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Mobile Health Technologies:
From Wearables to Real-World Evidence

Dr Omar Khaled - mHealth Research Sr Product Manager
Dr Giada Brianza - mHealth Research Project Manager
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The History of Wearable Technology
S . : - 611.5M+
Sony iconic 1955 Roulette-predicting HP-01: the first Original 2015 wearable
TR-55 transistor computer hidden in a wearable "smart" Apple Watch : .
) ] devices shipped
radio shoe by MIT device
globally per
Foundation of From bulky and Onboard memory Force touch;
miniaturised task-specific to and an LED display Taptic Engine;
electronics digital timekeeping, to calculate time Communication
health tracking tool and distance, store N\ N
data §og ’H |
>

1955 1961 1975-1977 2015 2025+



2.27%

The total wearable
device shipments
are projected to
grow 2.2% in 2026

4067

of Americans own
a wearable device

(93% smartwatch, 18%
ring)

89%

wear their devices
more than 5 days
a week

(59% wear them nearly
always)

@

Activity Sleep
35% 26%

HR
21%

Grant Writing Workshop

J

09%

have actively
discussed
wearable data
with a healthcare

provider

(30% regularly, another
20% wants to)

Rock Health 2025



Healthcare is changing

mgﬁ Ageing population

() Rising long-term
\/\/;J . conditions

Sever workforce

Egé%‘@ shortages

- |
ggg}-/ ' Increasingly
nll| capacity demand

oo

Research is changing

Grant Writing Workshop

Rise of decentralised
trials

Demand for remote
monitoring

Need for continous
longitudinal data

Pursuit of real-
world evidence

R S e &y
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Digital Biomarker

Objective, quantifiable
physiological or behavioural
data collected via digital
devices used as an indicator of

biological processes

&

L

Remote Monitoring

The clinical or research
framework that utilises these
tools to track patients
outside traditional
healthcare settings
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Wearable Device Smartphone Integration
i —
An electronic device worn o {J_E.
. l the bodv t The hub for connectivity, Cd

continuously on the body to O, , &) =
sense, record, process, or (l { ¥ ) patient-reported outcomes, o
transmit record data. and passive data relay =

\. y

Wearables + Smartphones + Cloud + Analytics = REAL-WORLD EVIDENCE
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The Push of Technology

I
Biometric
@, Sensors

L

High-Density
Batteries

{9% Cloud & Al

Sjls®

The Pull of Healthcare

o= MHS System
ol m ¥ Pressures
A7) Ageing
Demographics
@ MNecessity of
I}tﬂ Remote Care

278 Transition to
1 Virtual Wards
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NHS Digital Transformation

— “Wearables are expected to become

standard in preventive care,

will make the NHS fit for the future chronic disease management and
5 J post-acute recovery by 2035."

— NHS 10-Year Health Plan

Step 4.
Large-scale Clinical
Care & Research

Step 3.
Electronic Health
Records (EHR) Linkage

Step 2:
NHS App
Integration

Step 1
Consumer
Wearables



Traditional vs Mobile Research

Traditional Research

:
E Clinic visit snapshots
-LTQy (Episodic)

Mobile Research

Continuous real-world
monitoring

Small, limited datasets
—)

Questionnaires subject
to recall bias

Big, longitudinal data

Passive, objective
sensing

Genuine real-world :
environments %‘

&

Highly scalable and
cost-effective

i




Grant Writing Workshop

The Power of Wearable Data

Continuous, real-world data across the body and beyond

UEEDIN HEALTHCARE
i T AR T
USED IN HEALTHCARE DATA THAT CAN BE COLLECTED HOW THIS DATA IS USED

Smartwatches
Acthvity, heart rate,
ECG, shaap, Sp0,

Fitness Trackers
Steps, Seinaty, shesp,
heart rate, calories

Smart Rings
Sleop, HRV. temperatung,
activity, recowery

Medical Patches
H ECG, haart rinythir,
T respiration, temperatune

Continuous Monitors
Glucose (CGM),

blood pressure

Smart Garments

Heart mte, respiration,
AL PO Dure

Hearables
Hearing sctivity,
comimunication, falls

_ Specialist Sensors
a EMG, EEG, Sp0,,
I'I'I'l.'ul'l'l'l'l'll!'l'l'l,.l'l'rdl'ﬂ[-l:l'l'i

-

Cardissaseular

“ + Mo rabe
» Hoart rate variability

+ ECIG f Heart thythm
» Bhesod pressune

Hetnrhy & Mossarmiant

‘Q— + Steps
-+ « [hstance

+ Calories

+ Exreise inbensity
» Posture

+ Modbility / Gait

e ™y Metabolic ]
0 + Blood ghucose [CGM]

= Calorieg
v [Hyiralicn
» Matabolic rate

Sleep

= Slaap dursieon
+ Sleap $lages

- Shoap afficlency
+ Sleap quality

Neuralagical

« Sleap stages

» Stress [ Recovery

= Cognitive function

= EEG (in soffe diésices)

Resplratory

= Respiratory rate

- Breathing pattenms

= Oygan saluwation (Spd,)
* Lung function {PEF)

= Skin temperytune
= Coee body temperature
» Menstrual cycle tracking

Other Health Indicators
= Ciygen saturation

= Fall detection

= Mepdication adherence

= Pain lovals (\Wa proxies)

e O B . L& 3

Remote Patient Monitoring

Track health in real time
outside the climc

Chronlc Disease Management
Detect changes aarly and
parsonaliss care

Praventive Health
Identify risks earty and
promote healthy behaviows

Post-Acute & Rehabilitation

Support recovery and monitor
proqgress rematehy

Clinical Research

Collect real-world avidence
a1 scale

Patient Empowerment

Help individuals understand
and manage their haalth
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FROM DEVICE TO INSIGHT ENABLERS FOR SAFE & EFFECTIVE USE

B - oG- g — SR 58 5L 8 T

Data captured Data transmitted Stored securely Analysed with Al insights for chnicians Data privacy Clinkcal validation interoperability Equity & access Education & digital
by wearabie securely in the cloud ard analytics and patients & security & regulation & standards for all health literacy




One
Participant

The
Sensor

The Data Flow Pipeline
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- actionable digltal -
“ . biomarkers 7~

= I F‘}w% H
Millions of
Inngltuclmal .

observations &



Open-Source Scalable
Transparent and accessible From small pilots to massive
for global research. decentralised trials.

Z\

I
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Secure I
Built for robust data
N

t“

Research-Ready

Specifically designed to
integrate wearables into
clinical workflows.

governance, compliance,
and privacy.
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Designed to support the broadest possible range of data sources

v

via Upload Connector

o —

&

via Bluetooth SDKs

low level raw data

=

-2

via Smartphones

via 3rd Party Data APIs

s ® ’ . Vi C Ed 2
» | @iPhone @WATCH HealthKit . iy @ e
GARMIN. PeiAr.empatica £ Bittium - ’
SAMSUNG - aj‘q “
@ Health m xaom SUUNTO . 3 t}\ Fibaro NuvoAir
OURA WIHOOP SK GARMI I:I pebble microphones ...And potentially any non-

I---------_---r—---_-

integrated data source

... and hundreds more

4 @an Apple
fm e e . ) SensorKit
2 HUAWEI I Y
Jeseom i @ Health Connect i g .

&€ WATCH

28 Coodle ... and more

Data source catalog  ,

)

RADAR-base low levelraw [
Passive App # data from
. (
(\\.._:..4

phone sensors

l----_--------_----------J---_---
l---_--------_--------—---h----_-



aRMT

Various questionnaires types
Validated cognitive questionnaires
Speech questionnaires

Integration with phone camera and
speaker

Notifications / Reminders

Tailored based on researchers’
preferences

Tracks engagement

! En..n ‘
ot atall T \ary much

L
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Collect data from native phone sensors
SDK Plugin architecture for integration of
wearable devices over Bluetooth

= e.8. Empatica E4, Faros, etc
Easy onboarding via QR code scanning
Real-time streaming
Customizable plugins per study
Network partition tolerance
Presently Android (alpha on i0OS)

Phone

Wearable  Sensors
Devices g

o U
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Q
e
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REST-API Sources: Data Collection from 3" Party Portals

"Pull" data
Wearable s €.8. FitBit, Oura Vendor . REST Source
Devices N storage Connector

Device specific
APls

5 e.8. Garmin "Push" data PUSh.
Devians. g Vendor > Endpoint
e | storage Connector

¥

i
¢

S

(®)
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ction via wearable devices without Bluetooth SDK

o Plugin integrations of 3rd party APIs.
m e.g. Fitbit, Oura (Pull) and Garmin (Push)

o Easy device authorisation and integration to a study participant via

Authentication Portal
o Server-to-Server data transfer

o Collect data in vendor-determined latency or retrospectively
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Data harmonization and standardisation in RADAR-base

‘ir-c;lat_:.le /‘ \c:cc:ssib.c- |r‘1terr::u:-r:-rat3|ﬁ ‘ LL.:ﬁable
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Open and harmonized data schemas;
Inspired by Open mHealth;
Automatically transformed and structured with
pseudonymised identifiers.

1 1
"namespace": "org.radarcns.passive. ", "namespace": "org.radarcns.passive. ",
"type": "record", "type": "record",
"name": " " "name": " "
"doc": "Data from 3-axis accelerometer sensor with gravitational constant g as unit.", "doc": "Data from 3-axis accelerometer sensor with gravitational constant g as unit.",
"fields": [ "fields": [
{ "name": "time", "type": "double", "doc": "Device timestamp in UTC (s)." }, { "name": "time", "type": "double", "doc": "Device timestamp in UTC (s)." },
{ "name": "timeReceived", "type": "double", "doc": "Device receiver timestamp in UTC (s)." { "name": "timeReceived", "type": "double", "doc": "Device receiver timestamp in UTC (s)."
}s }s
{ "name": "x", "type": "float", "doc": "Acceleration in the x-axis (g)." }, { "name": "x", "type": "float", "doc": "Acceleration in the x-axis (g)." },
{ "name": "y", "type": "float", "doc": "Acceleration in the y-axis (g)." }, { "name": "y", "type": "float", "doc": "Acceleration in the y-axis (g)." },
{ "name": "z", "type": "float", "doc": "Acceleration in the z-axis (g)." } { "name": "z", "type": "float", "doc": "Acceleration in the z-axis (g)." }
} ] ) ] f"':"‘\\

-
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RADAR-Flash: pipeline for real-time data processing, analysis &
intervention

Capability
RADAR-Flash moves beyond retrospective analysis to
enable immediate, automated actions based on incoming
streaming data from wearables and smartphones.
cural Components

o _— Active e Real-Time Stream Processing: Uses KSQL to run
ques' continuous queries and aggregations on live data
W p E / Model Class / streams.
NS — e ML Model Integration: Integrates with MLflow for

model management and real-time inference via
User Defined Functions (UDFs).

interventions [ ) W ( ) e Trigger-Action Framework: Connects model
Aggregated i . .
ﬁt RADAR-base J T L Model Builder ]— outputs to effectors, like sending a targeted

sl questionnaire or alert via the AppServer.

Store

trained models|
MLFlow

Request for Inference ( Maodel Invocation W Fetch best
L Endpoint performing model

Inference results




RADAR-IoT: integration of environmental factors for a holistic
view of Health

Smartphones

Wearable Devices

L

y

loT Sensors

Bl 4

S

{7
&

.

]
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Self Enrolment Portal: From Enrolment to Data in Minutes

.......................................................................................................................

RADAR-base Platform Data Flow

Participate in

R the study — _ﬁ_ é E &)

:"-.*:1 — Elgibilly —p Consent > C
Check account

-
Provida information [PIS) for registration and

Smam'“ track registration progress of each user
Data Sources
e R T ] : ;
E B — N :
—— E ; ( 7N RADAR-base Backend |
Fill in scheduled or : - ( ) ) i
ad hoc | Enc Data ] \ .’
sioreen | NZRADAR-BASE |
* lprmT| T = "‘. Encrypted Data
Sent to End
User for Storage omsesEIEIIIIasaIaInaas
Send passive data ; Amazon AWS VPG
(GPS, Bluetooth) [
1 0
'.'.'-'.u:ll:L:‘ Darvices : -
Principal Investigator [ y
E— moderates —[% -
Data Access Control =
Device KCL Research Dala Data Analysis
Vendor Data —_— Storage (RDS) serviece oo szmoes -
Portals | KCL Network |

--------------------------------------------------------------------------------------------------------------
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One platform, infinite shapes: aRMT can be tailored

: = Your Surveys & = Your Surveys ]
| &) i [ -3 .
- IMierest Bhowit
s L] ™ " You
-
Mo, |l nof reed o ward care
HOME APP
Congem Process O
MO, | needad of wanted Care 2
. 0% Fereri
@ T +
- Bt * 0
100%
= + Corrpite
ke - e Fct +
Join Siudy | Felwie *
e GLAD Swdy £
Registration
Sl Belore you can stan using the Utllemerestnr_pl&asure
Connection with Withings Healthmate App 99, we need o register il st 0 el
Completed
\ Not at al
Several days )

BRI LUWG

apaarorant
et b

CAPADITY TEST

Pt Eaben ot
gl e beon

Your et Lask staets in This.

19:50 7x 7min
A\ Requires 3 quist space,

Start

More than half the days

Nearly every day

NEXT >

A

myskin

myskin has been created by the

doctors and scientists of 5t John's
Institute of Dermatology at Guy's
Hespital, King's College London.

myskin

My treatment group: At a personalised
frequency based on the concentration of
drug in my blood

el larst ingection: Jan 1, 2028

Py et injection: Apr 18, 2025 (15 weekly)

Today's Tasks

Tuesday, Jamuary 21, 2025

Paodiagiy
& Ten

Treatment experience
& Tevin

Healtheare use
& favan

& Smin

@ @ 8

myskin

My Upcoming Tashks

Tuesday, Janwary Z1, 2025

ey jgmar}
e R
D
o s

Wednesday, April 16, 2025

myskin

Wa're a

PLAN-p

Your information will lelp us 1o
understand whether your
treatrment plan is effective and
acceptable.

Thank you S0 much fof your
important contribution.

CURRENTLY is your psoriasis:

Chear

Mearty lear

Wil

Maoderate
Moderate-sevire

Severs

D CLOSE

G| || OO

myskin

Why have you requested the 'ad hoc'
clinic appointment?
Tick ol that apply

My psoriasis has worsened

1 am worried about side effects from my 0
paoriasis medication

| have developed a new skin problem O
| have develped a problem with my joints [

My [existing) psoriatic arthritis has

worsensd D
Other O
& CLOSE HEXT >

P R o e R B e

i ) P [T AT
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One platform, infinite applications: Examples of Use Cases
Mental Health Physical Health

‘ Cohort Studies

. Citizen Science Studies

' Decentralised Trials

c Upcoming Studies

CHDR
Pediatric Asthma,_
Tonsillectomy trials

RATE-AF (digoxin trial)
Atrial Fibrillation

F__ ,,/

RECURRENT-GB -
l Glioblastoma J //
/”

I
f”
-

—_— -
— oy s
---—————————_

ok o o e N I H R | National Institute e HDRUK
ELropeaR Lnioh for Health Research MRC Council Health Data Research UK
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Ways to Collaborate with RADAR-base

2~
Q)

Open Source

Deploy the public version
independently

ING'S

College
LONDON

SaaS

Leveraging academic
partnerships and treating the
deployment of the platform
and the support of the RB
team as SaaS

Grant Collaboration

Submit joint bids with the RB
team

B
#*onsentia

Consulting

Utilise a fully managed,
enterprise-grae service




Budget & Costing

Hardware
6.7% Cloud
Infrastructure &

Data Storage
13.3%

Analytics
20%

Software &
Platform

Licensing [no RB]
3.3%

Participant

Remuneration
16.7%

Personnel
[engineers,

etc]
13.3%

Devices [if not BYOD]
26.7%

Grant Writing Workshop
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Budget & Quotation Examples

RADAR-base AWS Cost Calculator

RADAR-base Project Quotation Scoping



What funders want to see

Clinical Need

Start with the
medical problem,
not the shiny
technology.

Feasibility

Proven architecture
like RADAR-base to
handle the data.

Patient Benefit  Governance Sustainability

Acceptability, Bulletproof data Long-term viability
comfort, and direct  security and ethical of the tech
value to the compliance. infrastructure.
participant.

Grant Writing Workshop




Innovate UK Funding Example

Grant Writing Workshop

Next Wave: Breakthrough Wave 1 Funding Guide

Innovate UK offers a E10 million fund for industrial research projects aligned with Createch innovation. This guide outlines the critical
timeline, eligibility, and the four-part application process required for UK registered businesses to secure a share of the funding.

COMPETITION ESSENTIALS

£ -l- £10 Million

Funding Pool

Availabla for UK registened busingssaes
conducting industrial S1rategy alignad
Createch resaarch,

Key Competition Dates
Opens: Closes:
June 23, 2026 August 11, 2026,
at 11:00 am
« Creative Industry
“ Focus

Priodity themeas Include video
gamaes, advertising, film/TV,
and the performing arts.

8, &

APPLICATION ROADMAP

Four-Part Application Structure

Includes Project Detasls, 17 Application Quastions,
Finpnce breakdowns, and Project Impact.

Scored vs. Non-Scored Content

G R

Man-Scored

Questions 1=7 provide Questions B=17
assantial non-scored are scored
background.

> ' | Mﬂﬁdﬂtﬁw
= -~ | PDF Appendices
p— — Applcanis must upload a

- Froject Flan, Risk Ragistar,
Project Fisk and Team Summary,

Flan Ragistar

APPLICATION PART
FOCUS AREAS

8=

=5
&

Part 2: Scored
Questions

Mead/Challenge,
Approach, Team,
Mlarket Awareniss,
Risks, and Valog e
Maonery

Part 3:
Finances

Ebgebile progect costs
and funding requedts
pef P tred

Part 4: Project
Impact

Econgmic,

Eir OiTenlal, Aind
SO0l banglits
outsice the Diogect
f&am



Technology should solve a
problem, not create one.

Start with the clinieabguestion, then
choose the technology.

- o | ""-....,,...-"
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Mobile Health Technologies:
From Wearables to Real-World Evidence

Dr Omar Khaled - mHealth Research Sr Product Manager
Dr Giada Brianza - mHealth Research Project Manager
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