 5-star rating, 26.89%
(n=986) gave 4 stars, 14.97% (n=549) gave 3 stars, 1.31%
(n=48) gave 2 stars, and 0.74% (n=27) gave 1 star. The mean
conversation number at which users provided a rating was
conversation 1.40, and the SD was 4.03.

Retention

Of the 4517 users who subscribed to Youper between March
4, 2020, and July 10, 2020, 90.75% (n=4099) were still using
Youper in week 1, 60.44% (n=2730) were using in week 2,
51.78% (n =2339) were using in week 3, and 42.66% (n=1927)
were using in week 4 after subscription. The average numbers
of conversations users had in weeks 1, 2, 3, and 4 were 6.50
(SD 6.74), 3.08 (SD 4.50), 2.36 (SD 3.98), and 2.04 (SD 3.83),
respectively. Across the whole 4-week period, users engaged
in an average of 13.98 conversations (SD 16.89).

Aim 2: Effectiveness

Anxiety

Resultsare displayed in Figure 2. Participants (N paticipans=4144;
N observaiions= 7093) experienced a significant reduction in anxiety
symptomsfrom TOto T1 (b=-0.21; bootstrapped 95% Cl —0.22
to —0.19; P<.001). From T1 to T2, there was no significant
change in anxiety symptoms (P=.35). The conditional means
(and bootstrapped SEs) at day 0, day 14, and day 28 were 12.36
(SE 0.08), 9.45 (SE 0.11), and 9.33 (SE 0.11), respectively.
These differences equate to Cohen ds of 0.57 between day 0
and day 14, 0.60 between day 0 and day 28, and 0.02 between
day 14 and day 28. When analyses were conducted only on
participants who had completed at least two assessments
(Nparticipants=2117;  Nopservations=2066) or al 3 assessments
(Nparticipants=827; Nopservations=2481), results were unchanged.
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Figure 2. Symptom reduction over time in the full sample. The gray shaded region indicates bootstrapped SEs. Model details are described in the

Resultsfor Aim 2.
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Results are displayed in Figure 2. Participants (N paticipants=3992;
Nopservations—0685) experienced a significant reduction in

depression symptoms from TO to T1 (b=—0.20; bootstrapped
95% Cl —0.22 to —0.18; P<.001). From T1 to T2, depression
symptoms increased slightly (b =0.02; bootstrapped 95% CI
0.00-0.04; P=.05). The conditional means (and bootstrapped
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SEs) at day 0, day 14, and day 28 were 14.41 (SE 0.10), 11.61
(SE 0.14), and 11.90 (SE 0.13), respectively. These differences
equate to a Cohen d of 0.46 between day 0 and day 14, 0.42
between day 0 and day 28, and 0.05 between day 14 and day
28. When analyses were conducted only on participants who
had completed at least two assessments (Npaicipants=1951;
Nopservaions=4644) or al 3 assessments (Npaticipants= /375
N goservations = 2211), results were unchanged with the exception
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that symptoms no longer significantly increased between T1
and T2 (P=.08 and P=.15, respectively).

Aim 3: Cumulative Regulation Hypothesis

Preliminary Analyses

Wefirst examined the probability that users would successfully
regulate their emotion within a conversation with Youper. As
described in the methods, we defined successful regulation as
a conversation that started with a negative emotion and ended
with either anegative emotion at alower intensity or a positive
emotion. Using a generalized linear model with logit link
function and random intercepts for each participant and each
preintervention  discrete emotion (N paicipants=4120;
N opservations—32,885), we found that overal, participants were

morelikely to succeed in regulating their negative emotion than
to fail (OR 4.82, bootstrapped 95% CI 3.89-5.99; P<.001).

Mehta et al

Anxiety

To examine the effect of regulatory success within Youper
sessions on anxiety symptoms, wefit alongitudinal path analysis
mode! (N participants=4284; see Figure 3 for nsfor each variable).
The model had good fit characteristics as indicated by a
significant chi-square value and standard fit statistics
(X3,=60.84; P<.001; root mean square of approximation
[RMSEA]=0.058; Tucker-Lewisindex [TL1]=0.91; comparative
fit index [CFI]=0.96; standardized root mean squared residual
[SRMR]=0.046). This model estimated that for each 0.10
increase in the proportion of negative emotions that users
successfully improved between TO and T1, users reported a
0.20 point reduction on the GAD-7 anxiety measure at T1
(P<.001). The effect of the proportion of negative emations
that users improved between T1 and T2 did not significantly
reduce subsequent GAD-7 scores at T2 (P=.19). See Figure 3a
for standardized coefficients for all paths.

Figure 3. Path analysis diagram with standardized coefficients. This diagram shows the autoregressive and lagged relationshi ps between the proportion
of auser's ER attempts that were successful out of their total regulation attempts and subsequent anxiety symptoms (A) or depression symptoms (B).
ER: emotion regulation. ***P<.001, **P<.01, *P<.05. Exact P values are noted in the text.
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Depression

In order to examine the effect of emotion regulatory successon
depression symptoms, wefit asimilar longitudinal path analysis
model (Nparicipants=4228; see Figure 3 for nsfor each variable).

This model also had good fit characteristics as indicated by a
significant chi-square value and standard fit statistics
(X?3,=50.93; P<.001; RMSEA=0.053; TLI=0.94; CFI=0.97;
SRMR=0.041). For each 0.10 increase in the proportion of
negative emotionsthat users successfully regul ated between TO
and T1, they reported a 0.20 point reduction on the subsequent
PHQ depression measure at T1 (P<.001). For every 0.10
increase in the proportion of negative emotions that users
successfully regulated between T1 and T2, they reported a0.13

https://www.jmir.org/2021/6/e26771

point reduction in depression symptoms at T2 (P=.02). See
Figure 3b for standardized coefficients for all paths.

Secondary Analyses

In addition to our primary hypotheses, we also conducted
exploratory analyses of potential individual difference predictors
of symptom reduction. In these analyses, wefit piecewise mixed
effectsmodel swith abreakpoint at 14 days (timeof T1 symptom
assessment). We regressed the specified symptom assessment
onto the interaction of the specified predictor and the number
of days since the user subscribed to the app. We examined age,
gender, whether the user was taking psychotropic medication,
and whether the user was in therapy as individual difference
predictors of symptom reduction.
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Age and Gender

Theinteraction effects of time using Youper with age on anxiety
(N partici pants=4143; N observations— 7090) and depr on
(Nparticipants=399L;  Nopservaions=6683)  symptoms  were not
significant from TO t0 T1 (Pypyiery=-77; Poepression=-39) or from
T110 T2 (Paniery=-54; Poepression=-43) in the piecewise regression
models.

The interaction effects of time using Youper with gender on
anxiety (Nparicipants=4144; Nopservations=7093) and depression
(Nparticipants=3992;  Nopservaions=6685)  symptoms  were not
significant from TOto T1 (Panyiety-maie=- 745 Panxiety-nonbinary=-44;
l:)a.nxi ety-not-i nformed™=- 99; F)depr on-male™+ 16; l:)depr on-nonbi nary: -32;
Pdepron—not-informed:-37) or from T1 to T2 (Panxiety-n‘ale:-40;
l:)anxiety—nonbinary=-28; Panxiety—not—inforrr\edz-]-?; Pdepron—male:-89;
Pdepraa’on—non—binaryz-70; quareﬁon—not-informed:-zs) inthe pi ecewise
regression models.

Number of Self-reported Diagnoses

Theinteraction effects of the number of self-reported diagnoses
withtime using Youper on anxiety symptoms (Npaicipans=2679;
N opservations=4661) was not significant from T1 to T2 (P=.08),
and not significant from TO to T1 (P=.59).

There was a significant interaction effect of number of
self-reported diagnoses with time using Youper on depression
symptoms from T1 t0 T2 (Npaticipants=2738; Nopservations=4589;
b=0.02; bootstrapped 95% CI 0.007-0.04; P=.006), but not from
TOto T1(P=.78). Thisindicated that userswith more diagnoses
regressed modestly towards their baseline level of depression
in the latter half of the treatment, whereas users with fewer
diagnoses retained the treatment benefit.

Medication and Therapy

Therewere no significant interaction effects of taking prescribed
medication with time using Youper on anxiety (N paticipanis=2719;
Nobservati ons:4733) or depr on (N partici pants:2776;
Nobservations=4654) symptoms from TO to T1 (Pyyiery=-32,
Pdepron:.72) orfromT1to T2 (Panxiety:.57; Pdepron:.66).
There were no significant interaction effects of receiving
psychotherapy with time using Youper on anxiety
(N partici pants=2719; Nobservations:4733) or depr on
(Nparticipants=2776; Nopservations=4654) symptoms from TOto T1
(Panxiety=-66; Pgepression=-87) or from T1 to T2 (Payier,=-65;
I:)depr on—- 52) '

Discussion

Summary

The present study had 3 aims. First, we examined the
acceptability of Youper Al therapy by assessing user ratings
and retention metrics among subscribers. Second, we tested
whether there were significant reductions in anxiety and
depression symptoms. Third, we examined the cumulative
regulation hypothesis, which predicts that the frequency of
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within-conversation emotion regulation success would predict
symptom reduction.

Findings indicated that users were well retained and provided
high ratings of Youper (median 5/5). As hypothesized, users
showed significant reductionsin symptomsin the first 2 weeks
of using Youper with sustained improvements through 4 weeks
from initial download. Finally, consistent with the cumulative
regulation hypothesis, greater frequency of within-conversation
emotion regulation successes significantly predicted greater
reductionsin anxiety and depression. Although no demographic
predictors emerged, users with more self-reported diagnosed
psychiatric conditions showed a dlight return of depression
symptoms between 2 and 4 weeks from first subscribing to
Youper.

Acceptability and Effectiveness

Because retention poses a significant challenge for entirely
unguided treatment programs, our finding that 60.44%
(2730/4517) of users continued to engage with the app in the
second week and 42.66% (1927/4517) of users continued to
engage with the app in the fourth week after initial download
ispromising. Although there are no clearly established metrics
of retention for mobile apps, arecent paper examining retention
among different mobil e apps showed that Youper had the highest
“stickiness” (measured by theratio of active usersto downloads
in a given month) compared to any other treatment app for
anxiety and depression [57]. Because Youper users experienced
symptom improvements on average within the first 2 weeks of
app use, with the present retention rate, it is likely that alarge
portion of users will stick with the app long enough to
experience some positive effects. It is aso notable that the
median satisfaction rating given by userswas 5 out of 5. Taken
together, these findings indicate that Youper has great potential
asahighly acceptable and adequately engaging digital treatment
program.

Youper users showed a moderate effect size reduction for
anxiety (d=0.57) and depression (d=0.46) within 2 weeks of
starting app use. The reduction in anxiety symptoms was
maintai ned through the 4-week period (day 0to day 28: d=0.60).
Thereduction in depression symptoms was maintained through
the 4-week period (day 0to day 28: d=0.42) although depression
increased dlightly, but significantly, between weeks 2 and 4.
These effect sizes are comparable to those found in RCTSs of
other commercially available mobile apps tested for a similar
duration [9-11,58], suggesting that the Al therapy approach is
viable for further testing in arandomized clinical trial. Youper
users also had high success at regulating their negative emotions
with each conversation. Given the low cost and potential for
broad dissemination of Youper, these findings are particularly
exciting, as they provide preliminary evidence of Youper's
effectiveness as an emotion regulation tool and atransdiagnostic
treatment. It is important to note, however, that the final mean
PHQ scoreof 11.9 till fell inthe moderate severity range. Thus,
as we begin to understand the mechanisms of the Al therapy
approach and gain greater understanding of how to maximize
user engagement, we are hopeful that effects on symptom
reduction will continue to improve.
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Youper's symptom reduction, retention, and satisfaction ratings
are notable because they were demonstrated in a real-world
setting. Although highly controlled feasibility pilot trials allow
determination of causal inference, these studies may not be
generalizable to real-world settings and may fail to address
issues of external relevance and dissemination [59]. Our analysis
included a very large sample of Youper users who voluntarily
downloaded and purchased the Youper program. Unlike in
typical research settings, users were not recruited to participate
or compensated for their assessments or for providing their
feedback during their participation. Observed retention rates
and symptom reduction therefore have aready been shown in
area-world setting and population.

Cumulative Regulation Hypothesis

The finding that cumulative within-session emation regulation
was strongly predictive of symptom reduction provides
preliminary evidence for a potential mechanism of the Al
therapy just-in-timeintervention approach. Youper istheorized
to enact its effects by enhancing emotion regulation skills via
-in-timeinterventions. Thus, more effective emotion regulation
sessions would indicate progress towards enhanced general
emotion regulation skills and ultimately, symptom reduction.
Therefore, it is promising that the effectiveness of the emotion
regulation practice predicts the longer-term impacts of app use
on symptom reduction. Although these results provide initial
support for the theorized model underlying Youper's treatment
approach, randomization is critica for rigorously testing
within-session emotion regulation as a mediator of symptom
reduction.

Predictors of Symptom Reduction

Interestingly, no demographic predictors of symptom reduction
emerged. Thesefindingsarelargely consistent with the existing
literature where demographic features rarely predict symptom
reduction [60-67]. These findings are promising, suggesting
that digital treatment programs can be broadly disseminated
with similar potential benefit across demographic groups. The
number of comorbid diagnoses was a significant predictor of
response such that users who reported more diagnosed mental
health conditions showed adight return of depression symptoms
between 2 and 4 weeks from the first subscription date. These
findings are consistent with prior literature showing poorer
outcomes with greater comorbidity in depression treatment
[68-70]. Users with more diagnosed conditions likely have a
more severe clinical presentation, meaning that an entirely
self-guided program may be less effective for this group. The
finding that concurrent medication and therapy did not
significantly impact symptom reduction suggests that the
demonstrated effects of Youper on symptoms are unlikely to
be explained by concurrent treatment, and that participating in
other treatments alongside Youper does not hinder its effects.

Conflictsof Interest
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Limitations and Future Directions

Despite many strengths, our study had afew limitations. First,
because these datawere not collected as part of aresearch study,
we did not have a control group, making it impossible to
determine whether symptom reduction was simply due to the
passage of time. However, given that effect sizes for symptom
reduction that we found are comparableto thosefoundin RCTs
of other mobile app programsthat showed significant differences
between active treatment groups and wait list controls[9-11,58],
itisunlikely that these effects can be explained by spontaneous
remission. Second, because thiswas an observational study, we
used the symptom data that were availableto us, which included
only salf-report measures. Although we used vaidated measures,
solely relying on self-report does not give a complete picture
of the impact of Youper on clinical symptoms and overall
functioning that could be more thoroughly assessed viaclinical
interviews. Third, this study included only 2 brief measures as
outcomes. the PHQ and the GAD-7. Although these measures
are widely used and show excellent psychometric properties,
additional measures of anxiety, depression, and other purported
outcome targets, such as quality of life and functioning, could
help us better understand Youper's effectiveness. Fourth,
47.84% (2161/4517) of Youper userswere concurrently taking
medication or engaging in therapy, meaning that it is possible
symptom reduction resulted from participation in these other
treatments rather than Youper (although concurrent treatment
was not asignificant moderator of symptom reduction). Finally,
our emotion regulation measure was not designed to assess the
magnitude of emotion regulation success, meaning that our
metric included only success or failure with each conversation.
These limitations should be addressed in future studies that
include a control group, that assess symptoms using
clinician-administered measures, that include a broader array
of self-report measures, and that use more precise measures of
emotion regulation success.

Conclusions

This study provides preliminary evidence for Youper's
acceptability in a real-world setting that is unfettered by the
constraints of highly controlled clinical trials. It also provides
evidence of Youper's effectiveness as an entirely unguided
intervention for anxiety and depression. Finaly, we
demonstrated that Youper’s effects on symptom reduction may
be explained by repeated within-session emotion regulation
successes, providing preliminary support for the process by
which a just-in-time intervention can be effective for the
treatment of emotiona disorders. Our results highlight the
potential impact of Youper as a low-cost, light-touch,
transdiagnostic intervention for anxiety and depression that can
be broadly disseminated to improve mental health for millions
of people around the world.
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