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4. Rationale:  
 
 In a randomized controlled trial with two treatment groups and a binary outcome, a typical 
report can consist of a concise 2 by 2 table that cross classifies binary exposures and outcomes.  The  
reader expects to find estimates of risks, relative risks and/or risk differences, confidence bounds and 
often a p-value.  But in observational designs, and even in many originally randomized designs, the 
balance from randomization is absent and potential confounders abound.  For that reason, investigative 
teams often turn to multivariate logistic regression as the method of choice, and to estimate and report 
odds ratios, a metric that can be difficult to explain to clinicians and patients. Why odds ratios?  Because 
the estimate that flows directly from logistic regression is the (log) odds ratio.   Alternatively, investigators 
sometimes try alternative models that directly produce relative risks or risk differences such as such as 
log- or identity-link generalized linear model approaches, but these are inherently misspecified and often 
fail to converge.  This brief review relates long-known concepts of standardization and prediction to offer 
simple methods by which investigators can used conventional and properly specified models to report 



“adjusted” estimates of risks, their differences, and their ratios to answer their clinical questions. In the 
process we link these methods to 19th and early 20th century methods of direct standardization  and to 
current concepts of causal inference. We use real-world data from the ARIC study to demostrate the 
ideas.   
 

Our goals are to translate the value of modern, model based standardization methods for 
primary results to a clinical / epidemiologic audience. We show that computational advances now permit 
more sophisticated statistical methods to be more approachable, allowing investigators to use the 
statistical model that best fits the data and respects the underling biological or clinical process, but 
simultaneously allowing re-expression of the estimated results into the best metric to support decision 
making.  
 

We will begin with an example from ARIC on the well-known association of smoking and 
mortality; The basic unadjusted 2 by 2 table with risks, risk differences, risk ratios and odds 
ratios are easily estimated (as well as confidence intervals), and methods are largely transparent 
to readers. We will then show models adjusting for sex (binary), age (continuous) and 
hypertension (HTN: binary), sex+age, and sex+age+HTN as adjustor sets. While logistic 
regression converges for all these adjustor sets, log-binomial and identity-binomial models fail 
to converge when using any but the univariate adjustors.  Hence, adjusted odds ratios (OR) are 
simple to produce, but adjusted relative risks (RR) and absolute risk differences (RD) are less 
immediate. Investigators often resort to approximate solutions such as log-Poisson models for 
RRs and (all too often) even identity-Gaussian models for RDs. These models strive to arrive at 
clinically useful measures of risk but have fundamental shortcomings since they can produce 
expected risks outside of the possible data range with some risk estimates below 0 or over 1. 
 
 We will then (re)-introduce direct standardization methods of obtaining risk estimates 
on subroups and pooling those estimates using appropriate weighting techniques to allow 
results that apply to alternative representative samples. While standardization is a common 
technique used today, standardization in its original form applies only to categorical 
confounders and usually in large datasets. Fortunately, standardization as implemented using 
logistic regression, can apply to one or more continuous as well as categorical confounders, and 
will result in risk estimates that always fall within the bounds of 0 and 1, and can additionally be 
used to re-express logistic results into adjusted risk differences and risk ratios.  Advances in 
current statistical software makes this process imminently more accessible.     
 
  Lastly, we will show that the theoretical link between the standardization approach to 
re-express logistic regression estimates into RRs and RDs is not necessarily new, but has even 
greater implications today.  The link became the subject of two papers (Kalton 1968) in the 
context of surveys, then Lane and Nelder (1982) more formally linked standardization with 
prediction and adjustment for covariates and coined the term “predictive margins”.  Additional 
formal linkages have continued (Little 1982, Rosenbaum 1987), and the connection is present 
and especially important in the context of more recent advances in causal inference and 
weighted estimation based on propensity scores (Vittinghoff;  Korn and Graubard 1999; Hernan 
and Robins (2020)). 
 
We will then return to our simple example of smoking on mortality from ARIC. We will re-
express the results from the logistic models into RRs & RDs by (1) estimating individual risks, (2) 
marginalizing by applying appropriate weighting functions to obtain pooled adjusted risk 
estimates for smokers and non-smokers, and (3) express the results as relative risks, absolute 



risk differences (and obtain related standard errors, confidence intervals and p-values). We will 
also use propensity score models to estimate the probability of smoking as a function of the 
other covariates, sex in the simplest case, following by the estimation of the inverse probability 
of exposure weights, and finally, re-express weighted logistic regression models of the 
association of mortality and smoking, into estimates of risk difference and ratios. 
 
Programming code for common statistical software packages (e.g., R, SAS, Stata) will be 
presented. 
  
 
5. Main Hypothesis/Study Questions: 

• This is a methods translation paper and no substantive hypotheses are under 
investigation. A small set of ARIC data with 1 outcome (death), 1 primary exposure 
(smoking) and a couple adjustors (sex, age and HTN) will only be used motivate the 
example and allow reproducible code generation. 
  

• The goals are to produce a tutorial-type paper demonstrating how to use existing 
standardization (weighting) methods and widely used software to re-express estimates 
from logistic regression models into more clinically interpretable estimates of absolute 
and relative differences in probabilities (“risk differences” and “relative risks”), thereby 
avoiding inherent estimation issues with log-link or identity-link methods.  

 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, and 
any anticipated methodological limitations or challenges if present). 
  
Study design: Prospective observational study of ARIC participants seen at Visit 1 and followed 
for approximately 30 years (i.e. through Visit 7).  
 
Exclusion criteria:  None 
  
Outcome: 30-year Death status (i.e. through most available data via status71 file). 
 
Exposure:  Current Smoking at Visit 1 
  
Covariates:  Sex, Age, hypertension status, all at Visit 1 
 
Statistical analyses:  
We will demonstrate and compare pros and cons of the following approaches: 

• Two-by-two tables (unadjusted ORs, RRs, RDs) 
 

• Log-binomial regression to estimate adjusted RRs with binary outcome data  
• Log-Poisson regression to estimate adjusted RRs with binary outcome data  

 
• Identity-binomial regression to estimate adjusted RDs with binary outcome data 
• Identity-Gaussian regression to estimate adjusted RDs with binary outcome data 

 



• Logistic (logit-binomial) regression to estimate adjusted ORs with binary outcome data 
o Weighting and standardization after logistic regression to re-express results as: 

 Adjusted marginal probability estimates with Confidence Intervals (CIs) 
 Adjusted RRs with CIs and p-values 
 Adjusted RDs with CIs and p-values 

 
We will also connect the standardization approach to newer causal estimation approaches 
which target estimands such as the “average treatment effect among the treated”, or the “ATT”.  
Such estimates address clinical (and counterfactual) questions such as:  “What would one expect 
to happen if the patients who smoked had instead been non-smokers, but without changing 
their other characteristics?”    
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