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Outline

* My background and interests
e Opportunities from smartphones and wearables

e Case studies, with focus on analysis challenges
 Remote Monitoring of Rheumatoid Arthritis RA
* Cloudy with a Chance of Pain Chronic pain
* PAPrKA Knee Replacement
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Rheumatologist & Epidemiologist
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Questions important to patients and carers

Why did | get this disease?
What does the future hold for me?
What’s the best treatment?

J
1t
Answers from population health research
Salford Royal m T T,

MHS Foundation Trust
The University of Manchester ARTHRITIS



Rheumatologist since 2002
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Pharmacoepidemiology

Disease severity

Confounder
Exposure - OQutcome
Medication Side effect
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Patient- (or Person-)Generated Health Data

“Health-related data recorded, collected or generated from a
patient or a patient’s designees, outside of a clinical setting
without the interaction or interference from a clinician or a
member of the patient’s medical team”

The Office of the National Coordinator for Health Information Technology (ONC)
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Clinical care

Population health
research

Self-management




1. Novel data collection

Touch screen
* Questionnaires
* Smartphone interactions

Accelerometer + gyroscope
* Physical activity

Camera

* Heart rate, respiratory rate
e Video selfies

Microphone
e Voice commands
e Cough, snore, tremor

GPS

* Geolocation




Symptom severity

2. Frequent measurement

>

Baseline visit Six month follow-up visit



Symptom severity

2. Frequent measurement

Days

Baseline visit Six month follow-up visit

With technology
Eadweard Muybridge




3. Widespread use
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- Clearer picture of disease
for better shared decision making

- Descriptive
- Right care at the right time

for better and earlier treatment

- Aetiological
- Predictive

Clinical care

Advancing understanding of:

- Disease progression and how to measure it

- Causes and consequences of disease

- Early detection and prediction

Development & testing of digital interventions

Population health
research

- Improved understanding of disease,
including triggers

- Timely support and coaching
including digital interventions

Self-management



- Descriptive

o - Aetiological
OUtllne - Predictive

* Case studies, with focus on analysis challenges
* Remote Monitoring of Rheumatoid Arthritis RA
* Cloudy with a Chance of Pain Chronic pain
* PAPrKA Knee Replacement
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“At your age, the chances of
side effects are low.

“Okaaay....
but just how high is the risk of
diabetes*?”

*substitute with favourite steroid side effect




EXTENDED REPORT

EULAR evidence-based recommendations on the management
of systemic glucocorticoid therapy in rheumatic diseases

J N Hoes, J W G Jacobs, M Boers, D Boumpas, F Butigereit, N Caeyers, E H Choy, M Cutolo, J AP Da
Silva, G Esselens, L Guillevin, | Hafstrom, J R Kirwan, J Rovensky, A Russell, K G Saag, B Svensson,
R Westhovens, H Zeidler, J W J Bijlsma

Ann Rheum Dis 2007:66:1 560-1567. doi: 10.1136/ard . 2007.07 21 57

Recommendation 1;

The adverse effects of glucocorticoid therapy should be
considered and discussed with the patient before
glucocorticoid therapy is started



2009-2010

& McGill

Medical Clinician

CEIEILM  Scientist
M RC Council

Award

The safety of glucocorticoid
therapy in patients with

inflammatory musculoskeletal
conditions




Quick Links +

Search /epi-biostat-occh Search

expand ybur search

MEDICINE

Epidemiology, Biostatistics
it and Occupational Health
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McGill.CA / EPIDEMIOLOGY, S8IOSTATISTICS AND OCCUPATIONAL HEALTH / Graduate Studies / Epidemiology

— Fall 2013
Timetable [.pdf]

+ EPIB 507 Biostatistics for Health Professionals
+ EPIB 525 Health Care Systems in Comparative Perspective
4+ EPIB 527 Economics for Health Services Research and Policy - Not offered in 2013/2014
4+ EPIB 528 Economic Evaluation of Health Programmes - Not offered in 2013/2014
4+ EPIB 591 Regression Analysis for Health Professionals
+ EPIB 601 Fundamentals of Epidemiology
4+ EPIB 602 Foundations of Population Health
+ EPIB 604 Epidemiologic Analysis
+ EPIB 607 Inferential Statistics
4+ EPIB 609 Seminar on Advanced Methods in Epidemiology - Not offered in 2013/2014
4+ EPIB 613 Introduction to Statistical Software - Not offered in 2013/2014
4+ EPIB 623 Research Design in Health Sciences
+ EPIB 624 Public Health Ethics and Policy
4+ EPIB 628 Measurement in Epidemiology
4+ EPIB 630 Public Health Project
+ EPIB 641 Principles in Study Design
4+ EPIB 648 Methods in Social Epidemiolo
I + EPIB 676 Advanced Modeling of Survival and Other Multivariable Data I

+ EPIB 677 Knowledge Synthesis - NEW COURSE

+ EPIBE 682 Introduction to Bayesian Analysis in Health Sciences - NEW COURSE
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Weighted Cumulative Exposure (WCE)

We propose:

Recency-Weighted Cumulative Exposure (WCE) model, where the Cumulative
Effect of Exposure History is modeled as a Weighted Sum (**) of all Past Doses,

(**) with Weights representing the Relative Importance of Doses (Exposures) as a
function of the Time Elapsed since the Exposure

WCE(u) = Zw(u —t)* X(t) 1)

t<u
where:
u = current time (when Risk is being assessed)

WCE(u)= Weighted Cumulative Effect of the Past Doses on
Risk at time u

X(t) = Dose at time t (t<u)
u-t = Time elapsed since Dose X(t) was received

w(u-t) = Weight (Relative Importance) assigned to Dose X(t) as a
function of Time Elapsed (u-t)

= McGill



“Around 14 people in every 1000 with RA
get diabetes per year. If all 1000 took
30mg for one month, there would be an
additional 26 cases of diabetes”

“Okaaay....
but just how high is the risk of
diabetes*?”

*substitute with favourite steroid side effect



Clinical care

Outline

Population health

Self-management
‘ research

e Case studies, with focus on analysis challenges
 Remote Monitoring of Rheumatoid Arthritis RA
* Cloudy with a Chance of Pain Chronic pain
* PAPrKA Knee Replacement



“How have you
been in the last six
months?”
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Analysis challenges

* Descriptive

— Can we summarise a patient’s time series data and treatment
response?

— Summarising treatment response across a population

* Predictive

— Predicting treatment response for early interventions



Male, 30-39

* First symptoms Summer 21
* November: mild synovitis on examination. Joined REMORA. To start methotrexate

Pavl_n timeline lMTx lim DM
Start SSZ

.

How can you summarise this pattern of disease severity?

How might we evaluate treatment response?

. |m oM Stopped SSZ lim DM
Start $S8Z Decision to start TNFi
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Evaluating treatment response

“Given your recent
flare, I'd suggest a
steroid injection”
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- Aetiological
- Predictive

Intramuscular steroids

Steroid Injection 7

Steroid Injection 4

Steroid Injection 1
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- Descriptive

Treatment response - Aetiological

- Predictive
Start of new
treatment

> — _—

Disease !
activity

Time



Disease
activity

Start of new
treatment

Time

- Descriptive

- Aetiological
- Predictive

Non-responders

Slow responders

Fast responders



Disease
activity

Start of new
treatment

ap——

25%

60%

BN

90%

Probability of non-responder

Switch sooner to alternative treatment NS

- Descriptive

- Predictive

Non-responders

Slow responders

Fast responders

Time

>

REMM) Michelo Banda, PhD



Outline

e Case studies, with focus on analysis challenges
 Remote Monitoring of Rheumatoid Arthritis RA
* Cloudy with a Chance of Pain Chronic pain
* PAPrKA Knee Replacement



Cloudy with a Chance of Pain




Cloudy with a Chance of Pain

* Recruitment in 12 months
13,207

* Postcode areas
124/124

* Symptom scores
5.1 million

CLOUDY

&>

WITH A CHANCE OF

P A I N



App ‘churn’ rates

Average App User Retention Rate, By Day
Share of app users who revisit an app each day
30%
25%
20%
15%
10%
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days since installing app

Source: Business Insider: http://tinyurl.com/y5hmez8d



Patterns of engagement “Descriptive

- Aetiological
- Predictive
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Patterns of engagement -Descriptive

- Aetiological
- Predictive
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- Descriptive

- Aetiological

Who is in each cluster? i

Engagement
Cluster

Age % male

High

Medium

Low

Tourists

Data to July 31t 2016 Druce et al. JMIR 2017



Cloudy with a Chance of Pain

* National UK smartphone study investigating the association CLOUDY
between weather and pain

— Daily symptoms tracked using smartphone app; GPS links to local weather data ‘
— Recruited >13,000 participants
WITH A CHANCE OF

— 124/124 UK postcode areas represented P AI N
— One in seven participants tracking data every day for 6 months or more

e Showed pain association with high humidity and low pressure

m V3 g Al & steph @steph__ - 23h
A el & N . N - ‘ \ Im a constant weather checker because of

my joints and I'm pleased to report that it is
science not a weird obsession

- h People ‘'more likely to feel
pain on humid days'

bbc.com
e
@) il 2 1 g

Dixon WG et al, npj Digital Medicine 2019

www.cloudywithachanceofpain.com







Case crossover design

Good Bad
Day Day
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Difference?



Case crossover analysis

ldentify ‘pain events’

Two-or-more category increase
in pain from previous day

— None

— Mild

— Moderate

— Severe I

— Very Severe °

Weather using GPS




Case crossover analysis

Control Period Not eligible Hazard Period
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Mild 1
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Outline

e Case studies, with focus on analysis challenges
 Remote Monitoring of Rheumatoid Arthritis RA
* Cloudy with a Chance of Pain Chronic pain
* PAPrKA Knee Replacement



MANCH IH?‘LER

The University of Manchester

/PAPFrKA il

Physical Activity Patterns after Knee Arthroplasty







pAPrKA Home About FAQs Sign In

PAPrKA: How active are people after
knee replacement surgery?

The Physical Activity Patterns after Knee Arthroplasty (PAPrkKA) study seeks to learn

more about people's recovery after knee replacement. With your help, and through
our research, we can support patients and doctors in the future make better
informed decisions about knee replacement surgery.

FAQs Join Study

About the study

To learn more about recovery after knee replacement, we will bring together with your consent 3 bits of information:

1. Information you provide in a survey.
2. A one-time collection of your physical activity information from either iPhone, Fitbit, Apple Watch or Oura Ring. Physical activity can

include things such as steps you take daily, walking, numbers of flights of stairs you climb etc.
3. Access to your knee replacement surgery information (from the UK National Joint Registry).

The University of Manchester is leading the PAPrKA research study in collaboration with King's College London and with support from the

National Joint Registry.



MANCHWIEIER PAerA Home About FAQs Tasks 9

The University of Manchester

What You Need to Complete PAPrKA Study Tasks
To take part you will need to complete Tasks 1, 2 and 3. Task 4 ‘Give us your feedback’ is optional.

Please note, when you start a task, you must answer all the questions in one go and press "submit" or you will lose
your answers

TASK 1: About my knee replacement TASK 2: About You TASK 3: Connect my devices
Eight quick questions. Four quick questions. Connect one or more devices
Tip: You will need the month and year Tip: You will need your NHS number Tip (for Fitbit & Qura ring): You will need

of your knee replacement surgery login details for your device

Tip (for Apple): You need to enter the
study name PAPrkKA; use the email and
password from your PAPrkKA account;
best completed using WiFi

TASK 4: Give us your feedback

Coavan niliclk NMiactinne ahni it inininA

- QuickTime F







It’s not all roses

Selection bias and representativeness

* Not everyone has devices

* Uncertain participation rates

* Digital literacy to participate; ability to successfully onboard
Data quality and completeness

 Different metrics across devices, and changes within devices
* Different carry and wear times

* How to handle missing data

Analysis and other concerns

* Analysis methods for time series data

* Public concerns about privacy and security

o vLE T e Aim to study this in PAPrKA



It’s not all roses

Selection bias and representativeness

* Not everyone has devices

* Uncertain participation rates

 Digital literacy to participate; ability to successfully onboard
Data quality and completeness

 Different metrics across devices, and changes within devices
* Different carry and wear times

* How to handle missing data — Doing simulations for ability to identify trajectories
Analysis and other concerns

* Analysis methods for time series data

* Public concerns about privacy and security

o vLE T e Aim to study this in PAPrKA



WHERE DID THE DATA GO?

Common Scenarios for Missing Information in Wearables & Smartphones

MISSING DATA GAP PR\ [y
|

X

NO WRIST
DETECTED

N

Q - DISCONNECTED

4. Phone Battery Dead 5. No Network Signal 6. Bluetooth Off



Steps
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Simulated activity recovery following knee replacement surgery
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Data with 30% missingness




Steps (observed)

Data with 50% missingness

Day




Steps (observed)

Data with 70% missingness
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* My background and interests
e Opportunities from smartphones and wearables

e Case studies, with focus on analysis challenges
 Remote Monitoring of Rheumatoid Arthritis RA
* Cloudy with a Chance of Pain Chronic pain
* PAPrKA Knee Replacement



	Diapositive 1 Smartphones and wearables  for clinical care and research (and where we need statisticians)
	Diapositive 2 Outline
	Diapositive 3 Rheumatologist & Epidemiologist
	Diapositive 4 Rheumatologist & Epidemiologist
	Diapositive 5 Rheumatologist since 2002
	Diapositive 6
	Diapositive 7 Pharmacoepidemiology
	Diapositive 8
	Diapositive 9
	Diapositive 10 Patient- (or Person-)Generated Health Data
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14 1. Novel data collection
	Diapositive 15 2. Frequent measurement
	Diapositive 16 2. Frequent measurement
	Diapositive 17 3. Widespread use
	Diapositive 18
	Diapositive 19 Outline
	Diapositive 21 2008: End of PhD
	Diapositive 22
	Diapositive 23
	Diapositive 24 2009-2010
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29 Outline
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33 Analysis challenges
	Diapositive 34
	Diapositive 35 Evaluating treatment response
	Diapositive 36 Intramuscular steroids
	Diapositive 37 Treatment response
	Diapositive 38
	Diapositive 39
	Diapositive 40 Outline
	Diapositive 41 Cloudy with a Chance of Pain
	Diapositive 42 Cloudy with a Chance of Pain
	Diapositive 43 App ‘churn’ rates
	Diapositive 44 Patterns of engagement
	Diapositive 45 Patterns of engagement
	Diapositive 46 Who is in each cluster?
	Diapositive 47
	Diapositive 48
	Diapositive 49 Case crossover design
	Diapositive 50 Case crossover analysis
	Diapositive 51 Case crossover analysis
	Diapositive 52 Outline
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57
	Diapositive 58 It’s not all roses
	Diapositive 59 It’s not all roses
	Diapositive 60
	Diapositive 61
	Diapositive 62
	Diapositive 63
	Diapositive 64
	Diapositive 65 Add Shuai slides
	Diapositive 66 Outline

