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Reproducibility

What is reproducibility in database studies?
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Reproducibility
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Hazard ratio = 2.0

Important but not transparent by itself

Thousands of lines of code to create a temporally anchored analytic cohort 

from raw longitudinal data streams

What scientific decisions is the code implementing? Agree with the validity 

and/or relevance for the question of interest?

Hazard ratio = 2.0
Hazard ratio = 2.0



3

What is reproducibility in database studies?

Reproducibility
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Direct 

replication

Recreate temporally anchored analytic 

cohort and analysis from source relational 

database 

Transparency

Transparency in design and implementation decisions are a necessary pre-condition 

for direct replication

 Ability to directly replicate a study is a proxy for transparency of study 

methodology

Need transparency to assess validity and relevance of evidence

What is reproducibility in database studies?

Reproducibility
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Most common, most interesting?

Why do results differ or converge?

Need transparency to understand

• Subtle design/implementation differences

• Differences in data

• Differences in population
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Important point to keep in mind

Transparency facilitates assessment of validity, relevance, replicability

Transparent and 

replicable

Scientifically valid 

and robust
≠

1. Systematic search using 
Google Scholar

2. Apply exclusion criteria

3. Evaluate transparency 
considering all publicly available 

information

4. Replicate 150 studies 
80% comparative

(blind to original results)

5. Contact original authors to 
discuss assumptions, understand 

differences

CONSORT style diagram

• Include descriptive, comparative 

safety/effectiveness cohort studies

• Exclude if data source mismatch, PDF unavailable, 

methods study, etc.

Top h-5 clinical, epidemiology journals
• Published after Jan 1, 2011

• “cohort” + “claims” + database name 

Metrics to quantify replicability 

Abs. Diff, Std. Diff,  “calibration”, etc.

Aim 1. To quantify the current state of healthcare database study 

reproducibility via direct replication

8

Standardized extraction form

• Based on ISPE/ISPOR catalogue

• Measure/describe how often specific parameter 

decisions were unclear
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Random sample        250 studies
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1. Identify sample of 50 
comparative studies 

2. Conduct numerous 
sensitivity analyses

3. Conduct external 
adjustment under 

varying assumptions

4. Evaluate robustness 
of evidence 

• Plausible alternative parameters

• Address design/analysis issues

• Assay sensitivity – e.g. negative control 

outcomes

• Closely replicated

• Noted design/analysis issue

• Implementation parameters ≠ intended 

question?

Aim 2. To evaluate the robustness of evidence currently found in 

healthcare database studies

13

• Quantitative bias adjustment 

(misclassification)

• Residual confounding

Original Robustness checks
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Random Sample of Peer-Reviewed, Published Database Studies
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of 250 of 150 of 150 of 50

Transparency Evaluation Replication RobustnessAuthor Contacts

Current progress

(15 attempted contacts)

ISPOR/ISPE Joint Task Force 

catalogue of specific parameters

Same data source,

Same methods

Valid alternative 

specifications
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INTERIM RESULTS

Relative sample size of replication versus original
(Nreplication/Noriginal)

No codes, unclear temporality for exposure, exclusion criteria 

Replication team made many assumptions

On average, relative sample size close, but many up to 2x as 

large or 1/2 the size of original publication

Comparative Descriptive

Same sample size

Replication larger

Original larger

INTERIM RESULTS 

Difference in baseline characteristics* of cohort

(% original – % replication)

Covariate codes not reported

Covariate codes reported

Comparative

Descriptive

Study ID Study ID

* binary/categorical
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INTERIM RESULTS 

Difference in baseline characteristics* of cohort

(% original – % replication)

85% of baseline characteristics were within ± 10% points

* binary/categorical

Covariate codes not reported

Covariate codes reported

Comparative

Descriptive

Study ID Study ID

INTERIM RESULTS 

Difference in baseline characteristics* of cohort

(% original – % replication)

95% of baseline characteristics were within ± 25% points

* binary/categorical

Covariate codes not reported

Covariate codes reported

Comparative

Descriptive

Study ID Study ID
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INTERIM RESULTS 

Why did the replication differ so much from the original for some 

baseline characteristics?

Authors provided citation to comorbidity score 

All patients in replication had score ≥ 2 because tumor/malignancy was part of inclusion

> 75% in original had score = 0

* binary/categorical

Covariate codes not reported

Covariate codes reported

Comparative

Descriptive

Study ID Study ID

INTERIM RESULTS 

Calibration of effect estimates* for original versus replication

Replication       

O
ri

g
in

a
l

Replication = Original

* Log hazard, odds, risk ratio
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INTERIM RESULTS 

Calibration of effect estimates* for original versus replication

Estimates follow diagonal

* Log hazard, odds, risk ratio

Same side of null?

84% of effect estimates were on 

the same side of null 

16% were not

52% of effect estimates and 

confidence intervals were on 

same side of null

Replication       

O
ri

g
in

a
l

INTERIM RESULTS

Why are the effect estimates on opposite sides of null?

Hazard ratio for bleeding

Original:         1.2 (95% excludes null)

Replication:   0.8 (95% include null)

Notes from replication team:

• Assumptions regarding algorithms for 

exclusion, covariates

• Codes? Care setting? Dx position?

• Day 0 in assessment window? 

• Outcome algorithm provided

• Assumptions about follow up

• Censoring criteria, exposure 

stockpiling, bridging, extension 

Sample size and characteristics:

• Replication cohort was 30% larger 

• Over half of baseline characteristics 

differed by more than 10% points

* Log hazard, odds, risk ratio
Replication       

O
ri

g
in

a
l
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• Empirical evaluation 

• Describe frequency of reporting specific parameters

• Model impact of transparency of specific parameters on replicability (std. diff effect estimate)

 Help focus reporting guidance on underreported parameters with larger influence 

• General comment

• Hard to replicate results if unable to replicate analytic cohort

• Exclusion criteria often mentioned in passing without detail 

• Majority of internal debate over vague prose on temporality (slower timeline for replication)

• How much do alternative decisions/assumptions for specific parameters matter? 

• Context dependent, robustness next…

Work in progress…
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6 groups working in parallel on different studies (1+ faculty, 2+ research staff)
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