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The Idea

➢Asymptotic Normal Approximation

➢Appropriate for C.I.?

➢How to Check Validity and Performance?

➢Empirical Comparator

➢Bootstrap sampling

➢Bootstrapping

➢Sampling method with replacement



The Data

➢ Simulated dataset with 263 rows representing 263 unique subjects 

➢ Subjects randomized 1:1 into 2 treatment groups

➢ Group A 

➢ Group B

➢ There are 5 total variables in the dataset:

➢ ID (unique numeric identifier)

➢ TRT_GRP (Group A/Group B)

➢ AGE (numeric)

➢ SEX (M/F)

➢ Severe_Event (0/1)

➢ 0 = No event

➢ 1 = Severe event occurred
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The Data (continued)



The Analysis

➢SAS 9.4

➢Logistic Regression:

➢Difference in Mean APPs (pdiff)
➢pdiff =pb – pa

➢Varpooled = SEB
2 + SEA

2 

➢95% C.I. by Asymtotic Normal Approximation

➢95% CI = pdiff ±
1.96 x √Varpooled



The Analysis (continued)

➢Bootstrapping
➢ 3 Total rounds

➢ k = 100, 500, and 1000

➢Sampling with Replacement:

➢ tmp = original 263 record dataset

➢ balboot = bootstrapping

➢ outhits = retains all sampled repeats

➢ reps  = k samples to draw

➢ seed = user provided integer for random sample processing 

➢ out = output dataset (for k = 100; “out100” has 26300 total rows)

➢Lots of Logistic Regression Models!



The Analysis (still going…)

➢Same PROC LOGISTIC Model
➢ Run k times

➢k Number of pdiff Values

➢Empirical 95% C.I.

➢ Order pdiff values from smallest to larger

➢ Select 2.5th %-tile for lower 95% C.I. bound 

➢ Select 97.5th %-tile for upper 95% C.I. bound

➢ 95% C.I. = ({pdiff2/2 + pdiff3/2},{pdiff97/2 + pdiff98/2}); for k = 100

➢ 3 total CIs (k = 100; 500; 1000)
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The Results
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The Results 

(yeah! more numbers…)



➢The Origin Story

➢The Idea

➢The Data

➢The Analysis

➢The Results

➢The Recap





The Conclusion

➢Generating adjusted predicted probability 

estimates is straight forward 

➢Practical to use logistic model estimates

➢Difference in mean APPs

➢Asymptotic Normal Approximated C.I.

➢Valid approach with adequate performance

➢Bootstrap sample-based C.I. comparator 

➢Important note: KNOW your data
➢Factors to consider: sample size; covariates; 

missing data; data imbalance; etc.
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Thank All of You for Attending!

Questions?



Break In Case Of Certain Questions
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Logit =

𝒆𝒙𝒑 𝜷

𝟏 + 𝐞𝐱𝐩 𝜷
𝒑 =

pooled
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