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Table 1. Discussion Questions to Confirm Utility of PS Model in New Situation

Question Rationale for Discussion Decision of Study Team  
for This Case

Is a summary score needed 
(e.g., is there a need to 
reduce dimensionality in 
outcome models)?

Build consensus and clarify rationale 
for use of PS. Determine whether the 
motivation for this analytic approach 
changes based on this new request.

Yes; for this study, we anticipated a small 
number of outcomes compared with 
the number of covariates for which we 
needed to adjust.

Are there options for 
PS that include multiple 
exposure groups?

Knowledge sharing across study 
team members.

Yes; options for PS matching, 
stratification, and weighting are all 
available for multilevel exposure groups. 

Does the PS approach 
chosen for the binary 
exposure continue to 
provide the desired utility 
in expansion to multilevel 
exposure?

All PS approaches have pros and 
cons. Ensure intentional and proactive 
consideration of choice.

A weighting approach was initially 
chosen for the binary exposure, and this 
approach was carried forward to the 
four-level exposure.

Situation Choice for This Case
Exposure levels could be treated 
as ordinal (assumed inherent 
ordering of levels) or nominal 
(no assumed inherent ordering 
of levels). Ordinal levels are 
developed using proportional 
odds regression. Nominal levels 
are developed using multinomial 
logistic regression.

Nominal levels and multinomial logistic regression models were chosen.

While both options were viable, the study team consensus was that 
exposure levels may or may not be correlated to strict monotonic 
increases or decreases and that the nominal approach would allow 
more flexibility. That is, although there is a way in which the levels 
could be ordered, the more flexible approach was chosen so that 
measures on the outcome effect that are not associated with the 
assumed ordering could still be detected.

Figure 2.   Hypothetical Scenarios for Areas of PS Overlap With Binary and Four-Level Exposure 
in Case Study
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RESULTS
Prompting Situation

Brief Case Description

Postpartum timing of IUD insertion is the exposure for 
this case study.

Original Binary Exposure

• Early postpartum of IUD insertion: ≤ 14 weeks
• Late postpartum of IUD insertion: > 14 weeks

Modified 4-Level Exposure

• ≤ 6 weeks
• > 6 weeks and ≤ 14 weeks
• > 14 weeks and ≤ 52 weeks
• > 52 weeks postpartum (includes women without a recorded 
  delivery in the past 52 weeks)

BACKGROUND
A request was received from the 
FDA to conduct a study of uterine 
perforation and expulsion 
associated with intrauterine devices 
(IUD) in the United States based on 
findings from a European study.1

1 

STUDY AIM
Quantify the change in risk of 
uterine perforation and IUD 
expulsion in the early postpartum 
period vs. late postpartum/no 
delivery in the past 52 weeks.

2 

DESIGN
Retrospective postmarketing 
requirement assessing outcomes 
of uterine perforation and IUD 
expulsion in association with 
breastfeeding and postpartum 
exposures in four electronic 
health care record data sources.

3 

STATISTICAL METHODS
Cox proportional hazards 
regression and incidence rate 
ratio comparisons after PS 
adjustment for confounding.
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Figure 1. Description of Case Study for This ProcessBACKGROUND
• Pharmacoepidemiology database studies often use propensity 

scores (PS) as a summary confounder, allowing a large number  
of confounding variables to be replaced with a single summary 
confounding variable. This approach can aid study efficiency 
when there are many confounders and few outcome events.

• A multi-database study was originally planned with a binary 
exposure but was then modified to four exposure levels (at Food  
and Drug Administration [FDA] request).

• In order to make informed choices regarding PS analysis with  
a nonbinary categorical exposure, the study team needed to  
get a good understanding of the PS when used with  
multilevel exposures.

OBJECTIVE
The objective of this effort was to codify a process for shifting the 
design from a binary to a four-level exposure. We identified specific 
considerations for discussion and developed a process that can be 
repeated for other studies.

METHODS
• The multilevel exposure was not part of the original plan for the 

study but was requested by the FDA. The request prompted 
initial questions to confirm whether PS remained an appropriate 
approach to address potential confounding. Additionally, distinct 
stages of PS model development were reviewed and consensus 
was achieved among study team members for the change from 
binary to four-level exposure for each step:

– (1) Determine the model to develop the PS

– (2) Assess balance in the PS model

– (3) Re-check the planned analysis method based on the 
actually observed area of overlap for PS and determine 
whether and how to perform trimming 

• The FDA requested specific documentation of how covariate 
balance would be assessed and achieved and how the four-
level PS would be incorporated into outcome models.

CONCLUSIONS
• This process allowed the study team to discuss and decide 

upon changes to PS model development to address 
regulatory research questions. The considerations outlined 
herein delineate an approach for discussion among study 
team members for other similar studies considering multilevel 
exposures and PS analysis.

(2) Balance Assessment
• Balance could be assessed using standardized bias assessment (e.g., absolute standardized 

differences [ASD]) either as summary measures or via pairwise comparisons between all pairs of 
exposure levels (n = 6 comparisons) or as comparison vs. a single referent (n = 3 comparisons).

• Summary measures could be created via averages, min/max of pairwise comparisons, or as a 
composite score accounting for distance between all four levels simultaneously.

• ASD for pairwise comparisons vs. a referent exposure category for all variables included in the PS 
model was chosen. If any ASD was above 0.2, further refinement of the PS model would be used.

(3a) Overlap
• In a binary exposure, the area of overlapping PS values is generally the area considered for analysis 

(Figure 2, upper panel). However, for multilevel exposure, overlap could be considered as the range of 
PS covered by any pair of exposure levels, the coverage between the referent and each of the other 
three levels, or the coverage only for the range of PS occurring in all four levels of the exposure 
(Figure 2, lower panel).

• “Fully overlapping” regions would be ideal for interpretation but would narrow the range of PS and 
have limited generalizability (e.g., fewer people included in the analysis). A broader PS range of any 
overlapping may be more robust analytically (e.g., more people included in the analysis).

• In conjunction with trimming (Section 3b), the broader range of PS overlap was deemed appropriate 
for the primary analysis. However, this decision was made before conducting data analysis. If the 
assumptions do not hold upon examination of the data, then the decision may be revisited.

(3b) Trimming and Weighting
• Options for weighting exist for ordinal,2 pairwise nominal,3 inverse probability weighting,2,4 and 

overlap weights5 for multilevel exposures.

• Overlap weights (Figure 2, Scenario 4) chosen for primary analytic approach.

• If concerns arose during the PS modeling process, then inverse probability weighting using the fully 
overlapping approach was second choice (Scenario 2). If insufficient data were available, then inverse 
probability weighing would be applied to the available overlapping PS for each pairwise comparison 
(Scenario 1). In either case, inverse probability weighting would exclude extreme weights (e.g., > 10⁴).6,7

Step 1: Confirm PS Model Still Appropriate for the Study

Step 2: Discuss PS Model Development
(1) PS Model Development

For each of the following steps, we first discussed options among the study methodologists and 
statisticians responsible for study development. Subsequently, the full study team of researchers was 
engaged for review and consensus building. The study team members represented diverse areas of 
expertise, including clinical, statistical, epidemiological, programming, and data science.
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