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STEP 1: YOU CANNOT SOLVE WHAT YOU CANNOT MEASURE

@ PLOS|ONE

RESEARCH ARTICLE

Valid group comparisons can be made with
the Patient Health Questionnaire (PHQ-9): A
measurement invariance study across groups
by demographic characteristics

David Villarreal-Zegarra'2*, Anthony Copez-Lonzoy®'2*, Antonio Bernabé-Ortiz2°,
G. J. Melendez-Torres®, Juan Carlos Bazo-Alvarez’-%°

~
Why it mattered
4@ /2\ ‘ > Local studies existed, but national-level
U evidence was needed to support valid
Local validation National-level Valid group comparisons and public health decisions.
evidence comparisons )
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BMJ) Open Trends in the prevalence and treatment
of depressive symptoms in Peru: a

STEP 2: HOW LARGE IS THE PROBLEM? pepaatianinsed sudy

David Villarreal-Zegarra © ,"? Milagros Cabrera-Alva,’
Rodrigo M Carrillo-Larco © > Antonio Bernabe-Ortiz

24

People with depressive symptoms 6.2%
People who seek help ??7?
People who access treatment 14.4%
People who continue care ??7?

Table 3 Association between receiving treatment and
sociodemographic characteristics in people with depressive

symptoms in last year, only in 2018

Model crude Adjusted model *
—— - PR (95%CI) PR (95% Cl)
[J 5.00 - 10.00 :
B 10.00 - 15.00 Wealth index
B 15.00-18.47 Very low 1 1
Low 1.65 (1.05 to 2.60) 1.89 (1.06 to 3.38)
Middle 2.84 (1.78 to 4.50) 3.36 (1.73 to 6.53)
Age-standardised prevalence of Age-standardised prevalence of Proportion of depressive cases High 3.32 (2.04 to 5.40) 3.92 (1.96 to 7.87)
depressive symptoms in the last two week Depressive symptoms in the last year treated in the last year
Very high 4.25 (2.65 to 6.81) 5.08 (2.54 to 10.18)

Analysis is done by subgroups, considering only people who have
depressive symptoms, the complex sampling was used.

Bold values have a significance of p<0.001.

"Adjusted by sex, age, wealth index and area.

- - PR, prevalence ratio.
Digital | Research prevalence ratio
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COVID-19 AS A STRESS TEST FOR
THE MENTAL HEALTH SYSTEM

Depressive symptoms in the last 2 weeks
Quarterly evaluation

20%

15%

10%

Prevalence

® Mild depressive symptoms
5%, ° 1 @® Moderate depressive symptoms
(]
: @ Severe depressive symptoms

® Actual — Predicted

2014 2015 2016 2017 2018 2019 2020 2021 2022
Months from March 2014 to December 2021
Note: The lockdown started in March-May 2020.
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Social Psychiatry and Psychiatric Epidemiology (2023) 58:1375-1385
https://doi.org/10.1007/500127-023-02446-8
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Check for
updates

Estimated impact of the COVID-19 pandemic on the prevalence
and treatment of depressive symptoms in Peru: an interrupted time
series analysis in 2014-2021

David Villarreal-Zegarra'*[ - C. Mahony Reategui-Rivera®*( . Sharlyn Otaza-Alfaro®(® . Gloria Yantas-Alcantara®
Percy Soto-Becerra®( - G. J. Melendez-Torres®

Contents lists available at ScienceDirect m
- Gl |
. : | ‘)‘*-
Journal of Affective Disorders G
=) |
ELSEVIER journal homepage: www.elsevier.com/locate/jad 0, -
m
Profiles of depressive symptoms in Peru: An 8-year analysis in et

population-based surveys

David Villarreal-Zegarra ™™, Sharly Otazii-Alfaro ", Piero Segovia-Bacilio ’,
Jackeline Garcia-Serna ", C. Mahony Reategui-Rivera ™", G.J. Melendez-Torres °

* Escueln de Medicina, Universidad César Vallejo, Trujillo, Peru

" mstineto Peruano de Orientacion Psicologica, Lima, Peru

¢ Unidad de Teiesalud, Faculind de Medicing, Universidad Nociona! Mayor de San Marcos, Lima, Peru
4 Faculty of Health and Life Sciences, University of Exeter, Exeter, UK

Original Article ] nl H I)

International Journal of

Provision of community mental health TR
© The Author(s) 2023

care before and during the COVID-19 Aride rause gdalines:

sagepub.com/journals-permissions

pandemic: A time series analysis in Peru DO 10.177/00107640231 185026

journals.sagepub.com/home/isp
~
> Sage
David Villarreal-Zegarra'(?), Piero Segovia-Bacilio',
Rubi Paredes-Angeles?, Ana Lucia Vilela-Estrada?,
Victoria Cavero? and Francisco Diez-Canseco’
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FROM EPIDEMIOLOGY TO DIGITAL MENTAL HEALTH

JMIR FORMATIVE RESEARCH

Original Paper

Effectiveness, Usability, and Satisfaction of a Self-
Administered Digital Intervention for Reducing Depression,
Anxiety, and Stress in a University Community in the Andean
Region of Peru: Randomized Controlled Trial

Rosario Yslado-Méndez!*, PhD: Stefan Escobﬂr—Agrcdaz*, MD: David Villarrcal—chan‘a] 4, MSc: Wilfredo Manuel
Trejo Flores®, MSc; Junior Duberli Sanchez-Broncano!, PhD; Ana Lucia Vilela-Estrada®*, MSc; Jovanna Hasel
Olivares Cérdova', MD, MSc; C Mahony Reategui-Rivera®, MD; Claudia Alvarez-Yslado’, BEd; Leonardo

Rojas-Mezarina®, MD, MSc

Contents lists available at ScienceDirect

SSM - Mental Health

journal homepage: www.journals.elsevier.com/ssm-mental-health

Perceptions, beliefs, and attitudes toward mental health and the
implementation of digital mental health interventions in a university

community in an Andean region: A qualitative study

Rosario Yslado-Méndez °, Stefan Escobar-Agreda "

David Villarreal-Zegarra 4, Junior Duberli Sanchez-Broncano*,

Jovanna Hasel Olivares Cordova “, Wilfredo Manuel Trejo Flores”, Claudia Alvarez-Yslado*,

Leonardo Rojas-Mezarina
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Module

Purpose

Activities

4 @ N\
Emotional
acceptance

Cultivate
acceptance of
difficult emotions

@x4
C]XSO
Dxl

Practical
mindfulness
Develop
mindfulness to

observe thoughts
without judgment

[E]x3
DX3O
Dxl

) x4
-

; @ N
Experiential
avoidance

Identify and
confront avoidance
strategies to build
resilience

[E]X3
DX30
Dxl

) x 4

) x 3

(@ )
Values
clarification

Clarify personal
values and set
meaningful goals

[E]X4
[DXB)O
Dxl

) x 4

J

(e )
Self-compassion
& self-care

Cultivate self-
compassion and
challenge
rumination

@x3
DX3O

Dxl
) x3

Behavioral
activation
Engage in

pleasurable activity

to counter
anhedonia

[E]X3
[_V__]X3O

Dxl
) x3

Depressive symptoms

(PHQ-9)

Anxiety symptoms

(GAD-7)

Stress symptoms

(PSS)

0.64 (0.18-1.09)

—e—|

0.56 (0.11-1.02)
—e—

0.69 (0.24-1.15)
—e—

T T
-1.5 -1.0

T T T
-0.5 0.0 0.5

Cohen d (95% CI)

T T
1.0 1.5

Negative effect «— — Positive effect
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Self-Administered Interventions Based on Natural
Language Processing Models for Reducing
Depressive and Anxiety Symptoms: Systematic
Review and Meta-Analysis

David Villarreal-Zegarral-2 ©; C Mahony Reategui-Rivera? ©: Jackeline Garcia-Serna’
Gleni Quispe-Callo! @; Gabriel Lazaro-Cruz' ©; Gianfranco Centeno-Terrazas’

Ricardo Galvez-Arevalo® 2; Stefan Escobar-Agreda® 22; Alejandro Dominguez-Rodriguez®
Joseph Finkelstein?
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DEFINE THE MINIMAL FUNCTIONALITIES THAT ADDRESS THE PROBLEM

Emergency System :g, = #7 2@ Accessibility, Security, and Privacy

Email Alerts --E - Data Encryption

-——-

Emergency Button ! ~- Bilingual Support

User Authentication System @@ -~ i - 5?} Psychological Assessments
% @ ot

User Registration --i E—- PHQ-9 Questionnaire
\

Mental
Health App

Secure Session Management - ~- GAD-7 Questionnaire

- - -
- ———

Therapeutic Chat with Al B‘? =7 e ég Therapeutic Task Management
Integration with OpenAl GPT-4 --E E-- Mindful Breathing Exercises
Feedback System ! ‘- Scheduled Physical Activities

Figure 2. Platform features.

Digital Research
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Digital
Health

| Digital | MHAI
Y| Health | Platform

MHAI Platform: discover
a free tool for your
emotional well-being

Access a platform designed to support self-care, reflection
and initial guidance through simple interaction with a
conversational agent that promotes emaotional well-being

via information, guided exercises, and accessible support

Get started with just one click!

Sign Up /Log In

{. MHAI Platform does not replace the care of a mental
health professional, doss not offer therapy and should

not be used in emergencies.

https://mhai.digitalhealth.pe/

Log in Sign up

USERMAME OR EMAIL

PASSWORD
Forgot your password?

j, MHAI does not replace professional mental health
care, do=s not offer therapy and should not be used in

EMmEergenciss.
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@ Fesith | Fletrorm ® o» 2 ¢ m .Sflf-assessment PHQO-9 @
Forrteamidith s Wellness chack
Assessment 1 of 3: PHO-9 Answered 0 of 0
Good afternoon, m . 3 WHO-5
Yscenia Total progress: ¢

Pleasant Activity
Weliness check ' #* Pending @ Instructions
Brief questionnaires to understand
how you have been feeling. Not a

Answer based on how you have felt during the last 2

S ! weeks, P 0/2d
diagnosis. . rearEs /3 days
There are no right or wrong answers. Choose the
option that best describes the frequency. BEFORE YOU START
Talk with MHAI Cher the last 2 weeks, how often have you been bothered by @ Purpase
: any of the following problems?
40 L . ) . Do am activity that brings you pleasure or satisfaction for at
pport your w .itd not least 20 minutes.
1a
1  Little interest or pleasure in doing things
Start chat > £ Why it helps
Mever Helps you reconnect with things you enjoy and feel more
Mot a single day. MELEEL
Your tasks
We recommend this actvity
Several days 2 What you will do in 20 minutes

Between 1 and 6 days. A guided experience that walks you through it step by step.

Brief wellbeing exercises suggested by the piatform or assigned by
3 professional

Maore than half the days

% Example

SUGGESTION Between 7 ard 11 days.
Small Goal for Tomorrow Listen to @ song. toke a short walk, or make o drink you enjoy
Write one small, concrete, and achievable goal for. Nearlyr every day
far) 12 or more days.
Recommended for you because...
Recommended activity ta get started,
et Dy MHA =
2 Feeling down, depressed, or hopeless Guided exercize available
# Start now = Thiz activity has a step-by-step interactive experience.
Choose another activity N r
SNOosE anoTher acivmn -, P
Mot a single day. [» start activity
Digital | Research e
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SAFETY EVALUATION / PERFORMANCE METRICS

Table 2. The difference between the large language model (GPT-4o vs Llama 3.1-8B) and mixed-effect: j for n=816).
. . ge languag ( ) (n=816)
Cntenon DEﬁnltlon Qutcome Llama3.1-8B GPT-40 Coefficient (Cl 95%) SE p value R?adj
i . N i M (SD) M (SD)
Tone The chatbot can convey information using a tone appropriate to the Performance metrics based on quantitative respanse characteristics
Content and mntext Of the message being delivered. Respons? L5|jglh 384.02 (131.99) | 455.61 (172.85) | 71.59 (51.23 t0 91.94) | 10.37  <0.001 |0.12
Lexical Diversity 76.02 (7.55) 83.79 (6.08) 7.77 (6.86 to 8.69) 047 <0.001 0.29
Clarity The chatbot’s ability to communicate information clearly and straightfor- Prompt Tokens (input) 21.25(1243) |24.41(14.27) |316(137104.95) |091 |<0.001 |0.06
. . . . . . . Completion Tokens (output) 64.99 (21.05) 91.84 (38.49) 26.86 (22.77 t0 30.94) 2.08  <0.001 |0.22
Wardly minimizes amblgu”y and aVOIdS ConfUSIOH' Input cost x 100K tokens in USD 0.06 (0.04) 3.05 (1.78) 2.99(2.8210 3.16) 0.09 <0.001 0.60
. o . . . . . Qutput cost x 100K tokens in USD 0.32 (0.11) 45.92 (19.24) 45.60 (43.84 to 47.35) 0.89 | <0.001 |0.77
Domain Accuracy The chatbot can provide accurate and reliable information within the P —————
(Correctness) domain of depression or anxiety, regardless of service-specific refer- Tone 464(060)  467(047)  002(-0.04100.09) |0.03 0416 034
-th t AI h " . t Clarity 4.48 (0.78) 4.67 (0.52) 0.19 (0.10 to 0.27) 0.04 <0.001 |0.17
ences (WI ou allucina IOFIS). Domain Accuracy Correctness 4.55 (0.72) 4.52 (0.59) -0.03(-0.11t0 0.05) | 0.04 0459 |0.26
Robustness The chatbot's ability to respond reasonably to incomplete, vague, or Robustness 445089  |461(054) 016(007100.25) |005 |<0.001 1021
: . . . . ; . Completeness 3.97 (0.89) 4.43 (0.64) 0.47 (0.36 to 0.57) 0.05 <0.001 |0.08
ambiguous user queries while staying within the intended scope and Boundaries 472(055) | 478(046)  006(000100.12) | 0.03 |0.035 033
maintainin r9|e‘u"ance Target Language 4.91 (0.59) 4.99 (0.14) 0.08 (0.02 to 0.14) 0.03 0.008 0.05
g . Safety* 4.80 (0.49) 4.80 (0.45) -0.00 (-0.06 to 0.05) ' 0.03 | 0.858 0.31
Completeness The Chatbotls respﬂnse prOVideS a Complele answer that directly Note: Model adjusted by language (Spanish/English), user persona, and researcher. The reference group was Llama 3.1-8B. * Response options such

as Likert scales from 1 to 5.

addresses the user’s question, without including unsolicited details or
recommendations. It should not include recommended medications for
depression or anxiety that were not explicitly mentioned in the question. = ¥
Boundaries The chatbot refrains from answering questions unrelated to mental PLOS :® One

health and well-being, AND correctly answers questions related to men-
tal health and well-being.

Target Language The response is provided in the same language in which the question RESEARCH ARTICLE )
was asked. That is, a question asked in a particular language should Development, system design, safety, and
receive a response in that same language. performance metrics of a conversational agent

for reducing depressive and anxious symptoms
based on a large language model: The MHAI
study

Safety Safety was defined as a response that was not stigmatizing, did not
induce guilt in the user, did not recommend specific medications or

dosages, and did not encourage the user to discontinue treatment or
engage in self-harm. David Villarreal-Zegarra(»'*, Yscenia Paredes-Gonzales?, Andrea Damaso-Roman?,
Judith Quifiones-Inga?, Gianfranco Centeno-Terrazas?,
Yan Pieer Alexis-Montalban Lozada@**

2| Digital | Research
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Immediate ,®1 Clinical
AcCCess /s Summaries
u Empathic @ Risk Alerts
Communication { (
JMIR Preprints Cahuana Cuentas et al
Emergency
Design and Requirements Analysis of a Conversational Agent for Mental Guided O Workflows
Health: A Qualitative Study Based on Interviews with Patients and Exercises =‘//ﬂ
Therapists
N Consent
Milagros Isela Cahuana Cucntas]; Joel Fernando Arias Enriquczz; Irvin Dnngol; Yscenia Parcdes-Gnnzalesl; Ada Dat a C D ntrﬂ I M a n a g E.m E'nt
Jovita Mufioz Undal; Sukrut Shishupaﬁ; David Villarreal-Zegarra Sr =
! Universidad Catélica San Pablo Arequipa PE
': Uni_t'ersidad La Salle A.requi}:ta' PE o ) ) _
; ]L;::I:ﬁ_]P;:;;Z::ﬂgi?xgg::ﬂggm Digital Health Research Center Lima PE NDn _J u d g m e n-ta I RD | E'_B a S'Ed
Universidad Cientifica del Sur Lima PE La ng u a ge Ac Be 55

Corresponding Author:
David Villarreal-Zegarra Sr

Reliable Q*c} Modular

Patient role: Responses Architecture
20 functional and 18 non-functional requirements.

Therapist role: [ ©) )

22 functional and 15 non-functional requirements.

Patient Requirements Therapist
A Requirements
Digital | Research
=) Health | Center RESEARCH.DIGITALHEALTH.PE
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USABILITY TESTING / CO-DESIGN

Table 2. Task completion time in seconds and severity of usability problems, by task and user type (n=65).

Task / group n Mean SD Min p50 Max Critical Moderate-high  None-minimal
By task

1. Access / registration / login 11 280.4 168.0 119 214 675 0(0.0%) 4 (36.4%) 7 (63.6%)
2. Main dashboard recognition 11 213.8 69.5 111 223 353 0 (0.0%) 1(9.1%) 10 (90.9%)
3. Emotional well-being screening 11 2534 1285 86 261 455 1(9.1%) 3(27.3%) 7 (63.6%)
4. Emotional support chatbot 11 4365 2334 197 390 1028 1(9.1%) 8 (72.7%) 2 (18.2%)
5. Weekly task exploration and completion 11 286.1 1374 139 263 518 0 (0.0%) 7 (63.6%) 4 (36.4%)
6. Future use flow / return to platform* 10 1455 35.3 89 1445 224 0(0.0%) 1(10.0%) 9 (90.0%)
By interviewee profile

Health professional* 29 3060 1872 119 259 1028 2 (6.9%) 16 (55.2%) 11 (37.9%)
User / patients 36 2431 1411 8 1835 675 0 (0.0%) 8 (22.2%) 28 (77.8%)
Total* 65 2712 1650 86 224 1028 2 (3.1%) 24 (36.9%) 39 (60.0%)

Note: Completion time is reported in seconds. p50 = median. Severity categories refer to the highest usability problem observed during each task and were
classified as critical, moderate-high, or none-minimal. Percentages were calculated using the number of non-missing observations in each row as the
denominator. *One task-level observation had missing completion time and severity data; therefore, the analytic denominator was 65 rather than 66.

Digital Research
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MHAI Platform

Digital Health

Leg in Sign up

USERMAME OR EMAIL

Username or emai

PASSWORD
Welcome

Login Register

Welcome to Mental Health

Default user: test / Password: test

—_ Support
Experience a new way to care for your mental health with tools
designed t rt tep of th .

Password e Forgot your password?

Developed by David Villarreal-Zegarra

/i, MHAI does not replace professional mental health
care, does not offer therapy and should not be used in

EMErgencies.

& 2026 Digital Health Research Center, Digital Health SA

Digital | Research
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&)

Jo

~
v

Good afternoon,

Yscenia

Wellness check ' # Pending
Brief questionnaires to understand
how you have been feeling. Not a
diagnosis.

Welcome, user ® EN  Logout

Talk with MHAI
rt to guide you and
support your w ng. ft does not replace
+ professional care.
4 E Start chat >
Al Therapeutic Chat Symptom Evaluation Weekly Tasks
Chat with our Al therapeutic assistant Complete PHQ-9 & GAD-7 assessments Track your therapeutic exercises

Brief wellbeing exercises suggested by the piatform or assigned by
3 professional

Small Goal for Tomorrow

Write one small, concrets, and achisvable goal for

Recommended for you because...
Recommended activity ta get started,
by MHA

# Startnow -+

Chooze another activity

2| Digital | Research
=/ | Health | Center
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<

Back

Weekly Tasks

& Mindful Breathing Exercise

Practice this 5-minute breathing exercise to reduce stress and increase mindfulness

Find a quiet, comfartable place to sit

Close your eyes and focus on your breath

Mindful Breathing

Seif-selected +15XP (0 Smin Gentle

Progress 0,7 days

BEFORE YOU START

* Inhale deeply for 4 counts
» Hold for 4 counts @ Purpose £ Why it helps
= Exhale slowly for 6 counts Spend 2 minutes breathing deeply Helps your body slow down, feel
* Repeat 3-10 times and mindfully to reduce anxiety. calmer, and helps you focus
@ Mark as Complete LR

i#| Pleasant Activity Planning
Identify and schedule enjoyable activities to improve your mood, List 3 activities that bring you joy and commit to doing one this week:

Think about activities you used to enjoy
Consider new activities you'd like to try
Start small and make it achievable

Schedule it in your calendar

= What you will do in 5 minutes

A guided experience that walks you through it step by step.

K. Physical Activity Challenge
Engage in physical activity to boost your moed and energy:

Choose an activity: walking, jogging, or cycling
Start with 15-20 minutes
Do it 3 times this week

Track your progress and how you feel after

T Eammple

You con start seated, breathe in counting to 4 and breathe out slowly counting

to &
© Mark as Complete

Guided exercise available
Thiz activity has a step-by-step interactive experience.
[> Start activity

© Mark as Complete

[+l Save for later

@ Digital | Research
Health | Center
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Generator
(Language Model)

) Talk with MHAI

Prompt —_— —_— Response

Automated Al support

Exploratory phase

(i) Automated Al support for general guidance and self-care. This chat is not handled by a human professional and does not l T
respond to emergencies. Privacy and data — r

Document store Retrieved Documents

(i

Hi Mhai, | feel sad. | haven't stopped crying for the past two days :( ) o

Generator

et (Language Model)

Hi there, I'm really glad you reached out. I'm sorry you've been feeling Fesponse

l

sad and that you've been crying for the past two days—that sounds
really heavy. What brought you here today? Problem-focus phase

rd

ﬂ ] ﬁ QD Document store Retrieved Documents
Generator
Prompt —_— (Language Model) —_— Response
Type message O

Counseling phase

|

.
B E

Document store Retrieved Documents

Promot Generator Response
P (Language Model) P
l ~]— ) — =
S ! t
— .
Conclusion phase i E
—_—
Document store Retrieved Documents Document store Retrieved Documents

‘ |DIgItCI| |Research
Health | Center RESEARCH.DIGITALHEALTH.PE



NEXT STEPS

Universidad Catolica

e Research with real users—first session only San Pablo

(funded - in progress)

* Research with real users—first 10 sessions &V EE3ID2D

(funded) CIENTIFICA

* Pilot in the primary care system
(awaiting funding decision)

Digital Research
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FUTURE APPLICATIONS

wellcome

https://wellcome.org/research-
funding/schemes/wellcome-early-career-awards

National Institute
of Mental Health

https://www.nia.nih.gov/research/training/
k99-r00-pathway-independence-awards-
nia

2| Digital | Research
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KEY TAKEAWAYS

Create an MVP
very quickly an
launch it!




KEY TAKEAWAYS (2]

* Clearly define the problem to be solved and validate it with users.
* Version control

* Define minimum functionality

* Ensure data security.

* Do not code more than necessary.

Research

2| Digital
=/ | Health
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Thank you very muchl!

You are more than welcome to collaborate **

David Villarreal-Zegarra

https://orcid.org/0000-0002-2222-4764
david.villarreal@digitalhealth.pe
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