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 Accelerate health research and medical breakthroughs,
enabling individualized prevention, treatment, and care for
all of us.
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« Collect genomic and EHR data for 1+ million participants
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All of Us Research Program

National Institutes of Health

> Search

National Institutes of Health ~ ABOUT~ FUNDING ~  NEWS, EVENTS, & MEDIA
All of Us Research Program

WATCH VIDEO

LEARN MORE SUBSCRIBE

‘We are building a research program of 1,000,000+
people

The mission of the A/l of Us Research Program is to
accelerate health research and medical breakthroughs,
enabling individualized prevention, treatment, and care
for all of us.
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WELCOME IDEAS FAQ

Recent Popular ~

AOU RESEARCH PRIORITIES USE CASES

Could the Precision Medicine Initiative Reduce
Social Inequality?

The proposed study would identify microbial t with
such as idiopathic malodor or mental health

Submitted by Irene Gabashvili (@drirene) on 17th Jan | 31 commer

AOU RESEARCH PRIORITIES USE CASES

The effects of alcohol (and other drug) consumption
on major somatic diseases and psychiatric disorders
and their treatments.

Alcohol affects nearly all major diseases. Failing to capture lifetime alcohol exposure will
adversely affect the goals of All of Us.

There are better questions about consumption, that should be asked of previous year, typical year
and heaviest year.

Questions should be asked about problems due to alcohol, and those should be focused on
lifetime.

Additional questions about other drugs should also be included.

Submitted by Howard Edenberg (@edenberg) on 12th Jan | 10 comment

AOU RESEARCH PRIORITIES USE CASES

What is the contribution of dietary patterns and
nutritional status to chronic disease susceptibility
and prevention?

The top four causes of deaths in the U.S. are diet related and many other troublesome diseases
are affected by diet, It will be important therefore to capture nutritional status, food environment,
and repeated 24h (ASA24s) dietary intakes along with measures that can validate dietary
measures of public policy interest including added sugar, energy, protein, sodium, iron, vitamins,
dietary supplements, potassium, fruits ...more

Submitted by Christopher Lynch (@measurenutrition) on 19th Dec 2017 ommen

AOU RESEARCH PRIORITIES USE CASES

How do autoimmune diseases start?

Many diseases are by the presence of autoantibodies. These may be
present long before disease starts, but what triggers the transition from autoimmunity (the
presence of the antibodies) to disease is unknown, but is likely to include both environmental
exposures and genetic susceptibility. What are the risk factors for the transition to disease? Are
these modifiable? In which patients is the risk ...more

Submitted by Robert Carter (@carterrob) on 18th Oct 2017 | 5 comment
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Data and Research Center

Help build vibrant

research community
® Awardees

* Vanderbilt University

* Broad Institute

* Verily (Google)
Mission
To accelerate health research

and medical breakthroughs,
enabling individualized

]
prevention, treatment,
and care for all of us QHE

Provide research
support and
analysis tools °
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Curated Data Repository (CDR)

® The CDR is the resource that contains all study data that researchers can access.

@ Currently collects data from:
@ Participant Provided Information (PPI)
® Physical Measurements (PM)
® EHR Information uploaded by research medical centers (RMC) and federally qualified
health centers (FQHC)



Curation Objectives

1) Develop and implement a pipeline to generate CDR

2) Create data quality checks

a) Concordance, Completeness, Plausibility, and Currency

3) Extend infrastructure to receive, store, and harmonize data from new data
sources (i.e. wearables).
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Aggregating EHR Data

Transformation of Source Data to OMOP Common Data Model

5 50

Data Quaht Checks

All of Us

-
OMOP CDM

m CorumBIA UNIVERSITY
MEebicAL CENTER

Source: https://www.ohdsi.org/data-standardization/



Curation Overview

e Three phases
o File structure checks
o Site level content error checking
o Aggregate data checks

Raw Data Repository

Participant provided information received through the Participant Portal is stored in the Raw Data Repository. Prior to transfer to the DRC, the data is mapped to OMOP utilizing

the Odysseus rules.

Raw PPl + PM data
from the Participant
Portal; FHIR
formatted payloads

Odysseus
Rules

PPl + PM data
formatted to OMOP
CDM standards

The EHR + PPI + PM Union Dataset includes the

EHR i itted from the HPO
Organizations along with PPI + PM data from the Raw
Data Repository.

De-identification and
privacy control
processing

EHR + PPl + PM

Union Dataset

Registered Tier
Curated Data Repository

DR)

ZO0—-H>»xCO >»-HPO

QC-3 includes three Achilles reports, including person, \
data_density and heel.
Researcher Aggregation
Workbench
3
Public Summary D:
Files that pass QC-2 are merged into a single dataset ublic Summary Data
of EHR data
Data Browser
(on the AoU Research Hub
Website)
QC-2 Includes checks for date-based data anomalies. ACCESS- PUBLIC
Error reports are returned to the sites. Files must be CONTROLLED
corrected locally and resubmitted until they pass this
check.
QC-1 Includes checks for file naming conventions and
data format. Error reports are returned to sites. Files
must be resubmitted until they pass this check.
HPO Organizations r r [r
= RESEARCHERS

Data Stewards upload OMOP-f tted EHR data for

locally.

to DRC. OMOP mapping is performed




Quality Check 1 (QC-1): File Validation & Initial Data Quality Checks

QC-1:

e Processing happens at the DRC or Locally

e File validation against specification
o File names

o Column names and order
o Column type

SB|JV U] MaIASY OdH

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

Yes No

Load File

No

Check File

Raw Data Repo
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Local File Validation

@ https://qithub.com/all-of-us/aou-ehr-file-check
® Checks

* File names

README.md

AoU EHR Submission Validator
* Column names and order

Validate submissions for the All of Us data sprints

* Column type

Requirements

e Python 2.7* or Python 3 (download from here and install)
¢ pip (download get-pip.py and run python get-pip.py )

Installation / Configuration
¢ Install requirements by running

pip install -r requirements.txt


https://github.com/all-of-us/aou-ehr-file-check

Quality Check 2 (QC-2): Comprehensive Pre-Aggregation Data Quality
Checks

OHDSI To

. Merge Patient Data (no

1 Measuremen
QC '2 : § \é:::nions
s 8 s 4. Procedures
DQChecks Y¥ DQChecks Y  DQChecks 5 Do
. . (ACHILLES) : (ACHILLES) : (ACHILLES)
e Processing happens at the DRC; checks occur at the site level, :
pre-aggregation
e More in-depth checks are completed using ACHILLES tool and
custom checks.
e |dentifies abnormalities, such as visit before date of birth o~ i3
al c
§ O ne ?:‘- g
. . 3
e Reports are returned to sites, up to sites to correct errors g 5
2 ®
s g3 | 2
2 £ 0O
B Check File g g
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Quality Check 3 (QC-3): Final Post-Aggregation Data Quality Checks

ols

.
ot patients): *

Qc '3: s

e In between QC-2 and QC-3 data is aggregated

OMOP
AllofUs

e QC-3 occurs post-aggregation across all site data

(ACHILLES +
Atiss Cohorts)

e Duplications are removed Y ..
e Checks for phenotype completeness

e At this stage, DRC corrects any errors identified; sites are not OMOP OMOP
i nvo IV e d Registered Controlled

e Data is then “tiered” into access levels and provided to
researchers with the appropriate level of access

Researchers
Q



EHR Operations Data Quality Feedback Loop

2x monthly EHR Operations calls with Data Quality Feedback Loop

H PO D ata Stewa rds Analysis informs feedback and iterative

Data Types data quality improvements

. Owner, Intake Mechanism
With each data transfer, a set of standard reports '
are provided: / S
. Stewaits Unioning § Privacy
* Achilles Reports: PPl Methodplogy -
Pilot}'eam, :
° Person Participant Portal 5 - i
) PM 2 Registered
* Achilles_Heel Pl Team, egistere
—_ ealthPro
« Data_Density Fitbit

DHT, Participant
Portal

Additional feedback about baseline
data quality requirements ey /
« Automated reports are being developed

* 1:1 interactions with HPOs to improve With each transfer to RDR, data quality

improves based on feedback

data quality



EHR Counts

® 1 1 5K Total number of participants with EHR data transferred to DRC

O] 34 Sites

Participants with EHR data received per week
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Analysis 5: Case Study: Height Comparison (EHR + Physical Measurements)

Physical Measurements data: height
measured in centimeters.
EHR data: most recent height for each
individual, normalized to centimeters
using 2.54cm = 1in.
Percent difference of the two, using PM
Height as the standard:
<PM Height> - <EHR Height>

<PM Height>
Red lines represent 5th and 95th
percentiles (-3.1% and 2.0% or -5.2cm
to 3.3cm).
Blue line is median (-0.4% or -0.48cm)

count

5000~

4000-

3000~

2000~

1000~

% variation in height from PM to EHR for n=30540 participants
(n=160 extremes removed)

-10 5 0 5
percent

'
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Scaling
Curation

Efforts
O = new data types

Current

Baseline EHR Ops &
Curation
Development Team

Baseline Quality
Assurance, EHR +

PPl + PM Team

Baseline Privacy for
Registered Tier, EH
PPI + PM Team

In support of EHR, PPI,
PM data only, 1 data tier

Next 18 Months

- Next 36 Months

EHR Curation

Product Manager

EHR
Quality
Team

Development
Team

Sys Admin /
Sys Ops Mgr

Quality Assurance
Product Manager

Quality
Assurance
Methodology

Dev Teams

, Teams
Teams by Data Types Teams by Data Types

QOO0

Privacy
Product Manager

Privacy
Methodology
Teams

Dev Teams

Teams by Data Types

Teams by Data Types

Data Quality
Dashboards
Team

Quality
Control

Data
Validation
Teams

Additional data types added + 2 tiers data

EHR Curation

Product Manager

Sys Admin /
Sys Ops Mgr

Data Quality
Dashboards
Team

EHR
Quality
Team

Development
Team

Quality Assurance
Product Manager

Quality Assurance

Methodology Teams
Teams by Data Types

QOO O
QOO0

Privacy
Product Manager

Dev Teams
Teams by Data Types

Quality Assurance

Methodology Teams
Teams by Data Types

OO0 O
QOO0

Dev Teams
Teams by Data Types

O 00 O
0000




Tools




Data Browser (Public

Search Across Data Types ©

Q. Keyword Search

Data based on Curated Data Repository (CDR) dated 11/13/2018 with 116,460 total

participants.

EHR Domains: e

Conditions @

13,614

medical concepts

36,260 participants in this domain

View Top Conditions

Survey Questions:

The Basics @

14

survey questions

104,440 participants in this domain

Survey includes participant
demographic information.

NITRT PRARRIAEA CeiAvs

Drug Exposures @
14,967
medical concepts

33,440 participants in this domain

View Top Drug Exposures

Overall Health®
survey questions
101,420 participants in this domain

Survey provides information about
how participants report levels of
individual health.

R e

https://databrowser.researchallofus.org/

o

Se!

FAQs Introductory  User Guide

Videos

Labs and Measurements @
7,733
medical concepts

32,480 participants in this domain

View Top Labs and Measurements

Lifestyle®
survey questions
100,460 participants in this domain

Survey includes information on
participant smoking, alcohol and
recreational drug use.

VIR PRARRIREA O

Procedures®

13,229

medical concepts

35,320 participants in this domain

View Top Procedures



https://databrowser.researchallofus.org/

Workspaces ~Workspace >Cohorts

Add a Cohort

All-/Us

RESEARCH PROGRAM ' I
RESEARCHER WORKBENCH

CONCEPTS NOTEBOOKS

Include Participants

ADD CRITERIA v

Program Data

Surveys

Physical Measurements
Domains

Demographics

Conditions

Procedures

Drugs

Measurements

Visits



CONDITIONS SEARCH SNOMED

ICD9 CODES

>
>
>

001-999.99 DISEASES AND INJ
VO01-V91.99 FACTORS INFLUEN
E000-E999.9 EXTERNAL CAUS|

(@) diabeted

250 Diabetes mellitus

250.00 Diabetes mellitus without mentio lication, type Il or ...
250.02 Diabetes mellitus without mention lication, type Il or ...

250.01 Diabetes mellitus without mention of complication, type | [juv...

V77.1 Screening for diabetes mellitus
250.60 Diabetes with neurological manifestations, type Il or unspeci...

357.2 Polyneuropathy in diabetes

250.03 Diabetes mellitus without mention of complication, type | [ju...
250.40 Diabetes with renal manifestations, type Il or unspecified typ...

250.80 Diabetes with other specified manifestations, type Il or unspe...

250.62 Diabetes with neurological manifestations, type Il or unspeci...

250.50 Diabetes with ophthalmic manifestations, type |l or unspecifi...

250.42 Diabetes with renal manifestations, type |l or unspecified typ...

250,90 Diabetes with unspecified complication. tvpe |l or unspecifie...

Selected Criteria

CANCEL




CONDITIONS SEARCH SNOMED

ICD9 CODES O, Diabetes mellitus

>

@ 240 Simple and unspecified goiter @)
® 241 Nontoxic nodular goiter

@® 242 Thyrotoxicosis with or without goiter

@ 243 Congenital hypothyroidism S

@ 244 Acquired hypothyroidism
(® 245 Thyroiditis
® 246 Other disorders of thyroid
@ 249 Secondary diabetes mellitus
250 Diabetes mellitus
ther disorders of pancreatic internal secretion
) isorders of parathyroid gland
@ 253 Disorders of the pituitary gland and its hypothalamic control EED
@ 254 Diseases of thymus gland (5]
(® 255 Disorders of adrenal glands
(® 256 Ovarian dysfunction
(® 257 Testicular dysfunction
@ 258 Polyglandular dysfunction and related disorders
(® 259 Other endocrine disorders
@ 260 Kwashiorkor @

Selected Criteria

CANCEL




CONDITIONS SEARCH SNOMED MODIFIERS Selected Criteria

ICD9

® Group 250Diabetes mellitus

ICD10 CODES O_ Type 2 diabetes mellitus
ICD10

~ % OR Group E10Type 1diabetes mellitus
(®) EO3 Other hypothyroidism

m ® OR Group EllType 2 diabetes mellitus
(#) E04 Other nontoxic goiter

@ EO5 Thyrotoxicosis [hyperthyroidism]

(® EO06 Thyroiditis

@ EO7 Other disorders of thyroid [570]

® EO08 Diabetes mellitus due to underlying condition

(® E09 Drug or chemical induced diabetes mellitus @
E10 Type 1 diabetes mellitus
EM Type 2 diabetes mellitus

(® EI3 Other specified diabetes mellitus €

® EI5 Nondiabetic hypoglycemic coma [5)

@ E16 Other disorders of pancreatic internal secretion D

@ E20 Hypoparathyroidism
@ E21 Hyperparathyroidism and other disorders of parathyroid gland
(® E22 Hyperfunction of pituitary gland @D

(® E23 Hypofunction and other disorders of the pituitary gland

® E24 Cushing's syndrome [191)

(® E25 Adrenogenital disorders @

@ CANCEL FINISH
() E26 Hyperaldosteronism €@




Allofus T Workspaces ~Workspace ~Cohorts
RESEARCH PROGRAM “A Add a Cohort

RESEARCHER WORKBENCH

CONCEPTS NOTEBOOKS

Include Participants And Exclude Participants Total Count: 82,661

DELETE GROUP

Results by Gender

/® Contains Conditions Codes | 82,661 X ADD CRITERIA v
- Femae _
=
3
i : - I
]
Unknown
AND
o 20,000 40,000
# Participants
ADD CRITERIA v
Results By Gender, Age Range, and Race =

Program Data

Surveys
Female 19-44
Physical Measurements
Female 45-64

Domains
Female > 65 -

Demographics

Conditions Male 19-44

Procedures Male 45-64

Drugs Male > 65 I-

Measurements 0% so% 100%

Visits




Researcher Workbench (Private

° Karthik Natarajan v

Researcher Workbench
A In order to get access to data and tools please complete the following steps:

STEP1 STEP 2 STEP 3

Turn on Google 2-Step Complete Online Login to eRA Commons
Verification Training

Add an extra layer of security

to your account by providing Complete mandatory

your phone number in compliance training courses
addition to your password to on how data should be used
verify your identity upon and handled.

login.

v COMPLETED v/ COMPLETI

Link to your eRA Commons
account to the workbench to
gain full access to data and
tools.

¥ " Workbench Cohorts Notebooks.
Q uic k our & V' d eos Quick Tour Overview. Overview

How to Use the All of Us Researcher Workbench

See all documentation

Working Within Researcher Workbench Workspace Working with Notebooks



RESEARCH PROGRAM 1 iiativ

RESEARCHER WORKBENCH

All-’Us =

Workspaces >Diabetes Example >Notebooks

Alc comparison

: Jupyter A1lccomparison (unsaved changes)

File Edit View Insert

B |+ | x & B |+ ¥

Cell

M Run

In 38

In [4]:

Kernel Navigate Widgets Help

B C » Code v

Step 1: Load libraries to import data, conduct analyses, and produce plots

# load Libraries to allow data import

from aou_workbench_client.cdr.model import *
from aou_workbench_client.data import load_data
from IPython.display import display, HTML

# load scientific computing library

import numpy as np

#load 2D plotting Library

import matplotlib.pyplot as plt

Step 2: Enter input variables

1. "name_of_cohort_x" => The cohort you want to reference in this Notebook.
2. "table_name" => The OMOP table you would like to pull from.

3. "name_of_concept_set" => The concept set you want to reference in this Notebook.

# 1input variables

# cohorts to reference in this notebook
name_of_cohort_a = "DM with alc"
name_of_cohort_b = "No DM with alc"

# the oMoP table to pull from

table_name = Measurement

# concept set to reference in this notebook
name_of_concept_set = "Hemoglobin Alc"

Not Trusted

A

| Python 3 O



All-/Us

RESEARCH PROGRAM v
RESEARCHER WORKBENCH

Workspaces ~Diabetes Example ~Notebooks

Alc comparison

 Jupyter Aflc comparison Autosave Failed! A

File Edit View Insert Cell Kemel Navigate Widgets Help

[Tl | Trusted | Python 3 ©

B+ = @ B 4 ¥ MRun H| C M| Code v | =

e = =

.

- s
Step 5: Generate boxplots to compare maximum A1C values between the groups.

In [9]: plot=alcs.boxplot(by="status"').set_title("Maximum Hemoglobin Alc")
plt.suptitle("")

out[9]: Text(e.5, ©.98, ')

Maximum Hemoglobin Alc
18 o
]

16

14

T
case control
[status]

R i



Topics Still Debating

e Whatis a “Concept Set™?

e How to convey what OMOP is to the average user?
o OHDSI and AoU videos and Book of OHDSI will help

e How to distill the quality of the data to the researcher?
e How to track progress across sites?



Questions




