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Agenda

• How Often Refresher (5 mins)
• Preliminary Results from the Global Symposium 
– How Often Azza (10 mins)
– How Often George (10 mins) 
– How Often and Clinicaltrials.gov data (10 mins)

• Next steps (10 mins)



OHDSI’s journey into incidence rates

• BMJ Xintong Li Paper
• Erica Voss’s paper
• Anna’s paper
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OHDSI Symposium October 2023
• How Often: Large scale characterization of incidence of outcomes following 

drug exposure
• Pre-Symposium

– Draft protocol 
– Develop and evaluate phenotypes
– Gathered research questions from OHDSI community
– Release analysis package that has all the targets and outcomes of interest 

• During Symposium (October 2023)
– Execute How Often Analysis Package across OHDSI Network
– Deploy viewer to allow for exploration of results
– Collaborate on appropriate use of evidence

• How to ensure reliability of results?
• How to improve user interface to disseminate results?
• What have we learned that can fill evidence gaps and improve decision making?



OHDSI Symposium October 2023

Create 
Phenotypes

Design 
Protocol + 
Analysis

Develop 
Interface

Interpret 
Results

Network 
execution

Publish methodological 
findings

Publish clinical findings

Target Cohorts

1. General Population
2. Important 

Indications
3. Drug Classes

Stratification factors:
1. Database, 2. Age, 3. Sex, 4. Calendar year

Outcome Cohorts

1. Adverse events of 
special interest

2. Designated medical 
events

3. Indication 
outcomes

4. Side effects of 
Drugs



Preliminary Results

• 6 Different Studies
– More than 20 different research 

questions

• 265 Different Phenotypes 
• 16 databases
• 54 million Incidence Rates 

Generated!
– Stratified by age, gender, index year, 

and database

All results are publicly 
available at 
https://results.ohdsi.org/ 

https://results.ohdsi.org/
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Results we will present today

• How Often Azza (Azza)
• How Often George (Cindy)
• How Often x Clinicaltrials.gov (Elise)



How Often Azza



“Does Indication Matter?”

How Often George



Background and Research Question

• Previous OHDSI work has shown that incidence estimates are 
quite sensitive to a range of factors, including age, sex, 
calendar time, indexing event, and database.

• Some drugs can be indicated to target multiple diseases
– ex, SGLT2 inhibitors for both Type II diabetes and in left heart failure

• It is possible that the incidence of different health outcomes 
could differ by indication; if that is the case, then what is the 
extent of the variation? 



Method (The Big Picture)

• Calculate incidence rates for various health outcomes across 12 
different drug classes, stratified by indication

• Compare incidence rates for outcomes across the different 
indications

• Additionally stratify results by age and sex



Method (The Details)

• Analysis was conducted in October 2023 on 13 databases
• Study Design: 
– Target cohorts: First occurrence of drug exposure 
– Outcome cohorts: 73 different outcomes (defined in the OHDSI 

phenotype library)
– Time at risk: 1 day to 365 day after cohort start (Intent to treat)
– Stratifications: Age and gender

Incidence	Rate	=

#	persons	in	the	target	cohort	who	have	
new	outcome	occurance	during	the	time−at−risk

person−time−at−risk	for	persons	in	the	target	cohort
with	time	at	risk



Method

Target cohorts: 
12 Drug classes, 
nested by 
indication

Indications

Beta Blockers 1) hypertension, 2) heart failure, 3) acute myocardial 
infarction

Cephalosporins 1) Urinary tract infection, 2) pneumonia

Calcium Channel Blockers 1) Hypertension

DPP-4 Inhibitors 1) Type 2 diabetes mellitus

Fluoroquinolones 1) Urinary tract infection, 2) pneumonia

GLP-1 antagonists 1) Type 2 diabetes mellitus, 2) obesity

IL-23 Inhibitors 1) Psoriasis

JAK inhibitors 1) Rheumatoid arthritis, 2) Ulcerative colitis

SGLT2 Inhibitors 1) Type 2 diabetes mellitus, 2) heart failure

Thiazide Diuretics 1) Hypertension

Trimethoprim 1) Urinary tract infection, 2) pneumonia

TNF-alpha inhibitors 1) Rheumatoid arthritis, 2) Psoriatic Arthritis, 3) 
Crohns disease, 4) Ulcerative colitis, 5) Psoriasis



Method

Outcomes Cohort examples (73 total)

Cardiovascular
• 3 and 4-point major adverse 

cardiovascular event (MACE) outcomes
• Cardiac death
• Torsades de Pointes
• Hospitalization with heart failure 

events
Gastrointestinal
• Abdominal Pain
• Acute Liver Injury
• Diarrhea
• GI Bleed 

Neurologic
• Stroke
• Headache
• Guillen-Barre Syndrome (GBS)



Analysis

• Random effect meta-analysis of incidence rates across the 13 databases
• For drug classes with >1 indication: Fixed-effect moderators model to 

evaluate whether incidence rates differed across indications
– For outcomes where incidence rates by indication were significantly different (p < 

0.05), we found the standard deviation of the effect estimates

• R metafor package (rma)



Results

• 77,631 total incidence rates calculated
• 8 different drug classes had at least 2 indications

Drug class # of Indications Differing incidence rates across indications (F statistic p val <0.05)

Beta Blockers 3 61/73 (83.5%)

Cephalosporins 2 51/73 (69.9%)

Fluoroquinolones 2 63/73 (86.3%)

GLP-1 antagonists 2 3/73 (4.1%) 

JAK inhibitors 2 15/73 (20.5%)

SGLT2 Inhibitors 2 55/73 (75.3%)

Trimethoprim 2 68/73 (93.1%)

TNF-alpha inhibitors 5 26/73 (35.6%)



Zooming in on Beta Blockers…

Thrombotic microangiopathy (TMA) or 
 Microangiopathic hemolytic anemia (MAHA) Thyroid tumor Transient ischemic attack events

Stroke (ischemic or hemorrhagic) Sudden Cardiac arrest or cardiac death Sudden Hearing Loss Sudden Vision Loss Thrombosis with Thrombocytopenia (TWT)

Pulmonary Embolism Renal Cancer Rhabdomyolysis Severe Cutaneous Adverse Reaction (SCAR) Stevens−Johnsons Syndrome

Persons with heart failure Persons with hepatic failure Persons with vertigo Polymorphic Ventricular Tachycardia 
 or Torsades de Pointes Progressive multifocal leukoencephalopathy

Non−hemorrhagic Stroke Pancytopenia, Acquired Persons with chronic kidney disease Persons with end stage renal disease Persons with gout

Lower extremity amputation Myocarditis Pericarditis Narcolepsy Nausea events Neutropenia or unspecified leukopenia

Hypomagnesemia events Hyponatremia events Hypotension events Immune Thrombocytopenia (ITP) Isolated Immune Thrombocytopenia (ITP)

Hemorrhagic Stroke Hospitalization with heart failure events Hyperkalemia events Hypoglycemia Hypokalemia events

Fall events Febrile Neutropenia or Neutropenic Fever Gastrointestinal bleeding events Guillain Barre Syndrome Headache events

Disseminated Intravascular Coagulation Drug Rash with Eosinophilia 
 and Systemic Symptoms (DRESS) Earliest event of Acute Hepatic Failure Edema events Encephalomyelitis

Coronary Vessel Revascularization Cough events CV Events (ischemic stroke, hemorrhagic stroke, 
 heart failure, acute MI or sudden cardiac death) Deep Vein Thrombosis (DVT) Diarrhea events

Autoimmune hepatitis Bells Palsy Bladder Cancer Bone Fracture Cardiovascular−related mortality

All events of Acute Liver Injury Anaphylaxis Angioedema Aplastic Anemia Autoimmune hemolytic anemia

Acquired Pure Red Cell Aplasia Acute Hepatic Failure (excl. viral hepatitis 
 and alcoholic hepatic failure) Acute Kidney Injury AKI Acute Liver Injury (excl. viral hepatitis 

 and alcoholic hepatic failure) Acute Myocardial Infarction including its complications

3−point MACE 4−point MACE Abdominal pain events Abnormal weight gain events Abnormal weight loss events
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Zooming in on Beta Blockers…

Thrombotic microangiopathy (TMA) or 
 Microangiopathic hemolytic anemia (MAHA) Thyroid tumor Transient ischemic attack events

Stroke (ischemic or hemorrhagic) Sudden Cardiac arrest or cardiac death Sudden Hearing Loss Sudden Vision Loss Thrombosis with Thrombocytopenia (TWT)

Pulmonary Embolism Renal Cancer Rhabdomyolysis Severe Cutaneous Adverse Reaction (SCAR) Stevens−Johnsons Syndrome

Persons with heart failure Persons with hepatic failure Persons with vertigo Polymorphic Ventricular Tachycardia 
 or Torsades de Pointes Progressive multifocal leukoencephalopathy

Non−hemorrhagic Stroke Pancytopenia, Acquired Persons with chronic kidney disease Persons with end stage renal disease Persons with gout

Lower extremity amputation Myocarditis Pericarditis Narcolepsy Nausea events Neutropenia or unspecified leukopenia

Hypomagnesemia events Hyponatremia events Hypotension events Immune Thrombocytopenia (ITP) Isolated Immune Thrombocytopenia (ITP)

Hemorrhagic Stroke Hospitalization with heart failure events Hyperkalemia events Hypoglycemia Hypokalemia events

Fall events Febrile Neutropenia or Neutropenic Fever Gastrointestinal bleeding events Guillain Barre Syndrome Headache events

Disseminated Intravascular Coagulation Drug Rash with Eosinophilia 
 and Systemic Symptoms (DRESS) Earliest event of Acute Hepatic Failure Edema events Encephalomyelitis

Coronary Vessel Revascularization Cough events CV Events (ischemic stroke, hemorrhagic stroke, 
 heart failure, acute MI or sudden cardiac death) Deep Vein Thrombosis (DVT) Diarrhea events

Autoimmune hepatitis Bells Palsy Bladder Cancer Bone Fracture Cardiovascular−related mortality

All events of Acute Liver Injury Anaphylaxis Angioedema Aplastic Anemia Autoimmune hemolytic anemia

Acquired Pure Red Cell Aplasia Acute Hepatic Failure (excl. viral hepatitis 
 and alcoholic hepatic failure) Acute Kidney Injury AKI Acute Liver Injury (excl. viral hepatitis 

 and alcoholic hepatic failure) Acute Myocardial Infarction including its complications
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 and alcoholic hepatic failure) Acute Myocardial Infarction including its complications
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 and alcoholic hepatic failure) Acute Kidney Injury AKI Acute Liver Injury (excl. viral hepatitis 

 and alcoholic hepatic failure) Acute Myocardial Infarction including its complications

3−point MACE 4−point MACE Abdominal pain events Abnormal weight gain events Abnormal weight loss events

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

−7
−6
−5
−4
−3

−12.5
−10.0
−7.5
−5.0
−2.5

−10
−9
−8
−7

−15

−10

−5

−9
−7
−5
−3

−12

−10

−8

−6

−3

−2

−1

−6
−5
−4
−3
−2

−12

−10

−8

−6

−9
−7
−5
−3

−4.75
−4.50
−4.25
−4.00
−3.75
−3.50

−13
−12
−11
−10
−9
−8

−12
−11
−10
−9
−8

−12
−10
−8
−6
−4

−8
−7
−6
−5
−4

−7
−6
−5
−4

−10
−9
−8
−7

−4

−3

−11
−9
−7
−5
−3

−4

−3

−2

−12
−11
−10
−9
−8
−7

−7
−6
−5
−4
−3

−12
−10
−8
−6

−5
−4
−3
−2
−1

−10
−8
−6
−4

−12

−10

−8

−11
−10
−9
−8
−7

−12

−10

−8

−4

−3

−2

−1

−10.0
−7.5
−5.0
−2.5

−8
−7
−6
−5

−10
−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0
−2.5

−10

−8

−6

−12.5
−10.0
−7.5
−5.0
−2.5

−6
−5
−4
−3
−2

−6
−5
−4
−3
−2

−11
−10
−9
−8
−7

−7
−6
−5
−4
−3
−2

−5.6
−5.2
−4.8
−4.4

−12

−10

−8

−6

−10

−8

−6

−4

−12.5
−10.0
−7.5
−5.0

−12.5
−10.0
−7.5
−5.0
−2.5

−10

−8

−6

−11
−10
−9
−8
−7

−8

−7

−6

−3.5
−3.0
−2.5
−2.0
−1.5
−1.0

−12
−11
−10
−9
−8

−12
−10
−8
−6
−4

−12.5
−10.0
−7.5
−5.0
−2.5

0.0

−6

−4

−2

−8
−7
−6
−5
−4

−10
−8
−6
−4

−9
−8
−7
−6
−5
−4

−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0

−10
−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0
−2.5

−12
−11
−10
−9
−8
−7

−7
−6
−5
−4

−12
−11
−10
−9
−8
−7

−12.5
−10.0
−7.5
−5.0
−2.5

−11
−10
−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0
−2.5

−12
−10
−8
−6

−8

−6

−4

−12
−10
−8
−6

−12.5
−10.0
−7.5
−5.0

−5
−4
−3
−2

−6

−5

−4

−12.5
−10.0
−7.5
−5.0
−2.5

−12
−11
−10
−9
−8
−7

Drug Indication
Lo

g 
In

ci
de

nc
e 

R
at

e

Data Source
Epic Legacy CUMC MERGE

France DA

IBM CCAE

IBM MDCD

IBM MDCR

LPD Belgium

LPD Italy

LPDAU

Optum EHR

OPTUM Extended SES

PharMetrics

STARR

Incidence Rate by Beta Blocker Indication and Data Source

Thrombotic microangiopathy (TMA) or 
 Microangiopathic hemolytic anemia (MAHA) Thyroid tumor Transient ischemic attack events

Stroke (ischemic or hemorrhagic) Sudden Cardiac arrest or cardiac death Sudden Hearing Loss Sudden Vision Loss Thrombosis with Thrombocytopenia (TWT)

Pulmonary Embolism Renal Cancer Rhabdomyolysis Severe Cutaneous Adverse Reaction (SCAR) Stevens−Johnsons Syndrome

Persons with heart failure Persons with hepatic failure Persons with vertigo Polymorphic Ventricular Tachycardia 
 or Torsades de Pointes Progressive multifocal leukoencephalopathy

Non−hemorrhagic Stroke Pancytopenia, Acquired Persons with chronic kidney disease Persons with end stage renal disease Persons with gout

Lower extremity amputation Myocarditis Pericarditis Narcolepsy Nausea events Neutropenia or unspecified leukopenia

Hypomagnesemia events Hyponatremia events Hypotension events Immune Thrombocytopenia (ITP) Isolated Immune Thrombocytopenia (ITP)

Hemorrhagic Stroke Hospitalization with heart failure events Hyperkalemia events Hypoglycemia Hypokalemia events

Fall events Febrile Neutropenia or Neutropenic Fever Gastrointestinal bleeding events Guillain Barre Syndrome Headache events

Disseminated Intravascular Coagulation Drug Rash with Eosinophilia 
 and Systemic Symptoms (DRESS) Earliest event of Acute Hepatic Failure Edema events Encephalomyelitis

Coronary Vessel Revascularization Cough events CV Events (ischemic stroke, hemorrhagic stroke, 
 heart failure, acute MI or sudden cardiac death) Deep Vein Thrombosis (DVT) Diarrhea events

Autoimmune hepatitis Bells Palsy Bladder Cancer Bone Fracture Cardiovascular−related mortality

All events of Acute Liver Injury Anaphylaxis Angioedema Aplastic Anemia Autoimmune hemolytic anemia

Acquired Pure Red Cell Aplasia Acute Hepatic Failure (excl. viral hepatitis 
 and alcoholic hepatic failure) Acute Kidney Injury AKI Acute Liver Injury (excl. viral hepatitis 

 and alcoholic hepatic failure) Acute Myocardial Infarction including its complications

3−point MACE 4−point MACE Abdominal pain events Abnormal weight gain events Abnormal weight loss events

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

Hyp
ert

en
sio

n

Le
ft H

ea
rt F

ailu
re

Acu
te 

MI

−7
−6
−5
−4
−3

−12.5
−10.0
−7.5
−5.0
−2.5

−10
−9
−8
−7

−15

−10

−5

−9
−7
−5
−3

−12

−10

−8

−6

−3

−2

−1

−6
−5
−4
−3
−2

−12

−10

−8

−6

−9
−7
−5
−3

−4.75
−4.50
−4.25
−4.00
−3.75
−3.50

−13
−12
−11
−10
−9
−8

−12
−11
−10
−9
−8

−12
−10
−8
−6
−4

−8
−7
−6
−5
−4

−7
−6
−5
−4

−10
−9
−8
−7

−4

−3

−11
−9
−7
−5
−3

−4

−3

−2

−12
−11
−10
−9
−8
−7

−7
−6
−5
−4
−3

−12
−10
−8
−6

−5
−4
−3
−2
−1

−10
−8
−6
−4

−12

−10

−8

−11
−10
−9
−8
−7

−12

−10

−8

−4

−3

−2

−1

−10.0
−7.5
−5.0
−2.5

−8
−7
−6
−5

−10
−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0
−2.5

−10

−8

−6

−12.5
−10.0
−7.5
−5.0
−2.5

−6
−5
−4
−3
−2

−6
−5
−4
−3
−2

−11
−10
−9
−8
−7

−7
−6
−5
−4
−3
−2

−5.6
−5.2
−4.8
−4.4

−12

−10

−8

−6

−10

−8

−6

−4

−12.5
−10.0
−7.5
−5.0

−12.5
−10.0
−7.5
−5.0
−2.5

−10

−8

−6

−11
−10
−9
−8
−7

−8

−7

−6

−3.5
−3.0
−2.5
−2.0
−1.5
−1.0

−12
−11
−10
−9
−8

−12
−10
−8
−6
−4

−12.5
−10.0
−7.5
−5.0
−2.5

0.0

−6

−4

−2

−8
−7
−6
−5
−4

−10
−8
−6
−4

−9
−8
−7
−6
−5
−4

−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0

−10
−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0
−2.5

−12
−11
−10
−9
−8
−7

−7
−6
−5
−4

−12
−11
−10
−9
−8
−7

−12.5
−10.0
−7.5
−5.0
−2.5

−11
−10
−9
−8
−7
−6

−12.5
−10.0
−7.5
−5.0
−2.5

−12
−10
−8
−6

−8

−6

−4

−12
−10
−8
−6

−12.5
−10.0
−7.5
−5.0

−5
−4
−3
−2

−6

−5

−4

−12.5
−10.0
−7.5
−5.0
−2.5

−12
−11
−10
−9
−8
−7

Drug Indication

Lo
g 

In
ci

de
nc

e 
R

at
e

Data Source
Epic Legacy CUMC MERGE

France DA

IBM CCAE

IBM MDCD

IBM MDCR

LPD Belgium

LPD Italy

LPDAU

Optum EHR

OPTUM Extended SES

PharMetrics

STARR

Incidence Rate by Beta Blocker Indication and Data Source



Zooming in on Beta Blockers…
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Zooming in on Beta Blockers…

• 3 Highest SD (rates are 
different between 
indications):
– Hospitalization with heart 

failure (SD = 4.17)
– 4-point MACE (4)
– Total CV disease events (4)

• 3 Lowest SD (rates are 
similar across indications):
– Gout (SD = 0.35) 
– Bone Fracture (SD = 0.58)
– Cough (SD = 0.59)



What about stratifying by sex?
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What about stratifying by age?
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Key Takeaways & Next Steps

• Meta-analyzed incidence rates for beta blockers were sensitive 
to stratifications by indications
– They are preserved even when we stratify by age and gender

• Trimethoprim was most sensitive to stratification by indication, 
and GLP-1 least sensitive

• For some health outcomes, it may be important to nest 
exposures within the different indications


