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Learning Objectives

Outline clinical needs for 

improved treatments for MDD

Evaluate current and 

emerging data on the clinical 

benefits of DTx in the 

treatment of MDD

Examine potential ways to overcome 

clinician and patient barriers to the 

adoption of DTx for the treatment of MDD

Summarize the role of neuroplasticity in 

MDD pathogenesis



Terminology Summary

Mohr DC, et al. Psychiatr Serv. 2021;72(6):677-683.

Such mental health-focused 

DTx products include reSET®

and Nightware.
DTx

One example of a DM is 

Abilify MyCite®.

Health apps and software that are specifically vetted are called 

Digital Therapeutics (DTx), which the FDA calls Software as a 

Medical Device (SaMD). SaMD are reviewed and cleared or 

certified by the FDA as required to support product claims of 

risk, efficacy, and intended use. This software makes specific 

medical claims to diagnose, treat, and/or manage disease.

Digital mental health treatments (DMHT) refer to 

the use of apps and Internet-based care.
DMHT

DMHT apps as a whole can be accessible, convenient, 

approachable, affordable, and target specific needs. But 

many DMHT apps in typical consumer app stores may not 

have proper clinical vetting, safety, or usefulness. App store 

ratings are not reflective of efficacy.

Digital medicine (DM) includes 

DTx and pharmaceuticals 

which combines a prescription 

medication with an ingestible 

sensor component.



Overview: Burden of MDD
Madhukar Trivedi, MD



Depression – By The Numbers

Suicide is the 2nd

leading cause of 

death among 15-24 

year olds and a top 

10 cause of death for 

all adults

Lifetime 

prevalence ~11%

12-18%

depression rate 

for adults past 

year

18-29 yr olds

twice as likely to 

experience 

depression

Average age of 

onset between 

11-14 years



TMAP Algorithm for 
Non-Psychotic MDD

• Provide strategies and tactics for 
antidepressant treatment

• Evaluates symptom changes and 
adverse events to guide treatment 
decisions

• Recommends more frequent visits 
early in treatment.

• Results of an implementation study 
showed that following the TMAP 
algorithm was more effective than 
treatment-as-usual

Crimson et al., 100, J Clin Psychiatry; Trivedi et al. Arch Gen Psychiatry. 2004. 





Monotherapy – Meta-Analysis of 
21 Antidepressants

Cipriani et al. Lancet. 2018 April 7;391:1357-1366.

• Monotherapy

• Antidepressants are effective.

• Remission rates about 25-30%

The goal of treatment is

REMISSION!



STAR*D Clinical Study Results
Remission Rates (HAM-D-17 <8)

McGrath PJ et al. AmJ Psych. 2006;163:1531-1541. Rush AJ et al. Am J Psych. 2006;163:1905-1917. Nierenberg AA et al. Am J Psych/ 
2006;163:1519-1530. Trivedi MH et al. J Clin Psychiatry. 2006;67:1458-1465. Trivedi MH et al. N Engl J Med. 2006;354:1243-1252.
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Best Practices 
Do Not Get People Well

Pence, et al. Curr Psychiatry Rep. 2012 Aug; 14(4): 328–335.

• Of those with Depression:

• 47% are recognized clinically

• 24% receive any treatment

• 9% receive adequate treatment

• 6% achieve remission of 
symptoms 

No readily available brain or blood 

tests to help identify which treatment 

is best for the patient

Figure 2. Recognition, treatment, and 

remission of depression in primary care This 

figure estimates, in a hypothetical 

population of 1,000 primary care patients, 

the estimated number with depression, with 

clinically recognized depression, with treated 

depression, with adequately treated 

depression, and with remitted depression.



Pathological Basis of MDD
Madhukar Trivedi, MD



Depression Involves Neurotransmitters:
Serotonin, norepinephrine, dopamine



Impact of Depression and 
Suicidal Ideation on the Brain

Chin Fatt et al. Journal of Psychiatric Research. 2021;142:258-262.



Neuroplasticity

• The ability of the nervous system to change its activity in response to intrinsic 
or extrinsic stimuli by reorganizing its structure, functions, or connections. It is 
classically defined as structural changes in neurons.

• Maladaptive neuroplasticity plays a role in driving major depressive disorder 
(MDD).

• Treatments may induce corrective neuroplasticity to lead to treating 
depression.

J Psychiatry Neurosci. 2019;44(3):147-150.

Maladaptive 
neuroplasticity

MDD
Corrective 

neuroplasticity



Neuroplasticity

J Psychiatry Neurosci. 2019;44(3):147-150.

Monoamine hypothesis

•Delayed onset of 
typical 
antidepressants

•Inadequate response 
rate

•Inadequate remission

Neuroplasticity

•Reduced serotonin 
innervation of cortical 
areas

•Possibly triggering 
neuroplasticity can 
modify antidepressant 
response

VERSUS



Neuroplasticity: Depression 
Treatments Improve Brain Functioning

Gbyl & Videbech. Acta Psychiatrica Scandinavica. 2018;138(3).

Volume change in the right hippocampus following ECT



Neuroplasticity: 
Functional Connectivity Predictors of 
Antidepressant Treatment Response

Chin Fatt et al., 2019.

DAN

DMN

ECN

HIPPO

LNSMN

SN

THAL

VN

Dorsal Attention Network (DAN) Salience Network (SN)

Moderator effect
Higher connectivity → better response to sertraline

Default Mode Network (DMN)

Higher connectivity within DMN →

better outcome with Sertraline  

Higher connectivity 

between DMN →

better outcome 

with Sertraline  



EEG Biosignature
Wu et al, 2020

• EEG can accurately predict whether an 
antidepressant will work based on a patient's 
brain activity 

• N = 309

• Research team developed a machine-learning 
algorithm to analyze and use the baseline EEG 
data to predict which patients would benefit 
from sertraline vs. placebo within 2 months.

• Algorithm accurately predicted outcomes

• Patients who were doubtful to respond to an 
antidepressant were likely to improve with 
other interventions such as psychotherapy or 
brain stimulation.

Wu et al., 2020, Nature Biotech.



Computational Modeling of Electroencephalographic Data Identifies 
an Antidepressant-Responsive Phenotype in Major Depression 

Application of the sertraline-trained 
model to the placebo group failed to 
predict outcome, demonstrating 
specificity of the model for sertraline 
prediction. 

Sertraline-trained Cortical Spatial Signals

Right parietal-
occipital regions 

Lateral prefrontal 
and parieto-
occipital regions 

Wu et al., 2020, Nature Biotech.



DTx: Treatment Approaches
Steven Chan, MD, MBA



Approachability

Digital mental health treatments address many shortcomings of 
traditional mental health visits. In considering how ubiquitous and 
universal these smart devices can be, we think of many key 
advantages:

Accessibility Convenience

AccuracyAffordability

Safety Scalability

Relevancy



Analogy

Nutritional
Supplements

Oral
Pharmaceuticals

Digital
Health

DMHT Digital
Medicine

Digital
Therapeutics

Nutritional
Health



Goldsack J, et al. Digital Health, Digital Medicine, Digital Therapeutics (DTx): What’s the difference? November 10, 2019. Accessed September 2021. 
www.dimesociety.org/digital-health-digital-medicine-digital-therapeutics-dtx-whats-the-difference/

US Food and Drug Administration. What is Digital Health? September 22, 2020. Accessed September 2021. www.fda.gov/medical-devices/digital-health-center-
excellence/what-digital-health

Chan SR, et al. Privacy and Security for Psychiatry Health IT. In: APA Publishing Textbook of Administrative Psychiatry. 2021; In Press. 

Digital Medicine

SaMD or SiMD that may or may not be regulated. Includes 

evidence-based software and/or hardware products that 

measure and/or intervene in the service of human health

Clinical evidence is required for all digital medicine products

Requirements for regulatory oversight vary—digital medicine 

products that are classified as medical devices require 

clearance or approval; digital medicine products used as a tool 

to develop other drugs, devices, or medical products require 

regulatory acceptance by the appropriate review division

• Measurement products (eg, digital diagnostics and 

biomarkers, electronic clinical outcome assessments, 

remote patient monitoring, decision support software)

• Measurement & intervention products (eg, digital 

companion, digital products that measure and 

intervene and do not require human intervention)

Digital Health

General wellness products that are low risk. Includes 

technologies, platforms, and systems that engage 

consumers for lifestyle, wellness, and health-related 

purposes; capture, store or transmit health data; and/or 

support life science and clinical operations

Typically do not require clinical evidence

Do not meet regulatory definition of a medical device and 

do not require regulatory oversight

• Data & information capture, storage, and display (eg, 

user-facing technologies, health information 

technology, consumer health information)

• Data & information transmission (eg, telehealth, 

decision support software, enterprise support, clinical 

care administration, and management tools)

Definition

Clinical
Evidence

Regulatory
Oversight

Product
Examples

Category

Distinguishing Digital Terminology 

Digital Therapeutics

SaMD or SiMD that is regulated. Deliver evidence-

based therapeutic interventions to prevent, manage, 

or treat a medical disorder or disease

Clinical evidence and real-world outcomes are 

required for all DTx products

Must be reviewed and cleared or certified by 

regulatory bodies as required to support product 

claims of risk, efficacy, and intended use

• Software that delivers a therapeutic intervention 

(medical claims include treating and/or managing 

a disease, improving a health function)



Informed Decision-Making 
Around Apps

Slide courtesy: John Torous, MD. 2019. Torous JB, et al. Psychiatr Serv. 2018;69(5):498-500. Torous J, et al. Mental health apps: What to 
tell patients. Current Psychiatry. 2018;17(3):21-25.

Context and
background

Interoperability: Meaningful
Data use and sharing

Usability and
adherence

Potential for
benefit

Assessing
for harm

Ground

*

Ease
of use

Evidence

Risk



Pharmaceutical 
Development Lifecycle

Up to 15 years
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Slide courtesy: www.phrma.org/innovation/clinical-trials

Clinical Trials

6–7 YEARS

NUMBER OF VOLUNTEERS

5

PHASE 1 PHASE 2 PHASE 3

20–100 100–500 1,000–5,000
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FDA Review Scale-up to MFG
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INDEFINITE

Post-Marketing
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How to Make a Good App? 
It’s Iterative

Biagianti B, et al. Evid Based Ment Health. 2017;20(4):98-101.

Iterative
re-evaluation

Iterative
re-evaluation

Iterative
re-evaluation

App
maintenance

Full deployment +/-

Clinical trial

Identification and 
characterization of 

end-users

App field testing

SOFTWARE
DEVELOPERS

Project management 

platform – Discussion 

groups

FIELD EXPERTS
Focus groups – Surveys

END USERS
Focus groups – Surveys

– Interviews

Evaluate available 

budget and organize 

development framework

SOFTWARE
DEVELOPERS

Project management 

platform – Discussion 

groups

FIELD EXPERTS
Focus groups – Surveys

Determine aims, 

features and

capabilities of app

END USERS
Focus groups – Surveys

– Interviews

FIELD EXPERTS
Focus groups – Surveys

– Interviews

Feasibility study

SOFTWARE
DEVELOPERS

Project management 

platform – Data server  

Discussion groups

FIELD EXPERTS
Focus groups – Surveys

END USERS
Focus groups – Surveys

– Interviews



What’s inside a SaMD (aka DTx)?

US Food and Drug Administration. Developing the Software Precertification Program: A Working Model. Version 1.0. January 2019. 
Accessed September 2021. www.fda.gov/media/119722/download

SaMD output

Intended Use for Medical 

Purpose (Inform, Drive, 

Diagnose, Treat)

SaMD Algorithm

Algorithm, Inference engine, 

Equations, Analysis engine, 

Model-based logic, AI/ML, etc.

Reference data, 

Knowledge base, 

Rules, Criteria, etc.

SaMD inputs

Data Types

Lab results, medical images, 

symptoms, genomic data, 

environmental signals, pictures, 

activity data, phenotype data,

IVD instrument results, patient 

demographic information, progress 

notes, vital signs, medications 

diagnoses, immunization dates,

allergies, etc.

Data
Sources

Laboratory, medical devices, 

imaging devices, physiological 

monitors, IVD test instruments, 

patient-reported outcomes, 

medical purpose sensors, 

computer peripherals and other 

sensors, personal records, patient 

records, etc.



501(k) De Novo, 
PMA vs Precertification

US Food and Drug Administration. Developing the Software Precertification Program: A Working Model. Version 1.0. January 2019. 
Accessed September 2021. www.fda.gov/media/119722/download

Today’s Approach: Existing Generic Approach (510(k), De Novo, or PMA)

Possible Interim 2019 Approach: Streamlined Review

Conceptual framework for conducting a generic interactive Streamlined Review 
of a SaMD from a pre-certified organization 

Request review
submission

Pre-review period
(Optional)

Review period Go-to-market

Optional
Pre-Submission

Administrative
Review

Review Period (including Additional information
hold and traditional feedback loop)

Sponsor finalize product development

Official

Documentation Submitted
Go-to-market

Optional
Pre-Submission

Interactive Review Period

Sponsor finalize product development

Official

Documentation Submitted
Go-to-market



Diagnosis – Prevention – Treatment: 
Potential Uses of Digital Mental Health Treatments

Phelan H. Digital Mental Health - Targeting the Epicenter. February 7, 2020. Accessed September 2021. www.healthxl.com/blog/digital-
mental-health-targeting-the-epicenter

TREATMENT & MANAGEMENT

VR/AR Based 

Therapy

Mindfulness & 

Meditation Apps

DIAGNOSTIC

Digital Phenotyping

& Digital Biomarkers

Telepsychiatry

PREVENTION

Mental Health

Chatbots

Mobile/Platform

Based CBT

Mindfulness & 

Meditation Apps



Clinically, Digital Mental Health Treatments Could Serve a 

Very Large Segment of Our Vulnerable Patients

Huckvale K, et al. NPJ Digit Med. 2019;2:88.

Stress identification

Passive detection of changes in self-

perceived stress in order to foster 

self-regulation and resilience or 

trigger proactive help-seeking before 

the onset of frank mental health 

symptoms.

Prevention

Fostering resilience and health 

promoting behaviors

High-risk alcohol use detection

Passive identification of high-risk 

drinking episodes using activity and 

phone utilization data in order to trigger 

prevention interventions.

Depression therapy enhancement

Sensor-derived signals (eg, location 

information) used to tailor therapy in 

order to maximize user engagement 

and treatment effect or identify when 

treatment is not working.

Treatment

Tailored intervention, engagement, 

and treatment efficacy monitoring

Mood disorder self-monitoring
Using activity and location data to 
discreetly monitor mood changes as 
part of combined parent-child self-
monitoring.

Monitoring

Early detection of condition changes, 
adverse events, and relapse

BDP relapse prediction
Passive monitoring for depressive 
(using keyboard signals) and manic 
(using voice signals) signs indicative of 
relapse, enabling “early warning sign” 
interventions.

Opioid overdose detection
Active abnormal respiratory pattern 
detection post opioid use using 
smartphone “sonar” (combining 
speaker and microphone.).

Schizophrenia relapse prediction
Passive monitoring for early-warning 
signs using accelerometry and heart 
variability in order to detect relapse 
early and enable medical intervention.

Mood disorder detection

Passive detection of activity changes 

using accelerometry, GPS, phone 

utilization data in order to identify 

individuals at risk for depression or 

anxiety.

Screening & 
Early Diagnosis

Proactive identification of 

undiagnosed conditions and/or 

formal specific condition

Suicidality detection

Automatic natural language processing 

of social media posts to identify at-risk 

individuals.



Terminology Summary

Mohr DC, et al. Psychiatr Serv. 2021;72(6):677-683.

Such mental health-focused 

DTx products include reSET®

and Nightware.
DTx

One example of a DM is 

Abilify MyCite®.

Health apps and software that are specifically vetted are called 

Digital Therapeutics (DTx), which the FDA calls Software as a 

Medical Device (SaMD). SaMD are reviewed and cleared or 

certified by the FDA as required to support product claims of 

risk, efficacy, and intended use. This software makes specific 

medical claims to diagnose, treat, and/or manage disease.

Digital mental health treatments (DMHT) refer to 

the use of apps and Internet-based care.
DMHT

DMHT apps as a whole can be accessible, convenient, 

approachable, affordable, and target specific needs. But 

many DMHT apps in typical consumer app stores may not 

have proper clinical vetting, safety, or usefulness. App store 

ratings are not reflective of efficacy.

Digital medicine (DM) includes 

DTx and pharmaceuticals 

which combines a prescription 

medication with an ingestible 

sensor component.



Current and Emerging DTx
Treatments for MDD
Madhukar Trivedi, MD



Digital Therapeutics (DTx)

• Technological advances have led to many interventions to improve health.

• DTx are behavioral interventions to prevent or manage a disease.

• DTX are often delivered via smartphones or computers and tablets.

BENEFITS: 

Accessibility

Convenience

Affordability



Mental Health Apps are 
Gaining Popularity

Torous J, et al. Current Psychiatry. 2018;17(3):21-25.

Hays S. January 10, 2020. Accessed September 2021.

https://medium.com/what-if-ventures/approaching-1-000-mental-health-startups-in-

2020-d344c822f757



There is a Tremendous Amount of Effort Being Expended 

to Make DTx Available to Clinicians and Patients

Patel NA, et al. NPJ Digit Med. 2020;3(1):159.

Company Indication(s) StatusProduct Commercial Partner
Investment

Partner

Pear Therapeutics reSET Substance use disorder Marketed Sandoz Novartis

reSET-O Opioid use disorder Marketed Sandoz

Somryst Chronic insomnia Marketed

Pear-004 Schizophrenia Marketed/Pivotal

Pear-006 Multiple sclerosis Discovery Novartis

Unspecified Gastrointestinal conditions Discovery Ironwood Pharmaceuticals

Welldoc Bluestar Type I Diabetes, Type II diabetes Marketed Astellas

Akili Interactive Endeavor ADHD Marketed Shionogi Amgen, Merck

AKL-T02 Autism spectrum disorder Pilot

AKL-T03 Major depressive disorder Pilot

Nightware Nightware Posttraumatic stress disorder Marketed

Click Therapeutics CT-152 Major depressive disorder Pivotal

Cognoa Autism Diagnostic Autism spectrum disorder Pivotal EVERSANA

Autism Therapeutic Autism spectrum disorder Feasibility

Biofourmis BiovitalsHF V1 Heart failure Marketed Novartis

BiovitalsHF V2 Heart failure Pivotal

BF140 Pain Pilot Chugai

Propeller Health Propeller Asthma, chronic obstructive pulmonary disease Marketed AstraZeneca, GlaxoSmithKline, Novartis, Orion, Boehringer Ingelheim

AppliedVR EaseVRx Chronic Pain Efficacy Sandoz

RelieVRx Acute postoperative pain Efficacy Sandoz

AnxietyVRx Generalized anxiety Discovery

Otsuka Sanofi, Hikma

Happify Health Happify Multiple sclerosis-associated depression and anxiety Discovery Sanofi



Jeff Liesch, Devin Murphy, and Vinay Singh (2022). Under Pressure: Prescription Digital Therapeutics – How an analysis of the U.S. PDT 
landscape indicates mounting pressure for a make-or-break next 3 years. https://bluematterconsulting.com/prescription-digital-
therapeutics-landscape-2022/

COMPANY Name Indication
Stage 

(As Described)

Stage (BMC 

Summary)

Expected 

Launch 

(Early) 

Expected 

Launch 

(Late) 

Regulatory 

Status 

Akili Interactive

AKL-MDD
Cognitive Dysfunction in Depression 

(MDD)
Research Early Development Pre-sub

AKL-MS
Cognitive Dysfunction in Depression 

(MDD)
Research Early Development Pre-sub

Click Therapeutics

CT-152 Major Depressive Disorder Phase 3 Pivotal Trial Late Development 1/4/2023 1/1/2024 Pre-sub

CT-155 Schizophrenia Phase 2 Design + PODC Early Development Pre-sub

Cognoa Anxiety Therapeutic Anxiety Therapeutic (pediatric) Discovery Early Development Pre-sub

Curio Digital 

Therapeutics
Stella (CU001) Postpartum Depression Pivotal Late Development 6/30/2022 3/31/2023 Pre-sub

GAIA

Deprexis Depression

Deprexis® is one of the most 

researched digital therapies in 

the world that utilizes 

cognitive behavioral therapy 

(CBT) techniques, a proven 

approach to help individuals 

with depression

Commercial 2/7/2020 1/2/2024

Velibra Major Anxiety Disorders

phase II and phase III, next 

generation digital therapy 

solutions

Early Development



Jeff Liesch, Devin Murphy, and Vinay Singh (2022). Under Pressure: Prescription Digital Therapeutics – How an analysis of the U.S. PDT 
landscape indicates mounting pressure for a make-or-break next 3 years. https://bluematterconsulting.com/prescription-digital-
therapeutics-landscape-2022/

COMPANY Name Indication
Stage 

(As Described)

Stage (BMC 

Summary)

Expected 

Launch 

(Early) 

Expected 

Launch 

(Late) 

Regulatory 

Status 

Happify Health Ensemble Transdiagnostic anxiety and depression

Ensemble will for now only 

receive a limited release, 

which will be used to generate 

data on clinical efficacy for 

regulators and for economic 

research studies designed to 

show whether the treatment is 

cost-effective. The studies will 

be conducted in collaboration 

with the Duke Clinical 

Research Institute.

Commercial 7/22/2021 7/22/2021

FDA Authorized -

COVID19 PHE 

Guidance

KOA Health Mindset

Mindset helps individuals better 

understand and live well with 

depression by offering cognitive 

behavioral therapy-based techniques to 

complement in-person treatment.

Mindset is a wellness device 

and has not been cleared or 

reviewed by the FDA.

Early Development
Pre-Sub - NDT 

Version

North Shore 

Therapeutics

NST-PPs Peripartum Psychiatry Discovery Early Development Pre-sub

NST-SSD Schizophrenia Proof of Concept Early Development Pre-sub



Jeff Liesch, Devin Murphy, and Vinay Singh (2022). Under Pressure: Prescription Digital Therapeutics – How an analysis of the U.S. PDT 
landscape indicates mounting pressure for a make-or-break next 3 years. https://bluematterconsulting.com/prescription-digital-
therapeutics-landscape-2022/

COMPANY Name Indication
Stage 

(As Described)

Stage (BMC 

Summary)

Expected 

Launch 

(Early) 

Expected 

Launch 

(Late) 

Regulatory 

Status 

Pear Therapeutics

Pear-004 -

Schizophrenia
Schizophrenia Proof of Concept Commercial

Pear-005 - PTSD Post-traumatic stress disorder Proof of Concept Early Development

Pear-006 - MS Depression in Multiple Sclerosis Proof of Concept Early Development

Pear-011 - Anxiety Generalized Anxiety Disorder Proof of Concept Early Development

Pear-015 - Depression Major Depressive Disorder Discovery Early Development

Pear-017 - Bipolar 

Disorder
Bipolar Disorder Discovery Early Development

Wise Therapeutics

ABM-02 - MS Related 

Anxiety

MS-Related Anxiety

Proof of Concept Early Development Pre-sub

ABM-04 - Perinatal 

Anxiety
Perinatal Anxiety Proof of Concept Early Development Pre-sub

ABM-tDCS-01 MS-Related Anxiety Proof of Concept Early Development Pre-sub

MDD MDD Discovery Early Development Pre-sub



Jeff Liesch, Devin Murphy, and Vinay Singh (2022). Under Pressure: Prescription Digital Therapeutics – How an analysis of the U.S. PDT 
landscape indicates mounting pressure for a make-or-break next 3 years. https://bluematterconsulting.com/prescription-digital-
therapeutics-landscape-2022/

COMPANY Name Indication
Stage 

(As Described)

Stage (BMC 

Summary)

Expected 

Launch 

(Early) 

Expected 

Launch 

(Late) 

Regulatory 

Status 

Woebot Health

WB001 Postpartum depression
In clinical trials for FDA 

clearance
Late Development 1/5/2022 10/7/2022

FDA 

Breakthrough 

Designation

WB002-Adolescent 

Depression

Mild-moderate depressive episode 

in adolescents

In clinical trials for FDA 

clearance
Late Development 4/7/2022 4/4/2023 Pre-sub



Examples of Technologies Involved
in Automated Emotion Recognition

Bauer M, et al. Int J Bipolar Disord. 2017;5(1):6.

Technology Description Reference

Body language and 

gesture recognition
Recognition of meaningful body movements involving the fingers, hands, face, head or body

Mitra and Acharya 2007; Kleinsmith

and Bianchi-Berthouze 2013

Facial expression analysis Measurement and interpretation of facial expressions Zeng et al. 2009; Sariyanidi et al. 2015

Facial recognition Recognition of human faces, including if background clutter and variable image quality Zhao et al. 2003; McPherson et al. 2016

Natural language

processing

Automatic extraction of meaning from human languages, both text and speech, requiring 

ambiguity resolution
Nadkarni et al. 2011

Pattern recognition
Automatic recognition, description, and classification of patterns, often involving statistical 

classification and neural networks
Jairn et al. 2000

Sensors
Identification of emotion using psychological signals such as heart rate, breathing, skin 

condition, physical activity

Calvo and D’Mello 2010; Jerritta et al. 

2011; Sun et al. 2010

Sentiment analysis
Binary classification of subjective opinions in text such as positive versus negative, like 

versus dislike
Liu 2010

Smartphone

usage patterns
Identification of mood-based measures such as number and duration of incoming/outgoing 

calls; outgoing text messages, app usage

LiKamWa et al. 2013; Faurholt-Jepsen 

et al. 2016

Speech emotion recognition El Ayadi et al. 2011; Zeng et al. 2009Recognition of the emotional content of human speech

Speech recognition Meng et al. 2012; Xiong et al. 2009Identification and understanding of human speech converting into text or commands 



Meta-Analysis of 
83 DTx Studies in MDD

• 83 Studies with 15,530 participants

• Active and inactive control conditions

• Medium effect size for DTx compared to all control conditions (g = ,52)

• Stronger against waitlist controls (g = .70), followed by TAU (g = .31), and attention 
controls (g = .36).

• DTx interventions that included some human therapeutic guidance had higher 
effect sizes than solely self-help interventions (g = .63 and g = .34, 
respectively).

• Although only a limited number of studies compared DTx to face-to-face 
therapy, there were no significant differences between these fomats.

Moshe et al.. Psycholog Bull. 2021.



CT = control condition; EFMT = Emotional Faces Memory Task.

Iacoviello BM, et al. NPJ Digit Med. 2018;1:21.

Example trial in the EFMT task. Participants observe an expression of facial affect shown on screen for 1 s and identify the emotion 

expressed. Participants then compare the observed emotion to the emotion observed N faces prior, in this case N=2 faces prior.

Results

A randomized, double-blind, controlled study design, 51 participants with MDD in a current major depressive 
episode were randomly assigned to participate in a digital cognitive–emotional training regimen (EFMT; n=28) 
involving 18 sessions over 6 weeks, or an active control condition (CT; n=23) involving computerized working 
memory training (Click 152)

Trial Period Stimulus Presentation Inter-stimulus Presentation Stimulus Presentation

On Screen

Participant 
Response

Timeline 1 sec Until Response 1 sec

Yes or No

Emotional Faces Memory Task: 
A Novel, Emerging Digital Therapeutic for 
Depression



HAM-D = Hamilton Rating Scale for Depression.

Iacoviello BM, et al. NPJ Digit Med. 2018;1:21.

Change in depression severity over time. Least squares means change in HAM-D total score from baseline demonstrate superior 

reduction in the EFMT group compared to CT. Error bars indicate ±1 standard error of the mean. *P<.05 between groups

A randomized, double-blind, controlled study design, 51 participants with MDD in a current major depressive 
episode were randomly assigned to participate in a digital cognitive–emotional training regimen (EFMT; n=28) 
involving 18 sessions over 6 weeks, or an active control condition (CT; n=23) involving computerized working 
memory training (Click 152)
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Trial to Evaluate the Effectiveness of a Digital 
Therapeutics in Adults Diagnosed With Major Depressive 
Disorder (MIRAI)

• The MIRAI study compares the effectiveness of 2 digital therapeutics in adult 
subjects diagnosed with MDD who are on antidepressant therapy (ADT) 
monotherapy for the treatment of depression.

• (Mirai Study App)

• Phase 3, 13-week, multi-center, randomized, controlled trial

• N = 540 

• Primary outcome measure: Montgomery-Asberg Depression Rating Scale 
(MADRS)

• Secondary outcome measure: Generalized Anxiety Disorder-7 (GAD-7) 

NCT04770285; Otsuka and Click Therapeutics initiate first-of-its kind fully remote clinical trial using digital therapeutics as adjunctive 
therapy in adults with major depressive disorder [press release]. 



Ethical and Regulatory Issues

• Patient privacy

(ie, continuous monitoring)

• Personal data privacy

• Information storage/Cybersecurity

Privacy

• Unintended harms to patient (i.e, delays in seeking 

appropriate mental health treatment, misinformation)

• Need to ensure crisis intervention (reporting suicide risk)

Patient Safety

• Lack of evidence base for digital tools

• Misinformation

• Rapidly changing standards/knowledge

Quality Control

• Who owns different 

types of patient data?

• Commercial use

• Patient-centered

• Usability (UI/UX)

Data 

Ownership

• Inequitable access to care 

due to inequitable access to 

the digital world

Digital Divide



Great Opportunities, But Beware

Despite abundance of apps, research is lagging!

• From 2010-2019, 500 DTx clinical trials were conducted.

• Only 180 interventional trials were conducted.

Carefully evaluate DTx options to incorporate into 
clinical care and work closely with patients for ongoing 

monitoring through measurement-based care and 
continued evidence-based treatments!



Incorporating DTx into Clinical 
Practice: Benefits, Challenges, 
and Strategies
Steven Chan, MD, MBA



Differentiating 
Digital Health from Telehealth

While some psychiatrists don’t see this as an issue, education may have an important role in clearly 

differentiating digital health treatments from telehealth and EHR systems. 

There appears to be some confusion between digital health treatments, such as devices 

and apps to monitor and educate patients [reSET® or Abilify MyCite®], from telehealth 

apps to link patients to their healthcare providers [Talkspace, electronic medical records, 

and patient portals]. 

Is the function of these apps similar to you? What can be done to help distinguish and 

clarify what educators are referring to? 

“I think that referring to digital health treatments as a 

‘prescription’ distinguishes it in part from the apps. Having 

clinicians explicitly describe this difference is important.”

“Provide more

social awareness.”
“The terminology can be 

overlapping and confusing.”



I feel more need for technology and apps to help in diagnose and treatment. 

No, I think standardization has been limited. Seems to be a large number of producer developed trials with small sample sizes

No. Much more must be done to validate efficacy and replicate findings by independent groups not driven by profit.

Not yet to full extent

I don't know the answer to this question - I know that polls suggest that the do but I'm not aware of exactly what the clinical data shows us.

This I am not sure of. Seems hard to standardize.

Not really. These are very subjective clinical trials.

Do not know enough to give my opinion on this one.

Yes 

No 

Perceptions on the Utility and Validity 
Of Digital Health Treatments

Generally, psychiatrists believe that these treatments can improve the mental/behavioral health of their 

patients but are uncertain about whether they have been shown to be effective through clinical trials.

No, 0%

Maybe, 
10%

Yes, 90%

Yes, more accurate diagnosis and treatment

Yes, but I think they are best use with augmentation/boosters/tutoring from a clinician

Yes. I believe that by tracking a patient and MD can collaborate to look at impending signs of an episode  as it is developing and perhaps identifying 

patterns of symptoms that can be used as history to educate both about future prospective pattern recognition. The downside are issues of privacy. 

Tracking also raises ethical and medical legal issues for the physicians as to how often does the MD check and monitor the patient.

Absolutely. Improves compliance.

Yes, I believe that adding digital technologies as an additional tool, when used properly, can benefit the patient - they have accountability, homework 

assignments, support, all recorded, mindfulness activities, a lot of supportive type options to get the patient through, until the next appt. 

Without question because I've seen it happen.

Yes, I believe that certain Phone apps can help with mental health issues.

I do not know enough about these but would guess they likely will enhance the quality of care provided.

Compliance would increase.

Yes, for some; maybe not those with paranoia, but definitely younger, tech savvy patients, those with Depression, anxiety, or ADHD.

Do you believe that 

clinical trials have 

adequately assessed 

and validated the utility 

of digital health 

treatments for patients 

with mental/behavioral 

health disorders?

Do you believe that, if 

used correctly, digital 

treatments can 

improve the 

mental/behavioral 

health of patients? 

Why/why not?

No, 50%
Unsure, 

40%

Yes,
10%



Utility of Digital 
Mental Health Treatments

Most psychiatrist panelists believed that these treatments would be useful for all involved parties: 
patients, caregivers, and physicians.

Are digital health 

treatments more useful 

for a patient with a 

mental health disorder, 

their caregiver, or their 

doctor? Why?

Patient, 
30%

Physician, 
10%

All, 60%

“Would help all; as a doctor all information is a benefit.

For friends and families, can also help support the patient.”

“Useful potentially for all though I suspect for the patient 

to be more mindful of their own experience and see 

warning signs and identify patterns longitudinally.” 

“I would think they will be less useful [for a patient] because 

of their low socio-economic and educational status.” 



Patient Types Benefitting from Digital 
Mental/Behavioral Health Treatments

When asked about the patient type that would most benefit from digital therapeutics, most panelists 
mentioned age groups. While many focused on solely younger patients, some remarked that they could 
be useful for those of all ages.

What patient types 

would most benefit 

from digital mental 

or behavioral 

health treatments?

“Definitely someone younger who 

can navigate the technology and 

could not be indigent.”

“Younger patients with 

familiarity in using new 

technologies.” 

“I think that it will help patients that 

do not have the benefit of access 

to a psychiatrist”

“Ages 18–65 — some older 

patients MAY be able to deal 

with technology, some won’t.”

“All ages and all patients.” 

“Motivated, high functioning, 

younger, educated, employed.”

“Younger folks with more comfort with digital 

treatments than seniors. Or elderly who would allow 

a younger family member or friends to assist.”



Conditions Most Suitable

Psychiatrist panelists identified mood disorders and substance use as the main conditions that would be 
most suited for a digital health treatment.

Are there 

mental/behavioral 

health conditions 

that are more suited 

to the use of digital 

health treatments?

“Mood Disorders”

“Yes, I think these digital 

systems will work best for 

depression and panic attacks.”

“Things that are measurable such as percent of medications 

taken in a month and amount of intake of addictive substances 

are most easily suitable for digital health treatments.”

“Patients with OCD may have an easier time 

communicating, and those with Autism/Asperger’s 

may adapt to electronic verses face to face.”

“Bipolar disorder with mood diaries to 

look at symptom patterns that suggest 

a likely relapse would be useful.”

“Substance Abuse”

“Major depressive disorder”
“Depression and anxiety would 

be the most applicable.”

“Mild to moderate levels of 

depression and anxiety.”



What are the benefits of digital mental health 
technologies in treating psychiatric and behavioral health 
(ie, smoking cessation) conditions?

Psychiatrist panelists identified mood disorders and substance use as the main conditions that would be 
most suited for a digital health treatment.

Helping you monitor the 

symptoms of patients

Helping patients feel cared for and 

“seen” by their healthcare provider

Decreasing patient anxiety 

about their care

Helping patients track 

their own symptoms
Improving adherence to therapy 

Providing customized interventions 

based on patient characteristics

Helping patients stop 

drinking, drug use, and 

smoking behaviors

Providing patients with accessible 

education about their condition
Cost effectiveness

Improving sleep hygiene 

and insomnia

Providing patients with accessible 

education about their medications
Easy access to patient data



What are the barriers to effectively using digital 
treatments in your patients with mental or behavioral 
health disorders?

Psychiatrist panelists identified mood disorders and substance use as the main conditions that would be most 
suited for a digital health treatment, and lack of clinician awareness as the most prevalent barriers to the adoption 
of DTx approaches.

Cost of technology compared 

to standard of care

Lack of clinician awareness, 

familiarity or training with the 

technology

Lack of patient access to 

smart devices, internet 

access, and other technology

Lack of availability of technology to 

the appropriate patient population

Lack of clinician understanding in 

when and how digital health 

technologies should be utilized

Lack of patient motivation 

to stay connected

Privacy and security concerns
Logistical difficulty in 

use of technology

Poor clinician attitudes 

towards the effectiveness 

of the technology

Lack of patient familiarity 

with the technology

Too much information 

for the clinician



Utilizing Digital Mental Health 
Treatments in Patient Treatment Plans



Using Digital Mental Health Treatments in 

Traditional Clinical Workflows

Adapted from: Chan SR, et al. Data collection from novel sources. In: Yellowlees P, et al., eds. Telepsychiatry and Health Technologies: A 
Guide for Mental Health Professionals. American Psychiatric Association Publishing; 2018.

At home

Patient waits for appointment

Patient Experiences Distress

Patient makes 
appointment with clinic

DMHT logs 

symptoms

& other data;

provides 

interventions

DMHT provides 

initial

triage & screening

In clinical session

Patient discusses symptoms

Clinician reviews history

Patient decides on treatment

Clinician recommends
treatment options

Clinician can prescribe 

further DMHT treatment & 

education

Clinician reviews DMHT 

reports, dashboard



In Which Scenario Should Clinicians Consider 
Digital Mental Health Treatments? 
Answer – Potentially Everywhere

DMHT could be offered as 
monotherapy or combination 
therapy in acute DSM-5 disorders

Acute Disorder

Many patients on current therapies 
have a partial response. DMHT could 
serve as an augmentation agent

Partially Remitted Disorder

Even after a DSM-5 condition has 
resolved, DMHT could be deployed to 
reduce the risk of recurrence or relapse

Prevention/Prophylaxis



Discussing Digital Mental Health Treatments 
with Patients and Care Partners



Barriers such as Digital Literacy, Smartphone Access, 
And Payment Issues may make it Difficult for 
Patients to Adopt DMHT

Digital 
Literacy

Potential barriers to use of DMHT:

Technology Affordability 
and Access

Payment Issues

Diagnosis 
Served

Interoperability
and Data Sharing

Privacy and Security



Chan S, et al. Curr Psychiatry Rep. 2017;19(12):96.

Without a foundational knowledge on digital device and apps usage, the apps 

may not be effective and risk a reduction in patient adherence. 

Hardware Level
“Digital Literacy” Topics

• Understanding how to power on devices

• How to obtain a strong internet 
connection

• How and when to charge the device 

because devices can change functionality 

— such as adapters, button placement, 

and charging requirements — patients 

may benefit from continuous education 

from the manufacturer and guidance from 

support personnel.

Software Level
“Digital Literacy” Topics

• Understanding how to navigate the device’s 

operating system

• Install apps

• Launch apps

• Sharing data with providers and other 

caregivers. Security and privacy principles 

here may not be immediately obvious. For 

instance, share buttons and icons 

appear different on different devices. And, 

what data is sent is not always transparent.



Motivational Interviewing: 
Settings for Use

Slide courtesy Dr. Rakesh Jain. Miller WR, et al. Motivational Interviewing: Helping People Change. Third Edition. Guilford Press; 2013. 
Emmons KM, et al. Am J Prev Med. 2001;20(1):68-74. Miller WR, et al. Motivational Interviewing: Preparing People for Change. Second 
Edition. Guilford Press; 2002.

Examples of settings for use of motivational interviewing

Smoking 
Cessation

Weight
Loss

Diabetes
Management

Medication 
Adherence

Addiction Risk 
Reduction

Motivational interviewing is used to achieve 

and sustain health and behavioral change



Case-Based Learning

A not unusual response when digital mental health treatment options are offered to a patient

Patient: 

“This seems like a lot of work, and I don’t think it 

will help me. I don’t want to try anything new.”

Sadly, this is too often a patient’s response to being 

told to try a Digital Mental Health Treatment option 

without any initial exploration of their concerns



Case-Based Learning

But what if the clinician uses Motivational Interviewing Techniques with this patient?

Initiate the conversation.

It’s worth it!
Slide courtesy Dr. Rakesh Jain. Miller WR, et al. Motivational Interviewing: Helping People Change. Third Edition. Guilford Press; 2013. McCarley P. Nephrol 
Nurs J. 2009;36(4):409-413.

Clinician: Engages the patient on these 

4 core items of Motivational Interviewing:

Collaboration Acceptance Compassion Evocation



Case-Based Learning

Clinician uses Motivational Interviewing Techniques with this patient

Exploring and deconstructing

patient-based barriers

Slide courtesy Dr. Rakesh Jain. Miller WR, et al. Motivational Interviewing: Helping People Change. Third Edition. Guilford Press; 2013. McCarley P. Nephrol 
Nurs J. 2009;36(4):409-413.

Clinician: “Let’s talk about your concerns. And I will 

listen and try and understand ALL of your worries 

about Digital Mental Health Treatments. I want to 

understand even better what you are thinking.”

Ask          

open-ended 

questions 

and listen 

reflectively

Affirm

and

Summarize

Elicit           

self-

motivational 

statements



In Conclusion



Hong JS, et al. Comput Methods Programs Biomed. 2021;209:106319.

“Digital therapeutics are an emerging 

type of medical therapy and are defined 

as evidence-based therapeutic 

interventions for patients by means of 

qualified software programs to prevent, 

manage, or treat medical conditions.”

Psychiatry and mental health professionals at large should consider embracing Digital 
Mental Health Treatments as a paradigm shifting new development, and to be 
prepared to maximize its value in servicing the diverse needs of our patients.



Resource Center

Access videos, faculty blogs, 
articles, and other resources for 
digital mental health treatments.

➢digitalmentalhealth360.com



Q&A


