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How familiar are you with digital interventions?

Unguided Guided
(asynchronous) (asynchronous)
Blended (asynchronous Videoconferencing

and synchronic) (synchronic home or clinic)
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Each line represents 1000 years

Around 3,300 BCE the Stone Age - which lasted 3.3 million years - ends and the Bronze Age begins.
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The spiral shows the distant past:
Each turn represents 200,000 years

1 million years ago: First use I:;fl.'ﬂn!‘l'DHEd fire and cooking

— 3.4 million years ago: First tool use, by ancestors of our species

Licensed under CC-BY by the author Max Roser

Technology changes extraordinarily fast

For the good and the bad
Human-Level Al?
Max Roser, 2023

Start 3,4 million years ago
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Technological change was extremely slow in the past – the technologies that our ancestors got used to in their childhood were still central to their lives in their old age. In stark contrast to those days, we live in a time of extraordinarily fast technological change. For recent generations, it was common for technologies that were unimaginable in their youth to become common later in life. No
This large visualization also highlights the wide range of technology’s impact on our lives. It includes extraordinarily beneficial innovations, such as the vaccine that allowed humanity to eradicate smallpox, and it includes terrible innovations, like the nuclear bombs that endanger the lives of all of us.


Why data driven digital mental health promotion & disease prevention?

« To create and implement evidence based digital mental health promotion
interventions

« Randomized controlled trials and meta-analytics : golden standard

« Realworld data & realworld evidence
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Mental health promotion and universal mental health prevention are both crucial aspects of public health strategies aimed at improving mental well-being, but they have distinct focuses and approaches.
Mental Health Promotion
Mental health promotion involves efforts to enhance the mental well-being of individuals and communities by creating environments that support mental health. This includes:
Strengthening Protective Factors: Building resilience, improving social support networks, and fostering positive mental health attributes.
Policy Development: Implementing policies that create supportive environments, such as anti-bullying policies in schools or workplace wellness programs.
Education and Awareness: Increasing awareness about mental health, reducing stigma, and promoting healthy behaviors through public health campaigns.
Community Programs: Initiating programs that engage communities in activities that promote mental health, such as arts, sports, and social groups.
Universal Mental Health Prevention
Universal mental health prevention focuses on preventing mental health problems before they occur. This involves implementing strategies that are designed to reduce risk factors and enhance protective factors across the entire population. Key aspects include:
Population-Wide Interventions: Implementing programs and policies that target the whole population, such as school-based mental health curricula or public campaigns to reduce substance abuse.
Reducing Risk Factors: Addressing factors that can contribute to mental health problems, such as poverty, violence, and discrimination.
Early Intervention: Identifying early signs of mental health issues and providing early support to prevent the development of more serious problems.
Health Promotion Activities: Activities aimed at promoting mental well-being and preventing mental disorders, such as stress management workshops or parenting programsBut first. In both clinical practice and research, the categorical approach of the DSM to diagnose persons remains the golden standard.

The DSM-5 is a widely recognized framework, and is beneficial as it provides consensus across researchers and clinicians, about how to diagnose a depression.

Nevertheless, there are a few important disadvantages and that is that:

1. Symptoms are not static, but are dynamic. Which means that they change over time. This can be within weeks, but even within hours.

2. Context is important, factors like time and day and setting in which a person is at the moment is of great influence on how the way someone feels or behaves

3. There are large differences between individuals. The DSM allows for some heterogeneity, due to the different combination of symptoms. However, it does not allow for heterogeneity within a symptom.

So differences on detailed level are hard to capture when taking a categorical approach.


Levels of Evidence

/ IPDMA
N-IPDMA
Systematic review / O

Non-systematic Review Total

Meta-analysis

reviews
Individual RCT's

Pilot studies



2022 Pittsburgh Al & Just In Time Adaptive Interventions

25 years Digital 2019 Auckland Al & ML & Sensoring, digital phenotyping
Mental &

Behavioural 2017 Berlin Mobile health & EMA

Health

2016 Seattle Youth

2014 Valencia Serious Gaming

2013 Chicago Micro interventions, Individual Patient Data Meta-
Analysis

2011 Sydney Beyond CBT, meta-analyses
2009 Amsterdam Globalization & Digital Ecological Momentary Assessment

2007 Charlottesville =~ Cost-effectiveness studies and implementation
2006 Stockholm ISRII: Assessing clinical effectiveness (RCT)

2000 - 2004 Development of internet-based interventions



Wright et al. (2023) Interventions with Digital Tools for Mental Health Promotion among 11-18 Year
Olds: A Systematic Review and Meta-Analysis. (Anxiety)

N = 27 studies (13,216 participants): mental health literacy, well-being, (help-seeking behavior, stress management, relaxation,

mindfulness, resilience and positive psychology.

Study

Calear et al., 2016
Egan et al., 2021
Kauer et al., 2012

Malboeuf-Hurtubise et al., 2021
Manicavasagar et al., 2014

O'Dea et al., 2020
O'Dea et al., 2021
Osborn et al., 2020
Perkins et al., 2021
Schleider et al., 2020
Zheng et al., 2021

Total (95% Cl)
Prediction interval

Experimental

Mean SD Total

4.65
1.85
9.80
2.87
6.38
9.78
4.21
7.92

10.99
18.83

3.49

412 79
0.95 73
8.30 50
0.83 11
7.26 62
4.20 55
4.78 400
4.48 50
5.61 21
0.75 106
0.33 467

1374

Control

Mean SD Total Weight SMD 95% CI

4.56 4.96 52
1.99 0.90 81
10.40 9.60 35
3.50 1.70 11
6.86 8.61 92
9.12 4.15 60
5.82 5.33 878
9.00 4.45 53
14.58 6.70 21
19.95 0.73 105
3.79 0.37 429

1817

Heterogeneity: Tau® = 0.2151; Chi? = 115.34, df = 10 (P < 0.01); °=91%

9.4% -0.02 [-0.37; 0.33]
9.6% 0.15 [-0.17;0.47]
8.8% 0.06 [-0.37;0.50]
5.8% 0.45 [-0.40; 1.30]
9.6% 0.06 [-0.26;0.38]
9.3% -0.16 [-0.52; 0.21]
10.6% 0.31 [0.19;0.43]
9.1% 0.24 [-0.15; 0.63]
74% 0.57 [-0.05;1.19]
9.7% 1.51 [1.20:1.81]
10.6% 0.86 [0.72;0.99]
100.0% 0.37 [0.04; 0.70]

[-0.73; 1.47]

Std. Mean Difference
IV, Random, :95% Cl

——

.
| | | | | |
-15-1-050 05 1 15

Difference between digital mental health promotion &

universal & selected prevention not always clear cut

Small sign. Effects
Anxiety, well-being,
protective factors

* School & support
* High=more



Twenty-five years of digital mental health:

From platform development, feasibility and assessment of effective
mental health promotion towards

User-centred, Personalized Prediction models for Monitoring and
Prevention and Treatment supported by (generative) Al & JITAIs
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established that technology-assisted symptom monitoring was acceptable to patients over a period of 36 weeks

Can be part of treatment or explicitly only a research tool 



Mood and behaviours change over time
Context of mood and behaviour
manifestations is important
Large differences between people
(heterogeneity)
Retrospective assessment

Recall bias

Over generalization

Over the last 2 weeks, how often have you been bothered

Peak end rule

« Little interest or pleasure in doing things
* Feeling down, depressed, or hopeless
» Trouble falling or staying asleep, or sleeping too much

* Feeling tired or having little energy

Patient Health Questionnaire® (PHQ-9)

by any of the following problems?

* Poor appetite or overeating

Not
at all

0

0

Several
days

1
1

1

More than
halfthe
days

Nearly
every day

3
3

3
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Currently, in depression research and routine outcome measures in clinical practice, retrospective measurements are still mainly used to assess depressive symptoms and diagnose

Self-report questionnaires like the PHQ-9 and interviews like the MINI are valid and reliable, but they are also prone to cognitive distortions, especially in individuals with depression, as cognitive distortions are a secondary symptom of depression.

These distortions can lead to recall bias, which means that someone remembers things differently than they actually happened. When asking a depressed individual about their experiences over the past two weeks, there's a possibility that they might recall it as being consistently bad, even though there might have been positive moments. This phenomenon is known as overgeneralization. 

Another possibility is that someone mainly remembers the extreme moment, referred to as the "peak.". Or only how they are feeling at the present moment, known as the "end".
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Digital Phenotyping

"The moment-by-moment quantification of the individual-
level human phenotype in situ using passive and/or active
data from personal digital devices, in particular
smartphones and sensors.”

“From communication &
intervention towards
Real time monitoring & JITAIs”

“It also makes use of wearable sensors that
capture real-time physiological data, social media
fora or interactions with others captured via call
and text logs.”

“Data obtained may be viewed as a proxies for under-
lying states of behavior, emotion, cognition and
environment.”

Change of the way how we understand
mental health and addictive disorders which
are correlated with new means of live data collection

(Onnela 2015, Jain 2015, Torous 2018)
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measure, monitor, and manage health




AIMS

 to obtain “objective” markers in addition to self-report,
interviews, physical exams, biological markers and
brain imaging data

- Examples physiology (heart rate); cognition (e.g. screen
use), behavioural (e.g., global positioning system) and
social (e.g., call frequency)

* toincrease insights into the temporal dynamics of our
health and behaviour

- predict and prevent onset or relapse
examples

 to classify mood states on the basis of activity
patterns (Mohr et al. 2011)

- quantification of realworld social networks
through Bluetooth signals

« keyboard touch & speed (Insell 2018)
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Commonly cited biomarkers cover
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Suicide prevention, psychosis

Ad classification of depression Touros 2018 Another study explored mobility patterns recorded by the smartphone GPS over a 2-week pe­riod in 40 participants and concluded that movement and location variance were significantly different between par­ticipants with low versus high depressive symptom severity scores.9 Thus, digital phenotyping may potentially be used to classify mood states on the basis of activ­ity patterns
Another potential use of digital phenotyping is to anticipate and pre­vent relapses of behavioral conditions 
Likewise, social func­tioning can also be quantified with digi­tal phenotyping methods; researchers have used proximity data from smart­phone Bluetooth signals to estimate a person’s real-world social networks.13 As part of ongoing research, our group is now seeking to quantify cognition us­ing smartphone apps that capture the temporal processes of taking a cognitive test on the phone screen itself while also capturing relevant environmental fac­tors, such as where and when that test was taken. These examples of quantify­ing movement, sleep, social networks, and cognition highlight how digital phenotyping methods are already creat­ing novel windows into understanding the fundamental constructs underlying many mental illnesses. 


Boozebuster Smartphone Intervention
to Reduce Young Adults’ Alcohol Consumption
Indirect Recruitment & Intervention

Develo pment Schulte, Boumparis .... Riper (2022). Frontiers in Digital Health

-[&]- ] - -
‘ )
i
Needs & Conceptual Prototype Technical

desirability framework evaluation pilot



booze
uster

Hoeveel drink ik?

Meer dan mijn leeftijdsgenoten

Aantal glazen per week

Leeftijdsgroep Richtlijn

Volgens de richtlijn van de Gezondheidsraad
drink je teveel. De grafiek laat dit zien. In een
normale week drink je meer dan het gestelde
maximum. Ock drink je meer dan je
leeftijdgenoten.

Verder drink je op 1 gelegenheid regelmatig 5
glazen of meer.

«1!! T-Mobile NL & 20:50

< Terug Dagboek

Dagboek

RECISCES

Health Promotion Approach Dges
Boozebuster N =503

w1/ T-Mobile NL =

Mindfulness

Meer weten

Beter slapen

Dankbaarheid

a1!! T-Mobile NL &

0oze

Kies een doel

LN 2
Gezonder leven/voelen Om met sociale
ruk

() ()
/F\\-l P—/A\
Omgaan met moeilijke Niet meer bingedrinke
situaties

Voorbereiden op een
feest

Results independent of analyses

« Exp v minimal active

« Both groups decreased AC/ NS
« ITT vs. Per protocol vs. Study

completers

« Binge drinkers vs. problem drinkers
« RCQ: moderator
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Different therapeutic principles


DATA Driven

Personalised

therapy

Clinical
symptomatology

-
( ]
\_ A

Genetic
alterations

Epigenetic
changes

Neuro-
imaging

Individual
phenotype

Tailored

/ intervention

o

Digital IMNG ~: .,
phenotyping D|g|t0m ICS

Lifestyle

Enviromental
factors

Based on Barrigon et al.
Curr Psychiatry Rep (2019)



Digital Phenotyping _—
Pher;gotype
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Phenotype Raw data Features

Digital
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Example: Combined Active and Passive EMA

E-COMPARED DATA
5 EU countries
N = 143 patients

Description of the pre-processed input features.

Internet Interventions 12 (2018) 105-110

Contents lists available at ScienceDirect

Internet
Interventions

Internet Interventions é

= e
ELSEVIER journal homepage: www.elsevier.com/locate/invent i

Predicting short term mood developments among depressed patients using | M)
adherence and ecological momentary assessment data i

Adam Mikus®, Mark Hoogendoorna’*, Artur Rocha®, Joao Gama®, Jeroen Ruwaard?, Heleen Riperd

Input feature

9 -425 days of EMA

Description

data.

Nationality

Active & passive EMA
5 countries Mocale completions
201 8 Day of the week

(1 Wered.questions per day
Extended features

Number of treatment days

Number of exchanged messages with
therapist

Number of exchanged characters with
therapist

Number of messages

Number of patient messages

Number of web sessions

Averages of the patients daily mood ratings

Indicates whether patient rated mood more than two times (more than the protocol requires) per day

The country of origin of the patient

Whether a therapeutic module has been completed

The current treatment state of the patient: can be active (before finishing the final module), done (after having finished the final
module but still able to access the system) and archived (no longer having access to the system)

Current day of the week

Number of questions the patient rated a day

Averages of patients daily EMA ratings (except mood)
Total number of days in the treatment
The number of messages that have been sent by the therapist

The number of characters contained in the messages exchanged with the therapist

Number of feedback messages generated by the MoodBuster application (motivational messages and reminders)
Number of messages sent by the patient

Number of web sessions

The number of pages viewed in the modules

The response time to an EMA request to rate the mood

Duration of the current module since the patient started



d. b. Results of best predictive models (note: mood has been scaled between 0 and 1, and the

RMSE should also be interpreted on that scale).

Al perspective * Active past EMA Set-up Best model RMSE result (standard deviation)
mood most
. . Regular input
Best of 3 influential (A) Single GRU 2 layer/GRUP
o 4o * adherence & Clustered GRUP
prediction usage data did not Individual LSTMP
models improve Extended input

Single LSTM 1 layer/ LSTMP 0.070 (0.00)

prediction
Clustered GRUP 0.075 (0.026)

accuracy (P)




Figure 1. | have the desire to end my life’ 1-7

Plot of SI EMA data for each participant with estimated long-term trends.

1a: Patient 1 1b: Patient 2
P = - o+ + + ++ P~ - + +
© - + R R B © - + + HHE o+
0 — HHHHE o -
<+ - + +|+ih~"g+ + -
0 = - 0 =
o - HH o= 4+ +
= | | | | | | | 1
0 20 40 60 80 0 50 100 150
days days

* 3timesaday Sl
* sudden & gradual changes

Nuij, C., ... Riper (2023). Proof of Concept Study on Individual Trends in Suicidal Ideation: An Ecological
Momentary Assessment Study of 5 Patients Over Three Months . Journal for Person-Oriented Research
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Goodday et al. (2020) The True Colours
Remote Symptom Monitoring System: A
Decade of Evolution. JMIR




Mental Health Promotion Data-driven Interventions
New directions

JITAl is an
adaptive
Intervention with
rapid adaptation

Just-In-Time Adaptive
Interventions are smartphone
interventions: deliver timely

tailored support by adjusting o (& A
to changes in both internal o
states and external contexts. Lo D L O L O
No Waste! :: > > > > >
No Stress No Stress No Stress No Stress No Stress No Stress
\ | |
MDZK Wakeup min1 min 2 min 3 min 4 min 5 r!nin 6
Sense’
STOP What happensin a day?

smoking cessation
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Conclusions: JITAIs for mental health are still in their early stages, but based on the initial studies, it seems that Nahum-Shani et al.'s framework is largely followed and JITAIs appear to offer added value for mental health symptoms. For further development, it is important that developers incorporate all essential elements. It is recommended that developers utilize complex machine learning techniques and passive monitoring for optimization and to enhance effectiveness and user engagement.



Mental Health Promotion Data-driven Interventions
New directions

JITAls
Micro Interventions
Single Interventions

Indirect Interventions



Future Challenges

UEZ  External validation
° e Trust
— sleep - Acceptation
 Literac
o / algorithm| eraty
* Privacy

« Empowerment
« Self-management
* Implementation

mobility \
O . .l .
« Reflection & critical
Oqo appraisal

mood
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“Our mobile phones have become the greatest spy on the planet.”— John McAfee, tech pioneer
external validation, empirical support from implementation trials, and acceptability to users (e.g., clinicians).  

A critique of digital mental health via assessing
the psychodigitalisation of the COVID‐19 crisis
Jan De Vos



Thank you for your attention!

h.riper@vu.nl




Fagherazzi (2020) . Deep . Digital
Deip Digital B Phenotyping Phenotyping
Phenotyping and @ .
Digital Twins for Deep devices  Digital Biomarkers &
Precision Health: Genetics Digital B SnRtTattond Enormatem
Time to Dig Deeper Omics Phenotyping Socialmedia > Lifestyle factors
. i (DDP) o ) » Psychological factors
Clinical Digital footprint » Emotions |
eHealth records Di git al biomarkers » Sociodemographic factors
Biomedical data Real-world data
Features
extraction &
combination*
*Multi-omics approaches
Unsupervised deep learning algorithms. ..
Data bank of deeply & digitally
phenotyped individuals
DDP features b gy 1o g Precision Medicine
) evaluation Adaptation of the

therapeutic strategy

i ] o Precision Health
\ Precision Prevention

Engage into a personalized
prevention strategy

New £\
o Individual / Patient — [r%

Selection of his/her
o Digital Twin with

similar characteristics

Known evolution of health outcomes
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and in addition  to ‘objective’ biological, genetical and brain imaging markers
ultimately Integrated models based on multiple objective and subjective markers/data/proxies



Systematic review on
smartphone-based
passive sensing
studies.

N=35 studies

Cornet & Holden (2018) Journal of
Biomedical Informatics

Schizo-
phrenia

€))

General mental
health (5)

Bipolar
disorder (5)

Depression (5)

Gen. Health and
wellbeing (6)




a

« N=10 « prediction

« pre-post accuracy of
design mood 55% -
« small sample 86%

Sizes (8-48)

2 replications
2 +]ITl's
only 1 clinical
sample
healthy
students

ML methods
compared
Outcomes v
GS or EMA

Al journals ++



& frontiers S Ward van Breda, VU

. published: 14 May 2019
in Psychology doi: 10.3389/fpsyg.2019.01065

Validating Automated Sentiment
Analysis of Online Cognitive
Behavioral Therapy Patient Texts:
An Exploratory Study

Simon Provoost'™, Jeroen Ruwaard?3, Ward van Breda“, Heleen Riper'235 and
Tibor Bosse®

Kooistra, Wiersma, Ruwaard,
Neijenhuijs, Lokkerbol, van
Oppen, Smit, Riper (2019,
accepted JMIR) Costs and
effectiveness of blended
versus standard cognitive
behavioral therapy for
depressed outpatients in
routine specialized mental
healthcare:

a pilot randomized controlled
trial.




Mean human score

Intra-class correlation of algorithm versus human The intra-class correlation among human judges,
judgment was moderate, but only for sentiment. however, was not much better.

Sentiment Pensiveness Optimism

: : - Human - Algorithm Human — Human
) ) Sentiment .55 (moderate) .58 (moderate)
’ ° Pensiveness .12 (low) .22 (low)
- 1‘ 0 -0' 5 0'0 0'5 1'0 0'0 0‘2 0'4 0‘6 0'8 1 l0 0'0 0'2 0'4 0'6 0'8 1'0
Acceptance Serenity Annoyance Annoyance .00 (IOW) 28 (IOW)
o ’ ’ Optimism .23 (low) .46 (low)
° ? ° Acceptance .00 (low) .34 (low)
) O‘O 0,2 0,4 0‘6 0'8 1r0 : 0‘0 0t2 0'4 0‘6 0‘8 1‘0 ) 0'0 0'2 0,4 0'6 0‘8 110 Serenlty '14 (IOW) .24 (IOW)

Algorthm score
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