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Evaluations of therapeutic interventions generally fall into 2 categories, 

INTRODUCTION

VS

2

RCTs

• RCTs is gold-standard to estimate treatment effects.

• All confounding from pre-treatment characteristics 
(both measured and unmeasured) are avoided.     

• So, treatment groups can be directly comparable.

However, 

✓ not always feasible to conduct RCTs:
cost, time, small sample size, practical and ethical 

constraints, and limited generalizability. 

✓ RCTs rely on homogeneous population under highly 
controlled conditions.

• Can provide true treatment on the effectiveness 
under real world practice.

However, 
✓ treatment assignment is a non-random process 

based on an individual’s baseline characteristics, 
physician, health care system.

Ex. higher-risk patients may be more or less likely 
to receive the intervention.

✓ treatment groups may not be directly comparable 
according confounders.

✓ direct comparison might lead to biased.

✓ Some of these differences are collected in standard 
databases

Observational studies

Kuss, O., Blettner, M., & Börgermann, J. (2016). Propensity Score: An Alternative Method of Analyzing Treatment Effects: Part 23 of a Series on Evaluation of Scientific Publications. Deutsches Ärzteblatt International, 113(35-36), 597.

Ali, M. Sanni, et al. "Propensity score methods in health technology assessment: principles, extended applications, and recent advances." Frontiers in Pharmacology 10 (2019): 973.
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INTRODUCTION
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Conventional covariate adjustment

• to adjust all relevant patient characteristics relating the 
outcome between treatment groups.

However, 

✓ Not account treatment assignment which might selection 
bias.

✓ models might be overfitted when the number of 
covariates is large compared with the number of outcome 
events, according a rule of thumb (at least 10 events/ 
covariate).

Kuss, O., Blettner, M., & Börgermann, J. (2016). Propensity Score: An Alternative Method of Analyzing Treatment Effects: Part 23 of a Series on Evaluation of Scientific Publications. Deutsches Ärzteblatt International, 113(35-36), 597.

Ali, M. Sanni, et al. "Propensity score methods in health technology assessment: principles, extended applications, and recent advances." Frontiers in Pharmacology 10 (2019): 973.

(Multiple regression models)

Analysis in observational studies

Propensity score (PS) methods

• It is increasingly used in obs. studies. 

• aim of PS:
✓ to attenuate problems of confounding of patient 

characteristics and assignment to an intervention 
typically found in observational studies.

• Due to probability of received treatment is unknown 
depends on patient characteristics

• PS score defined as the probability of a patient being 
assigned to an intervention, given a set of covariates. 
✓ PS summarizes all patient characteristics into a single 

covariate, it reduces the potential for overfitting

VS



Ali, M. Sanni, et al. "Propensity score methods in health technology assessment: principles, extended applications, and recent advances." Frontiers in Pharmacology 10 (2019): 973.
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PROPENSITY SCORE methods

❖ There are 4 standard PS methods to estimate treatment effect.

PS matching

Inverse probability weighting (IPW)

Stratification

Regression adjustment for the PS

Kuss, O., Blettner, M., & Börgermann, J. (2016). Propensity Score: An Alternative Method of Analyzing Treatment Effects: Part 23 of a Series on Evaluation of Scientific Publications. Deutsches Ärzteblatt International, 113(35-36), 597.

Ali, M. Sanni, et al. "Propensity score methods in health technology assessment: principles, extended applications, and recent advances." Frontiers in Pharmacology 10 (2019): 973.
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Objectives

• However, there is lack of clear guidance as 
to how to make a sensible choice from 
among these various PS methods or 
conventional covariate adjustment for any 
given database. 

• This study applied several PS methods to 4 large-scale observational cardiovascular datasets.

• to examine advantages and disadvantages of the different methods 
• to compare their results with those using conventional covariate adjustment.
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Method

• This study analyzed data from 4 large-scale observational cardiovascular datasets.

1) CHARM program 

o RCTs of “Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity”

o This study used CHARM program as an observational database for making inferences about 
✓ “The association between use of beta-blockers (BBs: 4,203, no:3,396) and risk of mortality (1,831 events).” 

✓ PS model contains 18 variables in all. 
(including CVD risk factors (age, sex, BMI, smoking, DM), medication, as well as prior CVD and hospitalizations

Swedberg, K., Pfeffer, M., Granger, C., Held, P., Mcmurray, J., Ohlin, G., ... & Yusuf, S. (1999). Candesartan in heart failure—assessment of reduction in mortality and morbidity (CHARM): rationale and design. Journal of cardiac failure, 5(3), 276-282.

2)   ADAPT-DES prospective multicenter study 

o Stent thrombosis and CVD events after coronary artery implantation of drug-eluting stents (ADAPT-DES).

o This study used ADAPT-DES study 

✓ “The association between high platelet reactivity (HPR: 4,930; no, HPR: 3,650) and stent thrombosis (56 events).”

✓ PS model contained 39 variables in all.
(age, sex, medication, DM, ethnicity, smoking, renal function, and other CVD risk factors).
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Method

3)  THIN population-based study 

o population-based cohort study of statin on all-cause mortality. 

o This study used THIN study
✓ “Investigated the effect of statin (30,811) comparing with non-statin (60,920) users use on all-cause mortality (17,296). “

✓ PS model contained 48 variables in all. 
(CVD risk factors, age, sex, BMI, smoking, drinking, medications, and other diseases).

4) PROMETHEUS cohort study

o Compared prasugrel (treatment) with clopidogrel (control) for major adverse cardiovascular event (MACE). 

o This study used PROMETHEUS study 
✓ “compared prasugrel (treatment: 4,017 ) with clopidogrel (control: 15,587) therapy for MACE (1,580 events)” 

✓ PS model contained 35 variables in all. 
(CVD risk factors, age, sex, BMI, smoking, and prior CVD, as well as details about the implanted stent and an 

indicator for study center).
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Method

• PS score (= probability of being assigned to “treatment” given all relevant covariates)

✓ estimated using a logistic regression model.
✓ incorporates all variables that may be related to the outcome and/or the treatment decision. 
✓ All such variables should be included in the logistic model, regardless of their statistical significance or 

interaction with other variables in the model.

• The distribution of each covariate between treatment and intervention groups was checked using plots of covariate 
balance showed absolute standardized difference between treatment groups.

• 4 PS methods and conventional covariate adjustment were used
✓ To estimate the “treatment effect” on a time-to-event outcome.
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Method

• Matching

✓ used 1:1matching (with added constraint: the 
different of PS was 0.1 to avoid dissimilar individuals) 

✓ analysis based upon only those patients who are 
successfully matched. 

• Inverse probability weighting (IPW)
✓ uses the whole dataset but reweights individuals 

to increase the weights of those who received 
unexpected exposures.

✓ Weights 

✓ IPW, IPWRA or double robust methods were used.
✓ trimming and truncating large weights were used 

in case of large weight assigned.

PS1

• PS stratification

✓ used 5 and 10 strata
✓ splits the dataset into several strata on the basis of 

the individual’s PS.

PS2

PS3

PS4 Regression adjustment for the PS

= 1/PS …for treated patients 
= 1/(1-PS)  …for the control

C Conventional covariate adjustment

4 PS methods VS conventional covariate adjustment were used
to estimate the “treatment effect” on a time-to-event outcome.
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Method

Moreover in IPW, additional methods were added.

• Doubly robust approach (or IPWRA: inverse probability weight regression adjustment estimator)

✓ commonly used with IPW but less frequently with matching or stratification. 
✓ incorporate relevant covariates in both the PS model and the outcome regression model.
✓ this can compensate for insufficient covariate balance.

• Trimming

✓ removing individuals with extreme PS score (close to 0 or 1) in both the treatment and control groups.
✓ used  1% or 5% trimming.

• Truncating

✓ Method to reduces any “large” IPW weigh down to a maximum weight.
✓ There is no standard definition of a large weight for IPW. 
✓ This study considered any weight above 10 to be large, and reduced any weight down to weight 10.
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Results

• CHARM and ADAPT-DES (good overlap)
✓ showed good overlap between the PS 

for the treatment and control groups.
• CHARM : no extreme PS
• ADAPT-DES: no extreme PS 

(control group had a PS close to 0)

• THIN and PROMETHEUS (poor overlap)
✓ showed different PS distributions for the 

treatment and control groups.
✓ difficult to provide valid comparisons 

between 2 groups.
• THIN had a substantial number of PS close to 

0 or 1.
• PROMETHEUS had a very large number of PS 

close to 0, especially in the control or 
clopidogrel

✓ Good overlap
✓ No extreme PS

✓ Good overlap
✓ 1 extreme PS

✓ poor overlap
✓ high extreme PS: close 0, 1

✓ poor overlap
✓ high extreme PS: close 0
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Results: CHARM

• showed excellent agreement across all PS methods and covariate adjustment. 
✓ the crude estimate was different from the covariate adjusted estimate or estimates provided by the different PS methods.
✓ The adjusted HRs were all 0.73 (0.65, 0.81). SEs were very similar across all methods, an p values were highly significant for all 

methods.

✓ Good overlap
✓ No extreme PS

Conventional

matching
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Results: ADAPT-DES

• Investigated association between HPR and the risk of stent thrombosis.
• produced similar HRs for most methods. 

✓ Covariate adjustment, matching, IPW, and use of the PS as a covariate all arrived at an HR of 2.2, comparing patients with HPR 
with those without HPR. 

✓ exception is stratification, which showed a wider CI with 5 strata and an unstable results with 10 strata.
✓ revealed that the relatively low number of 56 events in the dataset were divided unevenly in the 10 strata.
✓ These findings strongly suggest that stratification with this many strata should not be used when the number of events is sparse.

✓ Good overlap
✓ 1 extreme PS
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Results: THIN

• most PS methods and covariate adjustment produced similar results (about HR of 0.85 with highly significant mortality reduction for those 
taking a statin.

• Exception was IPW, which estimated a smaller treatment effect with a wider CI.
• 5% Trimming gave similar results to IPW.
• Truncating large weights gave similar with the other PS methods.
• Doubly robust approach (including all covariates in the final model) gave similar with the other PS methods.

✓ poor overlap
✓ high extreme PS: close 0, 1
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Results: THIN

Plot of the IPW weights: 

• showed very large weights, which may be 
why IPW produced different results from 
other methods. 

• This is especially problematic considering 
that those large weights were given to the 
most unusual individuals.

✓ poor overlap
✓ high extreme PS: close 0, 1

Large weight
= 1/PS …for treated patients: if PS=0
= 1/(1- PS)  …for the control: if PS=1
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Results: PROMETHEUS

• Covariate adjustment, stratification, IPW, and use of the PS as a covariate all produced HRs of 0.94. 
• Matching showed a lower HR of 0.85. 
• IPW, IPW with 5% trimming, doubly robust had a much higher SE than the other methods. 
• IPW with truncating large weight change in HR to patients receive prasugrel tended to be at lower risk of MACE.

✓ poor overlap
✓ high extreme PS: close 0
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• plot of the IPW weights showed 
✓ very large weights for 8% of the treatment group, 

which may explain the stark change in HR seen 
when truncating large weights. 

Results: PROMETHEUS

Large weight
= 1/PS …for treated patients: if PS=0
= 1/(1- PS)  …for the control: if PS=1
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• without use of PS methods, covariate balance was 
insufficient for almost all variables.

• Matching produced excellent balance for all variables.

• Stratification mostly achieved satisfactory covariate balance, 
except for previous PCI.

• IPW showed very poor covariate balance for previous PCI 
and poor or borderline balance for hypertension, Previous 
MI, and prior PAD. 

Results: 
PROMETHEUS

Due to the lack of covariate balance, the results for 
stratification and IPW may be considered unreliable.

✓ Covariate imbalance

✓ Covariate imbalance

✓ Covariate balance✓ Covariate imbalance
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DISCUSSIONs

• This is particularly from small studies, there is no general agreement as to the choice of PS method that is best suited to any 
particular scenario.

• Thus, researchers may choose a suboptimal method that preserves more bias and/or imprecision than necessary.

❖ CHARM program: 

▪ large study with 2 groups similar size and common outcome events, and PS distribution showed good overlap with 
no extreme PS.

▪ Results showed consistency across all PS and conventional covariate adjustment.

❖ ADAPT-DES: 

▪ large study with 2 groups similar size and rare outcome events, and PS distribution showed good overlap with 1 
extreme PS.

▪ Results showed consistency across all PS and conventional covariate adjustment, except stratification.

▪ Stratification performed badly, with too few events per stratum.
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DISCUSSIONs

❖ THIN and PROMETHEUS study: 

▪ PS distribution showed poor overlap with high extreme PS.

▪ Results presented more of a challenge in selecting a robust PS methods.

▪ However, IPW with very large weight from high extreme PS  led to imprecise estimates of treatment effect and 
covariate imbalance for some potentially confounders. Both examples, estimated HRs closer to 1.

▪ IPW in doubly robust (IPWRA): similar to others PS but made 95%CI wider.

▪ IPW with trimming: helpful but still imprecise estimate.

❖ Trimming has been recommended as an appropriate way of limiting the influence of high weighted individuals, but still 
difficult to define % trimming.

❖ Truncating large weighs more precise estimates and had large effects on the estimated associations, but this method may 
lead to inadequate adjustment for covariate imbalance.

❖ One useful approach is to examine the baseline covariates before accessing any outcome data in order to determine 
which PS method (or covariate adjustment) may be most suitable given the characteristics of the PS, 

→ degree of overlap, covariate balance.
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DISCUSSIONs

overfitting



23

Conclusion

❖ Covariate adjustment and matching performed well in all of examples.

❖ PS methods are not necessarily superior to conventional covariate adjustment, and care should 
be taken to select the most suitable method.
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