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Project Talia -Al for improved mental health

Multidisciplinary Research collaboration
* Expertise in Machine Learning
* Expertise in Digital Mental Health

Leverage SilverCloud’s user base
2018-ongoing

Microsoft’

Research



Background

® Digital Mental Health Interventions (DMHI)
have great potential for dissemination of
evidence-based mental health care

166 individual studieson DMHI includedin the
® review

Effective and cost-effective for depression and
® anxiety through multiple studies

In Review Series Article

Canusun
Povehusiric Asscxistion

Assocsstnm des paycheatres
s Canada

Internet Interventions for Adults with
Anxiety and Mood Disorders: A Narrative
Umbrella Review of Recent Meta-Analyses

Interventions par Internet pour des adultes souffrant de troubles
anxieux et de I’humeur : une revue d’ensemble narrative
des récentes méta-analyses

Gerhard Andersson'?®, Per Carlbring®*, Nickolai Titov**®,
and Nils Lindefors®

Abstract

The Canadian Journal of Psychiatry /
La Revue Canadienne de Psychiatrie
2019, Vol. 64(7) 465-470

© The Author(s) 2019

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/0706743719839381
TheCJP.ca | LaRCP.ca

®SAGE

Internet-delivered cognitive behaviour therapy (ICBT) has existed for 20 years and there are now several controlled trials
for a range of problems. In this paper, we focused on recent meta-analytic reviews of the literature and found moderate to
large effects reported for panic disorder, social anxiety disorder, generalized anxiety disorder, posttraumatic stress dis-
order, and major depression. In total, we reviewed 9 recent meta-analytic reviews out of a total of 618 meta-analytic
reviews identified using our search terms. In these selected reviews, |66 studies were included, including overlap in reviews
on similar conditions. We also covered a recent review on transdiagnostic treatments and 2 reviews on face-to-face v.
internet treatment. The growing number of meta-analytic reviews of studies now suggests that ICBT works and can be as

effective as face-to-face therapy.
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Background

DMHIs have been largely treated as a black box
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Background

High-level granularity

RCT data (n= 216 participants)

More usage is associated to better outcomes
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JOURNAL OF MEDICAL INTERNET RESEARCH Enrique et al

Original Paper

Exploring the Relationship Between Usage and Outcomes of an
Internet-Based Intervention for Individuals With Depressive
Symptoms: Secondary Analysis of Data From a Randomized
Control Trial

Angel Enrique?, PhD; Jorge E Palacios'?, MD, PhD; Holly Ryan®, MSc; Derek Richards'?, PhD
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Background

 Aim: |dentify behavior patterns based on how
people engage with a DMHI program for
depression and anxiety

* De-identified dataset (54,604 users)

e Supported by clinicians

* Naturalisticsetting (14 weeks of usage)
* Deep level of granularity

* Includeall analyticevents
* Unsupervised deep learning models
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Original Investigation | Psychiatry
A Machine Learning Approach to Understanding Patterns of Engagement
With Internet-Delivered Mental Health Interventions

Isabel Chien, MEng; Angel Enrique, PhD; Jorge Palacios, MD, PhD; Tim Regan, PhD; Dessie Keegan, MSc; David Carter, PhD; Sebastian Tschiatschek, PhD; Aditya Nori, PhD;
Anja Thieme, PhD; Derek Richards, PhD; Gavin Doherty, DPhil; Danielle Belgrave, PhD

B
- Space from Anxiety & Depression



Background

5 classes of engagement patterns

e class1 (low engagers),

* class 2 (late engagers),

* class 3 (high engagers with rapid disengagement
* class 4 (high engagers with moderate decrease)
e class 5 (highest engagers)

Differences in the quantity and type of content seer
Diverse and complex patterns difficult actionable
steps

Engagement, %
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Original Investigation | Psychiatry
A Machine Learning Approach to Understanding Patterns of Engagement
With Internet-Delivered Mental Health Interventions

Isabel Chien, MEng; Angel Enrique, PhD; Jorge Palacios, MD, PhD; Tim Regan, PhD; Dessie Keegan, MSc; David Carter, PhD; Sebastian Tschiatschek, PhD; Aditya Nori, PhD;
Anja Thieme, PhD; Derek Richards, PhD; Gavin Doherty, DPhil; Danielle Belgrave, PhD

® Class 119930 (36.50%)
. . . Class2 11674 (21.38%)
@ Patterns with iCBT identified ® Class 3 13936 (25.53%)
® Class4 3258 (5.97%)
Class 55799 (10.62%)
O Allusers 54597




Background

 Aim: Understand how different support strategies
correlate with clinical outcomes.

e Study: 234,735 supporter messages to clients

e ML methods to:

(i) clustering supporters based on client
outcomes;

(ii) extracting and analyzinglinguistic features
from supporter messages;

(iii) identifying context-specific patterns of
support
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CHI 2020 Paper CHI 2020, April 25-30, 2020, Honolulu, HI, USA

Understanding Client Support Strategies to Improve
Clinical Outcomes in an Online Mental Health Intervention

Prerna Chikersal', Danielle Belgrave?, Gavin Doherty?, Angel Enrique*, Jorge E. Palacios*,
Derek Richards* and Anja Thieme?

N
« Space from Anxiety & Depression
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Fin d INgs CHI 2020 Paper CHI 2020, April 25-30, 2020, Honolulu, HI, USA

* Concrete, positive and supportive feedback from supporters _Understanding Client Support Strategies to Improve
. . Clinical Outcomes in an Online Mental Health Intervention
are strongly associated with better outcomes

Prerna Chikersal', Danielle Belgrave?, Gavin Doherty?, Angel Enrique?, Jorge E. Palacios*,
Derek Richards* and Anja Thieme?

* |dentifying Effective Context-Specific Support Strategies

e supporter messages that typically achieve higher client outcomes
contain more words that are positive, supportive, related to social
behaviors, and less abstract;

e tend to be shorter than less successful messages

* Difficulty to infer causality or the direction of the
associations
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State-of-the-art deep learning model to predict Reliable Improvement
in symptoms of depression (PHQ-9) and anxiety (GAD-7)

A Treatment outcome
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1 1 1 1 SilverCloud
Machine Learning for Outcome Prediction
Inputs Deep Learning Model Output
Clinical score xg = [pg] Trained and test on 46k users in ‘Space from Depression y = 1: Reliable Improvement
and Anxiety’: &
. Output ) -
XN Po s Reliable improvement at
) | SO 7 T end of treatment 7
e
T P3 hg - hy - h_ — hs LSTM hidden states s ﬂ , _ )
G : = s s e 7 s T T T T y = 0: No Reliable Improvement
Input i
%o = [pol] - Xo X1 X X3 User features _/\‘\'/.
t=0 t=1 t=8 timepoints -

Data split 70:20:10 (training, validation, testing)
3-layer RNNs with a 50-dimensional hidden layer with LSTM units to encode client features at different treatment time points
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Machine Learning for Outcome Prediction SiverCloud
PHQ-9: Predictive Accuracy GAD-7: Predictive Accuracy
EMA
90

- 85

Prediction accuracy >87% for PHQ-9 and GAD-7 after three measures
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Considerations for Real-World ML Application Sivercioud

Specific use scenario + work practices of iCBT coaches
Challenges for integration within routine clinical care
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Considerations for Real-World ML Application Sivercioud
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Consid

erations for Real-World ML Application

o Clients Coaches Invites

Mary Democlient

CURRENT PROGRAM: Space from GAD
ACTIVITY: )

REVIEW STATUS: Review is now due - see below

PREDICTED OUTCOME: @

Programs

We have used Machine Learning to identify “patterns” in
client mental health progression, based on their
questionnaire scores. This research was done using 54,604
previous SilverCloud clients. These predictions, based on
the patterns, have been shown to be 87% accurate with 3
sets of questionnaires results.

The measurements below show the chance that this client
will achieve reliable improvement, defined as a significant
reduction in their questionnaire score after 8 weeks.
Specifically:

* & points for PHQ9

* 4 points for GAD7

Read this article for more information on how these

predictions are calculated.

Based on PHQ9:

L] Very unlikely to improve @
A

View scores =

Tools

() ohn Hel|
(=)
-] e P
p Clients Coaches Invites Programs Tools
L]

Maryann Berkshire

CURRENT PROGRAM: Space from Depression & Anxiety
ACTIVITY: (V)

REVIEW STATUS: Review is now due - see below

PREDICTED OUTCOME: @

Based on PHQ9:

| Very likely to improve @
A

84% chance that this client will achieve reliable x

improvement after 8 weeks.

Based on GADT:

. Very likely to improve @
A

View scores -

SilverCloud

John ~v Help

LANGUAGE: en

SILVERCLOUD ID: SC-DEM-W85H
JOINED: 14 months ago (01/14/2020)
SIGNUP: Invited

[ Note




A Considerations for Real-World ML Application

Key concerns about prediction data

* Risk of over-reliance: Uncritical acceptance + trust in
datainsights ‘as is’

e Risk of negligence of interpersonal side: treating
clients ‘as a number’

Responsible use of algorithms within healthcare

e Balancingdatainsights with clinical expertise

e Careful communicationsof use + purpose of
ML within the interface

* Importance of staff training






Background work:

Validation of model
accuracy

Pilot in US site with a
sample of coaches

Feedback from
coaches, clinical team
to design final
version

@

SilverCloud

Interviewed 6 coaches on 3 separate occasions on use of the
prediction tool as an enhanced feature of the platform

* High level of trust on accuracy (87% from 3 weeks)
* Positive predictions reaffirmed support
* Negative predictions led to more time spent on review to help

get user on track
* More likely to help novice coaches, experienced have routine

/ harder to adapt

19



Using a deep

learning probability model to
deliver feedback-informed,
internet-delivered

psychotherapy for depression

and anxiety: A randomised-
controlled trial within routine
clinical practice

Key concepts of the study:

Feedback-informed psychotherapy (FIT)

Deliberate practice

Performance of the model

@

SilverCloud

20



RCT on DLM to sn\ﬁud
deliver FIT for
depression and
anxiety

Methods:

All coaches from a single health provider in UK, randomized into
two groups, and split into novice and experienced coaches

Questionnaires at baseline, 4, 12 weeks

Thank you email; won't
include in study

 Usefulness, ease of use, attitude, intention to use

Demographic
Questionnaire

e Deliberate practice

* Other questions on the experience of using tool

4 weeks Acceptability FUP
‘Questionnaire

12 weeks Acceptability FUP
‘Questionnaire

21
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R CT on DLM to SilverCloud

: Primary objectives:
deliver F/TfOI’ * Isthere a greater percentage of reliable improvement in the

depression and clients of coaches using the prediction tool [i.e. pre-post

anxiety changes in PHQ-9 and GAD-7 scores]?
* Do coaches find the prediction tool acceptable?

Secondary objectives:

* Are coaches engagingin higher levels of deliberate practice as a
result of the prediction tool?

22



RCT on DLM to
deliver FIT for
depression and
anxiety

@

SilverCloud

Training considerations for coaches prior to trial kick-off:

* Model description and interpretation
* Prediction scenarios
e Addressing concerns on human vs computer aspect

e Ethical responsibilities

23



Impact of the RCT

Clinical contributions

Scientific contributions

@

SilverCloud

Validation of Microsoft/SilverCloud collaboration and process

First trial of its kind, creating FIT model for use and evidence-
base generation in research

Service level: better outcomes
Coach level: more informed clinical decisions, prioritization

Client level: treatment that is more tailored to their individual
needs

Leveraging ML to employ FIT and enhance digital health delivery
and effectiveness

24
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Complexity behind the questions the model is trying to answer

*  What are the meaningful data features?

 Trade-offs: what is the ML model giving back that is clinically useful and impactful?

* Insights generated on continual basis, from all sides (dev, product, coaches, users, etc)

 Continuing to validate long-term
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* Digital Health Science into the future

e SilverCloud Research into Amwell



Thank you to all
those who
contributed to this
work!
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SilverCloud: James Bligh, Gavin Doherty, Dessie Keegan,

Maryann Hanratty, Maria Lyons, Catalina Cumpanasoiu,
Caroline Earley, Daniel Duffy

Microsoft: Danielle Belgrave, Niranjani Prasad, Tim
Regan, Usman Munir, Isabel Chien, Ryutaro Tanno,
Hannah Murfet, Junaid Bajwa, Aditya Nori






