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Abstract 

Multiplicity of research hypotheses is common in 
epidemiologic studies investigating drug safety. 
However, multiple test procedures are underutilized 
in these studies because controlling the type I error 
inflation for null associations of drug with risk 
reduces the power to detect those non-null 
associations of drug with risk.  

Through a simulation study, we show that type I 
error could be seriously inflated even when there 
are only a small number of hypotheses to test with 
rare safety events in large databases.  

By comparing Holm’s method and Benjamini-
Hochberg method with methods without Type I error 
adjustment, we illustrate that the Holm’s method 
and Benjamini-Hochberg method can control Type I 
error rate while retaining good power and 
sensitivity. 
 Introduction 

Methods 

 Holm step-down procedure 
 Start by ordering the p-values (from lowest to 

highest): p(1),…,p(m) , and let the associated 
hypotheses be H(1),…,H(m) 

 Let R be the smallest k such that p(k)>α/(m+1-k) 
 Reject the null hypotheses H(1),…,H(R-1). If R=1 

then none of the hypotheses are rejected. 
 
 
 
 
 
 
 

Note: Holm step-down procedure controls FWER. 
 

 Benjamini and Hochberg step-up procedure 
 Start by ordering the p-values (from lowest to 

highest): p(1),…,p(m) , and let the associated 
hypotheses be H(1),…,H(m) 

 Let R be the largest k such that p(k)≤ α*k/m 
 Reject the null hypotheses H(1),…,H(R).  

 
 
 

 
 
 
 
 
Note: Hochberg step-up procedure controls false 
discovery rate (FDR). FDR is the proportion of false 
positives among the set of rejected hypotheses. 

 
 The unadjusted method without Type I error 

control will be compared with the proposed 
methods above through a simulation study. 

Simulation Set-up Simulation Results 

Conclusions 

 In multiple comparisons, type I error rate 
can be inflated as number of comparisons 
increases; 

 Holm’s step-down procedure controls 
FWER;  

 Benjamini-Hochberg’s step-up procedure 
controls FDR; 

 Simulation study shows that the power and 
sensitivity for Hochberg method is similar 
to unadjusted method, especially for large 
effect size. 
 
For more details, please email yueqin.zhao@fda.hhs.gov. 

Performance Evaluation 

 For one hypothesis testing: 
 
 
 
 
 
 
 

 For multiple hypothesis testing, the Type I error will 
be inflated. 
 In general, if we perform m hypothesis tests, the 

probability of at least 1 false positive is: 
P(Making at least 1 error in m tests)=1-(1-α)m 

 However, in pharmacoepidemiology world, classic 
textbooks advice us not to perform any Type I error 
control for multiplicity, because it could reduce the 
power. 
 

Questions: 
 Is Type I error control for multiplicity really “out 

of the picture” in pharmacoepidemiology? 
 If not, what should we do? 

8 0.3000 0.0500 1 Not Reject   
7 0.2000 0.0250 1 Not Reject   
6 0.0350 0.0167 1 Not Reject   
5 0.0320 0.0125 1 Not Reject   
4 0.0090 0.0100 0 Not Reject   
3 0.0085 0.0083 1 Not Reject   
2 0.0065 0.0071 0 Reject 
1 0.0050 0.0063 0 Reject   

Rank p-value critical value=α/(m+1-k) p-value>α/(m+1-k)? Decision   

8 0.3000 0.05000 0 Not Reject   

7 0.2000 0.04375 0 Not Reject   

6 0.0350 0.03750 1 Reject   

5 0.0320 0.03125 0 Reject   

4 0.0090 0.02500 1 Reject   

3 0.0085 0.01875 1 Reject   

2 0.0065 0.01250 1 Reject 
1 0.0050 0.00625 1 Reject   

Rank p-value Critical value=α*k/m p-value<α*k/m? Decision   

Generate Poisson distributions using different 
person years and background IRs.  
 
The hypothesis testing is performed using 

Conditional Binomial Exact Test 
If, X1~ Poisson(λ1) and X2~ Poisson(λ2), Then,  

 
X1|X1+X2=k~Binomial(k, p)  

 
where p=(t1/t2)(λ1/ λ2)/(1+(t1/t2)(λ1/ λ2)). 

 
p-value for testing H0: λ1=λ2 vs Ha: λ1≠λ2 is given 

by  
2*min{P(X1>k1|k,p(c)), P(X1<k1|k,p(c))},  

where p(c) is p with λ1/ λ2 replaced by c.. 
 
Back ground incidence rates: IR=0.01 or 0.05 
Relative risks: RR=1, 1.5, 2 or 3 
Two-sided α=0.05 for each single hypothesis 
No. of hypothesis testing m=4 or 8 
No. of simulations S=5,000 

Decision 

Actual Situation "Truth" 

Total H0 True H0 False 
Do not reject H0 U T m-R 
Reject H0 V S R 

  m0 m-m0 m 

 For multiple hypothesis testing: 
 
 
 
 
 
 

 Family-wise error rate (FWER) is the probability of 
at least one type I error: FEWR=P(V≥1) 

 False Discovery Rate (FDR) is the proportion of 
false positives among the set of rejected 
hypotheses: FDR=V/R 

 Sensitivity is the proportion of true alternatives 
which are correctly identified: Sensitivity=(S/(m-
m0)) 

 Power is the probability of rejecting the null 
hypothesis: P(S>0) 

Decision 
Actual Situation "Truth" 
H0 True H0 False 

Not called significant Correct Decision Incorrect Decision 
Type II Error 

1-α β 

Called significant 
Incorrect Decision Correct Decision 

Type I error 
α 1-β 

 Without adjustment FWER can be seriously inflated, 
especially when there are more than three hypothesis 
testing. 

 Holm’s step-down procedure controls FWER and 
Benjamini-Hochberg’s step-up procedure controls 
FDR. The power and sensitivity are retained, even for 
rare outcomes. 

 Similar results were found for other scenarios. 
(Results are available upon request.) 

 As the effect size gets smaller, the loss of power 
could increase with the proposed methods. 
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