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Person-Generated Health Data (PGHD) enables continuous monitoring of health outcomes at the
individual level, to better understand and measure a person’s experience with health and disease
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With individuals increasingly taking charge of their health, PGHD will eventually include all
personal health data
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The richest data about patients’ experience with disease is mostly invisible to the healthcare system

RWE Data Points
Visible 0.03%

episodic

Invisible 99.97%

continuous,
passive

Better characterization and understanding of living with the disease
Better understanding of disease progression

Earlier identification of at-risk individuals

Real world, objective QoL and ADL measures

Pattern detection for public health

TIME



Case study: Connecting directly to patients provides unprecedented resolution into asthma
control and the true disease burden in everyday life not captured by traditional RWE

Both Individuals

Persistent moderate/
severe asthma

Currently taking LABA/ICS

Adhering to physician-
prescribed treatment

Non-smokers

Use the same brand of
wearable device

Percentage of time asleep while in bed (nightly)

Individual 1
100%

50%

Individual 2
100%

50%

07-28

10-25

¢ Reports waking up often

(every night or almost every
night) when asked how often
they wake up at night due to
asthma symptoms

49% time asleep while in bed
over last 90 days

Reports waking up 2 or fewer
days per month when asked
how often they wake up at
night due to asthma
symptoms

96% time asleep while in bed
over last 90 days

Note: time asleep data is objectively-derived from wearable devices; comparison is illustrative only and not controlled for any variable



Disease Event and Progression Modelling

Detect, describe, and predict disease events and changes in health status
Measure disease progression and recovery over time

CASE STUDY: AUTOIMMUNE FLARES

Objective Results / Impact

Enabled flare detection using easily measured changes in behavior

Describe, detect, and predict

flare events in an autoimmune Mobility - IBMWT

condition using wearable and 03 Drop becomes sgnfcant
survey data o -
2 o ' ~
Identify behavioral changes g o A Pan
leading up to and following 2 \/
a flare @ :2 Detect flares

using a threshold

Days from flare

Assess whether behavioral
deviations can detect and
predict flare events

Quantified flare impact and recovery over time
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Absolute value of total

Difference in total

number of steps

number of steps

Bone fracture surgery Tendon or ligament repair Knee

(in lower limb) (in lower limb) or hip replacement
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Recovery Modeling:

The most discriminative
variable between faster
(0-2 months) vs. slower
(>3 months) recovery at 4
weeks follow up is the 95-
th percentile of 30-min

rolling sum of steps over

Fig. 3. Estimated trajectories of daily number of steps across 3 self-reported recovery time groups in subse-
quent weeks from 12 weeks before to 26 weeks after surgery. The upper plots show absolute values of activ-
ity, the bottom plots show change with respect to the model-estimated baseline. Vertical plot panels corre-
spond to 3 lower limb surgery types: bone fracture, tendon or ligament repair, and knee or hip replacement.
The color of a point/line corresponds to the self-reported recovery time group. The “week 0" label (x-axis)
denotes a 7-day period starting on a self-reported surgery day.

week 1 as compared to

baseline, which can be
seen as a continuous and
individualized version of
the 6-min walk test

SOURCE: PREDICTING SUBJECTIVE RECOVERY FROM LOWER LIMB SURGERY USING CONSUMER WEARABLES. KARAS ET AL., KARGER DIGITAL BIOMARKERS



PGHD allows measuring burden of acute conditions invisible to the
healthcare system, and its unfolding through time.
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ADAPTED FROM: INFLUENZA SURVEILLANCE USING WEARABLE MOBILE HEALTH DEVICES.
BRADSHAW ET AL., ONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS, MAY 2019
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M ean daily ncrease in resting heartrate
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NOTE: BASED ON 124K SURVEY RESPONDERS WHO REPORTED INFLUENZA SYMPTOMS IN 2018




Study goal: Understand utility of Person-generated Health Data (PGHD) for early

detection, monitoring, and management of COVID-19 in everyday life
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Your Apple Watch could soon tell
you if you've got coronavirus

Characterizing COVID-19 and Influenza llinesses in the ; :
Real World via Person-Generated Health Data e patand ond o4y Eauratins. The mght o tolloawhan weo Gerng
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Published: December 12, 2020 + DOI: hitps:/doi.org/10.1016/.patter.2020.100188
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Highlights

Symmeary - We use data from smartphones and wearables from ~7,000 people to compare flu and COVID-19

Data Science

Maturity - While symptoms have some overlap, patients report longer COVID-19 illnesses than flu
Keywords 1 Apple [ WIRED
- Elevated resting heart rate measures are more frequent around illness symptoms onset
Introduction In the middle of March, Luca Foschini began to feel unwell. He
e = " 3 had a high fever, cough, a light head and a lot of bone fatigue. His
i - Itis important to consider flu as a confounder in COVID-19 real-world studies wife had just returned from London which was experiencing a

spike in Covid-19 cases at the time, and the couple feared that they
both might have contracted the disease too,

CELL PRESS PATTERNS:
TWEETORIAL: HTTPS://TWITTER.COM/CALIMAGNA/STATUS/1267250624678096896?2S=20
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NG MATURITY

The Pathway to a Future State of Healthcare Powered by Digital Clinical Measures I n Order for PG H D a nd d igita I CI i n ical measures

Today's healthcare system is struggling to meet the needs of today's population. As poor health outcomes and health economics persist
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INTEROPERABILITY INNOVATION

The Playbook as the foundation of best practices

& AVAILABILITY

playbook.dimesociety.org
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