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HowOften: 
Incidence of all effects in all drugs

• Ask a doctor important side effects of a drug
• Then ask the incidence of that side effect
• Many side effects are well known, but most clinicians have no idea of the 

incidence
• The evidence is sparse

• Start simple
• Characterization = non-causal rates
• Tally how often conditions occur in drug therapy
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Why start simple?
• If incidence is low, then I am set
• If incidence is high, then need to look out for it even if not caused by 

drug
• Feasible to execute all-by-all
• Fewer assumptions than  causal
• More complicated than it looks, so need to get this one right first

“When I start this drug, what is the chance that I’ll experience a condition 
in the next year?”
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Dissecting the anatomy of incidence

Person 
timeline

Cohort 
entry

Time-at-risk

Outcome
occurrence

Incidence metrics:

# persons in the target cohort who have new 
outcome occurrence during the time-at-risk

# persons in the target cohort with time-at-risk*

# persons in the target cohort who have new 
outcome occurrence during the time-at-risk

person-time at-risk for persons in the target 
cohort with time-at-risk*

Cohort 
exit

Observation 
period end

Observation 
period start

Incidence proportion =

Incidence rate =



Incidence 
we observe: 
net rate of 
stroke on 
warfarin

Baseline 
risk of 
stroke 

off 
warfarin

Warfarin 
causing 

hemorrhage Warfarin 
averting 
emboli Attributable 

effect of 
warfarin

Incidence rates do not tell causal 
effect

In
ci

de
nc

e 
(il

lu
st

ra
tiv

e)



@OHDSI www.ohdsi.org #JoinTheJourney ohdsi

Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• How should the target cohort be defined?
• How should the outcome be defined?
• How should the time-at-risk be defined?
• How to account for patients with incomplete time-at-

risk?
• Which statistical metrics should be reported?
• Which data should be used?
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Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• How should the target cohort be defined?
• For a cohort of ‘new users of a drug’, cohort entry can be 

defined as the date of first exposure
• Should other inclusion criteria be imposed, such as requiring prior 

diagnosis of labeled indication?  How do these criteria impact the 
generalizability of this estimate to the target population?

• What minimum lookback period is required to ensure ‘new 
user’?  
• Shorter period provides larger (and more generalizable) sample to 

yield more precise estimate
• Longer period provides greater confidence that patient is truly 

‘newly exposed’ and provides longer prior history to ensure 
outcome is incident occurrence
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Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• How should the outcome be defined?
• Alternative phenotype definitions often represent different 

sensitivity/specificity tradeoffs, though those operating 
characteristics are commonly unknown at the time of 
choosing the definition
• ‘First diagnosis’ may be more sensitive but less specific 

than ‘first diagnosis with hospitalization’
• Outcome cohort can include ‘first ever occurrence’ vs. ‘first 

occurrence post-exposure’ vs. ‘all occurrences’
• Phenotype evaluation diagnostics required to quantify 

potential measurement error and calibrate incidence 
estimates
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Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• How should the time-at-risk be defined?

Person 
timeline

Cohort 
entry

1 day to 30 day 
after cohort start

Outcome
occurrence

Cohort 
exit

Observation 
period end

Observation 
period start

Time-at-risk

1 day to 365 day after cohort start

‘on treatment’:  cohort start through cohort end

‘intent-to-treat’:  cohort start through observation period end
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Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• How to account for patients with incomplete time-at-risk?

• Include persons with incomplete follow-up time
• Assumes unobserved time did not have events
• Lower bound of true incidence estimate

= #observed_events / (#observed_events + #missed_events)
• Worsens with increased censoring or more events in censored pts

• Include only persons with full time-at-risk
• Usually higher than true incidence estimate (if rate is uniform)

≈ #observed_events / (#observed_events – #missed_events)
• Worsens with increased censoring (also smaller sample size)
• Can flip if high rate of events in censored period

Person 
timeline

Cohort entry

Outcome
Occurrence?

Observation 
period end

Observation 
period start

Time-at-risk
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Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• Which statistical metrics should be reported?
• Incidence proportion requires a defined time-at-risk
• Incidence rate allows variable-length time-at-risk, but 

assumes constant hazard over time-at-risk
• 95% confidence intervals commonly reported, but only 

represent sampling variability.
• Within-source systematic error and between-source 

heterogeneity represent larger sources of uncertainty that 
are not adequately quantified in current practice
• Characterizing the range of estimates across network 

analysis (e.g. minimum à maximum) may be more 
reflective of uncertainty than sampling statistics from any 
given data source
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Myriad difficult choices that researchers have to make to 
produce a ‘simple answer’

• Which data should be used?
• Incidence estimation requires a minimum longitudinal 

follow-up for the desired time-at-risk
• Data should be represent patients that are contained 

within the target population of interest (but not necessarily 
be a random sample or fully representative of the target 
population)
• A network analysis may provide heterogeneity across 

patients, health systems, geographies and represent 
different perspectives and health care process biases
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Hierarchy of uncertainty

• Biology (genetics)
• This is signal that you want to measure, not error

• Environment (i.e., its effect on biology)
• Also signal that you want to measure

• Health care process bias
• Measurement error

• Extract-transfer-load
• ETL errors, and ETL interpretations

• Sampling error
• Sampling error goes to zero with sample size

• Confounding
• Different confounders in different populations
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Problems with current practice
• For a majority of incidence questions of potential interest, there is no 

readily accessible evidence available
• When evidence is identified in the literature, it can be difficult to 

interpret:
• Incidence metric – ambiguity in what’s reported
• Unspecified time-at-risk
• Generalizability of target population
• Diversity of phenotype definitions
• Different evidence sources (RCT, systematic reviews, observational studies)

• Systematic reviews synthesize results from different metrics/time-at-risk/phenotypes
• Observational data have different sources of systematic error that are rarely 

quantified or corrected for
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How could OHDSI help?
• Develop a standardized framework for incidence evidence generation 

and dissemination
• Fill the gaps where there is currently no available evidence
• Augment existing knowledge with new evidence systematically 

generated across the world’s largest observational data network
• Demonstrate reliability of current knowledge through replication
• Reconcile discordant evidence observed in the literature through quantification 

of uncertainty
• Apply causal effect estimates to overall incidence to assess attributable risk
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“Things we know that we know”
• What we think we know: 
• ACE inhibitors cause angioedema

• What we want to know:
• Clinical characterization: Incidence of angioedema in patients exposed to ACE 

inhibitors
• Population-level effect estimation:  

• Safety surveillance: Strength of association with ACE inhibitor vs. counterfactual
• Comparative effectiveness:  Strength of association with ACE inhibitor, relative to alternative 

treatments
• Attributable risk

• Patient-level prediction:  Probability that a patient will experience event, given 
baseline characteristics

19
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What’s on the product label?

20
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What’s the published evidence?
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Publication
Person-
years Events

Incidence (per 1000 
person-years)

95% CI (Incidence rate 
per 1000 person-years)

Miller Hypertension 2008 179,088 352 1.97(1.76-2.17)
Makani Am J Cardiol. 2012 185,067 394 3.00(2.80-3.20)
Toh AIM 2012 753,105 3,301 4.38(4.23-4.53)

Observational 
study in VA 
population

Meta-analysis of 
randomized 
clinical trials

Observational 
study across US 
private-payer 
claims in Sentinel

Incidence rate interval estimate 
predicated on 2 assumptions:
• Observed data represents a 

random sample of a target 
population

• Estimator in unbiased, so no 
systematic error
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How does it get distilled to clinicians?

22



What if a standardized incidence estimation was consistently applied 
across the OHDSI network?

Time-at-risk

Target cohort
Outcome

Inclusion 
criteria 

requiring full 
time-at-risk

Range of incidence proportions from across 8 sources 
in the OHDSI data network:  0.1% - 0.8%



How does OHDSI evidence compare with prior 
evidence?
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Caveats to All-by-All Incidence
• Why might rate be high
• (Recall that indications reduced b/c first occurrence is after exposure)
• High in the underlying population
• Indication is a risk
• Things associated with indication
• Reversed timing (Drug -> Indication)
• Or could be causal (attributable risk)

• But if rate is low and side effect is not serious, then side effect may not 
be important



Went live 2017
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Experience
• Columbia-NYP emergency department
• Used by some staff on patients with unexplained symptoms
• No formal evaluation

• Was the trigger for Anna Ostropolets’s Data Consult Service
• Angioedema with penicillin

• Reliable for several examples but some exceptions (sexual disfunction)
• Did not maintain the proof of concept
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We need you!
• We have shown proof-of-concept
• But this will only work if everyone contributes
• How can you help?



Original team

OHDSI collaborators
• Marc Suchard
• Martijn Schuemie
• David Madigan
• Jon Duke
• Patrick Ryan
• George Hripcsak

Columbia team
• Ray Chen
• Mark Velez
• Karthik Natarajan
• Jungmi Han
• Peng Jin

OHDSI Infrastructure
• Lee Evans
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Global Symposium

ohdsi.org/OHDSI2023

Global Symposium
Oct. 20-22 • East Brunswick, NJ, USA
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HowOften community effort 
Target cohorts:

1. ‘general population’
1Jan2018, 1Jan2022, 1st visit 
2018, 1st visit 2022….

2. ‘important indications’
Diabetes, Hypertension, 
Renal impairment, hepatic 
impairment, cardiac 
impairment, cancers (breast, 
lung, prostate), mental 
health (depression, bipolar, 
schizophrenia), infectious 
disease (Covid, HIV), eye 
care (blinding diseases), 
women’s health (pregnancy, 
endometriosis), ….

3. ‘drug classes’
GLP1, ACE inhibitors, SSRI, 
antiVEGF, ….

Outcome cohorts:

1. Adverse events of special 
interest (AESI)
Guillain-Barre Syndrome, 
Thrombocytopenia, Ischemic 
stroke, Transverse myelitis, …

2. Designated medical 
events (DME)
Stevens-Johnson Syndrome, 
pancreatitis, rhabdomyolysis 
acute kidney injury, …

3. Indication outcomes
End-stage renal disease, 
acute myocardial infarction, 
hepatic failure, …

4. Side effects of drugs
Headache, diarrhea, 
anaphylaxis, …

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

Create 
Phenotypes

Design 
protocol + 

analysis

Network 
execution

Develop 
interface

Interpret 
results

Publish methodological 
findings

Publish clinical findings

We 
need 
you!

Phenotypers

Rshiny
developers

R package 
developers

Data 
partners

Methods 
researchers

Clinical 
researchers
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HowOften next steps
• Pre-Symposium:
• Draft protocol to allow data partners to get approval to participate
• Develop and evaluate all phenotypes for targets and outcomes

• All outcomes to be used in HowOften must be included in OHDSI Phenotype Library
• Release analysis package that includes all phenotypes and analysis to instantiate 

cohorts and characterize incidence of all target-outcome pairs
• During Symposium:
• Execute HowOften analysis package across OHDSI network
• Deploy viewer to allow exploration of all results
• Collaborate on appropriate use of evidence

• Methodological questions:  how to ensure results are reliable?
• Development questions:  how to improve user interface to disseminate results?
• Clinical questions:  what have we learned that can fill evidence gaps and improve decision-

making?
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