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Outline
The challenges of observational, real-world research

What is a propensity score?

How do we create a propensity score?

How can we use a propensity score?

What do we report when using propensity scores?

The strengths and limitations of propensity scores
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Does AA actually work?
The effectiveness of Alcoholics Anonymous (AA) has been studied extensively, with sometimes 
mixed results.

Randomized trials are challenging.
◦ AA attendance is freely available and voluntary.

Observational research is an alternative.
◦ But..
◦ Are those who chose to attend AA similar to those who do not?
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Best way to have your appendix 
removed?
The choice between laparoscopic and 
open-wound appendectomy is often 
made based on patient characteristics 
and illness severity.

Can we then fairly compare 
outcomes?
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Does acupuncture work?
We want to see how well acupuncture works in 
people with chronic pain, but…

Those who choose acupuncture are often very
different from those who do not.
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The challenge
Randomized trials are the gold standard for comparing two different therapies, interventions, 
surgeries, etc.
◦ But, they may not be practical or feasible in all settings.

Observational studies are an alternative, but exposure selection process can lead to bias.
◦ Those exposed (i.e. treated) are sometimes quite different from those not exposed.

What can we do here?
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The basic idea
We measure (or have information on) a number of characteristics for each person for the time 
period before someone is exposed.

We use this information to create a model that predicts the probability of receiving the 
exposure (compared to an alternative of interest).
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Propensity score methods
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Unexposed
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What is a propensity score?
A probability of being exposed (treated, vaccinated, etc.) based on characteristics that are 
present before exposure occurs.

Each person in our study is assigned a score that ranges from 0 (never exposed) to 1 (always 
exposed).

The score can then be used to do a number of things:
◦ Matching
◦ Stratification
◦ Adjustment
◦ Weighting
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Where do we get propensity scores?
Recall that these are just probabilities of being exposed, given a person’s characteristics. 

Logistic regression is most commonly used.

More complex methods are also being studied.
◦ Neural networks
◦ Machine learning
◦ Boosting methods
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Model selection
Three different characteristics to consider:
◦ Those related to the outcome only

◦ Those related to the exposure only

◦ Those related to both the outcome and the exposure

13

Exposure Outcome

Characteristic

YES!

YES!

NO!



Model selection
Model selection techniques not as effective here.

Parsimonious not as important as thoroughness.

Statistical significance not as much of a concern.

Multicollinearity not as much of a concern.

Balance is our goal!
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Remember our goal
One measure of the quality of a logistic regression model is the c-statistic, values closer to 1.0 
indicate better discriminatory ability.
◦ How well can the model predict the probability of an outcome?

Our goal is to create balanced groups to allow for a fair comparison.
◦ The c-statistic (and related measures) are of secondary importance here.

Example: People take statin medications to control their cholesterol levels. People who do not 
do well on a statin medication alone (such as simvastatin) may have other therapies added on 
(such as ezetimibe). But, this decision is driven by LDL levels, such that (for example):
◦ LDL > 180  prescribe combination therapy
◦ LDL ≤180  stick with simvastatin alone
◦ If we know LDL, we can likely predict exposure almost perfectly, but is this what we want?
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Now that I have a propensity score, what 
can I do with it?
There are several approaches to consider:
◦ Matching
◦ Stratification
◦ Adjustment
◦ Inverse probability of treatment weights (IPTW)
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Matching

With our without replacement.

Greedy versus optimal.

Apply caliper requirement?
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Too far apart?



Stratification

Choose number of strata, but 5 is usually most common.

Analyze within strata and then pool.

Be wary of: Imbalances, residual confounding, effect modification
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Consistent effect?
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Inverse probability of treatment 
weighting (IPTW)
For each person in the original sample we assign a weight based on the inverse probability of 
the treatment (or exposure) received.

𝑊𝑊𝑒𝑒𝐿𝐿𝐿𝐿𝐶𝐿𝐿𝑖𝑖 = 𝑧𝑧𝑖𝑖
𝑝𝑝𝑖𝑖

+ 1−𝑧𝑧𝑖𝑖
1−𝑝𝑝𝑖𝑖
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Regression adjustment
One last technique is to use the propensity score in the analysis phase as an adjustment, just 
like we would for any covariate of interest.

Used quite frequently, but has limitations:
◦ Need to understand the relationship between propensity score and outcome!
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How well did it work?
Our goal is to create two balanced groups, one exposed and the other not exposed.

Before moving to our analysis, we should consider how well the process worked.

Assessing balance:
◦ P-values are discouraged since they are impacted by the difference between groups AND sample size.
◦ Plots can be a helpful starting point.
◦ The standardized difference is the preferred method of assessing balance.
◦ More complex (less intuitive) methods.
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Plots
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Our hope
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To add ezetimibe or not?
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ComboSimvastatin 
alone

Is this the right comparison group?

People with manageable cholesterol are 
very unlikely to receive combination 
therapy.



Using the standardized difference
Measures the difference between the two groups in terms of standard deviations.

Does not depend on sample size.

A standardized difference of 0.10 (or 10%) or lower is considered good balance.
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Continuous covariates Categorical covariates
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HINT: Look for values more than 
0.10 (or 10%) in absolute terms

Drug and Alcohol 
Dependence 104 (2009) 56–
64



What to report?
Original pools of exposed and unexposed.

Sample size before and after matching.

The model used to create the propensity scores.

The algorithm used to match.

Diagnostics of match quality.

Information on those who did not match.
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Summarize how the propensity score 
was determined
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Pharmacoepidemiology and Drug Safety 
2007; 16: 504–512



Unmatched can tell us 
something too
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Pharmacoepidemiology and Drug Safety 2007; 16: 504–512

How many were left unmatched?

How do they differ from those who matched?

Who are we analyzing? Not analyzing?



Advantage over traditional regression
Separates the design and the analysis phases.

Simpler to determine balance (or lack thereof).

More flexible when the outcome is rare and the exposure is common.

Consider discontinuing if there is no overlap.
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Challenges
Propensity score methods can only account for measured characteristics.

Tradeoff between closeness of match/strata and sample size.

Missing data issues.

Rare exposures.

Propensity score is specific to the outcome.
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Learn more
Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding 
in Observational Studies. Comparative Behavioral Research 2011; 46: 399-424

Brookhart MA, et al. Propensity score methods for confounding control in nonexperimental 
research. Circ Cardiovasc Qual Outcomes. 2013;6:604-611
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Thank you!
SQUINLAN@GWU.EDU
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