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Randomized trials - the "gold"  standardRandomized trials - the "gold"  standard

• Randomization ensures the 2 groups of subjects 
are equally matched on all factors, whether or 
not they've been identified and measured

• High cost
• Problems with generalizability:
• Generally associated with teaching hospitals
• Subjects may differ from general population 
• Ethical concerns
• Allow causal inference (any difference observed 

between the two groups is due to differences in 
the treatment)
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Observational Studies Observational Studies 

• The researcher has no control over the 
assignment of subjects to treatments 
(assignment bias)

• When administrative data sets are used, the 
researcher has no control over what variables 
are collected, the quality of their measurement, 
or definitions
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statistical adjustment can be used to 
estimate the treatment effect, after adjusting 
for differences between treatment groups:
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Limitations of Regression Adjustment Limitations of Regression Adjustment 

• Requires “sufficient” overlap between the 
treatment groups

• Can’t assess whether the model has sufficiently 
adjusted for differences between the two groups
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• Requires “sufficient” overlap between the 
treatment groups

• Can’t assess whether the model has sufficiently 
adjusted for differences between the two groups

• Limitation on the number of covariates when 
studying rare outcomes



Enhancing the effectiveness of health care
for Ontarians through research

StratificationStratification
• Subjects grouped into subclasses based on observed 

characteristics, then treated and untreated subjects who 
fall  into the same subclass are compared

• Cochran (1965) demonstrated that five subclasses are 
often sufficient to remove 90% of the bias due to the 
variable used to form the subclasses

• As the number of covariates increases, the number of 
subclasses increases exponentially.  Difficult to create 
strata that contain both treated and untreated subjects, 
when dealing with a large number of covariates
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The Propensity Score The Propensity Score 

• The propensity score method builds on the 
general concept of stratification. 

• Rosenbaum and Rubin: bias from covariates can 
be eliminated by controlling for a scalar-valued 
function of the covariates – the propensity score.
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• Example:  Compare the outcomes of stroke 
patients who are discharged to a Rehab hospital
with the outcomes of those sent home with home 
care.

• Dataset contains all stroke patients (from the 
CIHI hospital discharge database) who were 
discharged either to Rehab (CIHI DAD or NRS 
database) or to home care (OHCAS database).

• Covariates include:  
� Age, sex, comorbidities from administrative data.
� SES based on the postal code linked to Statistics 

Canada census data 
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• Use logistic regression to calculate the 
probability (propensity) for patients to be sent to 
a Rehab hospital:

proc logistic;
model rehab = age sex comorbidity rurality …;

• The propensity score reflects the propensity of 
physicians to discharge a certain type of patient 
to Rehab rather than sending them home with 
home care.

• Or the propensity of a given type of patient to 
receive Rehab
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proc logistic;
model rehab = age sex comorbidities …;

• A low propensity score identifies a patient 
who, on the basis of age, sex, etc. is 
unlikely to be discharged to Rehab

• A high propensity score identifies patients 
of the sort who are likely to get Rehab.
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Key Properties of the Propensity ScoreKey Properties of the Propensity Score

• If there is no hidden bias then, conditional on the 
propensity score, treatment assignment is 
random
� A study is free of hidden bias if the probability of 

treatment is related only to observed characteristics

• Strata that are homogeneous in the propensity 
score tend to balance the observed covariates.

• Creating strata on subjects matched on their 
propensity score allows one to replicate an RCT, 
conditional on the observed covariates
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But ….But ….

• Stratifying on the propensity score makes 
no claims to balance unmeasured 
covariates.
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Calculation of a Propensity ScoreCalculation of a Propensity Score
1. Develop an initial propensity score

2. Stratify patients into quintiles using the 
estimated propensity score

3. Using an ANOVA model, regress each patient 
characteristic on treatment, quintile, and the 
treatment*quintile interaction

4. A p-value < 0.05 for either the treatment effect 
or the treatment*quintile interaction means 
there is an imbalance between the treated and 
untreated patients on that variable.
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Calculation of a Propensity Score (2)Calculation of a Propensity Score (2)

5. For unbalanced variables, add interactions with 
other variables in the model or higher order 
terms (e.g. age2)

6. Repeat until all variables have been balanced 
between treated and untreated patients or until 
the process can no longer be repeated
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Calculation of a Propensity Score (3)Calculation of a Propensity Score (3)

• The test of a good propensity score model 
is hw well it balances the measured 
variables between treated and untreated 
subjects.

• The conventional goodness-of-fit tests (R2, 
area under the ROC curve, Hosmer-
Lemeshow test) are not used to assess the 
propensity score model.
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Propensity Score MethodsPropensity Score Methods

There are three commonly used methods 
for using the estimated propensity score to 
estimate the treatment effect:

• Stratifying on the propensity score (usually 
quintiles)

• Matching on the propensity score

• Covariate adjustment
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Stratifying on the propensity scoreStratifying on the propensity score

1. Sort patients by propensity score and 
divide them into quintiles.

2. Estimate the treatment effect within each 
stratum

3. Combine the stratum-specific effects to 
obtain an overall treatment effect
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Note - even in the group with a low propensity to 
receive Rehab, there are still people who got 
Rehab; and even in the group with a high 
propensity to get Rehab, there are still people 
who got Home Care.

Each stratum contains subjects from both groups.  
Within each stratum, subjects have similar 
propensities for receiving the treatment.
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Example Using the Stroke PatientsExample Using the Stroke Patients

0.24Overall

0.3175%5 (high propensity 
for rehab

0.2952%4

0.2839%3

0.2221%2

0.1113%1 (low propensity for 
rehab)

Difference in avg. # 
readmissions (R – HC)

% who got 
Rehab

Stratum
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• The result of a propensity score analysis is 
an aggregate estimate of the treatment 
effect, if it were applied to the entire 
population
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Matching on Propensity ScoreMatching on Propensity Score

1. Match subjects from the two treatment 
groups using then estimated propensity 
score

2. Analysis incorporates matching
3.  Calipers of 0.6 SD of the estimated logit

of the propensity score are often used (a 
“match” can be plus or minus 0.6 
standard deviations). 
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Covariate AdjustmentCovariate Adjustment

• Regression using the treatment plus the 
propensity score as the independent variables.

• The first two methods (stratifying and matching) 
depend only on the rank of the propensity 
scores.  

• This method uses the actual value of the 
propensity score, and therefore depends on the 
correctness of the propensity score model 
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Uses for propensity score analysis:Uses for propensity score analysis:

• Suggest hypotheses which are worth 
pursuing using primary data collection/ 
randomized trial

• Confirm that the results of a randomized 
trial generalize
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Instrumental variable analysisInstrumental variable analysis

Instrumental variable(s): one or more variables which satisfy 
two conditions: 

1. Strongly correlated with the choice of treatment;
� If the correlation is low, power decreases (sample size 

increases), by the inverse of the square of the correlation (a 
correlation of 0.1 requires a 100 times larger sample)

2. but they have no direct effect on the outcome (their 
effect on the outcome is exerted only through their 
influence on the selection of treatment); 
� Any correlation creates a bias and the magnitude of the bias 

depends on the correlation between the instrumental variable 
and the X variables.  If the IV was only weakly correlated with 
the X variables, the cure may be worse than the disease. 
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