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“Evidence from RCTs is not better than other evidence”

(Angus Deaton, 2016)



Technical University Hospital

Patient empowerment

Predictive care

Fast and smart diagnostics

Personalized Health 

Technology

Introduction 



Use the advances in technology to create innovative personalised eHealth

services that significantly contributes to a sustainable, efficient and effective

healthcare for all citizens, especially for older adults and those with chronic

conditions.

➢ To support citizens in their vitality, self-management and independent

living using a holistic personalised approach

➢ To support clinicians in decision making, using holistic monitoring

strategies, combined with advanced models and reasoning technology.

Joint mission 
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In 1906, Einthoven used ECG when transported by phone lines.

In  1920, ship radios were used to enable physicians to assist in case of 

accidents on see.

In 1955, Nebraska Psychiatric Institute  used the television circuit for care 

purposes

In 1970s, paramedics in remote areas in Alaska en Canada were equiped 

to apply life saving techniques thereby directly connected with a hospital 

via satellite

1924

E-health isn’t new

http://www.ncbi.nlm.nih.gov/books/NBK45445/figure/a20006365mmm00001/?report=objectonly


Consult from anywhere Remote monitoring

Treatment where and when you want Support of selfmanagement

Some known examples



eHealth implementation lacks behind

Research & 

development 

Daily clinical 

practice 



Added value

To convince health care professions, policy makers and insurance 
companies of the potential of telemedicine. 

Hypothesized added value

◦ Health outcomes

◦ Accessibility of care

◦ Costs of care

Where your added value will be depends on clinical aim you use the 
technology for as well as the way you implement it into every day care.



Added value

It says: Randomized controlled trials are the gold standard for 

determining the efficacy of therapeutic interventions



Added value

Experiences with clinical trials



An example

NL
Chronic pain
COPD/ASTMA PL

Orthopedic:
Knee / hip replacement

IT
CVA   ES

TBI
Dementia

800-1000 patients



Traditional project design



Clinical trial
:



Lessons learned from clinical trials

Overall results were positive but:

✓Inclusion time is long, technology was quite old fashioned at the end

✓Already during the first patient groups feedback for improvements of 
the technology became apparent, but intervention was frozen

✓ Patients often had very strong preferences for either technology or 
not this strongly affected use as well as outcome

✓ No idea about the actual effects in daily life situation

✓ One size fits all, doesn’t work, treatment is being shaped in 
cooperation between patient and professionals

Conclusion: find other ways of testing



5G internetInternet of thingsSensors

Pleisters Sensing pillen

Wearables Implants onder de 

huid
Telefoon als 

sensor

Dingen hebben internet, wisselen informatie uit en 

kunnen gezamenlijk reageren

New Technologies



Pro-active care
Care when needed
in stead of plannedPersonalized care

New Possibilities



New possibilities

Medical practice has not evolved around the concept of randomized 

trials, but around the idea of careful observations, (anecdotal) case 

studies and the evaluation of retrospective data.

Personalized medicine refers to an approach of clinical practice 

where a particular treatment is not chosen based on the ‘average 

patient’, but on characteristics of an individual patient that may vary 

from one patient to another, and therefore, allows to ‘personalize’ 

the treatment to a patient’s individual needs. 



New possibilities
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New technologies also brings along new powerful data at a personal level 

other than point in time estimations. This means that you are able to analyse 

effects of treatments for individual profiles in stead of one size fits all



Are there alternatives ??
• Mixed methods

• The stepped wedge cluster randomised controlled trial

• Cohort multiple randomized controlled trial

• Patient preference trials
Relton, Clare, et al. "Cluster randomised controlled trial of 
a financial incentive for mothers to improve breast feeding 
in areas with low breastfeeding rates: the NOSH study 
protocol." BMJ open 6.4 (2016): e010158.

Hemming, Karla, et al. "The stepped wedge cluster 

randomised trial: rationale, design, analysis, and reporting." 

Bmj 350 (2015): h391.

Chart Title

Assess

Outcomes

Receive A

Prefer A

Assess

Outcomes

Receive A

Assess

Outcomes

Receive B

Indifferent

Randomised

Assess

Outcomes

Receive B

Prefer B

Campbell, Michelle, et al. "Framework for design and 

evaluation of complex interventions to improve health." 

Bmj 321.7262 (2000): 694-696.

Recall: randomization is used throughout the sciences because, on average, 

random assignment produces compositional balance in unobserved and 

unknown factors between the treatment conditions.



Blended treatments and
mHealth applications





RCT: Outpatient Treatment as 
Usual vs. Online Treatment

Project completed 84

Training 40

Control 44

Project Excluded 50

Training 28

Control 22

Session Opened 6

Training 5

Control 1

Total included 140

Start RCT: May 13, 2015

End RCT: September 6, 2018



Reasons to End RCT

- low number of clients (very difficult target group)

- new tech infrastructure: new platform

- costs 



An Example: Mhealth Application: 
Stopmaatje





An Example

A person who is trying to quit 
smoking might access coping 
strategies when she is experiencing 
strong cravings

At times of craving assessed through 
sensors and EMA interventions can 
be delivered at moments when they 
can most readily influence a person’s 
behavior so “called just-in-time 
adaptive interventions (JITAIs)”

Klasnja, Predrag, et al. "Microrandomized trials: An experimental design for developing 

just-in-time adaptive interventions." Health Psychology 34.S (2015): 1220.



Question Evaluation Method

Which method would you use to evaluate Stopmaatje on 
its effectiveness?

- aim evaluation: what is effectiveness here?

- set-up of evaluation method?

- sample?

- evaluation time?

- cost prediction?



How to evaluate ??

For mobile Health applications

- Single-case experimental designs (SCEDs) 

(Dallery & Raiff, 2014; Dallery, Cassidy, & Raiff, 2013). 

◦ Highly enable efficient preliminary efficacy testing of an intervention 
component, since each participant acts as his or her own control. 

◦ Their traditional forms (i.e., reversal, multiple-baseline, and changing-
criterion designs) do not give insight in the time or context in which a certain 
intervention option is most efficacious. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4732571/#R8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4732571/#R9


Factorial Designs for multicomponent interventions (MOST) 

Collins, Chakraborty, Murphy, & Strecher, 2009; Collins et al., 2005
◦ Traditional factorial designs to assess the effects of each individual 

intervention component and key interactions of interest. 

◦ In case an component can be present or absent it is a 2 level factorial design 
with 2K (were K is the number of components) possible cells

◦ The do not allow the determination of times when it is most effective to 
deliver each intervention option. Nor do these designs allow researchers to 
investigate what time-varying factors moderate the relative effect of 
different time-varying intervention components.

◦ The interpretation of main effects when interactions exist is complicated.

◦ Power is low, or alternately the required sample size is high.

Klasnja, Predrag, et al. "Microrandomized trials: An experimental design for developing 

just-in-time adaptive interventions." Health Psychology 34.S (2015): 1220.

How to evaluate ??

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4732571/#R5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4732571/#R6


For mobile Health applications

I. microrandomized trial for just-in-time adaptive interventions 
(JITAIs)

II. Micro-randomization involves randomly assigning an intervention 
option at each relevant decision point.

III. Microrandomized trials offer a way to optimize such interventions 
by enabling modeling of causal effects and time-varying effect 
moderation for individual intervention components within a JITAI 

Micro-Randomized Trials: An Experimental Design for Developing Just-in-Time 

Adaptive Interventions | Request PDF. Available from: 

https://www.researchgate.net/publication/286969420_Micro-

Randomized_Trials_An_Experimental_Design_for_Developing_Just-in-

Time_Adaptive_Interventions

How to evaluate ??

https://www.researchgate.net/publication/286969420_Micro-Randomized_Trials_An_Experimental_Design_for_Developing_Just-in-Time_Adaptive_Interventions


An Example

A person who is trying to quit smoking might access 
coping strategies when she is experiencing strong 
cravings

At the time of craving the intervention can be to deliver 
distracting exercises.

Using sensing devices (e.g., GPS) and phone-based 
EMA, it is becoming possible to deliver interventions at 
moments when they can most readily influence a 
person’s behavior so “called just-in-time adaptive 
interventions (JITAIs)”

In the micorandomization trial you random assign 
whether or not to give this distraction exercise

In a couple of weeks or months a person is randomized 
multiple times

Klasnja, Predrag, et al. "Microrandomized trials: An experimental design for developing 

just-in-time adaptive interventions." Health Psychology 34.S (2015): 1220.



Micro-randomized trials are not suitable for testing of intervention 
components that are made available to individuals but which individuals 
access at will.

Klasnja, Predrag, et al. "Microrandomized trials: An experimental design for developing 

just-in-time adaptive interventions." Health Psychology 34.S (2015): 1220.



Results Audience



Do think broader than just
the design

Technology readiness 

level

Context of use



Proving added value: renewed framework

Jansen-Kosterink, Stephanie, Miriam Vollenbroek-Hutten, and Hermie Hermens. "A Renewed Framework for the Evaluation of Telemedicine." Venice, Italy: 8th 

International Conference on eHealth, Telemedicine, and Social Medicine: eTELEMED. Vol. 2016. 2016.



Living Lab 1 First 
experiments

Proof-of-concept

Living Lab 3 Real 
use in society

Implementation
Large scale 
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Development
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Living Lab 2
Simulated reality
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acceptance

Validation and implementation



Thanks for your attention

m.m.r.hutten@utwente.nl


