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Can digital health drive the transition from sickcare to
health focused care?
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Remote patient monitoring
Early disease diagnosis
Lifestyle medicine




A paradigm shift of measurement

W

Visible Data Points Data collected from

episodic) traditional visits to
(
Ilospitals and clinics

Invisible Data Points Data collected remotely
(continuous) from everyday life

_ © Digital Medicine Society

m innovation
for life



Digital biomarkers
An emerging phenomenon and a need

The Future Of Medicine: Fighting
Deadly Diseases With Smart
Devices And Digital Biomarkers

* Library of Digital Endpoints includes CROWDSOURCED LIBRARY

on of Digital Endpoints
* Diabetes g 4
 Parkinson’s Disease . . ®

) . @
 Heart Failure _ _ _ _
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Accelerate clinical research

* Internal decision making (phase I/I1)
* Patient stratification (phase I/1I/111)
* Patient recruitment (phase I/II/111)

*  RWE collection (phase V)

* Decentralize clinical trials

Applications

Power public health

e Screening and surveillance
e Health technology assessment
 Comparative studies

Enhance healthcare

* Triage and early detection

* Clinical decision support

* Remote patient monitoring

* Companion diagnostics

* Education and self-management
* Prevention and health promotion
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Digital biomarkers

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

Digital biomarkers/

endpoints Health outcomes

(e.g., activity count, gait)

Ol'ans & svstems W?‘ inflammation g

Indirect digital Ty
biomarkers .

(e.g., glycemic variability, e T =
heart rate variability) \

Direct digital P resvlation
biomarkers G o8
(e.g., heart rate sweat
glucose, cortisol) ;! S st
— Continuous digital measurements, e.g.,
._ . . Heart rate Respiratoryrate
Contextual digital Environment & behaviour Sp02 Skin temperature
biomarkers R — Glucose Moleculardigital biomarkers
(e.g., physical activity, Van den Brink et al, Front. Dig. Health, 2021

diet)
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Digital biomarkers

Young Subject

Digital biomarkers/

endpoints Health outcomes '
(e.g., activity count, gait)
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Digital resilience Old Subject

biomarkers

(e.g., glycemic variability, Molecules %
heart rate variability)

3888888

|

Heart Rate, Beats/min Heart Rate, Beats/min Heart Rate, Beats/min

DII"eCt digltal . ' . S T.l".. "-|. ¢ ' ¢ ke regulation ;
biomarkers t ‘ : = Severe Heart Failure
(e.g., heart rate, sweat i 100| ANAIANAAAAAAA '
glucose, cortisol) o
”.
. . 40
Contextual digital Environment & behaviour 20
biomarkers ¢ 71 InSed * 7T % markers

(e.g., physical activity,
diet)

Van den Brink et al, Front. Dig. Health, 2021
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Digital resilience biomarkers in (pre)diabetes
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India Ki Pharmacy

Constant High
Glucose In Blood

Other Health
Problems

Insulin Demand

Starving Cells

High Glucose Level

High Insulin Level

/" .——Glucose

54
. | Insulin Receptors
Become Resistant

GLAUCOMA

e

dp

Hunger And Carvings

DIABETES DIABETES DIABETES

FREDIABETES FPREDIABETES PREDIABETES

< 100 mg/d < 140 mg/d

NORMAL MORMAL MORMAL

FPG OGTT A1C




Digital resilience biomarkers in (pre)diabetes

s86  Glycemic Targets Diabetes Care Volume 45, Supplement 1, January 2022

AGP Report: Continuous Glucose Monitoring

* Time in range (TIR) and glucose management

r ber‘yngh 20% 14 Days: August 8-August 21, 2021

indicator (GMI) over 14 days ) oo

High 24% Glucose Metrics
. . 180 Average Glucose............ ceveeereieeee 175 mgrdL
* Surrogate for HbA1C in glycemic contro
o
¥ 70%
o Target 46% et -10% Glucose Management Indicator (GMI) ... 7.5%
Each 5% increase is clinically beneficial Goal: <7%
. . . . g
* Risk marker for microvascular complications oI :
>4 p— 10% coot <4% Glucose Variability 45.5%
L Very Low 5% Ezg‘rve{d{at:’:’pertrrr coefficient of variation
Goal: <1% Each 1% time in range = ~15 minutes =
e Support self-management
Ambulatory Glucose Profile (AGP)
AGPis a summary of glucose values from the report period, with median (50%) and other percentiles shown as f they occurred in a single day.
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Each daily profile represents a midnight-to-midnight period.
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| Figure 6.1—Key points included in standard ambulatory glucose profile (AGP) report. Reprinted from Holt et al. (33).
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American Diabetes Association Professional Practice Committee, Diabetes Care, 2022



Digital resilience biomarkers in (pre)d'abEteS

T2D
(diagnosed)

T2D

TRENDING PREDIABETES DIABETES e

IGT & IFG
IGT {muscle)

Oral Glucose Tolerance Test

IFG (liver)
healthy

< 140 mg/dl <5, |u Au én .du 1|2n
NORMAL NORMAL time{min]

No food or
drink 8 to 12

™\ - Personalized lifestyle advice

OGTT A1C

Drink glucose
two hours later

Liver IR: caloric restriction, low-fat diet
Muscle IR: exercise training, Mediterranean diet
Poor beta-cell function: caloric restricion

Blanco-Rojo R. et al, Diabetologica, 2016; Pasman W. et al, Nutrients, 2020



Digital resilience biomarkers in (pre)diabetes

T2D
(diagnosed)

[Glucose]

T2D
(nen-diagnosed)

TRENDING PREDIABETES DIABETES

IGT & IFG
IGT {muscle)

IFG (liver)
healthy

ll] AU éﬂ ﬁﬂ 1 l;_ﬁn
fime(min)
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Blanco-Rojo R. et al, Diabetologica, 2016; Pasman W. et al, Nutrients, 2020
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Digital biomarkers that matter to patients

Value based outcomes T2D

Do you use simple measuring devices for keeping

track of your health? 100%

90%
80%

70%
60%
50%
40%
Insight/control 0%
Independence 0%
10% . I
. [ ]

Risk of heart attacks HbA1lc levels Risk of stroke Risk of Risk of kidney
hospitalization disease

X

. H Patients M Providers
Direct result 2>

alarm function Neilsson L. et al, ] Manag Care Specialty Pharm, 2019

Adapt
medication
dosage

Overall well-
being
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summary

* Digital biomarkers facilitate the transformation of sick-care to healthcare
with accessible, remote, and continuous health measurement in everyday
life

 Digital resilience biomarkers provide an opportunity for early detection of
disease progression

* Integrating contextual digital biomarkers is important to support lifestyle
change

* Define digital biomarkers that matter to patients
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Thank you!

willem.vandenbrink@tno.nl




