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What is LEGEND?

• A group of OHDSI collaborators

• Goal: to generate evidence at large scale

• Have defined 10 guiding principles

• Have already published several articles following 
those principles
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.
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LEGEND hypertension study

• Compare all hypertension 
treatments

• For 55 outcomes

– Safety

– Effectiveness

• A total of 700k research 
questions
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LEGEND hypertension study
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.
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Publication bias
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Idea Perform study Submit paper Publication!
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P-hacking
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Publication bias & p-hacking

• Publication bias and p-hacking result in

– High false positive rate (most published results are wrong)

– Lack of evidence on null and small effects
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Publication bias & p-hacking

• Publication bias and p-hacking result in

– High false positive rate (most published results are wrong)

– Lack of evidence on null and small effects

• All LEGEND analysis are prespecified, and results are 
disseminated without filter
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.
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Advanced confounding adjustment

• Construct large generic set of covariates 

– 10,000 < n < 100,000

• Use regularized regression to fit propensity model

• Match or stratify on propensity score
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Achieving balance on all 
58,285 covariates



LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.
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Measuring residual bias

Control questions: 

– exposure-outcome pairs with known 
effect size

– negative and positive controls

Empirical calibration:

– Adjust p-value and confidence interval 
using estimates for controls
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.

7. The evidence will be generated using open-source software that is freely 
available to all.
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Open-source software

• The LEGEND study package is available at 
https://github.com/OHDSI/Legend

• LEGEND relies on 

https://ohdsi.github.io/Hades/
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.

7. The evidence will be generated using open-source software that is freely 
available to all.

8. LEGEND will not be used to evaluate methods.

9. LEGEND will generate evidence across a network of multiple databases

10. No patient-level data will be shared between sites in the network, only 
aggregated data.
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.

7. The evidence will be generated using open-source software that is freely 
available to all.

8. LEGEND will not be used to evaluate methods.

9. LEGEND will generate evidence across a network of multiple databases

10. No patient-level data will be shared between sites in the network, only 
aggregated data.
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Evidence from multiple databases

• Each study should be 
replicated across 
multiple databases

• More data: more 
statistical power

• Heterogeneity may 
cause doubt on the 
validity of the results 
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LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.

7. The evidence will be generated using open-source software that is freely 
available to all.

8. LEGEND will not be used to evaluate methods.

9. LEGEND will generate evidence across a network of multiple databases

10. No patient-level data will be shared between sites in the network, only 
aggregated data.
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Distributed Research Network

• Multiple sites with 
data

– Hospital EHRs

– Administrative Claims

• Patient-level data 
cannot be shared

Site A

CDM

Site C

CDM

Site D

CDM

Site B

CDM
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Distributed Research Network
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• Any site can lead a 
study

• Analysis code is 
developed locally

• Code is distributed to 
study participants

• Results are generated 
(aggregated statistics)
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Distributed Research Network

• Any site can lead a 
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• Analysis code is 
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• Code is distributed to 
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Distributed Research Network
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• Any site can lead a 
study

• Analysis code is 
developed locally

• Code is distributed to 
study participants

• Results are generated 
(aggregated statistics)

• Results are sent back 
to study lead



LEGEND vs RCTs

- Estimates were not 
statistically significantly 
different (more often than 
expected by chance)

- LEGEND estimates have 
much narrower 
confidence intervals

- Note: you could do almost 
as well by just always 
guessing ‘no effect’
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In conclusion

• LEGEND principles aim to

– Improve transparency

– Ensure verification

• We hope more studies will follow these 
principles
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Thank you!



LEGEND Guiding Principles

1. Evidence will be generated at large-scale.

2. Dissemination of the evidence will not depend on the estimated effects.

3. The evidence will be generated using a pre-specified analysis design.

4. Evidence will be generated by consistently applying a systematic approach 
across all research questions.

5. The evidence will be generated using best-practices.

6. The evidence generation process will be empirically evaluated by including 
control research questions where the true effect size is known.

7. The evidence will be generated using open-source software that is freely 
available to all.

8. LEGEND will not be used to evaluate methods.

9. LEGEND will generate evidence across a network of multiple databases

10. No patient-level data will be shared between sites in the network, only 
aggregated data.
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