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RISK STRATIFICATION ACROSS 
HEALTHCARE SYSTEMS



PREDICTING BIPOLAR DISORDER
INTRODUCTION

➤ Misdiagnosis rate 
up to 60% 

➤ Longer duration of 
untreated illness 
predicts worse 
clinical outcomes 

➤ Early and accurate 
diagnosis would 
improve the 
burden of disease



RISK STRATIFICATION PIPELINE
PIPELINE

1. Define outcome 

2. Extract data 

3. Feature engineering 

4. Machine learning 

5. Test at external sites 

6. Iterate through #4 and #5 to 
improve performance 

7. Pilot for clinical use 

8. Integrate with clinical workflow



IDENTIFYING BIPOLAR DISORDER CASES

Castro et al., 2014; Chen et al., 2018

DEFINE OUTCOME



LEVERAGING ELECTRONIC HEALTH RECORDS

EHR	Patient	Timeline

index diagnosis

RXNORM 
1202 

ICD-9 
295.1 RXNORM 

10737 ICD-9 
295.1 Partners RPDR 

8,602 cases  
1.8M controls

EXTRACT DATA



BILLING CODES TO DIAGNOSTIC CATEGORIES
FEATURE ENGINEERING

CCS LEVEL 1 
MENTAL ILLNESS

597 ICD-9 codes

+12

CCS LEVEL 2 
SCHIZOPHRENIA AND 

OTHER PSYCHOTIC 
DISORDERS

75 ICD-9 codes
CCS LEVEL 2 
SUBSTANCE-

RELATED 
DISORDERS100 ICD-9 codes

CCS LEVEL 2 
MOOD 

DISORDERS59 ICD-9 codes



BUILDING A FEATURE MATRIX IN R
FEATURE ENGINEERING

Patient# Case Status ICD9:295.1 ICD9:296.2 RXNORM:
10737

1 FALSE 1 1 1

2 FALSE 1 1 0

3 TRUE 0 0 0

4 FALSE 0 0 0

5 FALSE 0 0 1

1.8M rows x 2150 columns

Patient
# Concept Concept 

Date
Case 
Status

1 ICD9:295.1 7/8/13 FALSE

1 ICD9:296.2 7/13/13 FALSE

1 ICD9:296.2 8/16/13 FALSE

1 RXNORM:
10737 12/27/01 FALSE

1 RXNORM:
1202 2/19/01 FALSE

2 ICD9:295.1 12/8/14 FALSE

2 ICD9:296.2 1/13/15 FALSE

3 ICD9:333 8/10/14 TRUE

3 ICD9:395 8/20/14 TRUE

4 RXNORM:
101 3/3/03 FALSE

4 ICD9:103 4/15/06 FALSE

5 RXNORM:
10737 3/14/01 FALSE

457M rows x 4 columns



BUILDING A FEATURE MATRIX IN R
FEATURE ENGINEERING

Read in CCS map

Function to turn 
long format to wide 
format

Function to  
1. Map ICD-9 to 

CCS 
2. Run above 

function 
3. Save files



MACHINE LEARNING IN R 
MACHINE LEARNING

Cases

Controls
1. RF 
2. SVM 
3. NBC

Cases

Controls
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PORTABLE CODE AND HOW TO SHARE IT

VUMC RF

Geisinger SVM

Partners NBC 

TEST AT EXTERNAL SITES

Partners 
SVM

Partners 
RF

VUMC 
NBC

VUMC 
SVM

Geisinger 
NBC

Geisinger 
RF



PORTABLE CODE AND HOW TO SHARE IT
TEST AT EXTERNAL SITES



NEXT STEPS: BOOSTING PERFORMANCE
➤ Sampling 

➤ Feature engineering 

➤ Additional features

IMPROVE PERFORMANCE

Partners RPDR 
8,602 cases  

1.8M controls

Patient# Case Status ICD9:295.1 ICD9:296.2 RXNORM:
10737

1 FALSE 1 1 1
2 FALSE 1 1 0
3 TRUE 0 0 0
4 FALSE 0 0 0
5 FALSE 0 0 1



pROC 
+ 

ranger

RISK STRATIFICATION PIPELINE
1. Define outcome 

2. Extract data 

3. Feature engineering 

4. Machine learning 

5. Test at external sites 

6. Iterate through #4 and #5 to 
improve performance 

7. Pilot for clinical use 

8. Integrate with clinical workflow

SUMMARY
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THANK YOU!

Get in touch! azheutlin@mgh.harvard.edu & @amandabluezzz
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