Research that you and others can
& reproduce

Day 7 | Session 3
July 13, 2021
KCNI Summer School 2021

Abhi Pratap, PhD
Group Head - Digital Health & Al

Independent Scientist, KCNI Cal I Ih
Faculty Affiliate, Vector Institute

@abhishekpratap Centre for Addiction and Mental Health




Housekeeping - In case you want to follow along

SYNAPSE

WWW.Synapse.org

1. Create an account on synapse - Www.syanpse.org

2. If you want to upload data - Get certified - hitps://www.synapse.org/;

#1Quiz:Certification


http://www.synapse.org/
https://www.synapse.org/#!Quiz:Certification
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Taken from - “https://insuranceblog.accenture.com/underwriting-climb-mountain-of-data-in-digital-age”
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) * Assess various governance modeis of data sharing
Slonstworks ' acceptable to study participants
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Synapse python APl demo

Tutorial / Demo : bit.ly/synapse-1


http://127.0.0.1:8888/notebooks/synapseTutorials/python/1.Synapse_python_API_demo.ipynb
http://bit.ly/synapse-1
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Data COnsumption - Example https://www.synapse.org/brighten

Brighten Study Public Researcher Portal

& Project Settings v

Wiki @ Files @ Tables @ Discussion @ Docker @

Access Options
Web Ul

e R

* Python

& Tables » PHQ-9 Y Bl Download Options v [EE-RE TR NG

M PHQ-9 ¢ °

Synapse ID: syn18405275 @  Access: G Add Conditions for Use m Report Issue @

SELECT * FROM syn18405275

=3

participant_id |= week |= sum_phq9 |- phq9Date |= phq9_1 |= phq9_2 |= phq9.3 |= phq? 4 |= phq9. 5 |= phq9_6 |= phq9_7 |= phq9_.8 |= phq9 9 |=

BLUE-00048 1 7 2014-08-08 o) 1 1 2 1 o) o) o) 0 ®
IIIIIlOreIII
BLUE-00050 2 7 2014-08-23 1 1 1 1 1 1 o) 0
BLUE-00050 3 4 2014-08-30 1 o) 1 1 o) o) o) 0
BLUE-00050 4 5 2014-09-08 1 1 1 1 o) o) o) 0
BLUE-00050 6 5 2014-09-22 1 1 1 1 o) o) o) 0
BLUE-00050 8 8 2014-10-05 1 1 1 2 1 1 o) 0
BLUE-00050 10 5 2014-10-19 0 1 1 1 1 1 o) 0




Data Consumption - Example 1  nhttps//www.synapse.org/mpower

mPower Public Researcher Portal

Synapse ID: syn4993293 @ DOIl: 10.7303/syn4993293 Storage Location: Synapse Storage & Project Settings v
Wiki @ Files @ Tables @ Discussion @ Docker @
& Wiki Tools v
mPower Public Researcher Portal v

1 - Accessing the mPower data

2 - Data description > MPOWEer: Mobile Parkinson Disease Study

3 - mPower research community

4 - Publications

5 - FAQs
6-C Data description Accessing the data m Publications
- Contact us

Edit Order <<

OVERVIEW

Welcome to the mPower Public Researcher Portal, the data access point for the mPower mobile Parkinson Disease study. mPower is an mobile
application-based study piloting new approaches to monitoring key indicators of Parkinson Disease progression and diagnosis by supplementing
traditional behavioral symptom measurements with novel metrics gleaned from sensor-rich mobile devices. As a scalable, inexpensive, and non-
invasive method for frequent measurement and tracking of symptoms, the Parkinson mPower app has been able to survey a large, longitudinal
cohort of volunteers with PD and controls. The goal of this study is to understand the frequency and degree of variation of patient symptoms, the
sources of those variations, and the potential modulators of those variations. The insights gained through these data may help develop

personalized interventions to mitigate the dynamic variability in the disease.




Data Consumption - Example 1  nhttps//www.synapse.org/mpower

mPower Public Researcher Portal

Synapse ID: syn4993293 @ DOIl: 10.7303/syn4993293 Storage Location: Synapse Storage & Project Settings v
Wiki @ Files @ Tables @ Discussion @ Docker @
& Wiki Tools v
mPower Public Researcher Portal v

1 - Accessing the mPower data

2 - Data description > MPOWEer: Mobile Parkinson Disease Study

3 - mPower research community

4 - Publications

5 - FAQs
6-C Data description Accessing the data m Publications
- Contact us

Edit Order <<

OVERVIEW

Welcome to the mPower Public Researcher Portal, the data access point for the mPower mobile Parkinson Disease study. mPower is an mobile
application-based study piloting new approaches to monitoring key indicators of Parkinson Disease progression and diagnosis by supplementing
traditional behavioral symptom measurements with novel metrics gleaned from sensor-rich mobile devices. As a scalable, inexpensive, and non-
invasive method for frequent measurement and tracking of symptoms, the Parkinson mPower app has been able to survey a large, longitudinal
cohort of volunteers with PD and controls. The goal of this study is to understand the frequency and degree of variation of patient symptoms, the
sources of those variations, and the potential modulators of those variations. The insights gained through these data may help develop

personalized interventions to mitigate the dynamic variability in the disease.




https://www.synapse.org/#!Synapse:syn5713119/tables/

mPower Public Researcher Portal

& Project Settings v

Wiki @ Files @ Tables @ Discussion @ Docker ®

B Tables » Sample Walking Activity ) VI Download Options v K- RET N1 %

i Sample Walking Activity %

Synapse ID: syn5713119 @  Access: e M Report Issue @
SELECT * FROM syn5713119 X @
recordld 1= | healthCode = | createdOn |= | appVersion 1= | phonelnfo |= | accel_walking_outbound.json.items 1=

¥ accel_walking_outbound.json.items-
Odcb75f3-4b4c-4ede-884c-e04ala8... 9a3b504e-624f-46f7-abf5-fea091d4... 03/10/2015 10:06 AM version 1.0, build 7 iPhone 6 97685ee9-3eb0-43e5-9879-

ce5b31e0371b8296129926155346845.tmp
¥ accel_walking_outbound.json.items-
bf5ad14c-7c32-421d-8b10-53906bf... 8746d33b-b03f-4879-a0ad-13cc2f9... 03/12/2015 1:20 PM  version 1.0, build 7 iPhone 6 Plus 96b7d33b-6baa-495a-83ca-
caf86b4023987371500467451125723.tmp
¥ accel_walking_outbound.json.items-
9a042f44-c47b-4bcc-ba8d-041c5cb... 5bee7cd6-e984-4867-b618-ad9646... 03/13/2015 9:34 AM  version 1.0, build 7 iPhone 6 2£6c5f88-e048-4290-b9aa-
d29773ea487e4269585026506265516.tmp
¥ accel_walking_outbound.json.items-
4ab5ea3e-fbfb-4fdb-ad9c-42aaccal... e26facdc-f8bc-4be2-969a-876a063... 03/14/2015 6:59 AM  version 1.0, build 7 iPhone 6 bcaab5b5-882d-4972-8123-
34e5fa447c3a864091809024668349.tmp




Data Consumption - Examp'e 2 https://adknowledgeportal.synapse.org/Explore/Data

‘\ AD Knowledge Portal EXPLORE ANALYTICAL WORKSPACE DATA ACCESS CONTRIBUTE NEWS HELP ‘ v
EXPLORE
EXPERIMENTAL COMPUTATIONAL
m m
Data (98,562) QY & I
Study Y . X Data Type Y . X Assay Y . X

M (27.8%) ROSMAP B (50.8%)

W (20.9%) geneExpression B (47.6%) maSeq
AD;CrossSpecies B (22.3%) [ Egiﬁ%gltionArra
12.5% chromatinActivity Y Y
(12.5%) o (7.6%) Unannotated

rnaSeqReprocessing U (7.4%) proteomics

Show All Graphs

Showing 98562 results
Study —_ Access Id Study Y |5 DataType Y |5 Assay Y IF Organ Y 5 Tis
[ Al Q 0 Request Access i chrl.chop.dosage.gz ROSMAP genomicVariants  snpArray
0 Request Access [l chr2.chop.dosage.gz ROSMAP genomicVariants  snpArray
[ ] ROSMAP 27413
0 Request Access [ chrd.chop.dosage.gz ROSMAP genomicVariants  snpArray
[] AD_CrossSpecies shese 0 Request Access [ chr8.chop.dosage.gz ROSMAP genomicVariants  snpArray
[_] rnaSeqReprocessing 12326 0 Request Access [l chr9.chop.dosage.gz ROSMAP genomicVariants  snpArray
M rarae reana % Reauest Access B chré.chop.dosage.gz ROSMAP genomicVariants  snpArrav




dhealth.synapse.org

dHealth HOME EXPLORE ABOUT

Digital Health Knowledge Portal

Welcome to dHealth

A Digital Health Knowledge Portal to enable the discovery and download of digital and mobile health
data, tools, and benchmarked outcomes and digital biomarkers.

Supported by SAGE BIONETWORKS

s ' -
Collections I\ | | | Publications @

Studies leveraging digital Raw and processed data from Computational resources for Lessons learned and models
health technologies, as well as the studies catalogued in this the processing and analysis of built from digital health data,
analytical efforts and portal. digital health data. documented in peer-reviewed
benchmarking challenges. journal articles.

EXPLORE

EXPLORE

EXPLORE

EXPLORE



Tractable Data Analysis

€& mPower - Sage internal analysis working group # [Search Q| [+

Alpha featureson / off W Trash can

£ Project Settings « of Tools «
Wiki @ Files @ Tables @ Discussion @ Docker @
= Files » @@ analyses » @ Tremor » tremor_subtyping.ipynb
[tremor_subtyping.ipynb v¥ other download opions
Download file as: tremor_HOSVD.ipynb |2.102 MB | Synapse Storage md5 @
Synapse ID: syn12169237 @ Conditions for use: None (change) ?reportissue @
X X

Provenance e

Singular Value f
U1 U2 I

Preview e

8.75%

e M

- 6.8 8.25
2 o All importance ..
°m 8.1 e 2 v.2

O »

. +0.50
1.8 . 03 r8-75

N

+1.60
6.68 8.85 8.16
% Variance

In [8]: ax = plt.figure(figsize=(12,12));
idxl = np.argsort(Un[0][:,0])

idx2 = np.argsort(Un[1l][:,0]) y ’
plt.subplot (1,3,1); ‘ Larsson Om ..

plt.imshow(T[idx1l,:,0]([:,idx2],vmin=-2, vmax=2)
plt.subplot(1,3,2);

plt.imshow(T[idxl,:,1][:,idx2],vmin=~2, vmax=2) MONDAY, APR'L 23, 2018

plt.subplot(1,3,3);
plt.imshow(T[idx1l,:,2][:,idx2],vmin=-2, vmax=2)

Out[8]: <matplotlib.image.AxesImage at 0x1121lce9d0>

8

58

tremor_subtypi ..
v.1

168
150 B

200

6;55 SageBionetworks
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open collaborative methodologies

3 . 4 3

b - J M "

.I 4
, 3

} ihttps://github .} ! -
o J R Syni2124677 J  Tremor Activit..

a Phil Snyde ..

TUESDAY. APRIL 17, 2018

! ! v ¥ ! '
] ] < A ] ] ] L

tremorFeatures ..  Inferred Diagn .. Demographics S
V. V. v.3 VAS) 3 5 3

V.1

RECORDWISE FEATURE
SUMMARY

n Thanneer M ..

TUESDAY, APRIL 10, 2018

' / + ¢ '
® B ==

/1gi .
hitps://github objectivePDRes Healthcode -WIS . objecnvePDPos objectlvePDKm Tremor Activit ..

tremorFeatures .. tremorFeatures.. tremorFeatures.. tremorFeatures.. tremorFeatures ..



open collaborative methodologies

reusable

® =]

https://github syn12144677

L] Sage-Bionetworks / mhealthtools

process_medicationChoiceAnswers <- functior
tryCatch({

d <- jsonlite::fromJSON(json_file)

data.frame(medication = paste(unigt

collapse = "+"), medicationTime

collapse = "+"))

}, error = function(err) { dOC kQ r
data.frame(medication = "NA", medic

})

Cloud enabled workflow

Sg;ﬁ SageBionetworks



reusable

ok

docker

® g52 = ® @
hitps://github Tremor Activit . syn12144677 °  Tremor Activit.  httpsi/github .. PHPSGEALD -
V.1 V L

a Phil Snyde . a Phil Snyde ..

TUESDAY, APRIL 17, 2018 THURSDAY, APRIL 19,
12:32 PM 2018 9:43 AM

y Y
i

tremorFeatures ..
v.1

6;@% SageBionetworks



Iractable Analysis

bit.ly/synapse-2


http://127.0.0.1:8888/notebooks/synapseTutorials/python/1.Synapse_python_API_demo.ipynb

www.nature.com/npjdigitalmed

np| | Digital Medicine

'.) Check for updates

ARTICLE OPEN
Indicators of retention in remote digital health studies: a

cross-study evaluation of 100,000 participants

A. Pratap et al.

Abhishek Pratap (5'%*, Elias Chaibub Neto', Phil Snyder', Carl Stepnowsky®*, Noémie Elhadad®, Daniel Grant®, Matthew H. Mohebbi’,
Sean Mooney?, Christine Suver', John Wilbanks', Lara Mangravite', Patrick J. Heagerty®, Pat Arean® and Larsson Omberg (®'

i
i Ic
] 1.00+
Digital technologies such as smartphones are transforming the way scientists conduct biomedical research. Several remotely | ~o- SlespHesih sl
conducted studies have recruited thousands of participants over a span of a few months allowing researchers to collect real-world | == Do i
data at scale and at a fraction of the cost of traditional research. Unfortunately, remote studies have been hampered by substantial i T — i
participant attrition, calling into question the representativeness of the collected data including generalizability of outcomes. We i 0.75- iy ::"mus i =
. . - . . . . @ OWar 5
report the findings regarding recruitment and retention from eight remote digital health studies conducted between 2014-2019 1 Wi I 7%
that provided individual-level study-app usage data from more than 100,000 participants completing nearly 3.5 million remote 2 E s Meawaces] 1 %
health evaluations over cumulative participation of 850,000 days. Median participant retention across eight studies varied widely . . § P<1e-16 ot i g
from 2-26 days (median across all studies = 5.5 days). Survival analysis revealed several factors significantly associated with g. osod JANES T 1 g
increase in participant retention time, including (i) referral by a clinician to the study (increase of 40 days in median retention time); N s : g © 407
(ii) compensation for participation (increase of 22 days, 1 study); (iii) having the clinical condition of interest in the study (increase of i g I @
7 days compared with controls); and (iv) older age (increase of 4 days). Additionally, four distinct patterns of daily app usage i R @
behavior were identified by unsupervised clustering, which were also associated with participant demographics. Most studies were | " ®
not able to recruit a sample that was representative of the race/ethnicity or geographical diversity of the US. Together these | 0.259 1= 204
findings can help inform recruitment and retention strategies to enable equitable participation of populations in future digital 1 i
health research. I i
npj Digital Medicine (2020)3:21; https://doi.org/10.1038/s41746-020-0224-8 T | "
I 0.004 i
T T Y ” L - - v | u 1 ¥ v L —r —r Y
e — e 40 i 0 20 40 60 80 1 2 4 i 16 32
Percent i Duration in study i Minimum number of days in the study
d il B H = H =H =N =H = = = =N = = = = = = = =N =N B =N = f
e y
1009 1 Age group 1009 1 Disease Status 1.00+ Clinically referred
- 18.29 - False == False
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8 8 S
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: : 2
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Building digital tech alone is not enough

e I]pJ Dlglta| MediCine www.nature.com/npjdigitalmed
ARTICLE  OPEN [E=TT
Indicators of retention in remote digital health studies: a

FAREIRE cross-study evaluation of 100,000 participants

o o o . Abhishek Pratap (3"*™, Elias Chaibub Neto', Phil Snyder’, Carl Stepnowsky™“, Noémie Elhadad®, Daniel Grant®, Matthew H. Mohebbi’,
e e . Sean Mooney?, Christine Suver', John Wilbanks', Lara Mangravite', Patrick J. Heagerty”, Pat Arean” and Larsson Omberg ('

o o . Digital technologies such as smartphones are transforming the way scientists conduct biomedical research. Several remotely

o o . conducted studies have recruited thousands of participants over a span of a few months allowing researchers to collect real-world

°.° data at scale and at a fraction of the cost of traditional research. Unfortunately, remote studies have been hampered by substantial

participant attrition, calling into question the representativeness of the collected data including generalizability of outcomes. We
report the findings regarding recruitment and retention from eight remote digital health studies conducted between 2014-2019
that provided individual-level study-app usage data from more than 100,000 participants completing nearly 3.5 million remote
health evaluations over cumulative participation of 850,000 days. Median participant retention across eight studies varied widely
from 2-26 days (median across all studies = 5.5 days). Survival analysis revealed several factors significantly associated with
increase in participant retention time, including (i) referral by a clinician to the study (increase of 40 days in median retention time);
(ii) compensation for participation (increase of 22 days, 1 study); (iii) having the clinical condition of interest in the study (increase of
7 days compared with controls); and (iv) older age (increase of 4 days). Additionally, four distinct patterns of daily app usage
behavior were identified by unsupervised clustering, which were also associated with participant demographics. Most studies were
not able to recruit a sample that was representative of the race/ethnicity or geographical diversity of the US. Together these

findings can help inform recruitment and retention strategies to enable equitable participation of populations in future digital
health research.

User Retention (%)

npj Digital Medicine (2020)3:21; https://doi.org/10.1038/541746-020-0224-8 ®° 0000 ,‘ ,' .3 5_1 50/0

Days in study

A Pratap, E Neto, P Snyder, C Stepnowsky, N Elhadad, D Grant, M Mohebbi, S Mooney, C Suver, J Wilbanks, L Mangravite, P Heagerty, P Arean, L Omberg -
Indicators of retention in remote digital health studies: A cross-study evaluation of 100,000 participants | Nature Digital Medicine, 2020


http://paperpile.com/b/fxW6LB/tq1i

Survival probability

1.00 -

0.75 -

O
o
O

0.25 -

0.00 -

20

40
Duration in study

60

80

e ~50% of participants
leave the studies within
the first 7-10 days

e Targeted Comms during
the first week may help

1.009 ~

0.75-

Survival probability
2

0.25-

0.00 -

Clinically referred

- [False
= True

0 20 40

60 80

Duration in study

e Partic
clinica
for sig

pants referred by
sites/partners engage

nificantly longer time



