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Background

Common aim in epi: estimate the “effect” of a particular exposure 
on a particular outcome, adjusted for covariates

Common statistical method: Generalized Linear Model (GLM) for 
the outcome

Estimates through Maximum Likelihood (ML)



Background, cont’d

Sometimes, the outcome model may be difficult to well specify
High dimensional covariates
Weak knowledge about outcome mechanism

The exposure effect can also be estimated by using regression 
model for the exposure

Convenient when the exposure mechanisms are well understood
Estimates through G-estimation



Background, cont’d

Often, no clear preference for either strategy

Both models can be combined to construct a Doubly Roubust 
(DR) estimator for the exposure effect

Unbiased if either model is correct, not neccesarily both
Two chances in one to obtain unbiased estimates

Theory well developed, but little is implemented.
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Outline

Brief review of Generalized Linear Models (GLMs)

A brief introduction to DR theory for GLMs

Our Stata implementation: drglm



A simple GLM

A = exposure, Y = outcome, L = covariates

g() is a suitable link function, e.g.
Continuous Y – identity link
”Count” (e.g. 0,1,2,3,…) Y – log link
Binary (0/1) Y – logit link

The model is completed with a suitable distribution for Y, e.g. 
Continuous Y – Normal 
”Count” Y – Poisson
Binary Y – Bernoulli
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Interpretation
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A closer look at the model

The main model

quantifies the effect of A on Y

The outcome nuisance model

is primarily included to adjust for L
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Estimation
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Impact of model misspecification
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G-estimation

2011-11-17Arvid Sjölander 11



In terms of estimating equations
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The two equations (identity outcome link)

ML score equation:

G-estimating equation:

Combined:
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Doubly robust property
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Standard errors

Standard errors must take estimation of all three models into 
account.

Sandwich estimator, or

Bootstrap
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Other link functions

The DR estimating equation can be adapted for log links with a 
minor modification.

For logit links, special techniques are required (Tchetgen 
Tchetgen et al, 2010).
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Simulation

1000 samples of 100 observations each, from
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Stata analysis

main model:

outcome nuisance model:

exposure nuisance model:

Default: exposure model = outcome model
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Output
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Simulation results 
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Additional features/options

The drglm command supports the ”xi-notation”

The most common link functions 
Identity link
Log link
Logit link

Sandwich standard errors or bootstrap standard errors

Works with most common post-estimation commands
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Testing for no association
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Summary

Doubly robust estimators are highly attractive, since they give 
the resarcher two chances of obtaining unbiased estimates.

With the new Stata command drglm, DR estimation in GLMs is 
easy and convenient 
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