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Overview

2

1 Randomization solves a lot of problems

2 Proper design is fundamental in observational studies

3 Decomposition of average treatment effects

4 Decomposition with propensity scoring 

5 Looks like an RCT.  What could go wrong?



© 2018 Optum, Inc. All rights reserved.

Aspects of bias addressed by randomization
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• Balances comparison groups on both 
observed and unobserved characteristics

• Greatly simplifies analysis

• Inclusion/exclusion criteria and 
intensive follow-up in trials introduce 
issues of generalizability of findings

• Addresses high variability of findings in small 
trials
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RWD vs. RWE (and types of RWE)
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Sherman R., Anderson S., Dal Pan G., et al. (2016) Real world evidence—what is it and what can it tell us?  N Engl J Med; 375(23):2293-2297
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Franklin J, Schneeweiss S. When and how can real-world data analyses substitute for randomized controlled trials? Clinical Pharmacology and Therapeutics. 2017.

Use of RWE vs. RCTs 
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Guideposts that can improve reliability of database 
study results

• Active comparator, same treatment modality

• Control for medication adherence

• High-dimensional proxy adjustment

• New users

• Avoid depletion of ‘susceptibles’ and other design flaws
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Age

Cost

SSRI

TCA

Y = B0 + B1 Age+ B2 T  + є1 
B0

B0 + B2

B1

B1

Stand-alone dummy variable
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Age

Cost

SSRI

TCA

Y = B0 + B1 Age + B2 T + B3 (Age* T) + є1B0 

B0 + B2 B1 

(B1 + B3)

Stand-alone dummy variable and interaction
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Age

Cost

SSRI

TCA

C0=B0 

D0=(B0 + B2) C1=B1 

D1=(B1 + B3)

Simple stratification 
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Heterogeneity of treatment effects in observational studies

• Heterogeneity of treatment response:  in observational studies treatment 
may interact with covariates resulting in differential patient response.  

• Although the covariance between treatment and the covariates is zero in 
an RCT by design, it is still possible for patients in each treatment group 
to have heterogeneous treatment responses.
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Sample Stratification Versus Interaction Terms

• Sample Stratification solves the multicollinearity problem often 
associated with interactions, assuming there is sufficient sample size to 
estimate the separate models

But how can the average treatment effects be 
reconstructed from the separate equations?
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Blinder-Oaxaca Decomposition 

( ) ( ) ( ) ( )T2 T1 T2 T2 T1 T2 T1 T2 T1 T1Y - Y = F X β  - F X β  + F X β  - F X β
Composition Coefficients

   
   

The counterfactual concept: 
• Substitute TCA sample through SSRI model (or vice versa)
• Perform many times with subsamples
• Statistical bootstrapping to obtain standard errors
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Blinder-Oaxaca decomposition in RCTs

• Blinder and Oaxaca showed that, in observational studies, the difference 
in expectation between two groups was a function of differences in the 
sample composition of the groups as well as coefficient effects.

• RCTs, by design, balance sample composition across groups on both 
observable and unobservable variables.  This causes the sample 
composition terms to drop from the decomposition equation.

• As a result, average treatment effects are equal to a weighted average 
of the coefficients (heterogeneity of treatment effects).
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Overall decomposition results – HbA1c
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Brekke L., Buysman E., Grabner M., Ke X., Xie L., Baser O., Wei W. (2017) The Use of Decomposition Methods in Real-World Treatment Evaluation for 
Patients with Type-2 Diabetes Initiating Different Injectable Therapies: Findings from the INITIATOR Study. Value in Health 20:1252-1259.
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Components of treatment effects – HbA1c
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Brekke L., Buysman E., Grabner M., Ke X., Xie L., Baser O., Wei W. (2017) The Use of Decomposition Methods in 
Real-World Treatment Evaluation for Patients with Type-2 Diabetes Initiating Different Injectable Therapies: 
Findings from the INITIATOR Study. Value in Health 20:1252-1259.
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Overall decomposition results – treatment persistence
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Brekke L., Buysman E., Grabner M., Ke X., Xie L., Baser O., Wei W. (2017) The Use of Decomposition Methods in Real-World Treatment Evaluation for 
Patients with Type-2 Diabetes Initiating Different Injectable Therapies: Findings from the INITIATOR Study. Value in Health 20:1252-1259.
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Components of treatment effects – treatment 
persistence
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Brekke L., Buysman E., Grabner M., Ke X., Xie L., Baser O., Wei W. (2017) The Use of Decomposition 
Methods in Real-World Treatment Evaluation for Patients with Type-2 Diabetes Initiating Different 
Injectable Therapies: Findings from the INITIATOR Study. Value in Health 20:1252-1259.
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Blinder-Oaxaca decomposition in observational 
studies with prior matching

• If patients in comparison groups were first balanced via propensity score or 
other matching methods, the sample composition terms would also drop from 
the decomposition equation in observational studies (assuming no omitted 
variables, etc).

• As with RCTs, the average treatment effect would be a weighted average of the 
heterogeneity of patient response within the groups.  

• For otherwise similar data measurement, the difference between results from an 
observational study and an RCT would result from omitted variables, 
measurement error, or other factors that might introduce bias in the coefficient 
estimates in the observational setting.
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• Estimation of treatment effects within subgroups has been shown to lead to high 
false-positive and false-negative estimates using RCT data (Brookes et al., 
2001). 

• Results can be different when the reference group is changed (Fortin, Lemieux, 
Firpo, 2010).

• Bias can be introduced by omitted variables, measurement error, and other 
issues common in observational analyses.

What can go wrong

21
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Summary
• Decomposition methods have been developed in the labor economics 

literature to estimate gender and racial discrimination in wages.  

• The methods decompose total variation between groups into variation that 
is due to differences in sample characteristics and variation that is due to 
the relationships of each group’s characteristics to their outcomes.  

• Randomization is intended to balance the characteristics of comparison 
cohorts on both observed and unobserved variables.  

• Application of decomposition methods to RCT data leads to the conclusion 
that average treatment effects are a weighted average of structural 
coefficients within and across each arm of the trial.  

• Comparison of RCT and observational studies within the decomposition 
analysis framework is helpful for identifying the conditions under which 
estimates of treatment effect would be expected to be similar for the two 
types of designs. 

• Highlights the importance of variable completeness and measurement 
quality to minimize bias from residual confounding in observational studies.

22



© 2018 Optum, Inc. All rights reserved.

References
Blinder, A. S. (1973). "Wage Discrimination: Reduced Form and Structural Estimates." The Journal of Human Resources
8(4): 436-455.

Brekke L., Buysman E., Grabner M., Ke X., Xie L., Baser O., Wei W. (2017) The Use of Decomposition Methods in Real-
World Treatment Evaluation for Patients with Type-2 Diabetes Initiating Different Injectable Therapies: Findings from the 
INITIATOR Study.  Value in Health 20:1252-1259.

Brookes ST, Whitley E, Peters TJ, Mulheran PA, Eggar M, Davy Smith G. Subgroup Analyses in Randomized Controlled 
Trials: Quantifying the Risks of False-Positives and False-Negatives. Health Technology Assessment 2001; 5(33).

Cook B., McGuire T., Zaslavsky A. (2012) .Measuring Racial/Ethnic Disparities in Health Care: Methods and Practical 
Issues.  Health Services Research 37(3 pt 2):1232-1254.

Crown, W. H. (2010). "There's a reason they call them dummy variables: a note on the use of structural equation 
techniques in comparative effectiveness research." PharmacoEconomics 28(10): 947-955.

Fortin N., Lemieux T., Firpo S. Decomposition Methods in Economics. Handbook of Labor Economics (2010). Elsevier 
Press.

Oaxaca, R. (1973). "Male-Female Wage Differentials in Urban Labor Markets." International Economic Review 14(3): 693-
709.

Oaxaca, R. L. and M. R. Ransom (1994). "On discrimination and the decomposition of wage differentials." Journal of 
Econometrics 61(1): 5-21.

Sherman R., Anderson S., Dal Pan G., et al. (2016) Real world evidence—what is it and what can it tell us?  N Engl J Med; 
375(23):2293-2297.

23



Contact information:

William.crown@optum.com

Thank you.

William H. Crown, CSO OptumLabs
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