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• Mission
• Improve the health and well-being of 

individuals and communities through the use 
of technology and health information that is 
accessible when and where it matters most

• Strategic Goals
• Advance Person-Centered and Self-

Managed Health
• Transform Health Care Delivery and 

Community Health
• Foster Research, Scientific Knowledge, 

and Innovation
• Enhance Nation's Health IT Infrastructure

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

https://healthit.gov/

Synthetic Health Data Challenge Winning Solutions Webinar

https://healthit.gov/topic/scientific-initiatives
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• Produce evidence to inform health care 
decisions made by patients, families, and 
their health care providers 

• Patient-Centered Outcomes Research Trust 
Fund (PCORTF) managed by the Assistant 
Secretary for Planning and Evaluation 
(ASPE)

Patient-Centered Outcomes 
Research (PCOR)

https://www.healthit.gov/topic/scientific-initiatives/building-data-infrastructure-support-patient-centered-
outcomes-research

https://www.healthit.gov/topic/scientific-initiatives/building-data-infrastructure-support-patient-centered-outcomes-research
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ONC Synthetic Health Data Project
Accelerate ability to conduct PCOR by:

• Enhancing an open-source synthetic 
data generator Synthea TM, developed 
by The MITRE Corporation, to increase 
the number and variety of synthetic data

• Opioid use
• Pediatric populations
• Patients with complex care needs

• Engaging broader community to validate 
the realism and demonstrate the 
potential uses of newly available 
synthetic data

https://www.healthit.gov/topic/research-evaluation/synthetic-health-data-generation-to 
accelerate-patient-centered-outcomes

https://www.healthit.gov/topic/research-evaluation/synthetic-health-data-generation-accelerate-patient-centered-outcomes
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Prize competition invited a wide array of innovators, researchers, and technology 
developers to create and test innovative solutions that enhance Synthea and the 
synthetic data it generates

Synthetic Health Data Challenge
Synthetic Health Data Challenge Winning Solutions Webinar

• Advance novel uses of synthetic data for patient-
centered outcomes research

• Validate the realism of Synthea-generated synthetic 
data
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Challenge Structure
Synthetic Health Data Challenge Winning Solutions Webinar

Phase I: Proposals for 
Innovative Models

Phase II: Prototype/ 
Solution Development Winning Solutions

• Written proposal describing 
proposed solution

• Proposals were invited from 
teams or individuals

• Proposals had to include 
methodology and intended 
outcomes

• Approved proposals moved on 
to Phase II

• Solutions designed and tested
• Final paper describing the 

solution
• Video demonstration
• Evidence of validation
• Non-proprietary source code

• Total cash prize pool: 
$100,000

• Solutions were judged by 
a panel based on criteria
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Winning Solutions

2
The Generalistas
Virtual Generalist: Modeling 
Co-morbidities in Synthea

$40,000
FIRST PLACE

$15,000
SECOND PLACE

Team LMI
On Improving Realism of Disease 
Modules in Synthea: Social 
Determinant-Based Enhancements to 
Conditional Transition Logic

$10,000
THIRD PLACE Particle 

Health
The Necessity of Realistic Synthetic Health Data 
Development Environments 

Team TeMa Empirical Inference of Underlying Condition Probabilities 
Using Synthea-Generated Synthetic Health Data 

UI Health Spatiotemporal Big Data Analysis of Opioid 
Epidemic in Illinois

CodeRx
Medication Diversification Tool 



Medication 
Diversification Tool 
(MDT)
Team CodeRx



Challenge Category and Use Case

Source: 
https://www.istockphoto.com/vector/ast
hmatic-girl-gm185960170-27680137

Challenge Category 1 Enhancement to Synthea

Use Case Pediatrics (pediatric asthma)



Who we are

CodeRx is a collective of pharmacists and other healthcare 
professionals who have a skill set in tech and apply it 
towards building useful things

Website: coderx.io

Founded: early 2020

Membership: 150+ (30-40 active weekly),  mostly 
pharmacists and pharmacy students

What we do

● Slack channel - engage in discussions 
about coding / data / tech as it relates 
to pharmacy and healthcare

● GitHub organization - collaborate on 
open source pharm tech / health tech 
projects

● Newsletter and website - share 
guides, resources, and pertinent topics

Pharmacists who code and 
developers who (health)care

https://coderx.io/


Team CodeRx

For this challenge, Team CodeRx consists of six PharmDs from across the U.S.

Joseph LeGrand, PharmD, MS (team lead) Lead Application Analyst
Vanderbilt University Medical Center

Kent Bridgeman, PharmD, MHI Informatics Pharmacist
Allina Health

Kristen Tokunaga, PharmD, BCGP Analytics Consulting Manager
Komodo Health

Yevgeny Bulochnik, PharmD, ACE, CACP Formulary Administration Consultant
HealthPartners

Robert Hodges, PharmD, MSDS, MBA Sr. Data Scientist, McKesson RelayHealth 
(CoverMyMeds)

Dalton Fabian, PharmD Data Scientist
UnityPoint Health



Objective

To programmatically generate Synthea medication orders 
through the use of RxClass and Medical Expenditure Panel 
Survey (MEPS) data sources



In the current Synthea asthma module, 100% of Asthma patients are prescribed the same asthma maintenance 
inhaler (Flovent HFA 44 mcg) regardless of age. 

This is not consistent with real-world clinical practice.

Problem Statement

Source: 
https://synthetichealth.github.io
/module-builder/#asthma



Asthma 
Maintenance 
Inhalers on the 
Market

Pediatric patients are prescribed one of 
many inhaled corticosteroids as a first 
line therapy.

Source: http://www.med.umich.edu/pdf/clinical-guidelines/Asthma-medications-
poster.pdf



Synthea vs MEPS

Medical Expenditure Panel Survey (MEPS) is 
a nationwide set of surveys of households 
and their medical providers. 

The AHRQ conducts this survey annually to 
collect information on the use and cost of 
health care. 



Tools

Open-source tools & code

Publicly-available, 
government-maintained data 
sources

Packages

● Python 
● Pandas

Sources

● RxNav API 
● RxClass API
● MEPS 



Available Online GUIs

Already exist - maintained and hosted by National Library of Medicine



Developer Inputs

Required

1. RxClass class ID(s) OR RxNorm ingredient ID(s)

Optional

1. Dose form filters
2. Patient demographic info breakpoints

a. Age range(s)
b. Gender M/F
c. State of residence

3. Single vs multi ingredient drugs
4. Other Synthea settings



Methods

Medication 
class -> 
ingredient(s)

NDCs and 
demographic info 
and counts of 
patients who report 
taking them

Medication 
ingredient -> 
product(s) -> 
NDC(s) 

+ dose form 
filters 

+ single vs 
multi 
ingredient 
filters

(RxNorm)









etc...



Asthma module JSON:



MDT Demo



Results



Asthma Medications using the MDT - Ingredient



Asthma Medications using the MDT - Product



Asthma Medications In Synthea Module Builder



Asthma Medications In Synthea Module Builder



Validation



Benefits for Researchers

● Creates micro-validated medication distributions in 
Synthea modules

● Loosely test hypothesis prior to obtaining access to PHI
● Identify drug trends to validate on real data

https://www.colourbox.com/vector/word-cloud-
software-engineering-vector-28500240



Benefits for developers

● Encourages incorporation of complex drug treatment 
options into Synthea modules

● Offers complexity that developers will need to account 
for in software

● Allows drug related development before having PHI



Challenges 
● Complexity of data

● Difficulty in defining disease-specific drug lists

Successes

● Can be used with other Synthea 
modules & disease states

● Can generate medication distributions 
by patient age, gender, geographic 
location, and more

● Can be re-run with updated data
● Has flexibility for user to select drugs
● Designed by 6 Pharmacists who are 

experts on medication use 

Challenges & Successes



Future for MDT



Future Enhancements

The groundbreaking methods used in MDT to integrate public data 
sources allows for future enhancements:

1. Enhance Synthea with other MEPS data elements. 
a. insurance type, social determinants of health, medical conditions.

2. Model prescription fill and medication adherence through meps MEPS data.
3. Add allergy or drug-drug interactions logics through NLM1 data.
4. Capture dose ranges (low/medium/high) and progression.
5. Improve medication costs modeling through NADAC2 dataset.

1NLM [National Library of Medicine]
2NADAC [National Average Drug Acquisition Cost]



Thank You!!!!



Links

GitHub Repo: github.com/coderxio/medication-diversification

Joseph LeGrand, PharmD, MS linkedin.com/in/jrlegrand/

Kent Bridgeman, PharmD, MHI linkedin.com/in/kentvbridgeman/

Kristen Tokunaga, PharmD, BCGP linkedin.com/in/kristen-tokunaga-pharmd/

Robert Hodges, PharmD, MSDS, MBA linkedin.com/in/robhodgespharmd/

Dalton Fabian, PharmD linkedin.com/in/daltonfabian/

Yevgeny (Eugene) Bulochnik, PharmD ACE CACP linkedin.com/in/yevgeny-eugene-bulochnik-b429a6155/

CodeRx Website: coderx.io/

https://github.com/coderxio/medication-diversification
https://www.linkedin.com/in/jrlegrand/
https://www.linkedin.com/in/kentvbridgeman/
https://www.linkedin.com/in/kristen-tokunaga-pharmd/
https://www.linkedin.com/in/robhodgespharmd/
https://www.linkedin.com/in/daltonfabian/
https://www.linkedin.com/in/yevgeny-eugene-bulochnik-b429a6155/
https://coderx.io/


Virtual Generalist
MODELING CO-MORBIDITIES IN SYNTHEATM

Robert Horton, PhD
John-Mark Agosta, 
PhD

Jason Dausman, MD
Brandon DeShon
Benjamin Dummitt, 
PhD

Katherine Gundling, 
MD

www.sustainableharvest.o
rg

github.com/rmhorton/virtual-generalist



Outline

•comorbidities matter!
•use in Synthea’s new lookup_table_transition

Bayes nets & CPTs

•ICD10
•SNOMED
•Synthea attributes

Mapping concepts

•SQL/Pyspark/R on Databricks
•Now demonstrated with Synthea data!

Feature engineering

•co-occurrence matrix
•COPM

Validation

•No delay: disease is NOT your destiny
•Mechanistic progression: allow interventions
•More modular modules

Separate treatment from disease incidence and progression
Use attributes to communicate between modules.

Suggested design patterns



Bayes Nets decompose joint probabilities 
into a network of conditional probabilities

We trained a 
Bayes Net model 
on real hospital 
data ... … and incorporated 

the results into a 
Synthea simulation 
module.



Each node 
in the Bayes 
Net 
contains a 
Conditional 
Probability 
Table



Mapping concepts

ICD10 SNOMED attributes



encounter level
Bayes Net



Synthea-Specific ICD10 to SNOMED 
Mapping 

Patterns
E11 matches E11.0, E11.1, etc

Sets
All ICD elements of the set must be present for 
the SNOMED concept to apply



Feature engineering Now with 
Synthea 

data!



missouri_pre missouri_test

Validation



Individual concepts

dominated by 
Covid-19

Including Covid Pre-CovidMercy EHR

common chronic 
conditions

largely acute 
conditions



Co-
occurrence 
heatmap 
for
Synthea
data



EMR data



Synthea
data



Synthea
data 
after 
Virtual 
Generalist 
CKD





Design pattern recommendations
• No delay

• disease is not your destiny

• Mechanistic progression
• allow interventions

• More modular modules
• separate treatment from 

disease incidence and 
progression

• use attributes to 
communicate between 
modules

Metabolic Syndrome Disease Progression

Predestination anti-pattern

Metabolic Syndrome Disease Progression



Bonus Slides!
data visualization helps find bugs



Debugging Synthea with co-occurrence
Synthea data:

stages can co-occur
EMR data:

mutually exclusive stages



‘End stage renal disease’ condition 
toggles on and off



End Stage Renal Disease

"end_stage_renal_disease": {
"read": {
"HealthInsuranceModule": [],
"Metabolic Syndrome Standards of Care": [
"Check_End_Stage_Renal_Disease"

]
},
"write": {},
"example_values": []

},

Nothing writes this attribute; it is always nil

If off, turn onIf on, turn off



ON IMPROVING REALISM OF DISEASE MODULES IN SYNTHEA™

Social Determinant-Based Enhancements to Conditional Transition Logic

October 19, 2021

Team LMI

Brant Horio
Greg Pekar

Simon Whittle
Maureen Merkl

Linna Qiao

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 

Category I: Enhancements to Synthea™
Opioids Use Case

Response to the 2021 HHS Synthetic Health Data Challenge



• Opioid Use Disorder (OUD) is a crisis
– Deadly outcomes: 69,700+ Americans dying from opioid overdoses in 2020 (36% increase from prior year)
– Hard to fix: OUD is a highly individual and complex care condition and highly influenced by SDOH
– Ongoing problem: U.S. CBP confiscated more fentanyl in first half 2021 than last 3 years (Kaminsky 2021)

• Our research focused on one pathway to OUD
– Prescribed opioids may result in OUD: often due to long term need to help with chronic pain
– SDOH (occupation) can drive onset of chronic pain: particularly for heavy manual labor in rural areas

• The key technical idea was to demonstrate
– a software workflow that mines open-source secondary data sources for SDOH (occupation)
– modifications to the Synthea codebase to operationalize the SDOH (following published findings that 

could bridge occupation to relevant transition logic in Synthea’s OUD-related state machines, and
– increased realism in Synthea’s generated populations with respect to opioid prescriptions

RESEARCH QUESTION AND KEY TECHNICAL IDEA

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
0



OUR APPROACH MINED SECONDARY DATA FOR OUD-RELEVANT 
SDOH TO AUGMENT SIMULATED PERSON JOURNEYS

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
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PATIENT PROFILE
Demographics

Residence location

Publicly-available demographic 
data, e.g., US Census

Health incidence statistics, 
e.g., CDC prevalence and incidence 

rates, NIH reports

Clinical practice guidelines and 
protocols

Medical coding dictionaries

SOCIAL DETERMINANTS OF 
HEALTH

Household financial status
Insurance

Occupation (w.r.t. chronic pain)

An agent-based approach is used to generate a fully-synthetic population, 
simulating individuals from birth-to-death while tracking their healthcare journey

HEALTH PROFILE
Health condition and disease

Synthea draws from publicly available 
information and knowledge

Data is transformed 

Our technical approach seeks to automate data mining of publicly available data 
sources for SDOH that better characterize communities at the local level

Lat/Lon    Census Tract    Localized SDOH (i.e., occupation)

User-specifications
e.g., location, population, diseases

User specifications inform Synthea 
runs

CAREMAPS

CODED NARRATIVES

Repeatable and accessible enhancement to Synthea 
codebase that introduces SDOH (or other Census tract-
related Person attributes) for more realistic modeling

Updated prescriptions accounting for SDOH



WE OPERATIONALIZE SDOH DATA AS AGENT ATTRIBUTES TO 
ENHANCE TRANSITION LOGIC IN SYNTHEA’S MODULE BUILDER

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
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Mine data and create 
census tract-indexed file 
to occupation 
information for Bangor, 
ME

Assign an occupation to 
each person based on 
Census statistics for our 
targeted occupation 
classes in their Census 
tract communities

Adjust transition 
probabilities for a chronic 
low back pain condition, 
based on occupation and 
gender

Run ten trials of 32,000 
patients with 
legacy_Synthea and 
LMI_Synthea

Compare simulated 
outcomes for number of 
opioid prescriptions per 
capita

Prepare SDOH 
Data

Assign SDOH Attributes 
to Person Agents

Modify Relevant 
Disease Modules

Run Synthea and 
Validate



• We scoped research to Bangor, ME due to higher than national average 
prevalence of OUD and predominant SDOH that strongly influence OUD

• Based on collaboration with University of Maine OUD researchers and 
published literature, we focused on 

– Maine’s prevalence of forestry and fishing occupations
– Correlation of these occupations to chronic musculoskeletal pain conditions
– Chronic pain as a pathway to prescribed opioids, potential abuse, and OUD

PREPARE SDOH DATA

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
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• We processed American Community Survey data to derive likelihood of individuals having forestry 
and fishing occupations by Census tract in Penobscot County, ME (where Bangor is located) to 
build a tract-indexed file to assign Person occupations

• Drawing from literature (Yang, Halderman, Lu, and Baker 2016) assessing chronic low back pain 
risk associated with occupations and gender, to inform state machine transition probabilities

• Validation patterns were collaborated on with University of Maine researchers and focused on 
opioid prescription counts for State and County



• Built a data ingestion method to access the tract-indexed file we created for occupation data
• Assigned Persons to a Census tract

– For greater localized level of detail than zip code and to align with our data sources of interest
– Based on shortest distance between Synthea’s provided latitude-longitude residence coordinates to the 

centroid of the nearest Census block
– Given Block assignment, then we assigned the Person to the appropriate Census tract

• Assigned occupation to Persons
– Using assigned tract number, probabilistically assign occupation to Person by referencing occupation file

• Person owns one new attribute for occupation which can now be used for transitional conditional 
logic in the disease module state machines

ASSIGN TO AGENTS

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
4



MODIFICATION OF THE DISEASE MODULES

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
5



• To validate our modifications to Synthea:
– We ran 10 trials, each with different random seeds
– Each run generated 32,000 patients to approximately represent the entire City of Bangor, ME
– We used the same 10 seeds for legacy_Synthea and LMI_Synthea to allow comparison between software 

versions

• We used the Prescription Monitoring Program Annual Report 2020 (Maine HSS 2021) and data 
from the CDC (CDC 2020) as our ground truth data for the number of opioid prescriptions in Maine

RUN SYNTHEA AND VALIDATE

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
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VALIDATION RESULTS SHOW BETTER OUTCOMES FOR OUR 
SUBPOPULATION OF INTEREST

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
7

Legacy Synthea 
results for 
Bangor, ME fall 
short of both 
County and State 
benchmarks.

LMI Synthea shows slight improvement, but as the 
subpopulation we augmented was very small compared to the 
overall population, it did little to shift metrics at the Bangor scale.

Evaluating only the 
subpopulation we 
changed in the fishing 
and forestry occupation, 
both State and County 
benchmarks fall within 
the interquartile range of 
our simulated results.

The results are 
promising in that 
outcomes are 
demonstrative of how 
population level 
representation might be 
improved by adjusting 
many relevant 
subpopulations.



• Benefits to Synthea
– Minimal codebase modifications to allow an easy pull request
– Method of ingesting Census tract level data and assigning to patients can be generalized to other similar 

data sets at a local scale
– Focus on enhancing Person attributes to integrate SDOH allows Synthea ecosystem to be fully leveraged 

(e.g., ModuleBuilder)

• Benefits to researchers
– Provides additional experiment factors to incorporate into Synthea’s disease modules for greater detail for 

the conditional logic and state transition path possibilities
– Repeatable and accessible enhancement to Synthea codebase that introduces SDOH (or other Census 

tract-related Person attributes) for more realistic modeling

• Benefits to health IT developers
– Provides a working framework to ingest secondary data and assign them as patient attributes

• Broader healthcare community
– Individualized SDOH drives complex care and critically needs to be better understood, analyzed, and 

modeled to further advance patient-centered outcomes research

BENEFITS TO HEALTHCARE COMMUNITY

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
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• Additional SDOH factors based on Census tracts and blocks may be examined (e.g., 
homelessness, access to care, access to food)

• Work is needed to find better ways to account for relevant correlations between SDOH (e.g., our 
assignment of occupation neglected potentially relevant relationships to Synthea’s assigned 
socioeconomic status or age)

• The team will be continuing to collaborate with University of Maine researchers with the objective 
of integrating Synthea for OUD research

FUTURE WORK

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
6
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• There is a lot of code
– Big learning curve to understand the codebase and how the modules interact with one another (e.g., 

geography folder has a fully implemented quad tree we could have used for centroid distance 
calculations—we implemented a less efficient in a sorted map-based approach to finding the closest 
centroid)

• Successes in working with existing Synthea code base
– Minimal modifications to preserve functioning software with least risk of “breaking it”

o Integration of external analysis (e.g., tract and occupation) into the Synthea process
o Use of input files and existing data loader methods
o Primarily modified the pickDemographics( ) step of the Person generation logic

– Preserved software practices and workflows to make sure our enhancements looked roughly like the rest 
of the project (would not be a stumbling block to existing Synthea developers and users)

– Focused on capitalizing on the very polished Module Builder application to operationalize our 
enhancements in other modules

SUCCESSES AND LESSONS LEARNED

LMI Confidential and Proprietary. Not to be copied, distributed, or reproduced without LMI’s prior written approval. 
7
0



The Necessity of Realistic Synthetic Health Data 
Development Environments

Category II Entry: Novel Uses of Synthea Generated Synthetic Data

Team: Particle Health, Submitter: Parker Bannister



Background and 
Objectives

● APIs will be the tool driving national access to health data
○ 21st Century Cures Act and TEFCA

● Synthetic health data vs. Real health data
○ Synthea

■ Single CCDA documents, separately generated free-text notes
○ Access to Data

■ Download CCDA to Local Machine
■ APIs for FHIR, not CCDA

● Why is a realistic development environment needed?
○ Allows researchers and developers to seamlessly transition to real patient information

■ Time, Cost, and Liability 
● The Particle Health Sandbox Objective

○ Point-In-Time documents
○ In-Document Synthetic provider notes
○ Focus on synthetic populations with specific conditions
○ Validation



Document 
Generation pt.1

○ Synthea_Runner.py
■ Generates base Synthea documents
■ Finds patients with conditions specified to create population of interest

● Regex - Synthea symptoms.csv
■ Stores files for population of interest and processes them with the point in time 

document generator
■ Finally Validates Results



Synthea_Runner.py



Synthea_Runner.py



○ Point_in_Time_Document_Generator.py
■ Parses base Synthea CCDA and stores sections relevant to point in time document 

types
● LXML

■ Templates sections into new document 
● Jinja2
● XML Templates for new point in time documents
● Addition of in-document notes

Document 
Generation pt.2



Point_In_Time_Document_Generator.py



Point_In_Time_Document_Generator.py



Point_In_Time_Document_Generator.py



○ HealthIT.gov’s CCDA Scorecard 2.0
■ API Implementation

○ CSV of Results for synthetic population generated
■ File score validation per file generated for entire population 

of synthetic patients

Validation



Validation Portion of Synthea_Runner.py and Results



Validation Portion of Synthea_Runner.py and Results



Final Output and 
Usage

○ Multiple Point in Time documents generated from Synthea CCDAs
■ Encounter Summary
■ Immunizations Summary
■ Lab Summary
■ Refill Summary

○ In-Document Synthetic Provider Notes
○ API Interface to Access Information that mirrors the process of National 

Network APIs



Final Output and Usage



Final Output and Usage



Final Output and Usage



● Progression from original Synthea (Single CCDA) 
○ Why realistic data helps developers innovate

● Validation Component
● Delivering a specific sub-population of patients 

○ Impact on innovation and research (Opioid or Complex-Care)
● Synthea solution publically available on our GitHub Repository:

○ https://github.com/ParticleHealth/Particle-Health-Sandbox-Environment
● Leveraged Open-Source tools and libraries
● Visit our website to use our sandbox environment

○ Pre-loaded with Synthea Data modified with our solution
○ https://www.particlehealth.com

Discussion

https://github.com/ParticleHealth/Particle-Health-Sandbox-Environment
https://www.particlehealth.com/


- Lessons Learned
- Synthea is a powerful tool for generating synthetic CCDA and equivalent FHIR data
- There are many potential opportunities to develop on top of Synthea to improve upon it and the use cases it can deliver
- Real Clinical Information is highly variable and comes in different shapes and sizes
- Quality development environments are important for enabling innovation
- Policy greatly impacts the future direction of health information technology

- Future Work
- Expanding Point In Time Document Types

- ie. Discharge summaries
- Generating other types of data seen in clinical practice

- ie. Allergies

Lessons Learned 
and Future Work



go@particlehealth.com

Questions?

Thank you!



Dr. Michael D. Teter
miketeter@yahoo.com

Dr. Christopher E. Marks
cemarks@alum.mit.edu

Challenge Category: II (Novel Uses of Synthea Generated Data)

Empirical inference of Underlying Condition Probabilities Using 
Synthea-Generated Synthetic Health Data

Team TeMa



Background

Problem Motivation
• Simulation is often used to investigate complicated phenomena for 

which analytic determination of outcome probabilities is intractable.
• Synthea is built in a way that makes it well-suited for this purpose.

• It inputs conditional probabilities that can be validated.
• Its outputs are the result of tailorable combinations of these input 

probabilities.

Our Task
• Use Synthea-generated data to investigate relationships between a 

patient's pathology and a given set of symptoms and severities.



Our Methods (1 of 2)

• Canonical Bayesian analysis

• Using empirical distributions 
in Synthea data, no need to 
enumerate a complicated 
tree.

Empirical Bayes



Our Methods (2 of 2)

• Graph-based machine 
learning method.

• We decide which 
variables are related.

• More versatile than the 
strictly empirical model.

Bayesian Network



Example 
Outputs

Empirical
Bayes

Bayesian 
Network

Patient
• 5 years old
• Female
• Fever



Validation

• Internal Validation through 
code testing

• External Validation through 
comparison with existing 
tools.

• A useful method for 
validating Synthea!

External validation: comparison with WebMD



Summary & Next Steps

• Our approach can be extended to account for demographics, encounter 
types, patient location, patient history, etc.

• Compare results to known distributions as a way of validating Synthea.

• Identify areas where Synthea can be improved.
• Standardization!

• Look for real-world applications.
• Rare pathologies?



SPATIOTEMPORAL BIG DATA ANALYSIS OF THE 
OPIOID EPIDEMIC IN ILLINOIS 

• Office of the National Coordinator for Health Information Technology (ONC)
Synthetic Health Data Challenge

• Category II: Novel Uses of Synthea™ Generated Synthetic Data

• Arash Jalali, MPH, MSHI

• Sean Huang, MD

• Karl Kochendorfer, MD, FAAFP



UI HEALTH

• Comprehensive care, education, and research to train health care leaders and foster 
healthy communities in Illinois and beyond.

• 465 bed tertiary care hospital, 21 outpatient clinics, 11 federally qualified Mile Square 
Health Center locations

• Campuses in Chicago, Peoria, Quad Cities, Rockford, Springfield, and Urbana

• 7 Health Science colleges: Applied Health Sciences, Dentistry, Medicine, Nursing, 
Pharmacy, School of Public Health, Jane Addams College of Social Work



OPIOID CRISIS: CHICAGO STATISTICS

• 2019: 855 people died from opioid overdoses (from 793 previous year)

• 2018 -> 2019: Opioid-related overdose death rate increased by 10.1%

• CFD EMS team responded to average 29 responses per day (increase in 25.4%)

Blair Turner, Wilnise Jasmin, Isabel Chung, Ponni Arunkumar, Mark Kiely, Steven Aks, Nikhil Prachand, Allison 
Arwady. Opioid Overdose Surveillance Report—Chicago 2019. City of Chicago, March 2021. 



OPIOID CRISIS: CHICAGO STATISTICS

• Men

• Aged 45-64 years old

• Non-Hispanic African-Americans

• Use of combination of other opioids and illicit drugs
• Cocaine

• High economic hardship
• Education
• Income levels, Unemployment
• Crowded Housing



Blair Turner, Wilnise Jasmin, Isabel Chung, Ponni Arunkumar, Mark Kiely, Steven Aks, Nikhil Prachand, Allison 
Arwady. Opioid Overdose Surveillance Report—Chicago 2019. City of Chicago, March 2021. 



WORKPLACE INJURIES

• Especially with prescription pain relievers

• NIOSH, John Howard:

• Potential for addiction may be preceded by injuries that happen in the workplace, with the 
consequences affecting both an individual’s working life as well as their home life

• Exposure to opiate powders -> hazardous environment for healthcare workers



AMA 2021 OVERDOSE EPIDEMIC REPORT

“develop and implement systems to collect timely, adequate and standardized data to identify at-
risk populations, and implement public health interventions that directly address removing 
structural and racial inequities.”

AMA (2021). 2021 OVERDOSE EPIDEMIC REPORT: Physicians’ actions to help end the nation’s drug-related overdose and 
death epidemic—and what still needs to be done. Retrieved from https://end-overdose-epidemic.org/wp-
content/uploads/2021/09/AMA-2021-Overdose-Epidemic-Report_92021.pdf

https://end-overdose-epidemic.org/wp-content/uploads/2021/09/AMA-2021-Overdose-Epidemic-Report_92021.pdf


AMA (2021). 2021 OVERDOSE EPIDEMIC REPORT: Physicians’ actions to help end the nation’s drug-
related overdose and death epidemic—and what still needs to be done. Retrieved from https://end-
overdose-epidemic.org/wp-content/uploads/2021/09/AMA-2021-Overdose-Epidemic-Report_92021.pdf

https://end-overdose-epidemic.org/wp-content/uploads/2021/09/AMA-2021-Overdose-Epidemic-Report_92021.pdf


Public Health Data Systems Task Force (2021). Final Report of the Health Information Technology 
Advisory Committee’s Public Health Data Systems Task Force 2021. Retrieved from 
https://www.healthit.gov/sites/default/files/page/2021-08/2021-07-
14_PHDS_TF_2021_HITAC%20Recommendations%20Report_Signed_508_0.pdf

https://www.healthit.gov/sites/default/files/page/2021-08/2021-07-14_PHDS_TF_2021_HITAC%20Recommendations%20Report_Signed_508_0.pdf


HITAC RECOMMENDATIONS ON PUBLIC HEALTH 
DATA SYSTEMS

• Improving interoperability
• NEMSIS

• Cloud computing

• Synthetic syndromic surveillance to assist “traditionally under-resourced areas to support 
creation of a public health system able to support health equity and health disparities” 

• Help facilitate interoperability, geolocation

• Merging with census and other SDOH data

• Explore traditional and non-traditional data sources  to assist with early identification of early 
clusters/outbreaks of disease incidence



SPATIOTEMPORAL BIG DATA ANALYSIS OF OPIOID 
EPIDEMIC IN ILLINOIS 

• Spatiotemporal distribution of EMS 911 calls and ambulance dispatches related to drug 
overdoses

• Obtain Chicago EMS data – store in Azure Data Lake. Scripts execute over Azure Cloud

• Opiate cases identified and geospatial information extracted

• Analysis on ArcGIS enterprise

• Enrich opiate cases with Esri demographic and census data of surrounding 
neighborhoods

• Machine learning to understand features to predict opiate use



SMARTER PUBLIC HEALTH PREVENTION SYSTEM (SPHPS)
SYNTHETIC DATA INTEGRATION OF PRE-HOSPITAL TO 
HOSPITAL DATA



AZURE MODERN ANALYTICS ARCHITECTURE FOR 
SYNTHETIC SYNDROMIC SURVEILLANCE



CHICAGO EMS DATA

• National Emergency Medical Services Information System (NEMSIS)

• Identify opiate cases on SQL Server

• Provider’s Primary Impression

• Primary Symptom
https://nemsis.org/



CHICAGO EMS DATA

• Provider’s Primary Impression and/or Primary Symptom = ‘Opioid related disorders’, 
‘Opioid use, unspecified’. Or ICD-10 codes in F11, T40 categories or Z79.891



ARCGIS ENTERPRISE

• Geospatial data management, data visualization, analytics, geospatial forecasting of opiates 
and overdoses

• Space time cubes for all overdoses and opioid cases

• Create predictive models using time series forecasting tools

• Curve fit forecast models
• Forecast future future values using curve fitting

• Exponential smoothing forecast model – predicts values by decomposing time series at 
each location into seasonal and trend components







EXPONENTIAL SMOOTHING FORECAST MODEL



• Geospatial information -> upload into ESRI

• Demographic data store that allows for geocoding and automated enrichment

• USA 2020 demographic data

• USA 2010 Census Demographic Data

• USA 2014/2018 American Community Survey (ACS) Demographic Data, 

• USA 2020 Consumer Expenditure data

• USA 2020 Tapestry Segmentation Data.

• Its geography information is updated to 2020/2021. 



5-MINUTE WALK TIME





• After data cleaning,  variables entered into Azure Machine Learning to run predictions

• Many AutoML experiments created

• Target: opioid activations by EMS. Total overdose case activations by EMS

• Classification machine learning models



• Variables cleaned and filtered. Removed based on overfitting and imbalanced data



RESULTS

• Second to last runs



SPARSENORMALIZER, XGBOOST CLASSIFIER 



RESULTS

• Final runs



CONSIDERATIONS WITH SYNTHEA



PROPOSED METHOD WITH SYNTHEA

• Similar 5 minute walk times

• Enrich synthetic data using USA 2020 demographic data, USA 2010 Census Demographic 
Data, USA 2014/2018 American Community Survey (ACS) Demographic Data, USA 2020 
Consumer Expenditure data, and USA 2020 Tapestry Segmentation Data. 

• Azure Machine Learning for similar classification techniques.



EXPERIENCE WITH SYNTHEA

• Machine learning results not as robust as with real 911 data (NEMSIS).

• Location data not reflective of true demographics of Chicago

• Consider integration of other U.S. Synthetic Household population data (Ex. RTI) into 
Synthea workflow



PARTNERS
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