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Data sharing in conventional multi-center studies
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Analysis 
center
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Datasets shared in conventional multi-center studies

5

Pooling study-specific individual-level datasets
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Datasets shared in conventional multi-center studies
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PatID Treatment Outcome Age Sex Diabetes CVD NSAID …

001 1 0 0 1 0 1 1 …

002 0 0 1 1 0 1 0 …

003 0 0 1 0 0 0 0 …

004 0 0 2 0 1 0 0 …

005 0 1 3 0 0 1 0 …

006 1 1 3 1 0 0 1 …

007 1 0 1 1 1 0 1 …

008 1 0 0 0 1 0 0 …

009 0 1 2 1 0 0 0 …

010 0 0 1 1 0 0 0 …

011 0 0 1 0 0 0 0 …

… … … … … … … … …
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Datasets shared in conventional multi-center studies
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PatID Treatment Outcome Age Sex Diabetes CVD NSAID …

001 1 0 0 1 0 1 1 …

002 0 0 1 1 0 1 0 …

003 0 0 1 0 0 0 0 …

004 0 0 2 0 1 0 0 …

005 0 1 3 0 0 1 0 …

006 1 1 3 1 0 0 1 …

007 1 0 1 1 1 0 1 …

008 1 0 0 0 1 0 0 …

009 0 1 2 1 0 0 0 …

010 0 0 1 1 0 0 0 …

011 0 0 1 0 0 0 0 …

… … … … … … … … …

Each row represents an individual
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Datasets shared in conventional multi-center studies
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PatID Treatment Outcome Age Sex Diabetes CVD NSAID …

001 1 0 0 1 0 1 1 …

002 0 0 1 1 0 1 0 …

003 0 0 1 0 0 0 0 …

004 0 0 2 0 1 0 0 …

005 0 1 3 0 0 1 0 …

006 1 1 3 1 0 0 1 …

007 1 0 1 1 1 0 1 …

008 1 0 0 0 1 0 0 …

009 0 1 2 1 0 0 0 …

010 0 0 1 1 0 0 0 …

011 0 0 1 0 0 0 0 …

… … … … … … … … …

Each column represents a variable
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Standard approach: pooling individual-level datasets
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PatID Exposure Outcome Time X1 X2 X3 X4 X5 …

001 1 0 312 0 M 0 1 1 …

002 1 0 40 1 M 0 2 0 …

003 1 0 365 1 F 0 2 0 …

004 1 0 200 2 F 1 1 0 …

005 0 1 2 3 F 0 3 0 …

006 0 1 15 3 M 0 1 1 …

007 0 0 4 1 M 1 1 1 …

008 0 0 145 0 F 1 3 0 …

009 … … … … … … … … …

PatID Exposure Outcome Time X1 X2 X3 X4 X5 …

001 0 1 35 1 F 1 3 0 …

002 0 1 213 2 M 1 1 1 …

003 0 1 453 2 M 0 4 1 …

004 0 0 58 3 M 0 3 1 …

005 1 0 31 3 M 0 3 0 …

006 1 0 56 1 F 1 2 0 …

007 1 0 123 1 F 1 1 1 …

008 1 0 546 0 M 0 3 0 …

009 … … … … … … … … …

PatID Exposure Outcome Time X1 X2 X3 X4 X5 …

001 1 0 312 0 M 0 1 1 …

002 1 0 40 1 M 0 2 0 …

003 1 0 365 1 F 0 2 0 …

004 1 0 200 2 F 1 1 0 …

005 0 1 2 3 F 0 3 0 …

006 0 1 15 3 M 0 1 1 …

007 0 0 4 1 M 1 1 1 …

008 0 0 145 0 F 1 3 0 …

009 … … … … … … … … …

001 0 1 35 1 F 1 3 0 …

002 0 1 213 2 M 1 1 1 …

003 0 1 453 2 M 0 4 1 …

004 0 0 58 3 M 0 3 1 …

005 1 0 31 3 M 0 3 0 …

006 1 0 56 1 F 1 2 0 …

007 1 0 123 1 F 1 1 1 …

008 1 0 546 0 M 0 3 0 …

009 … … … … … … … … …

Data Partner 1

Data Partner 2
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Not always possible to pool individual-level datasets
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PatID Exposure Outcome Time X1 X2 X3 X4 X5 …

001 1 0 312 0 M 0 1 1 …

002 1 0 40 1 M 0 2 0 …

003 1 0 365 1 F 0 2 0 …

004 1 0 200 2 F 1 1 0 …

005 0 1 2 3 F 0 3 0 …

006 0 1 15 3 M 0 1 1 …

007 0 0 4 1 M 1 1 1 …

008 0 0 145 0 F 1 3 0 …

009 … … … … … … … … …

PatID Exposure Outcome Time X1 X2 X3 X4 X5 …

001 0 1 35 1 F 1 3 0 …

002 0 1 213 2 M 1 1 1 …

003 0 1 453 2 M 0 4 1 …

004 0 0 58 3 M 0 3 1 …

005 1 0 31 3 M 0 3 0 …

006 1 0 56 1 F 1 2 0 …

007 1 0 123 1 F 1 1 1 …

008 1 0 546 0 M 0 3 0 …

009 … … … … … … … … …

PatID Exposure Outcome Time X1 X2 X3 X4 X5 …

001 1 0 312 0 M 0 1 1 …

002 1 0 40 1 M 0 2 0 …

003 1 0 365 1 F 0 2 0 …

004 1 0 200 2 F 1 1 0 …

005 0 1 2 3 F 0 3 0 …

006 0 1 15 3 M 0 1 1 …

007 0 0 4 1 M 1 1 1 …

008 0 0 145 0 F 1 3 0 …

009 … … … … … … … … …

001 0 1 35 1 F 1 3 0 …

002 0 1 213 2 M 1 1 1 …

003 0 1 453 2 M 0 4 1 …

004 0 0 58 3 M 0 3 1 …

005 1 0 31 3 M 0 3 0 …

006 1 0 56 1 F 1 2 0 …

007 1 0 123 1 F 1 1 1 …

008 1 0 546 0 M 0 3 0 …

009 … … … … … … … … …

Data Partner 1

Data Partner 2
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Distributed regression

▪ Regression analysis with data stored at different sites 

▪ Transfer of summary or intermediate statistics only

▪ Follows the same computation process as conventional individual-level 
regression analysis

▪ Results identical to pooled individual-level analysis

▪ Linear, logistic, Poisson, and Cox model

Karr et al, J Comput Graph Stat, 2005;14:263-279
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Distributed regression
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Distributed regression

13

“Regular” 
regression 
shares this



14

Distributed regression

14

Distributed regression 
shares this
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Distributed linear regression
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Parameter estimates 
of interest

Data at hand

Summarization

Karr et al, J Comput Graph Stat, 2005;14:263-279
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Distributed linear regression

16
Karr et al, J Comput Graph Stat, 2005;14:263-279
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Distributed linear regression

17
Karr et al, Chance, 2004;17:27-30
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Distributed linear regression

18
Karr et al, Chance, 2004;17:27-30
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Distributed logistic regression

19
Wolfson et al, Int J Epidemiol, 2010;39:1372-1382
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Distributed logistic regression

20
Wolfson et al, Int J Epidemiol, 2010;39:1372-1382
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Distributed logistic regression

21
Wolfson et al, Int J Epidemiol, 2010;39:1372-1382
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Distributed logistic regression
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Wolfson et al, Int J Epidemiol, 2010;39:1372-1382
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Distributed logistic regression
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Wolfson et al, Int J Epidemiol, 2010;39:1372-1382
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Improving practicality of distributed regression

▪ Two parallel development activities

▪ Analytic code to perform distributed regression analysis

▪ Communication code to enable automatable file transfers among physically 
separated computers

24
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Checking in
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Everyone knows this. What are you doing this silly study?

Duh!
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Checking in
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This is the coolest thing ever!

Wow!
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Checking in

27

Who cares?

Meh!
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Checking in

28

Duh! Wow! Meh!
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Pooled patient-level 
linear regression 
(from PROC REG)

Distributed linear regression
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Pooled patient-level 
logistic regression 

(from PROC LOGISTIC)

Distributed logistic regression
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Pooled patient-level 
Cox PH regression 

(from PROC PHREG)

Distributed Cox PH regression
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Pooled patient-level 
logistic regression 

Distributed 
logistic regression

Area under ROC curve: 0.8255 Area under ROC curve: 0.8247*

* Slight difference was due to distributed regression requesting less granular info when 
performing calculation (in order to provide more privacy protection)
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Additional testing
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Distributed Regression vs. Pooled Patient-Level Regression – LINEAR

Covariates
Distributed Regression Pooled Patient-Level Differences in 

Parameter Estimates

Differences in 

Standard ErrorsParameter Estimates Standard Errors Parameter Estimates Standard Errors

Intercept 35.50548 1.57690 35.50548 1.57690 -8.38E-13 2.26E-14
Variable 1 -0.27283 0.04401 -0.27283 0.04401 4.44E-16 9.92E-16
Variable 2 -1.01582 0.23259 -1.01582 0.23259 1.09E-13 3.22E-15
Variable 3 -0.73017 0.07229 -0.73017 0.07229 3.54E-14 1.32E-15

Distributed Regression vs. Pooled Patient-Level Regression – LOGISTIC

Covariates
Distributed Regression Pooled Patient-Level Differences in 

Parameter Estimates

Differences in 

Standard ErrorsParameter Estimates Standard Errors Parameter Estimates Standard Errors

Intercept 2.49660 0.49057 2.49660 0.49060 1.33E-15 9.99E-16
Variable 1 -0.14465 0.03686 -0.14460 0.03690 2.04E-13 -2.97E-14
Variable 2 -0.14105 0.06976 -0.14100 0.06980 1.38E-14 -2.22E-16
Variable 3 -0.13889 0.02376 -0.13890 0.02380 -2.42E-14 -2.19E-16

Distributed Regression vs. Pooled Patient-Level Regression – COX

Covariates
Distributed Regression Pooled Patient-Level Differences in 

Parameter Estimates

Differences in 

Standard ErrorsParameter Estimates Standard Errors Parameter Estimates Standard Errors

Variable 1 -0.06692 0.02084 -0.06692 0.02084 -1.39E-16 2.78E-17
Variable 2 -0.34644 0.19024 -0.34644 0.19024 2.22E-16 -2.78E-17
Variable 3 0.09653 0.02724 0.09653 0.02724 -1.80E-16 1.73E-17
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Development of communication code

34
Wolfson et al, Int J Epidemiol, 2010;39:1372-1382
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PopMedNet query workflow (Old)
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One-time info exchange
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PopMedNet query workflow (Enhanced)
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Iterative info exchange
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Integrating analytic and communication code
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Input 
Files

SAS

MSOC

MSOC 1

MSOC 2

MSOC 3

Input 
Files

MSOC SAS

Trigger File
Trigger File

Trigger File

Trigger File

SAS writes 
intermediate 

statistics

Analysis Center Data Partners

Trigger File

Trigger File

Edit SAS
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Discussion

▪ We are getting very close to making distributed regression a practical analytic 
option in real-world distributed data networks

▪ Effect estimation is relatively straightforward

▪ Some model diagnostics are trickier

▪ We also have functional prototypes for distributed linear and logistic 
regression for vertically partitioned data environments
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Checking in

39

Duh! Wow! Meh!
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Darren_Toh@harvardpilgrim.org

@darrentoh_epi

https://www.distributedanalysis.org


