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The empirical (classical) random-effects models provide biased summary effect 

sizes and generate too narrow 95% CI due to three factors: (a) treating random weights 

as non-random, (b) a probable association between effect size and weights at low event 

incidence, (c) use of an asymptotic normal distribution when a small number of studies 

are combined for a meta-analysis. Two unweighted random-effects approaches , the 

UW_OR and the UW_MM,  were proposed to estimate the unweighted summary effect 

size by overcoming the issues with the empirical random-effects approach but efficiency 

of those two approaches are unknown.  Additionally, a sample size weighted approach 

(W_RR) was proposed to estimate the weighted summary effect size. However, the 

relative performance of the unweighted summary effect size from the UW_RR versus 

the weighted summary effect size from the W_RR is unknown when they are forced to 

estimate the same summary effect size.  

The study aims to evaluate the statistical properties of the UW_OR and the 

UW_MM, and the performance of the  UW_RR and the W_RR using two major data 

simulations. This simulation approach is taken because it is impossible at present to 
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contrast the methods using mathematical means in that the calculation of the parameter 

dimensions are well beyond our capabilities.  

Our findings suggest that the efficiency of the UW_OR and the UW_MM is close 

when a large number of studies are combined for a meta-analysis and the low event 

rates are unlikely. Further, the UW_RR generates a similar summary effect size as the 

W_RR does when the effect size does not depend upon the study sample size.  In 

addition, we demonstrate that a t distribution is more appropriate compared with a 

normal distribution for all proposed methods, when a small number of studies are 

combined for a meta-analysis. It might be a good statistical practice to report results 

from both the sample size weighted (W_RR) and the unweighted (UW_RR) analysis 

(one as primary and one as secondary).  If the two agree qualitatively, the consistent 

reports add strength to make any inference. If not, since the UW_RR estimates the 

unweighted summary effect size and the W_RR estimates the weighted summary effect 

size, the disagreement is not a contradiction, but suggests further investigation of 

inherent differences between larger and smaller studies.   
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CHAPTER 1 
INTRODUCTION 

Statement of Problem 

Meta-analyses are systematic reviews which quantitatively combine results of 

previous research [1].  The Federal Drug and Food Administration (FDA) requires 

reviews of clinical trials on safety and efficacy in marketing applications [2].  In safety 

assessment, meta-analysis studies are viewed as primary evidence in support of 

regulatory decision making [3, 4]. 

In regards to meta-analytical methods, the most widely used models are  the 

empirical (classical) fixed-effect model and the empirical (classical) random-effects 

models [5]. Under these two models, each study within a meta-analysis is weighted by 

the inverse of that study’s estimated variance [5].  The empirically weighted random-

effects approach suffers from  three issues that have been identified in recent years [6]. 

These issues lead to biased summary effect size estimates and the corresponding 

smaller estimates of standard errors [6].    

In a meta-analysis with a binomial outcome, Shuster et al. [7-9] proposed two 

unweighted random-effects approaches (UW_MM, UW_OR/UW_RR) and one sample 

size weighted random-effects approach (W_RR) to overcome issues that the empirical 

random-effects model has.  

Theoretically, the above proposed approaches both provide unbiased summary 

effect size estimates [6-9]. However, we are uncertain which one is more efficient. Our 

research goal is to compare the efficiency of the two unweighted random-effects 

approaches (UW_MM vs. UW_OR) using the odds ratio data simulation,  and to 

compare the efficiency of the unweighted random-effects and the sample size weighted 
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random-effects approach (UW_RR vs. W_RR) when they estimate the same summary 

effect size using the relative risk data simulation.   

Specific Aims 

The following specific aims are proposed: 

Specific Aim #1:  Evaluate efficiency for the UW_OR and the UW_MM in a 

meta-analysis of binomial trials when synthesizing a large number of studies. 

Hypothesis 1: It is hypothesized that there is no precision difference between the 

UW_OR and the UW_MM when synthesizing a large number of studies.   

Specific Aim #2:  Evaluate efficiency of t approximation vs. normal 

approximation in a meta-analysis of binomial trials when synthesizing a small 

number of studies. 

Hypothesis 2-1: It is hypothesized that a t approximation is more accurate than a 

normal approximation in terms of closeness to the 95% coverage for the UW_OR when 

synthesizing a small number of studies. 

Hypothesis 2-2: It is hypothesized that a t approximation is more accurate than a 

normal approximation in terms of closeness to the 95% coverage for the UW_MM when 

synthesizing a small number of studies. 

Specific Aim #3:  Evaluate efficiency for the UW_RR and the W_RR when 

they estimate same summary effect size in a meta-analysis of binomial trials. 

Hypothesis 3: It is hypothesized that  efficiency of the UW_RR and the W_RR is 

similar when they estimate the same summary effect size.  

Specific Aim #4:  Evaluate efficiency of t approximation vs. normal 

approximation in a meta-analysis of binomial trials when synthesizing a small 

number of studies. 
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Hypothesis 4-1: It is hypothesized that a t approximation is more accurate than a 

normal approximation in terms of closeness to the 95% coverage for the UW_RR when 

synthesizing a small number of studies. 

Hypothesis 4-2: It is hypothesized that a t approximation is more accurate than a 

normal approximation in terms of closeness to the 95% coverage for the W_RR when 

synthesizing a small number of studies. 

Significance  

Evidence from meta-analyses represents the highest authority in the development 

of guidelines and helps reach consensus when conflicting evidence occurs [1]. In 

addition to selecting the appropriate source studies for a meta-analysis, the appropriate 

selection of the meta-analysis method is a very important step in ensuring the validity of 

synthesized evidence, especially when a meta-analysis is adopted to summarize the 

low incidence of adverse drug events studies.  

At the completion of this series of experiments, we expect to provide more solid 

supporting evidence on the efficiency of the UW_OR and the UW_MM, and on the 

efficiency of the UW_RR and the W_RR. The successful completion of this study will 

help medical researchers select appropriate meta-analysis methods in the future. 

Moreover, the evidence from an appropriate meta-analysis will help the FDA to evaluate 

the efficacy and safety of new drugs. Furthermore, formulary managers and healthcare 

officials will be able to use the evidence from appropriate meta-analyses to develop 

treatment guidelines or decide upon the inclusion of a new drug in a formulary [1] in a 

more rigorous manner than previously.  
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Definition of Terms  

EFFICIENCY. In statistics, efficiency refers to the degree to which a statistic is stable 
from one sample to another sample. In other words, a statistic is more efficient when it 
is less subject to sampling variation and bias. The efficiency of a statistic can be treated 
as a synonym for the precision of an estimate. The more efficient a statistic is, the more 
precise the statistic is as an estimator for a parameter [10].  

 
PRECISION OF METHODS. The precision of methods is a general term for the 

following statistics of variance, standard error and confidence interval [5]. 
 
RANDOM VARIABLE. A random variable denotes a variable whose values may be 

generated from a random experiment and the values cannot be predicted with certainty 
before a specific sample is selected [11].  

 
LARGE-SAMPLE THEORY. As a branch of statistics, the large sample theory states 

that it is relatively easy to obtain good approximate results if the sample size is large 
[12]. 

 
CENTRAL LIMIT THEOREM. As a probability theory, the theorem states conditions 

under which the means of a sufficiently large number of independent random variables 
are approximately normally distributed [13]. 

 
DELTA METHOD. The delta method is a technique which is used to approximate 

expected values of functions of random variables when it is not feasible to obtain the 
expected value directly, such as compute the moments of an approximating asymptotic 
distribution [14]. 

 
PROBABILITY DISTRIBUTION. The probability distribution of a random variable 

provides the frequencies of each value of the random variable in a population [11].  
 
NORMAL DISTRIBUTION. The normal distribution is  characterized as a symmetrically 

bell-shaped curve. The parameters of   (the mean describing the center) and   (the 

standard deviation describing the spread) are used to describe the distribution of a 
population (Figure 1-1) [11]. 

 
STUDENT’S T DISTRIBUTION. The student’s t distribution is a symmetrically bell-

shaped curve. It appears similar to the normal distribution but it differs because it has an 
additional parameter of degrees of freedom (df) which change the shape of the curve. 
The degrees of freedom are equal to the sample size minus one. The smaller the 
degrees of freedom, the larger the area under the tail of the curve is. In contrast, the 
larger the degrees of freedom, the closer it is to the curve of standard normal 
distribution. The normal distribution is a special case of the student’s t distribution with 
df= (Figure 1-1) [15].  

 

http://davidmlane.com/hyperstat/A12328.html
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BINOMIAL DISTRIBUTION. The binomial distribution describes the number of 
occurrences of a particular event in a series of n trials.  It needs to meet  four 
conditions. First, the trials are identical.  Second, the outcome of each trial is 
independent, i.e. the outcome is not associated with the outcome from other trials. 
Third, the outcome has only two values of ‘success’ or ‘failure.’ The last condition is that 
the probability of success ( ) stays the same for all trials. The binomial distribution is 

described by the sample size (n) and the probability of success ( ) (Figure 1-2) [11].  

 
Organization of Study 

The remainder of the study is organized into four chapters. Chapter two presents a 

review of the related literature covering the concepts proposed in this chapter. Chapter 

three describes the research design and statistical analysis plan of the study. Chapter 

four delineates the results of the study. Chapter five contains discussion and 

conclusions of this study. 
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Figure 1-1. Comparison of normal distribution vs. t distribution[16]. 
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Figure 1-2. Binomial distribution (Y=Probability, X=N) by R software V2.1 
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CHAPTER 2 
REVIEW OF THE LITERATURE  

This chapter provides the background and the rationale for conducting this study. 

We first define meta-analysis. Next, we review the most popularly used statistical meta-

analytical models for this study. Third, we explain the selection of the models. Fourth, 

we summarize the criticism with the empirical random-effects model,  as stated by 

DerSimonian-Laird (W_DL) [17].  Fifth, we introduce the solutions that overcome the 

issues with the W_DL model.  Finally, we propose questions that remain unknown.  

Definition of Meta-analysis 

Meta-analysis is described as ‘any systematic method that uses statistical 

analyses for combining data from independent studies to obtain a numerical estimate of 

the overall effect of a particular procedure or variable on a defined outcome.’ [18].  In 

1976, the term of ‘meta-analysis’ was coined by Glass [1, 19]. ‘meta-analysis’ became 

an accepted term in Medline In 1989 [1]. The evidence from systematic reviews and 

meta-analyses is often placed on the top of a pyramid in terms of authority (Figure 2-1, 

[20]), although there is no single, universally-accepted hierarchy of evidence. There are 

two main steps in conducting a meta-analysis: a critical review of  the literature and 

synthesizing data from each individual study into a summary (pooled or combined) 

effect size [1] (Figure 2-2).   

Models of Meta-analysis 

In regards to meta-analysis models, researchers usually have two choices, a fixed-

effect model and a random-effects model [5]  (Figure 2-3). The common underlying 

assumptions are that each individual study is independent and each one produces an 

unbiased estimate of that study’s effect size [6]. As for a meta-analysis with binomial 
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outcomes, most meta-analysis models presume that individual effect sizes in the form of 

odds ratios or relative risks are an independent, identically normal distribution on a log 

scale [7, 17, 21, 22], while some work with other prior distribution, i.e. the Bayesian 

approach [23-25]. We elaborate next upon the most popular used models: fixed-effect 

and random-effects models [5]. 

Fixed-effect Model 

The fixed-effect model was proposed by Mantel and Haenszel in 1959 [1, 26].  The 

specific underlying assumption for the fixed-effect model is that only one common true 

value of effect size exists for any study included in a meta-analysis [5]. The variation in 

the meta-analysis comes from sampling error within each individual primary study.  The 

weight is usually the inverse of that study’s estimated variance.  

Random-effects Model 

Another meta-analysis model is the random-effects model developed by William 

Cochran in 1954 [27], but was not used in the medical field until 1986 by DerSimonian 

and Laird [1, 17]. The specific underlying assumption for the random-effects model is 

that the effect size of each individual study is normally distributed as opposed  to 

sharing a common true value for the fixed-effect model.  Under this model, the source of 

variation in the meta-analysis comes from the sampling error within each study and the 

difference across studies combined for the meta-analysis [28]. 

In summary, the commonly used models for a meta-analysis are the fixed-effect 

and the random-effects models, which have different specific underlying assumptions.  

The fixed-effect model is a special case of the empirical random-effects model. 

Researchers need to choose an appropriate model before conducting a meta-analysis. 
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Selection of Meta-analysis Models 

Two ways can help a researcher to select the fixed-effect model or the random-

effects model. One is using a Cochran Q test. The other one is based upon clinical 

judgment. 

Method 1-Cochran Q test  

One method of selecting a  meta-analysis model is to use the Cochran Q test and 

corresponding p value. The Cochran Q test is a diagnostic tool that is used to determine 

which model is appropriate, the fixed-effect model or the random-effects model.  If the Q 

statistic is statistically significant with the p value less than 0.05, the random-effects 

model is the choice. However, if the number of studies is small the Q statistic may not 

have sufficient power to detect the between-study variance. Therefore, after the test, we 

only have two possible conclusions: (a) study effect sizes are statistically diverse 

(p<0.05), suggesting choosing the random-effects model or (b) it is inconclusive as to 

whether study effect sizes are diverse, i.e. we do not know which model is appropriate. 

Therefore, the Cochran Q test is not recommended as a diagnostic tool.  

Method 2-Clinical Judgment 

Another means of  selecting a meta-analysis model is based on the distribution of 

the effect sizes of individual studies and the relevant sources of errors [5]. In other 

words, we should make our decision based on the nature of the studies being combined 

for a meta-analysis instead of using a data driven test, such as the Cochran Q test. 

Fixed-effect model. The fixed-effect model is the choice when (a) we believe that 

all the studies examine the same hypothesis, and (b) the research goal is to calculate 

the common effect size, which intends to be generalized to the same population.  Under 

these conditions, the fixed-effect model is a better choice for a multicenter clinical trial. 
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This is because when a drug company conducts several studies with the same way of 

recruiting patients, using the same researchers, and using the same dosing regimens  

[28]. 

Random-effects model. In contrast, the random-effects model is more easily 

justified than the fixed-effect model when a researcher combines data from a series of 

studies performed by different investigators [28]. First, it is inappropriate to assume that 

all the studies examine the common effect size in that these studies would differ in 

many ways that impact the results, such as different study designs, different study 

populations, different comparison groups, different dosing regimens, different statistical 

methods etc. Additionally, the goal of the meta-analysis is often to generalize to a range 

of populations.  

In summary, although the two models are popularly used, the random-effects 

model is a more appropriate approach  when a meta-analysis is conducted at a study 

level [28]. Among available random-effects models, the empirically weighted random-

effects approach (W_DL) is usually used [6].  

Issues Regarding Empirically Weighted Random-effects Approach 

In this section, we describe the empirically weighted random-effects approach 

(W_DL) first, and then identify the issues with this approach.  

As for the most popularly used random-effects model, the empirical approach is a 

weighted approach.  Each study is weighted by the inverse of the each study’s 

estimated variance, including the within-study variance and the between-study variance. 

The rationale behind the weights is that it intends to emphases the impact from larger 

sample size studies on the summary effect size because the larger the sample size, the 

lower within-study random error.   
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The  conceptual formulas for the summary weighted mean ( w ) and  

corresponding 95% CI are computed below [28]. The outcome metrics could be odds 

ratio, relative risk or risk difference. If the outcome is measured in the forms of odds 

ratio or relative risk, they need to be transformed to a log scale then apply the following 

formulas. An illustration diagram in the form of odds ratio is displayed in Figure 2-4. 

The  conceptual formula for the summary weighted mean ( w ) 
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Where  

w  refers to the weighted summary mean  

j  refers to the j th study’s effect size 

j  refers to j th study under a meta-analysis 

*
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jW  refers a weight for the j th study 
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V  refers to the variance of the j th study, including the within–study variance for the 

 j th study plus the between-studies variance ( 2 ).  

2*

j jV V    

Where 

2 Q df

C



  



 

26 

Where 

2 (Tau squared) refers to the between study variance estimate 

Q refers to the Q statistic.  
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 df refers to the degrees of freedom, which is equal to M-1 

 Where M refers to the number of studies for a meta-analysis  
 

95% CI is computed blow: 

1.96*
w

wLL SE


 
 

1.96*
w

wUL SE


 
 

Where  

LL refers to the low limit of 95% confidence interval 

UL refers to the upper limit of 95% confidence interval       

1.96 refers to the z score for a normal distribution 
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However, the empirical random-effects model (W_DL) has three issues (Table 2-

1). First, the W_DL is widely used with weights [28].  As we mentioned earlier, the 
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weight refers to the inverse of the estimated variance of each study, including both 

variance from within study and between studies.  Empirically, the weighted random-

effects analysis treats its weights as non-random against its random nature, which is 

shown above in the conceptual formula for the weighted summary mean ( w ). 

Therefore, the estimate of the summary effect size is not only biased but also does not 

estimate what it claims to estimate of the unweighted summary effect size.  In addition, 

the confidence intervals derived from empirical weights are narrower  than they should 

be [29].   

The second, and often the case, is that the low event rates make the estimate of 

the effect size for that individual study highly biased, including its standard error. The 

reason is that the estimates of the effect size and the standard error for an individual 

study are calculated according to a large sample theory [12].  This situation is similar to 

that of the low expected cell number problems in two-by-two contingency tables, which 

explains why the Fisher’s Exact Test is popular.  Moreover, at low event rates, the 

weights are generally associated with the effect sizes of studies [6]. 

The third issue occurs when the number of studies combined for a meta-analysis 

is small. This is because the large sample theory plays a role not only in each individual 

study but also in the number of studies combined for a meta-analysis. The estimator of 

between-study variations is based upon study’s 2 . In other words, when a small 

number of studies are combined for a meta-analysis, the large sample approach is 

unreliable. Therefore, the z score of 1.96 that is based upon the standard normal 

distribution applying to calculate the 95% CI is not appropriate.  Instead a t distribution 

with a degree of freedom (i.e. the number of studies minus one) might be used.  But as 
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the number of studies increases, the summary effect size with a t distribution is closer to 

the summary effect size with a normal distribution. 

In conclusion, although the empirical weighted random-effects model (W_DL) 

often suffers from three issues of the empirical weighting, the low event rates, and the 

asymptotic normal distribution assumption, it  has been widely used [6].    

Solutions  

To overcome the issues  using the empirically weighted random-effects approach, 

Shuster et al. proposed the two unweighted random-effects approaches [7, 8] and one 

sample size weighted approach [6].  The advantages for each method are listed in 

Table 2-3. Now we introduce how a summary effect size is computed in the following 

order: UW_MM, UW_OR/UW_RR and W_RR.   

Solution 1: Unweighted Random-effects Approach I 

Shuster et al. proposed an unweighted random-effects approach (UW_MM) in 

2010 [8]. By using this approach, we compute the odds ratio for each study first, and 

then transform the odds ratio into its log form.  In the log scale, we assume that each 

log odds ratio is normally distributed. Therefore, we derive the mean log odds ratio by 

adding each log odds ratio together and dividing  the summation by the number of 

studies. Last, we take the antilog on the mean log odds ratio back to the original odds 

ratio scale. We illustrate the steps in Figure 2-5. The detailed formulas are displayed as 

follows.  

The operational unweighted estimate for a summary odds ratio for a sample is: 

( )/j

j

LOR M

OR e


  

Where  
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M=number of studies  

( )j jLOR In OR  

 2 1 1 2(1 ) / (1 )j j j jjOR        

/ij ij ijF N   

ijF  and ijN  denote the number of events and sample size for treatment i and trial j  

i =1 represents control arm, i =2 represents treatment arm 

95% CI for  LOR  in a log scale is 

 1 /2 LOR
LOR t SE

 
 
Where  

  /
LOR LOR

Z LOR LOR SE   has an asymptotic t-distribution with M-1 degrees of 

freedom  
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95% CI for  OR  in the original scale is 

1 /2* LOR
t SE

OR e 

 

Solution 2: Unweighted Random-effects Approach II 

Shuster et al. [7, 9] proposed another unweighted random-effects approach that 

completely avoids the low event issue with the weighted random-effects approach by 

taking ratios only after combining the proportions of each study (Table 2-2, Figure 2-6).  
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The only place that the large sample theory is ever employed is at the number of 

studies being combined. This method provides an unbiased summary effect size by 

avoiding taking the log of the effect size for each individual study and the antilog of the 

summary effect size back to the original scale. Moreover, this method avoids the 

chance of not being able to calculate individual effect size because of zero event in one 

or both arms.   

Odds Ratio Estimation:  

The operational unweighted estimate for a summary odds ratio for a sample is: 

 2 1 1 2(1 ) / (1 )OR           

 
Where  

/iji
j
P M   

/ij ij ijP F N  

ijF  and 
ijN  denote the number of events and sample size for treatment i and trial j  

i =1 represents control arm, i =2 represents treatment arm 

M=number of studies 

95% CI for logOR  in a log scale is   

1 /2 LOR
LOR t SE

 
 
Where  

  /
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Z LOR LOR SE   has an asymptotic t-distribution with M-1 degrees of freedom  
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2

2 222 / (1 )R C    
 

, 

1 1 2 212 / (1 ) (1 )S C       
   

95% CI for OR  in the original scale is 

1 /2* LOR
t SE

OR e 

 

Relative Risk Estimation: 
 

The operational unweighted estimate for a summary relative risk for a sample is: 

2 1/RR     

 
Where 

/ijij
j
P M   

/ij ij ijP F N  

ijF  and 
ijN  denote the number of events and sample size for treatment i and trial j  

i =1 represents control arm, i =2 represents treatment arm 

M=number of studies 
 

95% CI for log RR  in a log scale is 

1 /2 LRR
LRR t SE  

 ( ) ( ) /
LRR LRR

Z Log RR Log RR SE   has an asymptotic t-distribution with M-1 degrees of 

freedom.   
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1 21 12 /S C   
 

 

    / 1kj ljk lkl j
C P P M      

Where k=1,2; l=1,2 

95% CI for RR  in the original scale is 

1 /2* L RR
t SE

RR e 
 

In all, theoretically the above two unweighted random-effects approaches 

(UW_MM and UW_OR), which are both in odds ratio fashion provide valid summary 

effect size estimates for a meta-analysis. However, the efficiency of both methods 

remains unknown. 

Solution 3: Sample-size Weighted Random-effects Approach 

This method was proposed by Shuster et al. in 2011 [6]. The basic idea is that we 

conceptually draw a subject at random from the target population of past, present, and 

future subjects. The probability of selecting a given study to which this subject belongs 

is proportional to the total sample size of the study. The inferential framework differs 

from the solution 2 of the unweighted approach (UW_RR) in that this sample size 

weighted approach is at a patient level, not at a study level. This approach is illustrated 

in Figure 2-7.  

The conceptual formula for the weighted summary effect size is 

w j jj
W 

 
Where  

jW  represents the fraction of subjects in the universe, which belongs to trial j.  

j  is effect size estimate for j th study 
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W   is completely different from the   defined for solution 1-2, unless there is no 

association between the sample size and the effect size. 

The formula for the weighted summary effect size for a sample of studies is 

/W jj jj j
U U  

 
Where  

j denotes the estimated effect size for the j th study 

1 2( ) / 2j jUj N N   

The operational formula for the weighted summary effect size for a sample is 

2

1

A
RR

A


         

Where  

/i ijj
A A M  

ij j ijA U P    is the adjusted number of events 

i=1,2 , 1 indicating the control arm, 2 indicating the treatment arm  

j=1,2,…M indicating the number of studies        

ijP   denotes the estimate of risk for i th arm and j th study  

95% CI for log RR  in a log scale is 

1 /2 LRR
LRR t SE   

Where  

  /
LRR LRR

Z LRR LRR SE   is asymptotically t distribution with (M-1) degrees of freedom  



 

34 

   

 

2 2

1 21 2

11 2 2

( ) / ( ) /
/

2 ( , ) / ( )

j j

LRR

j j

S A A S A A
SE SQRT M

C A A A A

  
 
 
  

 

Where S() represents the sample standard deviation and  

C(,) represents the sample covariance.  

95% CI for RR  in the original scale is 

1 /2* L RR
t SE

RR e 

 

In all, although the two unweighted random-effects approaches (UW_OR/UW_RR) 

have been proven to be valid, we do not know their efficiency.  In addition, another 

solution of the sample size weighted random-effects approach (W_RR) was proposed, 

but it estimates the weighted summary effect size, which is different from the 

unweighted summary effect size.  It is unknown if we force them to estimate the same 

effect size, which one would be more efficient.  
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Figure 2-1. Evidence Hierarchy 
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systematic review

(systematic review)
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Quantitative 
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Figure 2-2. Overview of systematic review 
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Figure 2-3. Overview of meta-analysis 
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Study A Odds ratio
Log odds 

ratio*weight
log

Study B Odds ratio
Log odds 

ratio*weight
log

Study C Odds ratio
Log odds 

ratio*weight
log

Mean Log odds ratio=

Sum(Log odds ratio*weight)/Sum(weight)

Summary 

Odds Ratio
Antilog

Weights:

Inverse of that 

study’s 

estimated 

variance

 
Figure 2-4. Illustration of empirically weighted random-effects approach (W_DL)  
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Table 2-1. Illustration of issues with empirically weighted random-effects approach 

No. of Issues Issues Summary effect size SE 95% CI 

1 Empirical weights are 
random but  treated as non-
random 

 Does not estimate the claimed 
unweighted effect size 
 

 Biased summary effect size 
 

Inaccurate SE  Too narrow  

2 Estimate of point effect size 
for an individual study is 
computed based upon the 
large sample theory. This 
becomes a problem when 
low event occurs. 
 

 Biased effect size for individual 
study 
 

 Bias from log transformation on 
each individual effect size 

 

Inaccurate SE Skewed 

3 Low number of studies is 
combined for a meta-
analysis but with a normal 
distribution assumption 
(z=1.96) to calculate 95%  
CI 

N/A 
 

N/A Too narrow 
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Study A Odds ratio Log odds ratio

Study B Odds ratio

Study C Odds ratio log

Mean Log odds ratio=

Sum(Log odds ratio)/Sum(No. of studies)

Summary 

Odds Ratio
Antilog

Log odds ratio

log

log

Log odds ratio

 
Figure 2-5. Illustration of unweighted random-effects approach (UW_MM)  
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Table 2-2. Nomenclature for 2 by 2 table of outcome by treatment 
 Outcomes 

(+)  
Outcomes 
(-) 

N 

Treatment a b n 1 
Control c d n 2 

 

 

Study ARisk 1(P1)=

a/(a+b)

Risk 2 (P2)=

c/(c+d)

Summary OR=

Study B
Risk 1(P1)=

a/(a+b)

Risk 2(P2)=

c/(c+d)

Study C

Risk 1 (P1)=

a/(a+b)
Risk 2 (P2)=

c/(c+d)

Summary RR= 1 2( ) / ( )j j

j j

P P 

1 2

2 1

( )*(1 )

( )*(1 )

j j

j j

j j

j j

P P

P P





 

 

 
Figure 2-6. Illustration of unweighted random-effects approach (UW_OR/UW_RR) 
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Study 1Risk 1*weight Risk 2*weight

Summary RR=Sum of weighted risk 1/Sum of weighted risk 2

Study 2Risk 1*weight Risk 2*weight

Study 3Risk 1*weight Risk 2*weight

Weights:

(a+b+c+d)/2 

for each study

 
Figure 2-7. Illustration of weighted random-effects approach (W_RR) 
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Table 2-3. Illustration of advantages of three proposed random-effects approaches  

No. of 
Issues 

Issues w/DL UW_MM UW_OR/UW_RR W_RR 

1 Empirical weights are 
random but  treated 
as non-random 

Using no weight Using no weight  Using sample size as 
weights and treating them as 
random, plus 
 
 

2 Estimate of point 
effect size for an 
individual study is 
computed based 
upon the large 
sample theory. This 
becomes a problem 
when low event 
occurs. 
 

N/A  Using summation of 
proportions for each 
individual study and 
doing ratio at 
summary level, plus 
 

 Avoiding log 
transformation for 
each point effect size 
 

 Using summation of 
weighted proportions for 
each individual study, plus 
 

 Avoiding log transformation 
for each point effect size 

 

3 Low number of 
studies is combined 
for a meta-analysis 
but with a normal 
distribution 
assumption (z=1.96) 
to calculate 95% CI 

A t distribution is  
close to a normal 
distribution when a 
large number of 
studies are 
combined 

Same as UW_MM Same as UW_MM 
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CHAPTER 3 
METHODS 

Given the issues of the empirical random-effects model (W_DL), the two 

unweighted random-effects approaches and one weighted random-effects approach 

were proposed [7, 8]. Aim 1 and aim 2 of this study compare the efficiency of the two 

unweighted random-effects approaches (UW_OR vs. UW_MM) using an odds ratio data 

simulation. Aim 3 and aim 4 of this study compare the efficiency of the UW_RR and the 

W_RR when they estimate the same effect size using a relative risk data simulation. 

Two sections are addressed below. First, we delineate the data simulation 

process, including the odds ratio data simulation and the relative risk data simulation. 

Second, we elaborate statistical analyses for each aim. 

Odds Ratio Data Simulation 

In this section, two components are included. First, we define scenarios by using 

predetermined parameters. Second, we repeatedly simulate random samples 10,000 

times [30-32] under each scenario to conduct corresponding series of meta-analyses 

(Figure 3-1). The concept of a scenario can be thought as a source target population in 

terms of individual studies. 

Definition of a Scenario  

We use six parameters to define a scenario, including the global true probability of 

an event on the treatment arm (Πt), the global true probability of an event on the control 

arm (Πc), the minimum number of subjects in each arm (NLow), the maximum number 

of subjects in each arm (NHigh), the diversity across studies (D), and the number of 

studies (M) requested for conducting a meta-analysis under the scenario.   



 

45 

A series of scenarios are generated from the combination of these six parameters 

of interest (Figure 3-1). Additionally, each scenario needs to meet the following three 

criteria:  (1) Πt is less or equal to Πc and (2) Πc (1+D) is less than or equal to the value 

of one and (3) if NLow is not equal to NHigh. The reasons for the first two criteria are 

two folds as follows. a) These ensure the probability of the event of interest is not higher 

than the value of one on each arm. b) Limiting the values for the metric of odds ratio to 

be less than one is for reducing the redundancy of scenarios, because the failure rate 

and success rate are symmetric for the metric of odds ratio. The third criterion is to 

ensure variation in the sample sizes across studies in the predefined range between the 

lowest number of subjects and the highest number of subjects in an individual study.  In 

this study, we assume that the number of subjects is equally distributed in both arms. 

The values for each parameter are listed in Table 3-1. The considerations of selecting 

these values are based upon empirical clinical trials combined for a meta-analysis and 

the efficiency of data simulations. We also provide three examples of scenarios with 

different parameters in Table 3-2. 

Random Sampling for Meta-analyses 

Once a scenario is defined, i.e. the pool of studies is established, we start doing 

random sampling of studies from the pool. Each selected study is structured with four 

random variables, the number of events in the treatment arm (treatment event), the 

number of events in the control arm (control event), and the number of subjects 

(treatment N / Control N) in each arm.  

Under a scenario, in order to generate an individual study, the true event rate in 

the treatment arm (ET) for an individual study is uniformly distributed from (1-D) Πt to 

(1+D) Πt. The true event rate in the control arm (EC) for the same study is uniformly 
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distributed from (1-D) Πc to (1+D) Πc. The number of subjects (treatment N/control N) in 

each arm is uniformly distributed between NLow and NHigh. The number of events in 

the treatment arm is binomially distributed based upon the two factors of  the sample 

size in the  treatment arm and the true event rate in the treatment arm (ET) for the 

study, while the number of events in the control arm is binomially distributed based 

upon the two factors of  the sample size in the control arm and the true event rate in the 

control arm (EC) for the same study. The attributes of the random variables are listed in 

Table 3-3.  

According to the definition of a scenario, in order to conduct a meta-analysis, M 

studies are needed to be chosen randomly under the scenario (i.e. the source of 

studies). Table 3-4 provides an example with five randomly selected studies based 

upon scenario 1 in Table 3-2.   Once we have a set of M studies, i.e. we finish a round 

of random sampling, then we are ready to apply each proposed meta-analysis approach 

to calculate outcomes of interest, which we describe in the next section.  Under a 

scenario, we randomly select 10,000 times M number of studies to prepare for further 

analyses.  

Relative Risk Data Simulation 

The relative risk data simulation is similar to the odds ratio simulation (Figure 3-2). 

The only difference lies in that we use a different outcome metric of relative risk (RR) 

instead of odds ratio (OR). We use the RR simulation  due to the precision issue with 

the calculation of standard error for the sample size weighted random-effects approach 

(W_RR) . The reason is that the parameters used to calculate the standard error for the 

odds ratio are 14 (4 means, 4 variances, and 6 covariances), whereas  5 parameters 

are needed for the W_RR (2 means, 2 variances, and 1 covariance) [6].  
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Definition of a Scenario  

The scenarios are generated from the combination of the six parameters of 

interest (Table 3-5). A scenario needs to meet the same three criteria as we described 

in the odds ratio data simulation. 

Random Sampling for Meta-analyses 

The detailed random sampling process is the same as it is for the odds ratio data 

simulation (Figure 3-2). 

In sum, to ensure the quality of two data simulations, we randomly selected a 

couple of samplings and conducted corresponding meta-analyses for each proposed 

approach manually to ensure the results from data simulations and from manual 

calculations reach consensus.  The odds ratio data simulation is used for aim 1 and aim 

2 of the study, while the relative risk data simulation is used aim 3 and aim 4 of the 

study. 

Statistical Analyses 

The outcomes of interest are measured in two ways in this simulation study. One 

is the mean coverage of the global true value of odds ratio or relative risk for the 95% 

confidence intervals (95% CI) for each scenario. Each scenario has one global true OR 

value or one global true RR value. The other way is the mean length of the 95% CI in 

the log scale, which is derived from an upper limit minus a lower limit of the 95% CI for 

each scenario. The closer the mean coverage probability to 95%  and  the narrower the 

mean length of the 95% CI indicate a better efficiency of an approach under a scenario. 

Aim 1 

Evaluate efficiency for the UW_OR and the UW_MM in a meta-analysis of 

binomial trials when synthesizing a large number of studies. 
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Under each scenario, we carried out the following meta-analysis using both 

approaches (UW_OR vs. UW_MM) as shown in Figure 3-3.  

Step 1, for each random sample of M studies, we conducted a meta-analysis to 

calculate the coverage score of the global true odds ratio (OR). The coverage score is a 

dummy variable with the value of 1 or 0. If the 95% CI contains the global true OR, then 

the score is equal to 1, otherwise it is scored as 0. Meanwhile we calculated the length 

of the 95% CI for each approach.  

Step 2, after 10,000 random samplings, i.e. 10,000 times meta-analysis, we 

calculated the mean coverage of the global true OR and the mean length of  the 95% CI 

for the scenario.  

In all, we followed the same two steps described above for each scenario. At the 

end, for each scenario, we summarized two measurements for each of the two 

approaches of interest (UW_OR vs. UW_MM). 

Aim 2 

Evaluate efficiency of t approximation vs. normal approximation in a meta-

analysis of binomial trials when synthesizing a small number of studies. 

As we stated in Chapter II, when a small number of studies are combined for a 

meta-analysis, it is suggested that a t distribution is used instead of a normal distribution 

for the summary effect size in a log scale for binomial outcomes. However, the impact of 

the different distributions on the efficiency of unweighted random-effects approaches 

(UW_OR vs. UW_MM) remains unknown when a meta-analysis contains a small 

number of studies with binomial outcomes.  

Therefore, we modified the two proposed unweighted random-effects approaches 

[7, 8] using a normal distribution instead of a t distribution. Next, we followed the same 
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two steps outlined in aim 1 to compare the UW_OR with a t distribution (original version) 

vs. the UW_OR with a normal distribution (modified version), and to compare the 

UW_MM with a t distribution (original version) vs. the UW_MM with a normal distribution 

(modified version) (see Figure 3-4).  

Aim 3 

Evaluate efficiency for the UW_RR and the W_RR when they estimate same 

summary effect size in a meta-analysis of binomial trials. 

Under each scenario, we carried out the following meta-analysis using both 

approaches (UW_RR vs. W_RR) as shown in Figure 3-5.  The UW_RR selected in the 

comparison of the W_RR is based upon the following two reasons. First, although the 

UW_RR and the W_RR do not estimate the same summary effect size (unweighted vs. 

weighted), we forced them to estimate the same effect size by independently defining 

ET and EC for individual study and assumed that there is no association between the 

effect size and the sample size for each individual study. Second, they both avoid the 

log transformation on the individual effect size (Figure 2-6, 2-7).  The steps are similar 

to those in aim 1. 

At the end, for each scenario, we have two summarized measurements for each of 

the two approaches of interest (UW_RR vs. W_RR). 

Aim 4 

Evaluate efficiency of t approximation vs. normal approximation in a meta-

analysis of binomial trials when synthesizing a small number of studies. 

As we stated in Chapter II, when a small number of studies are combined in a 

meta-analysis, it is suggested that we assume a t distribution over a normal distribution 

for the summary effect size in a log scale for binomial outcomes. However, the impact of 



 

50 

the different distributions on the efficiency of random-effects approaches (UW_RR vs. 

W_RR) remains unknown when a meta-analysis contains a small number of studies 

with binomial outcomes.  

Therefore, we modified the two random-effects approaches, the UW_RR and the 

W_RR,  from a t distribution to a normal distribution. Next, we followed the same two 

steps in aim 1 to compare the UW_RR with a t distribution (original version) vs. the 

UW_RR with a normal distribution (modified version), and to compare the W_RR with a 

t distribution (original version) vs. the W_RR with a normal distribution (modified 

version) (see Figure 3-6).  

In summary, the data simulations and statistical analyses are performed using the 

statistical SAS software (9.2, Cary). We expect that our research aims of interest can be 

achieved through this study. The results are reported in Chapter IV in the order of 

specific aims. 
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Figure 3-1. Odds ratio data simulation flow chart. 

Step 1: Define scenarios

M: No. of studies for a meta-analysis

Πt:  global event rate in treatment arm

Πc: global event rate in control arm

NLow:  Minimum No. of subjects in each arm
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D:    diversity across studies
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Table 3-1. Parameter list and values for OR data simulation 

 Minimum Value  Maximum Value Incremental Value No. of Values 

M 5 55 10 6 
Πt 0.02 0.22 0.05 5 
Πc 0.02 0.22 0.05 5 
NLow in each arm 100 400 100 4 
NHigh in each arm 100 500 100 5 
D 0.1 0.2 0.3 3 

 
 
Table 3-2. Examples with combination of parameters for scenarios 

 M Πt Πc NLow NHigh D 

Scenario 1 5 0.2 0.2 100 200 0.1 
Scenario 2 15 0.2 0.2 200 300 0.1 
Scenario n 55 0.2 0.2 400 500 0.3 

 
 
Table 3-3. Random sampling based upon parameters under a scenario 

 Treatment event Control event Event rate in 
treatment arm 

Event rate in 
control arm 

Treatment N 
(=Control N) 

Attributes Random Random Random Random Random 
Distribution Binomial Binomial Uniform Uniform Uniform 

 
 
Table 3-4. Example of studies structure for a random sampling in a meta-analysis  

M Treatment event Control event Treatment N Control N 

1 4 3 101 101 
2 0 2 123 123 
3 4 4 143 143 
4 6 0 156 156 
5 2 1 178 178 



 

53 
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Meta-analysis

1

Meta-analysis 

2

Meta-analysis

10,000

Step 2:

Random sampling

Step 1: Define scenarios

M: No. of studies for a meta-analysis

Πt:  global event rate in treatment arm

RR: effect size in relative risk

NLow:  Minimum No. of subjects in each arm
NHigh: Maximum No. of subjects in each arm

D:    diversity across studies

Πt<=Πc & Πc(1+D)<=1 and NLow^ NHigh
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Figure 3-2. Relative risk data simulation flow chart.  
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Table 3-5. Parameter list and values for RR data simulation 

 Minimum Value  Maximum Value Incremental Value No. of Values 

M 5 55 10 6 
Πt 0.02 0.22 0.05 5 
RR 0.1 1 0.2 5 
NLow in each arm 100 400 100 4 
NHigh in each arm 100 500 100 5 
D 0.1 0.2 0.3 3 
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Summary Measurement 1: 

Mean coverage (%)=Sum of coverage/No. of meta-analysis

Summary Measurement 2: 

Mean length of 95% CI=Sum of length of 95% CI/No. of meta-

analysis
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Figure 3-3. Illustration of analysis steps for aim 1 
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Summary Measurement 1: 

Mean coverage (%)=Sum of coverage/No. of meta-analysis

Summary Measurement 2: 

Mean length of 95% CI=Sum of length of 95% CI/No. of meta-analysis
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Figure 3-4. Illustration of analysis steps for aim 2 
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Summary Measurement 1: 

Mean coverage (%)=Sum of coverage/No. of meta-analysis

Summary Measurement 2: 

Mean length of 95% CI=Sum of length of 95% CI/No. of meta-analysis
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Figure 3-5. Illustration of analysis steps for aim 3 
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Summary Measurement 1: 

Mean coverage (%)=Sum of coverage/No. of meta-

analysis

Summary Measurement 2: 

Mean length of 95% CI=Sum of length of 95% CI/No. 

of meta-analysis
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Figure 3-6. Illustration of analysis steps for aim 4
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CHAPTER 4 
RESULTS 

Results are reported for each hypothesis under each aim. For each hypothesis, 

the results are presented separately as a primary analysis, a subgroup analysis 

stratified by the global true event rate in the treatment arm (PT/ Πt), and the number of 

studies (M). Furthermore, under each primary analysis and subgroup analysis, the 

results are presented in terms of the two forms of assessment as we explain in the next 

paragraph. 

Under each scenario, the efficiency of a method is measured using two metrics:  

the mean coverage of the global true value by the purported 95% CI in percentage and 

the mean length of the 95% CI in a log scale. The combination of these two metrics 

helps to determine which method is more efficient.  The closer the mean coverage is to 

95% and the lower mean length of the 95% CI indicate a superior efficiency.  If one 

method has a more accurate mean coverage and a wider mean length of the 95% CI or 

if one method has a less accurate mean coverage and a narrower mean length of the 

95% CI, we consider first whether the mean coverage for the method is close to 95% 

coverage. If the mean coverage for both approaches is all close to 95%, then the 

narrower the mean length of the 95% CI, the better that approach is.  

Two forms of figures are adopted to compare the efficiency of any two methods of 

interest. One form of figures is use the difference of the mean coverage for two 

comparators on the y axis and the difference of the mean length of the 95% CI for two 

comparators on the x axis.  One red dot indicates one scenario. Red dots falling into the 

top left or bottom right quadrant indicate the superior efficiency of a method.  The other 

figure is use the mean coverage on the y axis and the mean length of the 95% CI on the 
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x axis. Therefore, the blue and red dots differentiate the comparators of interest for each 

scenario.  

In this section, concepts of the mean coverage or the mean length of the 95% CI 

are used within a scenario with a divisor of 10,000 instances of meta-analysis. 

Otherwise the concepts of the average of the mean coverage or the average of the 

mean length 95% CI are adopted for all scenarios with a divisor of the number of 

scenarios of interest.   

As we mentioned in Chapter III, the methods section, the odds ratio simulation is 

performed for aim 1 and aim 2.  A total of 6,300 scenarios are generated based upon 

the combination of six predetermined parameters, 2,700 of which meet the predefined 

criteria in the odds ratio simulation. Results of aim 1 and aim 2 are generated based 

upon these qualified scenarios.   

At the same time, the relative risk simulation is performed for aim 3 and aim 4.  A 

total of 6,300 scenarios are generated based upon the combination of six 

predetermined parameters, 4,200 of which meet the same predefined criteria as in the 

odds ratio simulation. The reason that the more scenarios, 4,200, meet the predefined 

criteria is that there are 24 values for the global true event probability in the control arm 

(Πc) in the relative risk simulation, but  5 values in Πc in the odds ratio simulation. The 

results of aim 3 and aim 4 are generated based upon these qualified scenarios.  

Aim 1  

Hypothesis 1: It is hypothesized that there is no precision difference 

between the UW_OR and the UW_MM when synthesizing a large number of 

studies.   
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The difference in the mean coverage is derived from the mean coverage of the 

UW_OR minus that of the UW_MM, which is represented on the y axis (Figure 4-1, 4-2). 

The difference of the mean length of the 95% CI is derived from the mean length of the 

95% CI of the UW_OR minus that of  the UW_MM, which is represented on the x axis 

(Figure 4-1, 4-2).  

Primary analysis. We note that the majority of scenarios in the form of dots, 

1,850 out of 2700 (68.52%), fall into the top left quadrant. It means that the UW_OR 

approach has a higher mean coverage and a narrower mean length of 95 % CI, 

indicating that  the UW_OR is more efficient than the UW_MM (Figure 4-1). The 

average of the mean coverage of the UW_OR for scenarios is 95.1% (range 94.4% to 

95.9%), whereas that of the UW_MM is 93.1% (range 62.0% to 96.2%) which is away to 

the expected 95% coverage (Table 4-1). Moreover, the average of the mean length of 

the 95% CI of the UW_OR is 0.369, which is shorter than that of the UW_MM, 0.400. 

Subgroup analysis. When the number of studies is as small as five, the efficiency 

of both methods is close regardless of the event rate in the treatment arm (Figure 4-2, 

4-4).  

At low event rates in the treatment arm (PT<=0.12), as the number of studies (M) 

increases,  the UW_OR is more efficient than the UW_MM in terms of the higher mean 

coverage difference between the UW_OR and the UW_MM (Figure 4-2), while the 

mean length of  95% CI for both approaches is close (Figure 4-2, Table 4-2). The 

reason for the higher mean coverage difference is that the mean coverage of the 

UW_MM drops as the number of studies increases, while that of the UW_OR is robust 

and close to the expected 95% coverage (Figure 4-4).  
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At high event rates in the treatment arm (PT>0.12), the UW_OR is as efficient as 

the UW_MM (Figure 4-2) regardless of the number of studies (M). 

For both methods, the mean length of  the 95% CI is shorter as the event rate in 

the treatment arm is increased or the number of studies is increased. The average of 

mean length of the 95% CI for the UW_OR and the UW_MM under all scenarios is 

dropped from 1.232 and 1.382 respectively at the low event of 0.02 in the treatment arm 

and the number of studies of  five to 0.129 and 0.131 respectively at the high event rate 

of 0.22 in the treatment arm and the number of studies of 55 (Table 4-2).  

Aim 2 

Hypothesis 2-1: It is hypothesized that a t approximation is more accurate 

than a normal approximation in terms of closeness to the 95% coverage for the 

UW_OR when synthesizing a small number of studies. 

The difference in the mean coverage is derived from the mean coverage of the 

UW_OR with a t distribution minus that of the UW_OR with a normal distribution, which 

is represented on the y axis (Figure 4-5, 4-6). The difference in the mean length of the 

95% CI is derived from the mean length of the 95% CI from the UW_OR with a t 

distribution minus that of the UW_OR with a normal distribution, as  represented on the 

x axis (Figure 4-5, 4-6).  

Primary analysis.  All 2,700 scenarios fall into the top right quadrant (Figure4-5). 

The average of the mean coverage of the UW_OR with a t distribution is 95.1% (range 

94.4% to 95.9%) (Table 4-3), whereas the average of the mean coverage of the 

UW_OR with a normal distribution is 93.1% (range 87.1% to 95.2%) which is away from 

the expected 95% coverage (Table 4-3). The findings indicate that the assumption of a t 
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distribution is more accurate than the assumption of a normal distribution for the 

UW_OR. 

Subgroup analysis.  When the number of studies is as low as five, the average of 

the mean coverage of the UW_OR with a  t distribution is 95.5% (range 95.1% to 

95.9%),  whereas the average of the mean coverage of the UW_OR with a normal 

distribution is  as low as 88.6% (range 87.9% to 89.3%) (Figure 4-8, Table 4-4), which is 

far away from the expected 95% coverage.  

As the number of studies (M) increases,  the mean coverage for the UW_OR with 

a normal distribution is  close to that of the UW_OR with a t distribution regardless of 

the event rate in the treatment arm (Figure 4-8), whereas the mean coverage of  a t 

distribution is robust within the range of 94.4% to 95.9% regardless of the number of 

studies or the event rate in the treatment arm (Table 4-3, Figure 4-8). 

The mean length of the 95% CI for both a t distribution and a normal distribution 

for the UW_OR is shorter when the number of studies increases or the event rate in the 

treatment arm increases (Figure 4-8). The average of the mean length of the 95% CI for 

the UW_OR with a t distribution and the UW_OR with a normal distribution is shorter 

from 1.232 and 0.870 respectively at the low event of 0.02 in the treatment arm and the 

number of studies of five to 0.129 and 0.126 respectively at the high event rate of 0.22 

in the treatment arm and the number of studies of 55 (Table 4-4). 

Hypothesis 2-2: It is hypothesized that a t approximation is more accurate 

than a normal approximation in terms of closeness to the 95% coverage for the 

UW_MM when synthesizing a small number of studies. 
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The difference of the mean coverage is derived from the mean coverage of the 

UW_MM with a t distribution minus that of the UW_MM with a normal distribution, which 

is represented on the y axis (Figure 4-9, 4-10). The difference of the mean length of the 

95% CI is derived from the mean length of the 95% CI of  the UW_MM with a t 

distribution minus that of the UW_MM with a normal distribution, which is represented 

on the x axis (Figure 4-9, 4-10).  

Primary analysis. All 2,700 scenarios fall into the top right quadrant (Figure4-9).  

The average of the mean coverage of the UW_MM with a t distribution is 93.1% (range 

62.0% to 96.2%), which is closer the expected 95% coverage,  whereas that of the 

UW_MM with a normal distribution is 90.8% (range 60.4% to 95.2%), which is lower 

than the expected 95% coverage (Table 4-5). The findings indicate that the assumption 

of a t distribution is more accurate than the assumption of a normal distribution for the 

UW_MM. 

Subgroup analysis. When the number of studies is as low as five, the average of 

the mean coverage for the UW_MM with a t distribution is 95.5% (range 94.9% to 

96.2%),  whereas that of the UW_MM  with a normal distribution is 88.4% (range 87.4% 

to 89.5%) that is  far away from the expected 95% coverage (Figure 4-12, Table 4-6).  

As the number of studies (M) increases, the UW_MM with a normal distribution is 

close to the UW_MM with a t distribution regardless of the event rate in the treatment 

arm (Figure 4-12).  At the lower event rate of 0.02 in the treatment arm, as the number 

of studies increases from 5 to 55, the average of the mean coverage of the UW_MM 

drops dramatically from 95.5% to 82.6% for the one with a t distribution and from 88.4% 

to 81.3% for the one with a normal distribution (Table 4-6). Whereas at the high event 
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rate of 0.22 in the treatment arm, as the number of studies increases from 5 to 55, the 

average of the mean coverage of the UW_MM stay stably from 95.3% to 95.1% for a t 

distribution and from 88.1% to 94.6% for a normal distribution (Table 4-6). 

The mean length of the 95% CI for the UW_MM  with a t distribution and the 

UW_MM with a normal distribution is shorter when the number of studies increases or 

the event rate in the treatment arm increases (Figure 4-12). The average of the mean 

length of the 95% CI of  the UW_MM from 1.382 for a t distribution and 0.976 for a 

normal distribution at the low event of 0.02 in the treatment arm and the number of 

studies of five drop to 0.131 for a t distribution and 0.128 for a normal distribution at the 

high event rate of 0.22 in the treatment arm and number of studies of 55 (Table 4-6). 

Aim 3 

Hypothesis 3: It is hypothesized that efficiency of the UW_RR and the W_RR 

is similar when they estimate the same summary effect size.  

The difference in the mean coverage is derived from the mean coverage of the 

UW_RR minus that of the W_RR, which is represented on the y axis (Figure 4-13, 4-

14). The difference of the mean length of the 95% CI is derived from the mean length of 

the 95% CI from the UW_RR minus that of  the W_RR, as is represented on the x axis 

(Figure 4-13, 4-14).  

Primary analysis. The average of the mean coverage for both the UW_RR and 

the W_RR is closer to the expected 95% coverage, which is 95.1% (range 94.4% to 

95.9%) vs. 95.0% (range 94.0% and 95.9%) (Table 4-7). However, the W_RR provides 

a narrower average of mean length of the 95% CI of 0.291 (range 0.058 to 1.976) as 

compared to 0.299 for the UW_RR (range 0.058 to 2.014) (Table 4-7). As we note, 

3,062 out of 4,200 (72.90%) fall into the top right quadrant while 1,110 out of 4,200 
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(26.43%) fall into the bottom right quadrant (Figure 4-13), indicating that the UW_RR 

and the W_RR have similar efficiency in terms of  the mean coverage, but the W_RR is 

more accurate as compared with the UW_RR in some scenarios.   

Subgroup analysis. In regards to the mean coverage, as the number of studies 

increases, the mean coverage difference between the UW_RR and the W_RR 

decreases regardless of the event rate in the treatment arm (Figure 4-14), indicating 

that the efficiency of both approaches is closer as the number of studies increases. In 

addition, the mean length of the 95% CI for both the UW_RR and the W_RR is getting 

narrower as the number of studies increases or the event rate in the treatment arm 

increases (Figure 4-16).  

Aim 4 

Hypothesis 4-1: It is hypothesized that a t approximation is more accurate 

than a normal approximation in terms of closeness to the 95% coverage for the 

UW_RR when synthesizing a small number of studies. 

The difference of the mean coverage is derived from the mean coverage of the 

UW_RR with a t distribution minus that of the UW_RR with a normal distribution, as 

represented on the y axis (Figure 4-17, 4-18). The difference of the mean length of the 

95% CI is derived from the mean length of the 95% CI from the UW_RR with a t 

distribution minus that of the UW_RR with a normal distribution, which is represented on 

the x axis (Figure 4-17, 4-18). 

Primary analysis. All 4,200 scenarios fall into the top right quadrant (Figure4-17). 

The average of the mean coverage of the UW_RR with a t distribution is 95.1% (range 

94.4% to 95.9%), whereas that of the UW_RR with a normal distribution is 93.1% 

(range 87.0% to 95.2%), which is lower than the expected 95% coverage (Table 4-9). 
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The findings indicate that the assumption of a t distribution is more accurate than the 

assumption of a normal distribution for the UW_RR. 

Subgroup analysis. When the number of studies is as low as five, the difference 

of the mean coverage between the UW_RR with a t distribution and the UW_RR with a 

normal distribution is large (Figure 4-18). The average of the mean coverage of the 

UW_RR with a t distribution is 95.5% (range 95.1% to 95.9%), whereas the average of 

the mean coverage of the UW_RR with a normal distribution is 88.6% (range 87.8% to 

89.4%), which is far from the expected 95% coverage (Table 4-10).  

As the number of studies (M) increases, the mean coverage for the UW_RR with a 

normal distribution is close to that of the UW_RR with a t distribution regardless of the 

event rate in the treatment arm (Figure 4-20).  Whereas the mean coverage of the 

UW_RR with a t distribution is robust within the range of 94.4% to 95.9% regardless of 

the number of studies or the event rate in the treatment arm (Table 4-9, Figure 4-20). 

The mean length of the 95% CI for the UW_RR with both a t distribution and a 

normal distribution is shorter when the number of studies increases or the event rate in 

the treatment arm increases (Figure 4-20). The average of the mean length of the 95% 

CI for the UW_RR with a t distribution and with a normal distribution is shorter from 

1.312 and 0.926 respectively at the low event of 0.02 in the treatment arm and the 

number of studies of five to 0.092 and 0.090 respectively at the high event rate of 0.22 

in the treatment arm and the number of studies of 55 (Table 4-10). 

Hypothesis 4-2: It is hypothesized that a t approximation is more accurate 

than a normal approximation in terms of closeness to the 95% coverage for the 

W_RR when synthesizing a small number of studies. 
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The difference in the mean coverage is derived from the mean coverage of the 

W_RR with a t distribution minus that of the W_RR with a normal distribution,  as 

represented on the y axis (Figure 4-21, 4-22). The difference in the mean length of the 

95% CI is derived from the mean length of the 95% CI from the W_RR with a t 

distribution minus that of the W_RR with a normal distribution, as represented on the x 

axis (Figure 4-21, 4-22). 

Primary analysis. All 4,200 scenarios fall into the top right quadrant (Figure4-21). 

The average of the mean coverage of the W_RR with a t distribution is 95.0% (range 

94.0% to 95.9%), whereas that of  the W_RR with a normal distribution is 92.9% (range 

86.0% to 95.2%), which is lower than the expected 95% coverage (Table 4-11). The 

findings indicate that the assumption of a t distribution is more accurate than the 

assumption of a normal distribution for the W_RR.  

Subgroup analysis. When the number of studies is as low as five, the difference 

in the mean coverage between the W_RR with a t distribution and the W_RR with a 

normal distribution is large (Figure 4-22). The average of the mean coverage of the 

W_RR with a t distribution is 95.2% (range 94.4% to 95.9%), whereas the average of 

the mean coverage of the W_RR with a normal distribution is 88.2% (range 86.8% to 

89.2%), which is far away from the expected 95% coverage (Table 4-12).  

As the number of studies (M) increases, the W_RR with a normal distribution is 

close to the W_RR with a t distribution regardless of the event rate in the treatment arm 

(Figure 4-24).  Whereas the mean coverage for the W_RR with a t distribution is robust 

within the range of 94.0% to 95.9% regardless of the number of studies or the event 

rate in the treatment arm (Table 4-11, Figure 4-24). 
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The mean length of the 95% CI for the W_RR with both a t distribution and a 

normal distribution is shorter when the number of studies increases or the event rate in 

the treatment arm increases (Figure 4-24). The average of the mean length of the 95% 

CI for the W_RR with a t distribution and with a normal distribution decreases from 

1.273 and 0.899, respectively at the low event of 0.02 in the treatment arm and the 

number of studies of five to 0.091 and 0.089, respectively at the high event rate of 0.22 

in the treatment arm with the number of studies of 55 (Table 4-12). 

In summary, through the odds ratio simulation, we find that the efficiency of the 

UW_OR and the UW_MM is close as long as no rare event occurs, suggesting that we 

cannot reject the null hypothesis for aim 1. In addition, when a small number of studies 

are combined for a meta-analysis, both the UW_OR and the UW_MM show that the 

assumption with a t distribution is more accurate than the assumption with a normal 

distribution in terms of closeness to the 95% coverage, which suggests that we cannot 

reject the null hypotheses for aim 2.  

In regards to the  relative risk simulation, we find that when the UW_RR and the 

W_RR estimate the same summary effect size, both of which are efficient in terms of 

closeness to the 95% coverage, but the W_RR is marginally precise in terms of the 

mean length of the 95% CI,  suggesting that we cannot reject the null hypothesis for aim 

3. Moreover, when a small number of studies are combined for a meta-analysis, both 

the UW_RR and the W_RR show that the assumption with a t distribution that is more 

accurate than the assumption with a normal distribution in terms of closeness to the 

95% coverage.  It suggests that we cannot reject the null hypotheses for aim 4. 

 In next Chapter V, we discuss our findings and related issues in more depth. 
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Table 4-1. Aim 1: Comparisons of UW_OR vs. UW_MM 

Outcomes Mean STD Minimum Maximum 

Mean coverage for UW_OR 0.951 0.002 0.944 0.959 

Mean coverage for UW_MM 0.931 0.047 0.62 0.962 

Mean 95% CI length for UW_OR 0.369 0.279 0.091 2.053 

Mean 95% CI length for UW_MM 0.400 0.312 0.092 2.289 
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Table 4-2. Aim 1: Comparisons of UW_OR vs. UW_MM by event rate in treatment arm and number of studies 
Event rate in 
treatment  No. of studies Outcomes No. of scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for UW_OR 150 0.955 0.002 0.951 0.959 

    Mean coverage for UW_MM 150 0.955 0.002 0.949 0.962 

    Mean 95% CI length for UW_OR 150 1.232 0.251 0.856 2.053 

    Mean 95% CI length for UW_MM 150 1.382 0.278 0.955 2.289 

  15 Mean coverage for UW_OR 150 0.952 0.002 0.947 0.957 

    Mean coverage for UW_MM 150 0.939 0.013 0.902 0.957 

    Mean 95% CI length for UW_OR 150 0.567 0.115 0.394 0.937 

    Mean 95% CI length for UW_MM 150 0.656 0.129 0.457 1.071 

  25 Mean coverage for UW_OR 150 0.950 0.002 0.946 0.955 

    Mean coverage for UW_MM 150 0.911 0.031 0.826 0.957 

    Mean 95% CI length for UW_OR 150 0.425 0.086 0.295 0.701 

    Mean 95% CI length for UW_MM 150 0.495 0.096 0.347 0.803 

  35 Mean coverage for UW_OR 150 0.950 0.002 0.946 0.956 

    Mean coverage for UW_MM 150 0.885 0.049 0.760 0.958 

    Mean 95% CI length for UW_OR 150 0.354 0.072 0.246 0.583 

    Mean 95% CI length for UW_MM 150 0.413 0.079 0.290 0.669 

  45 Mean coverage for UW_OR 150 0.950 0.002 0.945 0.955 

    Mean coverage for UW_MM 150 0.856 0.067 0.689 0.955 

    Mean 95% CI length for UW_OR 150 0.310 0.063 0.215 0.510 

    Mean 95% CI length for UW_MM 150 0.363 0.069 0.255 0.586 

  55 Mean coverage for UW_OR 150 0.951 0.002 0.944 0.957 

    Mean coverage for UW_MM 150 0.826 0.087 0.620 0.957 

    Mean 95% CI length for UW_OR 150 0.279 0.056 0.194 0.459 

    Mean 95% CI length for UW_MM 150 0.327 0.062 0.230 0.528 
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Table 4-2. Continued 
Event rate in 
treatment No. of studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.07 5 Mean coverage for UW_OR 120 0.953 0.003 0.946 0.958 

    Mean coverage for UW_MM 120 0.954 0.003 0.945 0.959 

    Mean 95% CI length for UW_OR 120 0.757 0.130 0.521 1.129 

    Mean 95% CI length for UW_MM 120 0.784 0.144 0.531 1.208 

  15 Mean coverage for UW_OR 120 0.952 0.002 0.947 0.956 

    Mean coverage for UW_MM 120 0.950 0.002 0.946 0.956 

    Mean 95% CI length for UW_OR 120 0.352 0.061 0.243 0.525 

    Mean 95% CI length for UW_MM 120 0.368 0.068 0.249 0.570 

  25 Mean coverage for UW_OR 120 0.951 0.001 0.948 0.954 

    Mean coverage for UW_MM 120 0.947 0.004 0.936 0.952 

    Mean 95% CI length for UW_OR 120 0.264 0.045 0.183 0.394 

    Mean 95% CI length for UW_MM 120 0.277 0.051 0.188 0.428 

  35 Mean coverage for UW_OR 120 0.950 0.001 0.948 0.955 

    Mean coverage for UW_MM 120 0.944 0.007 0.924 0.953 

    Mean 95% CI length for UW_OR 120 0.221 0.038 0.153 0.328 

    Mean 95% CI length for UW_MM 120 0.231 0.043 0.157 0.357 

  45 Mean coverage for UW_OR 120 0.950 0.003 0.944 0.955 

    Mean coverage for UW_MM 120 0.942 0.009 0.911 0.955 

    Mean 95% CI length for UW_OR 120 0.193 0.033 0.134 0.287 

    Mean 95% CI length for UW_MM 120 0.203 0.038 0.137 0.313 

  55 Mean coverage for UW_OR 120 0.951 0.002 0.945 0.953 

    Mean coverage for UW_MM 120 0.939 0.012 0.902 0.954 

    Mean 95% CI length for UW_OR 120 0.174 0.030 0.120 0.259 

    Mean 95% CI length for UW_MM 120 0.183 0.034 0.124 0.282 
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Table 4-2. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for UW_OR 90 0.953 0.003 0.945 0.957 

    Mean coverage for UW_MM 90 0.953 0.002 0.945 0.957 

    Mean 95% CI length for UW_OR 90 0.642 0.103 0.446 0.910 

    Mean 95% CI length for UW_MM 90 0.654 0.109 0.451 0.942 

  15 Mean coverage for UW_OR 90 0.952 0.002 0.948 0.956 

    Mean coverage for UW_MM 90 0.951 0.002 0.948 0.956 

    Mean 95% CI length for UW_OR 90 0.299 0.048 0.209 0.424 

    Mean 95% CI length for UW_MM 90 0.306 0.051 0.211 0.442 

  25 Mean coverage for UW_OR 90 0.951 0.001 0.948 0.953 

    Mean coverage for UW_MM 90 0.950 0.001 0.947 0.953 

    Mean 95% CI length for UW_OR 90 0.225 0.036 0.157 0.318 

    Mean 95% CI length for UW_MM 90 0.230 0.039 0.159 0.331 

  35 Mean coverage for UW_OR 90 0.950 0.001 0.948 0.954 

    Mean coverage for UW_MM 90 0.949 0.002 0.943 0.953 

    Mean 95% CI length for UW_OR 90 0.187 0.030 0.131 0.265 

    Mean 95% CI length for UW_MM 90 0.192 0.032 0.133 0.277 

  45 Mean coverage for UW_OR 90 0.950 0.003 0.945 0.955 

    Mean coverage for UW_MM 90 0.948 0.004 0.939 0.955 

    Mean 95% CI length for UW_OR 90 0.164 0.026 0.115 0.232 

    Mean 95% CI length for UW_MM 90 0.168 0.028 0.116 0.242 

  55 Mean coverage for UW_OR 90 0.951 0.002 0.946 0.955 

    Mean coverage for UW_MM 90 0.949 0.003 0.939 0.955 

    Mean 95% CI length for UW_OR 90 0.148 0.024 0.103 0.209 

    Mean 95% CI length for UW_MM 90 0.152 0.025 0.105 0.218 
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Table 4-2. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.17 5 Mean coverage for UW_OR 60 0.953 0.002 0.947 0.957 

    Mean coverage for UW_MM 60 0.953 0.002 0.947 0.957 

    Mean 95% CI length for UW_OR 60 0.588 0.093 0.413 0.811 

    Mean 95% CI length for UW_MM 60 0.596 0.096 0.416 0.829 

  15 Mean coverage for UW_OR 60 0.951 0.002 0.948 0.956 

    Mean coverage for UW_MM 60 0.951 0.002 0.948 0.955 

    Mean 95% CI length for UW_OR 60 0.274 0.044 0.193 0.378 

    Mean 95% CI length for UW_MM 60 0.279 0.045 0.195 0.388 

  25 Mean coverage for UW_OR 60 0.950 0.001 0.947 0.953 

    Mean coverage for UW_MM 60 0.950 0.001 0.946 0.953 

    Mean 95% CI length for UW_OR 60 0.206 0.033 0.145 0.284 

    Mean 95% CI length for UW_MM 60 0.209 0.034 0.146 0.291 

  35 Mean coverage for UW_OR 60 0.950 0.001 0.948 0.954 

    Mean coverage for UW_MM 60 0.950 0.001 0.947 0.953 

    Mean 95% CI length for UW_OR 60 0.172 0.027 0.121 0.236 

    Mean 95% CI length for UW_MM 60 0.175 0.028 0.122 0.243 

  45 Mean coverage for UW_OR 60 0.950 0.002 0.946 0.954 

    Mean coverage for UW_MM 60 0.950 0.003 0.944 0.954 

    Mean 95% CI length for UW_OR 60 0.151 0.024 0.106 0.207 

    Mean 95% CI length for UW_MM 60 0.153 0.025 0.107 0.213 

  55 Mean coverage for UW_OR 60 0.951 0.002 0.946 0.954 

    Mean coverage for UW_MM 60 0.951 0.002 0.946 0.955 

    Mean 95% CI length for UW_OR 60 0.136 0.021 0.096 0.187 

    Mean 95% CI length for UW_MM 60 0.138 0.022 0.096 0.192 
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Table 4-2. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.22 5 Mean coverage for UW_OR 30 0.953 0.002 0.948 0.956 

    Mean coverage for UW_MM 30 0.953 0.002 0.948 0.956 

    Mean 95% CI length for UW_OR 30 0.558 0.089 0.395 0.759 

    Mean 95% CI length for UW_MM 30 0.564 0.092 0.397 0.772 

  15 Mean coverage for UW_OR 30 0.951 0.002 0.948 0.954 

    Mean coverage for UW_MM 30 0.951 0.002 0.948 0.954 

    Mean 95% CI length for UW_OR 30 0.261 0.042 0.185 0.354 

    Mean 95% CI length for UW_MM 30 0.264 0.043 0.186 0.361 

  25 Mean coverage for UW_OR 30 0.951 0.002 0.946 0.953 

    Mean coverage for UW_MM 30 0.950 0.002 0.946 0.953 

    Mean 95% CI length for UW_OR 30 0.196 0.031 0.139 0.266 

    Mean 95% CI length for UW_MM 30 0.198 0.032 0.140 0.271 

  35 Mean coverage for UW_OR 30 0.950 0.001 0.948 0.953 

    Mean coverage for UW_MM 30 0.950 0.001 0.948 0.954 

    Mean 95% CI length for UW_OR 30 0.163 0.026 0.116 0.222 

    Mean 95% CI length for UW_MM 30 0.165 0.027 0.117 0.226 

  45 Mean coverage for UW_OR 30 0.950 0.002 0.946 0.954 

    Mean coverage for UW_MM 30 0.950 0.002 0.947 0.954 

    Mean 95% CI length for UW_OR 30 0.143 0.023 0.102 0.194 

    Mean 95% CI length for UW_MM 30 0.145 0.024 0.102 0.198 

  55 Mean coverage for UW_OR 30 0.951 0.002 0.946 0.955 

    Mean coverage for UW_MM 30 0.951 0.002 0.948 0.955 

    Mean 95% CI length for UW_OR 30 0.129 0.021 0.091 0.175 

    Mean 95% CI length for UW_MM 30 0.131 0.021 0.092 0.179 
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Table 4-3. Aim 2-1: Comparisons of t distribution vs. normal distribution for UW_OR 

Outcomes Mean STD Minimum Maximum 

Mean coverage for normal distribution 0.931 0.022 0.871 0.952 

Mean coverage for t distribution 0.951 0.002 0.944 0.959 

Mean 95% CI length for normal distribution 0.315 0.191 0.089 1.449 

Mean 95% CI length for t distribution 0.369 0.279 0.091 2.053 

 



 

77 

Table 4-4. Aim 2-1: Comparisons of t distribution vs. normal distribution for UW_OR by event rate in treatment arm and 
number of studies 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for normal distribution 150 0.886 0.003 0.879 0.893 

    Mean coverage for t distribution 150 0.955 0.002 0.951 0.959 

    Mean 95% CI length for normal distribution 150 0.870 0.177 0.604 1.449 

    Mean 95% CI length for t distribution 150 1.232 0.251 0.856 2.053 

  15 Mean coverage for normal distribution 150 0.932 0.002 0.925 0.937 

    Mean coverage for t distribution 150 0.952 0.002 0.947 0.957 

    Mean 95% CI length for normal distribution 150 0.518 0.105 0.360 0.856 

    Mean 95% CI length for t distribution 150 0.567 0.115 0.394 0.937 

  25 Mean coverage for normal distribution 150 0.939 0.002 0.933 0.943 

    Mean coverage for t distribution 150 0.950 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 150 0.403 0.082 0.280 0.665 

    Mean 95% CI length for t distribution 150 0.425 0.086 0.295 0.701 

  35 Mean coverage for normal distribution 150 0.941 0.002 0.938 0.949 

    Mean coverage for t distribution 150 0.950 0.002 0.946 0.956 

    Mean 95% CI length for normal distribution 150 0.341 0.069 0.237 0.562 

    Mean 95% CI length for t distribution 150 0.354 0.072 0.246 0.583 

  45 Mean coverage for normal distribution 150 0.943 0.002 0.939 0.949 

    Mean coverage for t distribution 150 0.950 0.002 0.945 0.955 

    Mean 95% CI length for normal distribution 150 0.301 0.061 0.209 0.496 

    Mean 95% CI length for t distribution 150 0.310 0.063 0.215 0.510 

  55 Mean coverage for normal distribution 150 0.945 0.002 0.939 0.952 

    Mean coverage for t distribution 150 0.951 0.002 0.944 0.957 

    Mean 95% CI length for normal distribution 150 0.273 0.055 0.189 0.449 

    Mean 95% CI length for t distribution 150 0.279 0.056 0.194 0.459 
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Table 4-4. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.07 5 Mean coverage for normal distribution 120 0.882 0.004 0.873 0.891 

    Mean coverage for t distribution 120 0.953 0.003 0.946 0.958 

    Mean 95% CI length for normal distribution 120 0.534 0.092 0.368 0.797 

    Mean 95% CI length for t distribution 120 0.757 0.130 0.521 1.129 

  15 Mean coverage for normal distribution 120 0.931 0.002 0.927 0.936 

    Mean coverage for t distribution 120 0.952 0.002 0.947 0.956 

    Mean 95% CI length for normal distribution 120 0.322 0.056 0.222 0.480 

    Mean 95% CI length for t distribution 120 0.352 0.061 0.243 0.525 

  25 Mean coverage for normal distribution 120 0.939 0.001 0.936 0.942 

    Mean coverage for t distribution 120 0.951 0.001 0.948 0.954 

    Mean 95% CI length for normal distribution 120 0.251 0.043 0.174 0.374 

    Mean 95% CI length for t distribution 120 0.264 0.045 0.183 0.394 

  35 Mean coverage for normal distribution 120 0.942 0.002 0.938 0.947 

    Mean coverage for t distribution 120 0.950 0.001 0.948 0.955 

    Mean 95% CI length for normal distribution 120 0.213 0.036 0.147 0.316 

    Mean 95% CI length for t distribution 120 0.221 0.038 0.153 0.328 

  45 Mean coverage for normal distribution 120 0.944 0.003 0.938 0.949 

    Mean coverage for t distribution 120 0.950 0.003 0.944 0.955 

    Mean 95% CI length for normal distribution 120 0.188 0.032 0.130 0.279 

    Mean 95% CI length for t distribution 120 0.193 0.033 0.134 0.287 

  55 Mean coverage for normal distribution 120 0.946 0.002 0.940 0.949 

    Mean coverage for t distribution 120 0.951 0.002 0.945 0.953 

    Mean 95% CI length for normal distribution 120 0.170 0.029 0.118 0.253 

    Mean 95% CI length for t distribution 120 0.174 0.030 0.120 0.259 
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Table 4-4. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for normal distribution 90 0.881 0.003 0.872 0.890 

    Mean coverage for t distribution 90 0.953 0.003 0.945 0.957 

    Mean 95% CI length for normal distribution 90 0.453 0.073 0.315 0.642 

    Mean 95% CI length for t distribution 90 0.642 0.103 0.446 0.910 

  15 Mean coverage for normal distribution 90 0.931 0.002 0.927 0.935 

    Mean coverage for t distribution 90 0.952 0.002 0.948 0.956 

    Mean 95% CI length for normal distribution 90 0.273 0.044 0.191 0.387 

    Mean 95% CI length for t distribution 90 0.299 0.048 0.209 0.424 

  25 Mean coverage for normal distribution 90 0.939 0.001 0.936 0.942 

    Mean coverage for t distribution 90 0.951 0.001 0.948 0.953 

    Mean 95% CI length for normal distribution 90 0.213 0.034 0.149 0.302 

    Mean 95% CI length for t distribution 90 0.225 0.036 0.157 0.318 

  35 Mean coverage for normal distribution 90 0.942 0.002 0.939 0.945 

    Mean coverage for t distribution 90 0.950 0.001 0.948 0.954 

    Mean 95% CI length for normal distribution 90 0.181 0.029 0.126 0.256 

    Mean 95% CI length for t distribution 90 0.187 0.030 0.131 0.265 

  45 Mean coverage for normal distribution 90 0.944 0.003 0.938 0.949 

    Mean coverage for t distribution 90 0.950 0.003 0.945 0.955 

    Mean 95% CI length for normal distribution 90 0.160 0.026 0.111 0.226 

    Mean 95% CI length for t distribution 90 0.164 0.026 0.115 0.232 

  55 Mean coverage for normal distribution 90 0.946 0.002 0.941 0.949 

    Mean coverage for t distribution 90 0.951 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 90 0.145 0.023 0.101 0.204 

    Mean 95% CI length for t distribution 90 0.148 0.024 0.103 0.209 
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Table 4-4. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for normal distribution 90 0.881 0.003 0.872 0.890 

    Mean coverage for t distribution 90 0.953 0.003 0.945 0.957 

    Mean 95% CI length for normal distribution 90 0.453 0.073 0.315 0.642 

    Mean 95% CI length for t distribution 90 0.642 0.103 0.446 0.910 

  15 Mean coverage for normal distribution 90 0.931 0.002 0.927 0.935 

    Mean coverage for t distribution 90 0.952 0.002 0.948 0.956 

    Mean 95% CI length for normal distribution 90 0.273 0.044 0.191 0.387 

    Mean 95% CI length for t distribution 90 0.299 0.048 0.209 0.424 

  25 Mean coverage for normal distribution 90 0.939 0.001 0.936 0.942 

    Mean coverage for t distribution 90 0.951 0.001 0.948 0.953 

    Mean 95% CI length for normal distribution 90 0.213 0.034 0.149 0.302 

    Mean 95% CI length for t distribution 90 0.225 0.036 0.157 0.318 

  35 Mean coverage for normal distribution 90 0.942 0.002 0.939 0.945 

    Mean coverage for t distribution 90 0.950 0.001 0.948 0.954 

    Mean 95% CI length for normal distribution 90 0.181 0.029 0.126 0.256 

    Mean 95% CI length for t distribution 90 0.187 0.030 0.131 0.265 

  45 Mean coverage for normal distribution 90 0.944 0.003 0.938 0.949 

    Mean coverage for t distribution 90 0.950 0.003 0.945 0.955 

    Mean 95% CI length for normal distribution 90 0.160 0.026 0.111 0.226 

    Mean 95% CI length for t distribution 90 0.164 0.026 0.115 0.232 

  55 Mean coverage for normal distribution 90 0.946 0.002 0.941 0.949 

    Mean coverage for t distribution 90 0.951 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 90 0.145 0.023 0.101 0.204 

    Mean 95% CI length for t distribution 90 0.148 0.024 0.103 0.209 
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Table 4-4. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.17 5 Mean coverage for normal distribution 60 0.881 0.004 0.871 0.888 

    Mean coverage for t distribution 60 0.953 0.002 0.947 0.957 

    Mean 95% CI length for normal distribution 60 0.415 0.066 0.292 0.572 

    Mean 95% CI length for t distribution 60 0.588 0.093 0.413 0.811 

  15 Mean coverage for normal distribution 60 0.931 0.002 0.927 0.934 

    Mean coverage for t distribution 60 0.951 0.002 0.948 0.956 

    Mean 95% CI length for normal distribution 60 0.251 0.040 0.176 0.346 

    Mean 95% CI length for t distribution 60 0.274 0.044 0.193 0.378 

  25 Mean coverage for normal distribution 60 0.939 0.001 0.935 0.942 

    Mean coverage for t distribution 60 0.950 0.001 0.947 0.953 

    Mean 95% CI length for normal distribution 60 0.196 0.031 0.138 0.269 

    Mean 95% CI length for t distribution 60 0.206 0.033 0.145 0.284 

  35 Mean coverage for normal distribution 60 0.942 0.001 0.939 0.945 

    Mean coverage for t distribution 60 0.950 0.001 0.948 0.954 

    Mean 95% CI length for normal distribution 60 0.166 0.026 0.117 0.228 

    Mean 95% CI length for t distribution 60 0.172 0.027 0.121 0.236 

  45 Mean coverage for normal distribution 60 0.944 0.003 0.938 0.949 

    Mean coverage for t distribution 60 0.950 0.002 0.946 0.954 

    Mean 95% CI length for normal distribution 60 0.146 0.023 0.103 0.202 

    Mean 95% CI length for t distribution 60 0.151 0.024 0.106 0.207 

  55 Mean coverage for normal distribution 60 0.946 0.002 0.941 0.949 

    Mean coverage for t distribution 60 0.951 0.002 0.946 0.954 

    Mean 95% CI length for normal distribution 60 0.133 0.021 0.093 0.182 

    Mean 95% CI length for t distribution 60 0.136 0.021 0.096 0.187 
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Table 4-4. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.22 5 Mean coverage for normal distribution 30 0.881 0.003 0.873 0.887 

    Mean coverage for t distribution 30 0.953 0.002 0.948 0.956 

    Mean 95% CI length for normal distribution 30 0.394 0.063 0.279 0.536 

    Mean 95% CI length for t distribution 30 0.558 0.089 0.395 0.759 

  15 Mean coverage for normal distribution 30 0.931 0.002 0.927 0.934 

    Mean coverage for t distribution 30 0.951 0.002 0.948 0.954 

    Mean 95% CI length for normal distribution 30 0.238 0.038 0.169 0.324 

    Mean 95% CI length for t distribution 30 0.261 0.042 0.185 0.354 

  25 Mean coverage for normal distribution 30 0.939 0.002 0.935 0.942 

    Mean coverage for t distribution 30 0.951 0.002 0.946 0.953 

    Mean 95% CI length for normal distribution 30 0.186 0.030 0.132 0.252 

    Mean 95% CI length for t distribution 30 0.196 0.031 0.139 0.266 

  35 Mean coverage for normal distribution 30 0.942 0.001 0.939 0.944 

    Mean coverage for t distribution 30 0.950 0.001 0.948 0.953 

    Mean 95% CI length for normal distribution 30 0.157 0.025 0.112 0.214 

    Mean 95% CI length for t distribution 30 0.163 0.026 0.116 0.222 

  45 Mean coverage for normal distribution 30 0.944 0.002 0.939 0.948 

    Mean coverage for t distribution 30 0.950 0.002 0.946 0.954 

    Mean 95% CI length for normal distribution 30 0.139 0.022 0.099 0.189 

    Mean 95% CI length for t distribution 30 0.143 0.023 0.102 0.194 

  55 Mean coverage for normal distribution 30 0.946 0.002 0.941 0.950 

    Mean coverage for t distribution 30 0.951 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 30 0.126 0.020 0.089 0.171 

    Mean 95% CI length for t distribution 30 0.129 0.021 0.091 0.175 
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Table 4-5. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_MM  

Outcomes Mean STD Minimum Maximum 

Mean coverage for normal distribution 0.908 0.049 0.604 0.952 

Mean coverage for t distribution 0.931 0.047 0.620 0.962 

Mean 95% CI length for normal distribution 0.343 0.217 0.090 1.616 

Mean 95% CI length for t distribution 0.400 0.312 0.092 2.289 
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Table 4-6. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_MM by event rate in treatment arm and 
number of studies 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for normal distribution 150 0.884 0.004 0.874 0.895 

    Mean coverage for t distribution 150 0.955 0.002 0.949 0.962 

    Mean 95% CI length for normal distribution 150 0.976 0.196 0.674 1.616 

    Mean 95% CI length for t distribution 150 1.382 0.278 0.955 2.289 

  15 Mean coverage for normal distribution 150 0.912 0.017 0.862 0.938 

    Mean coverage for t distribution 150 0.939 0.013 0.902 0.957 

    Mean 95% CI length for normal distribution 150 0.599 0.118 0.417 0.979 

    Mean 95% CI length for t distribution 150 0.656 0.129 0.457 1.071 

  25 Mean coverage for normal distribution 150 0.892 0.036 0.795 0.943 

    Mean coverage for t distribution 150 0.911 0.031 0.826 0.957 

    Mean 95% CI length for normal distribution 150 0.470 0.091 0.329 0.762 

    Mean 95% CI length for t distribution 150 0.495 0.096 0.347 0.803 

  35 Mean coverage for normal distribution 150 0.869 0.053 0.735 0.951 

    Mean coverage for t distribution 150 0.885 0.049 0.760 0.958 

    Mean 95% CI length for normal distribution 150 0.399 0.077 0.280 0.646 

    Mean 95% CI length for t distribution 150 0.413 0.079 0.290 0.669 

  45 Mean coverage for normal distribution 150 0.842 0.072 0.669 0.949 

    Mean coverage for t distribution 150 0.856 0.067 0.689 0.955 

    Mean 95% CI length for normal distribution 150 0.353 0.067 0.248 0.570 

    Mean 95% CI length for t distribution 150 0.363 0.069 0.255 0.586 

  55 Mean coverage for normal distribution 150 0.813 0.090 0.604 0.952 

    Mean coverage for t distribution 150 0.826 0.087 0.620 0.957 

    Mean 95% CI length for normal distribution 150 0.320 0.061 0.225 0.517 

    Mean 95% CI length for t distribution 150 0.327 0.062 0.230 0.528 
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Table 4-6. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.07 5 Mean coverage for normal distribution 120 0.882 0.004 0.873 0.891 

    Mean coverage for t distribution 120 0.954 0.003 0.945 0.959 

    Mean 95% CI length for normal distribution 120 0.554 0.101 0.375 0.853 

    Mean 95% CI length for t distribution 120 0.784 0.144 0.531 1.208 

  15 Mean coverage for normal distribution 120 0.929 0.002 0.922 0.934 

    Mean coverage for t distribution 120 0.950 0.002 0.946 0.956 

    Mean 95% CI length for normal distribution 120 0.337 0.063 0.228 0.521 

    Mean 95% CI length for t distribution 120 0.368 0.068 0.249 0.570 

  25 Mean coverage for normal distribution 120 0.934 0.004 0.921 0.941 

    Mean coverage for t distribution 120 0.947 0.004 0.936 0.952 

    Mean 95% CI length for normal distribution 120 0.263 0.049 0.178 0.406 

    Mean 95% CI length for t distribution 120 0.277 0.051 0.188 0.428 

  35 Mean coverage for normal distribution 120 0.935 0.007 0.911 0.945 

    Mean coverage for t distribution 120 0.944 0.007 0.924 0.953 

    Mean 95% CI length for normal distribution 120 0.223 0.041 0.151 0.345 

    Mean 95% CI length for t distribution 120 0.231 0.043 0.157 0.357 

  45 Mean coverage for normal distribution 120 0.935 0.010 0.902 0.949 

    Mean coverage for t distribution 120 0.942 0.009 0.911 0.955 

    Mean 95% CI length for normal distribution 120 0.197 0.037 0.134 0.305 

    Mean 95% CI length for t distribution 120 0.203 0.038 0.137 0.313 

  55 Mean coverage for normal distribution 120 0.933 0.012 0.894 0.949 

    Mean coverage for t distribution 120 0.939 0.012 0.902 0.954 

    Mean 95% CI length for normal distribution 120 0.179 0.033 0.121 0.276 

    Mean 95% CI length for t distribution 120 0.183 0.034 0.124 0.282 
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Table 4-6. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for normal distribution 90 0.881 0.004 0.874 0.891 

    Mean coverage for t distribution 90 0.953 0.002 0.945 0.957 

    Mean 95% CI length for normal distribution 90 0.462 0.077 0.318 0.665 

    Mean 95% CI length for t distribution 90 0.654 0.109 0.451 0.942 

  15 Mean coverage for normal distribution 90 0.930 0.002 0.926 0.935 

    Mean coverage for t distribution 90 0.951 0.002 0.948 0.956 

    Mean 95% CI length for normal distribution 90 0.280 0.047 0.193 0.403 

    Mean 95% CI length for t distribution 90 0.306 0.051 0.211 0.442 

  25 Mean coverage for normal distribution 90 0.938 0.001 0.934 0.941 

    Mean coverage for t distribution 90 0.950 0.001 0.947 0.953 

    Mean 95% CI length for normal distribution 90 0.219 0.037 0.151 0.315 

    Mean 95% CI length for t distribution 90 0.230 0.039 0.159 0.331 

  35 Mean coverage for normal distribution 90 0.941 0.002 0.933 0.946 

    Mean coverage for t distribution 90 0.949 0.002 0.943 0.953 

    Mean 95% CI length for normal distribution 90 0.185 0.031 0.128 0.267 

    Mean 95% CI length for t distribution 90 0.192 0.032 0.133 0.277 

  45 Mean coverage for normal distribution 90 0.942 0.004 0.932 0.950 

    Mean coverage for t distribution 90 0.948 0.004 0.939 0.955 

    Mean 95% CI length for normal distribution 90 0.164 0.027 0.113 0.236 

    Mean 95% CI length for t distribution 90 0.168 0.028 0.116 0.242 

  55 Mean coverage for normal distribution 90 0.944 0.004 0.934 0.950 

    Mean coverage for t distribution 90 0.949 0.003 0.939 0.955 

    Mean 95% CI length for normal distribution 90 0.148 0.025 0.102 0.214 

    Mean 95% CI length for t distribution 90 0.152 0.025 0.105 0.218 
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Table 4-6. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.17 5 Mean coverage for normal distribution 60 0.881 0.003 0.874 0.888 

    Mean coverage for t distribution 60 0.953 0.002 0.947 0.957 

    Mean 95% CI length for normal distribution 60 0.420 0.068 0.294 0.585 

    Mean 95% CI length for t distribution 60 0.596 0.096 0.416 0.829 

  15 Mean coverage for normal distribution 60 0.930 0.001 0.927 0.935 

    Mean coverage for t distribution 60 0.951 0.002 0.948 0.955 

    Mean 95% CI length for normal distribution 60 0.255 0.041 0.178 0.355 

    Mean 95% CI length for t distribution 60 0.279 0.045 0.195 0.388 

  25 Mean coverage for normal distribution 60 0.939 0.001 0.935 0.942 

    Mean coverage for t distribution 60 0.950 0.001 0.946 0.953 

    Mean 95% CI length for normal distribution 60 0.199 0.032 0.139 0.277 

    Mean 95% CI length for t distribution 60 0.209 0.034 0.146 0.291 

  35 Mean coverage for normal distribution 60 0.942 0.001 0.939 0.945 

    Mean coverage for t distribution 60 0.950 0.001 0.947 0.953 

    Mean 95% CI length for normal distribution 60 0.169 0.027 0.118 0.234 

    Mean 95% CI length for t distribution 60 0.175 0.028 0.122 0.243 

  45 Mean coverage for normal distribution 60 0.944 0.003 0.938 0.949 

    Mean coverage for t distribution 60 0.950 0.003 0.944 0.954 

    Mean 95% CI length for normal distribution 60 0.149 0.024 0.104 0.207 

    Mean 95% CI length for t distribution 60 0.153 0.025 0.107 0.213 

  55 Mean coverage for normal distribution 60 0.946 0.002 0.941 0.950 

    Mean coverage for t distribution 60 0.951 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 60 0.135 0.022 0.094 0.188 

    Mean 95% CI length for t distribution 60 0.138 0.022 0.096 0.192 
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Table 4-6. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.22 5 Mean coverage for normal distribution 30 0.881 0.003 0.874 0.886 

    Mean coverage for t distribution 30 0.953 0.002 0.948 0.956 

    Mean 95% CI length for normal distribution 30 0.398 0.065 0.281 0.545 

    Mean 95% CI length for t distribution 30 0.564 0.092 0.397 0.772 

  15 Mean coverage for normal distribution 30 0.931 0.002 0.928 0.934 

    Mean coverage for t distribution 30 0.951 0.002 0.948 0.954 

    Mean 95% CI length for normal distribution 30 0.241 0.039 0.170 0.330 

    Mean 95% CI length for t distribution 30 0.264 0.043 0.186 0.361 

  25 Mean coverage for normal distribution 30 0.938 0.002 0.933 0.942 

    Mean coverage for t distribution 30 0.950 0.002 0.946 0.953 

    Mean 95% CI length for normal distribution 30 0.188 0.031 0.133 0.257 

    Mean 95% CI length for t distribution 30 0.198 0.032 0.140 0.271 

  35 Mean coverage for normal distribution 30 0.942 0.001 0.940 0.945 

    Mean coverage for t distribution 30 0.950 0.001 0.948 0.954 

    Mean 95% CI length for normal distribution 30 0.160 0.026 0.113 0.218 

    Mean 95% CI length for t distribution 30 0.165 0.027 0.117 0.226 

  45 Mean coverage for normal distribution 30 0.944 0.003 0.940 0.948 

    Mean coverage for t distribution 30 0.950 0.002 0.947 0.954 

    Mean 95% CI length for normal distribution 30 0.141 0.023 0.099 0.193 

    Mean 95% CI length for t distribution 30 0.145 0.024 0.102 0.198 

  55 Mean coverage for normal distribution 30 0.946 0.002 0.942 0.950 

    Mean coverage for t distribution 30 0.951 0.002 0.948 0.955 

    Mean 95% CI length for normal distribution 30 0.128 0.021 0.090 0.175 

    Mean 95% CI length for t distribution 30 0.131 0.021 0.092 0.179 
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Table 4-7. Aim 3: Comparisons of UW_RR vs. W_RR 

Outcomes Mean STD Minimum Maximum 

Mean coverage for UW_RR 0.951 0.002 0.944 0.959 

Mean coverage for W_RR 0.950 0.002 0.940 0.959 

Mean 95% CI length for UW_RR 0.299 0.261 0.058 2.014 

Mean 95% CI length for W_RR 0.291 0.253 0.058 1.976 
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Table 4-8. Aim 3: Comparisons of UW_RR vs. W_RR by event rate in treatment arm and number of studies 

Event rate 
in treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for UW_RR 150 0.955 0.002 0.951 0.959 

    Mean coverage for W_RR 150 0.952 0.003 0.944 0.959 

    Mean 95% CI length for UW_RR 150 1.312 0.252 0.862 2.014 

    Mean 95% CI length for W_RR 150 1.273 0.238 0.861 1.976 

  15 Mean coverage for UW_RR 150 0.953 0.002 0.947 0.957 

    Mean coverage for W_RR 150 0.951 0.002 0.945 0.958 

    Mean 95% CI length for UW_RR 150 0.603 0.116 0.397 0.918 

    Mean 95% CI length for W_RR 150 0.585 0.109 0.396 0.901 

  25 Mean coverage for UW_RR 150 0.951 0.002 0.946 0.955 

    Mean coverage for W_RR 150 0.950 0.002 0.944 0.955 

    Mean 95% CI length for UW_RR 150 0.452 0.087 0.297 0.687 

    Mean 95% CI length for W_RR 150 0.438 0.081 0.297 0.674 

  35 Mean coverage for UW_RR 150 0.950 0.002 0.946 0.956 

    Mean coverage for W_RR 150 0.950 0.002 0.945 0.957 

    Mean 95% CI length for UW_RR 150 0.376 0.072 0.248 0.571 

    Mean 95% CI length for W_RR 150 0.365 0.068 0.247 0.560 

  45 Mean coverage for UW_RR 150 0.950 0.003 0.945 0.955 

    Mean coverage for W_RR 150 0.950 0.002 0.945 0.956 

    Mean 95% CI length for UW_RR 150 0.330 0.063 0.217 0.500 

    Mean 95% CI length for W_RR 150 0.320 0.059 0.217 0.491 

  55 Mean coverage for UW_RR 150 0.951 0.002 0.945 0.957 

    Mean coverage for W_RR 150 0.951 0.002 0.945 0.956 

    Mean 95% CI length for UW_RR 150 0.297 0.057 0.195 0.450 

    Mean 95% CI length for W_RR 150 0.288 0.053 0.195 0.442 
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Table 4-8. Continued 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for UW_RR 150 0.955 0.002 0.951 0.959 

    Mean coverage for W_RR 150 0.952 0.003 0.944 0.959 

    Mean 95% CI length for UW_RR 150 1.312 0.252 0.862 2.014 

    Mean 95% CI length for W_RR 150 1.273 0.238 0.861 1.976 

  15 Mean coverage for UW_RR 150 0.953 0.002 0.947 0.957 

    Mean coverage for W_RR 150 0.951 0.002 0.945 0.958 

    Mean 95% CI length for UW_RR 150 0.603 0.116 0.397 0.918 

    Mean 95% CI length for W_RR 150 0.585 0.109 0.396 0.901 

  25 Mean coverage for UW_RR 150 0.951 0.002 0.946 0.955 

    Mean coverage for W_RR 150 0.950 0.002 0.944 0.955 

    Mean 95% CI length for UW_RR 150 0.452 0.087 0.297 0.687 

    Mean 95% CI length for W_RR 150 0.438 0.081 0.297 0.674 

  35 Mean coverage for UW_RR 150 0.950 0.002 0.946 0.956 

    Mean coverage for W_RR 150 0.950 0.002 0.945 0.957 

    Mean 95% CI length for UW_RR 150 0.376 0.072 0.248 0.571 

    Mean 95% CI length for W_RR 150 0.365 0.068 0.247 0.560 

  45 Mean coverage for UW_RR 150 0.950 0.003 0.945 0.955 

    Mean coverage for W_RR 150 0.950 0.002 0.945 0.956 

    Mean 95% CI length for UW_RR 150 0.330 0.063 0.217 0.500 

    Mean 95% CI length for W_RR 150 0.320 0.059 0.217 0.491 

  55 Mean coverage for UW_RR 150 0.951 0.002 0.945 0.957 

    Mean coverage for W_RR 150 0.951 0.002 0.945 0.956 

    Mean 95% CI length for UW_RR 150 0.297 0.057 0.195 0.450 

    Mean 95% CI length for W_RR 150 0.288 0.053 0.195 0.442 
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Table 4-8. Continued 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for UW_RR 150 0.952 0.003 0.945 0.958 

    Mean coverage for W_RR 150 0.949 0.003 0.942 0.954 

    Mean 95% CI length for UW_RR 150 0.526 0.096 0.326 0.802 

    Mean 95% CI length for W_RR 150 0.512 0.091 0.325 0.789 

  15 Mean coverage for UW_RR 150 0.951 0.002 0.947 0.956 

    Mean coverage for W_RR 150 0.950 0.002 0.945 0.955 

    Mean 95% CI length for UW_RR 150 0.245 0.045 0.152 0.373 

    Mean 95% CI length for W_RR 150 0.239 0.043 0.152 0.367 

  25 Mean coverage for UW_RR 150 0.950 0.001 0.946 0.954 

    Mean coverage for W_RR 150 0.949 0.002 0.944 0.953 

    Mean 95% CI length for UW_RR 150 0.184 0.033 0.115 0.280 

    Mean 95% CI length for W_RR 150 0.180 0.032 0.114 0.276 

  35 Mean coverage for UW_RR 150 0.950 0.001 0.947 0.954 

    Mean coverage for W_RR 150 0.949 0.002 0.943 0.954 

    Mean 95% CI length for UW_RR 150 0.154 0.028 0.096 0.233 

    Mean 95% CI length for W_RR 150 0.150 0.026 0.096 0.230 

  45 Mean coverage for UW_RR 150 0.950 0.002 0.945 0.954 

    Mean coverage for W_RR 150 0.950 0.003 0.944 0.955 

    Mean 95% CI length for UW_RR 150 0.135 0.024 0.084 0.204 

    Mean 95% CI length for W_RR 150 0.131 0.023 0.084 0.201 

  55 Mean coverage for UW_RR 150 0.951 0.002 0.945 0.955 

    Mean coverage for W_RR 150 0.951 0.002 0.945 0.955 

    Mean 95% CI length for UW_RR 150 0.121 0.022 0.075 0.184 

    Mean 95% CI length for W_RR 150 0.118 0.021 0.075 0.181 
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Table 4-8. Continued 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for UW_RR 150 0.952 0.003 0.945 0.958 

    Mean coverage for W_RR 150 0.949 0.003 0.942 0.954 

    Mean 95% CI length for UW_RR 150 0.526 0.096 0.326 0.802 

    Mean 95% CI length for W_RR 150 0.512 0.091 0.325 0.789 

  15 Mean coverage for UW_RR 150 0.951 0.002 0.947 0.956 

    Mean coverage for W_RR 150 0.950 0.002 0.945 0.955 

    Mean 95% CI length for UW_RR 150 0.245 0.045 0.152 0.373 

    Mean 95% CI length for W_RR 150 0.239 0.043 0.152 0.367 

  25 Mean coverage for UW_RR 150 0.950 0.001 0.946 0.954 

    Mean coverage for W_RR 150 0.949 0.002 0.944 0.953 

    Mean 95% CI length for UW_RR 150 0.184 0.033 0.115 0.280 

    Mean 95% CI length for W_RR 150 0.180 0.032 0.114 0.276 

  35 Mean coverage for UW_RR 150 0.950 0.001 0.947 0.954 

    Mean coverage for W_RR 150 0.949 0.002 0.943 0.954 

    Mean 95% CI length for UW_RR 150 0.154 0.028 0.096 0.233 

    Mean 95% CI length for W_RR 150 0.150 0.026 0.096 0.230 

  45 Mean coverage for UW_RR 150 0.950 0.002 0.945 0.954 

    Mean coverage for W_RR 150 0.950 0.003 0.944 0.955 

    Mean 95% CI length for UW_RR 150 0.135 0.024 0.084 0.204 

    Mean 95% CI length for W_RR 150 0.131 0.023 0.084 0.201 

  55 Mean coverage for UW_RR 150 0.951 0.002 0.945 0.955 

    Mean coverage for W_RR 150 0.951 0.002 0.945 0.955 

    Mean 95% CI length for UW_RR 150 0.121 0.022 0.075 0.184 

    Mean 95% CI length for W_RR 150 0.118 0.021 0.075 0.181 
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 Table 4-8. Continued 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.17 5 Mean coverage for UW_RR 130 0.952 0.003 0.945 0.957 

    Mean coverage for W_RR 130 0.949 0.003 0.942 0.954 

    Mean 95% CI length for UW_RR 130 0.447 0.083 0.265 0.673 

    Mean 95% CI length for W_RR 130 0.436 0.079 0.265 0.663 

  15 Mean coverage for UW_RR 130 0.951 0.002 0.947 0.956 

    Mean coverage for W_RR 130 0.950 0.002 0.945 0.956 

    Mean 95% CI length for UW_RR 130 0.209 0.039 0.124 0.314 

    Mean 95% CI length for W_RR 130 0.204 0.037 0.124 0.310 

  25 Mean coverage for UW_RR 130 0.950 0.001 0.946 0.954 

    Mean coverage for W_RR 130 0.949 0.002 0.944 0.953 

    Mean 95% CI length for UW_RR 130 0.157 0.029 0.093 0.235 

    Mean 95% CI length for W_RR 130 0.153 0.028 0.093 0.232 

  35 Mean coverage for UW_RR 130 0.950 0.002 0.947 0.954 

    Mean coverage for W_RR 130 0.949 0.002 0.944 0.954 

    Mean 95% CI length for UW_RR 130 0.131 0.024 0.078 0.196 

    Mean 95% CI length for W_RR 130 0.128 0.023 0.078 0.194 

  45 Mean coverage for UW_RR 130 0.950 0.002 0.946 0.955 

    Mean coverage for W_RR 130 0.950 0.002 0.945 0.954 

    Mean 95% CI length for UW_RR 130 0.114 0.021 0.068 0.172 

    Mean 95% CI length for W_RR 130 0.112 0.020 0.068 0.170 

  55 Mean coverage for UW_RR 130 0.951 0.002 0.946 0.954 

    Mean coverage for W_RR 130 0.951 0.002 0.946 0.954 

    Mean 95% CI length for UW_RR 130 0.103 0.019 0.061 0.155 

    Mean 95% CI length for W_RR 130 0.101 0.018 0.061 0.153 
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Table 4-8. Continued 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.22 5 Mean coverage for UW_RR 120 0.952 0.003 0.944 0.957 

    Mean coverage for W_RR 120 0.949 0.003 0.940 0.955 

    Mean 95% CI length for UW_RR 120 0.400 0.070 0.249 0.593 

    Mean 95% CI length for W_RR 120 0.391 0.068 0.248 0.584 

  15 Mean coverage for UW_RR 120 0.951 0.002 0.948 0.955 

    Mean coverage for W_RR 120 0.950 0.002 0.944 0.954 

    Mean 95% CI length for UW_RR 120 0.187 0.033 0.116 0.276 

    Mean 95% CI length for W_RR 120 0.183 0.032 0.116 0.273 

  25 Mean coverage for UW_RR 120 0.950 0.002 0.945 0.955 

    Mean coverage for W_RR 120 0.949 0.002 0.944 0.952 

    Mean 95% CI length for UW_RR 120 0.140 0.024 0.088 0.207 

    Mean 95% CI length for W_RR 120 0.138 0.024 0.087 0.205 

  35 Mean coverage for UW_RR 120 0.950 0.002 0.946 0.954 

    Mean coverage for W_RR 120 0.949 0.002 0.944 0.955 

    Mean 95% CI length for UW_RR 120 0.117 0.020 0.073 0.173 

    Mean 95% CI length for W_RR 120 0.115 0.020 0.073 0.171 

  45 Mean coverage for UW_RR 120 0.950 0.002 0.945 0.954 

    Mean coverage for W_RR 120 0.949 0.002 0.945 0.954 

    Mean 95% CI length for UW_RR 120 0.103 0.018 0.064 0.151 

    Mean 95% CI length for W_RR 120 0.101 0.017 0.064 0.150 

  55 Mean coverage for UW_RR 120 0.951 0.002 0.946 0.955 

    Mean coverage for W_RR 120 0.951 0.002 0.945 0.956 

    Mean 95% CI length for UW_RR 120 0.092 0.016 0.058 0.136 

    Mean 95% CI length for W_RR 120 0.091 0.016 0.058 0.135 
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Table 4-9. Aim 4-1: Comparisons of t distribution vs. normal distribution for UW_RR 

Outcomes Mean STD Minimum Maximum 

Mean coverage for normal distribution 0.931 0.022 0.870 0.952 

Mean coverage for t distribution 0.951 0.002 0.944 0.959 

Mean 95% CI length for normal distribution 0.255 0.186 0.056 1.422 

Mean 95% CI length for t distribution 0.299 0.261 0.058 2.014 
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Table 4-10. Aim 4-1: Comparisons of t distribution vs. normal distribution for UW_RR by event rate in treatment arm and 
number of studies  

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for normal distribution 150 0.886 0.003 0.878 0.894 

    Mean coverage for t distribution 150 0.955 0.002 0.951 0.959 

    Mean 95% CI length for normal distribution 150 0.926 0.178 0.609 1.422 

    Mean 95% CI length for t distribution 150 1.312 0.252 0.862 2.014 

  15 Mean coverage for normal distribution 150 0.932 0.002 0.926 0.937 

    Mean coverage for t distribution 150 0.953 0.002 0.947 0.957 

    Mean 95% CI length for normal distribution 150 0.551 0.106 0.362 0.839 

    Mean 95% CI length for t distribution 150 0.603 0.116 0.397 0.918 

  25 Mean coverage for normal distribution 150 0.939 0.002 0.933 0.944 

    Mean coverage for t distribution 150 0.951 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 150 0.429 0.082 0.282 0.652 

    Mean 95% CI length for t distribution 150 0.452 0.087 0.297 0.687 

  35 Mean coverage for normal distribution 150 0.942 0.002 0.937 0.949 

    Mean coverage for t distribution 150 0.950 0.002 0.946 0.956 

    Mean 95% CI length for normal distribution 150 0.363 0.069 0.239 0.551 

    Mean 95% CI length for t distribution 150 0.376 0.072 0.248 0.571 

  45 Mean coverage for normal distribution 150 0.944 0.003 0.939 0.949 

    Mean coverage for t distribution 150 0.950 0.003 0.945 0.955 

    Mean 95% CI length for normal distribution 150 0.321 0.061 0.211 0.486 

    Mean 95% CI length for t distribution 150 0.330 0.063 0.217 0.500 

  55 Mean coverage for normal distribution 150 0.946 0.002 0.939 0.952 

    Mean coverage for t distribution 150 0.951 0.002 0.945 0.957 

    Mean 95% CI length for normal distribution 150 0.290 0.056 0.191 0.440 

    Mean 95% CI length for t distribution 150 0.297 0.057 0.195 0.450 
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Table 4-10. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.07 5 Mean coverage for normal distribution 150 0.882 0.004 0.872 0.892 

    Mean coverage for t distribution 150 0.953 0.003 0.945 0.958 

    Mean 95% CI length for normal distribution 150 0.488 0.090 0.311 0.742 

    Mean 95% CI length for t distribution 150 0.691 0.127 0.441 1.051 

  15 Mean coverage for normal distribution 150 0.931 0.002 0.927 0.935 

    Mean coverage for t distribution 150 0.952 0.002 0.947 0.956 

    Mean 95% CI length for normal distribution 150 0.294 0.054 0.188 0.446 

    Mean 95% CI length for t distribution 150 0.322 0.059 0.206 0.488 

  25 Mean coverage for normal distribution 150 0.939 0.002 0.935 0.942 

    Mean coverage for t distribution 150 0.951 0.002 0.947 0.955 

    Mean 95% CI length for normal distribution 150 0.229 0.042 0.147 0.348 

    Mean 95% CI length for t distribution 150 0.241 0.044 0.155 0.366 

  35 Mean coverage for normal distribution 150 0.942 0.002 0.939 0.946 

    Mean coverage for t distribution 150 0.950 0.002 0.947 0.955 

    Mean 95% CI length for normal distribution 150 0.194 0.036 0.125 0.294 

    Mean 95% CI length for t distribution 150 0.201 0.037 0.129 0.305 

  45 Mean coverage for normal distribution 150 0.944 0.003 0.939 0.949 

    Mean coverage for t distribution 150 0.950 0.003 0.945 0.955 

    Mean 95% CI length for normal distribution 150 0.172 0.032 0.110 0.260 

    Mean 95% CI length for t distribution 150 0.176 0.032 0.113 0.267 

  55 Mean coverage for normal distribution 150 0.946 0.002 0.940 0.949 

    Mean coverage for t distribution 150 0.951 0.002 0.946 0.954 

    Mean 95% CI length for normal distribution 150 0.155 0.029 0.099 0.235 

    Mean 95% CI length for t distribution 150 0.159 0.029 0.102 0.241 
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Table 4-10. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for normal distribution 150 0.881 0.003 0.872 0.890 

    Mean coverage for t distribution 150 0.952 0.003 0.945 0.958 

    Mean 95% CI length for normal distribution 150 0.372 0.067 0.230 0.566 

    Mean 95% CI length for t distribution 150 0.526 0.096 0.326 0.802 

  15 Mean coverage for normal distribution 150 0.931 0.002 0.926 0.935 

    Mean coverage for t distribution 150 0.951 0.002 0.947 0.956 

    Mean 95% CI length for normal distribution 150 0.224 0.041 0.139 0.341 

    Mean 95% CI length for t distribution 150 0.245 0.045 0.152 0.373 

  25 Mean coverage for normal distribution 150 0.939 0.002 0.934 0.943 

    Mean coverage for t distribution 150 0.950 0.001 0.946 0.954 

    Mean 95% CI length for normal distribution 150 0.175 0.032 0.109 0.266 

    Mean 95% CI length for t distribution 150 0.184 0.033 0.115 0.280 

  35 Mean coverage for normal distribution 150 0.942 0.002 0.937 0.946 

    Mean coverage for t distribution 150 0.950 0.001 0.947 0.954 

    Mean 95% CI length for normal distribution 150 0.148 0.027 0.092 0.225 

    Mean 95% CI length for t distribution 150 0.154 0.028 0.096 0.233 

  45 Mean coverage for normal distribution 150 0.944 0.003 0.938 0.948 

    Mean coverage for t distribution 150 0.950 0.002 0.945 0.954 

    Mean 95% CI length for normal distribution 150 0.131 0.024 0.081 0.199 

    Mean 95% CI length for t distribution 150 0.135 0.024 0.084 0.204 

  55 Mean coverage for normal distribution 150 0.946 0.002 0.939 0.949 

    Mean coverage for t distribution 150 0.951 0.002 0.945 0.955 

    Mean 95% CI length for normal distribution 150 0.119 0.021 0.074 0.180 

    Mean 95% CI length for t distribution 150 0.121 0.022 0.075 0.184 
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Table 4-10. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.17 5 Mean coverage for normal distribution 130 0.881 0.003 0.870 0.889 

    Mean coverage for t distribution 130 0.952 0.003 0.945 0.957 

    Mean 95% CI length for normal distribution 130 0.316 0.058 0.187 0.475 

    Mean 95% CI length for t distribution 130 0.447 0.083 0.265 0.673 

  15 Mean coverage for normal distribution 130 0.931 0.002 0.925 0.934 

    Mean coverage for t distribution 130 0.951 0.002 0.947 0.956 

    Mean 95% CI length for normal distribution 130 0.191 0.035 0.113 0.287 

    Mean 95% CI length for t distribution 130 0.209 0.039 0.124 0.314 

  25 Mean coverage for normal distribution 130 0.938 0.002 0.935 0.942 

    Mean coverage for t distribution 130 0.950 0.001 0.946 0.954 

    Mean 95% CI length for normal distribution 130 0.149 0.027 0.089 0.224 

    Mean 95% CI length for t distribution 130 0.157 0.029 0.093 0.235 

  35 Mean coverage for normal distribution 130 0.942 0.002 0.938 0.946 

    Mean coverage for t distribution 130 0.950 0.002 0.947 0.954 

    Mean 95% CI length for normal distribution 130 0.126 0.023 0.075 0.189 

    Mean 95% CI length for t distribution 130 0.131 0.024 0.078 0.196 

  45 Mean coverage for normal distribution 130 0.944 0.003 0.939 0.949 

    Mean coverage for t distribution 130 0.950 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 130 0.111 0.021 0.066 0.167 

    Mean 95% CI length for t distribution 130 0.114 0.021 0.068 0.172 

  55 Mean coverage for normal distribution 130 0.946 0.002 0.941 0.949 

    Mean coverage for t distribution 130 0.951 0.002 0.946 0.954 

    Mean 95% CI length for normal distribution 130 0.101 0.019 0.060 0.151 

    Mean 95% CI length for t distribution 130 0.103 0.019 0.061 0.155 
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Table 4-10. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.22 5 Mean coverage for normal distribution 120 0.880 0.003 0.873 0.888 

    Mean coverage for t distribution 120 0.952 0.003 0.944 0.957 

    Mean 95% CI length for normal distribution 120 0.283 0.049 0.176 0.418 

    Mean 95% CI length for t distribution 120 0.400 0.070 0.249 0.593 

  15 Mean coverage for normal distribution 120 0.931 0.002 0.927 0.935 

    Mean coverage for t distribution 120 0.951 0.002 0.948 0.955 

    Mean 95% CI length for normal distribution 120 0.171 0.030 0.106 0.253 

    Mean 95% CI length for t distribution 120 0.187 0.033 0.116 0.276 

  25 Mean coverage for normal distribution 120 0.938 0.002 0.934 0.943 

    Mean coverage for t distribution 120 0.950 0.002 0.945 0.955 

    Mean 95% CI length for normal distribution 120 0.133 0.023 0.083 0.197 

    Mean 95% CI length for t distribution 120 0.140 0.024 0.088 0.207 

  35 Mean coverage for normal distribution 120 0.942 0.002 0.939 0.946 

    Mean coverage for t distribution 120 0.950 0.002 0.946 0.954 

    Mean 95% CI length for normal distribution 120 0.113 0.020 0.071 0.167 

    Mean 95% CI length for t distribution 120 0.117 0.020 0.073 0.173 

  45 Mean coverage for normal distribution 120 0.944 0.002 0.939 0.948 

    Mean coverage for t distribution 120 0.950 0.002 0.945 0.954 

    Mean 95% CI length for normal distribution 120 0.100 0.017 0.062 0.147 

    Mean 95% CI length for t distribution 120 0.103 0.018 0.064 0.151 

  55 Mean coverage for normal distribution 120 0.946 0.002 0.941 0.950 

    Mean coverage for t distribution 120 0.951 0.002 0.946 0.955 

    Mean 95% CI length for normal distribution 120 0.090 0.016 0.056 0.133 

    Mean 95% CI length for t distribution 120 0.092 0.016 0.058 0.136 
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Table 4-11. Aim 4-2: Comparisons of t distribution vs. normal distribution for W_RR 

Outcomes Mean STD Minimum Maximum 

Mean coverage for normal distribution 0.929 0.024 0.860 0.952 

Mean coverage for t distribution 0.950 0.002 0.940 0.959 

Mean 95% CI length for normal distribution 0.249 0.180 0.056 1.395 

Mean 95% CI length for t distribution 0.291 0.253 0.058 1.976 
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Table 4-12. Aim 4-2: Comparisons of t distribution vs. normal distribution for W_RR by event rate in treatment arm and 
number of studies 

Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.02 5 Mean coverage for normal distribution 150 0.882 0.005 0.868 0.892 

  
Mean coverage for t distribution 150 0.952 0.003 0.944 0.959 

  
Mean 95% CI length for normal distribution 150 0.899 0.168 0.608 1.395 

  
Mean 95% CI length for t distribution 150 1.273 0.238 0.861 1.976 

 
15 Mean coverage for normal distribution 150 0.931 0.003 0.923 0.937 

  
Mean coverage for t distribution 150 0.951 0.002 0.945 0.958 

  
Mean 95% CI length for normal distribution 150 0.535 0.100 0.362 0.824 

  
Mean 95% CI length for t distribution 150 0.585 0.109 0.396 0.901 

 
25 Mean coverage for normal distribution 150 0.938 0.003 0.932 0.943 

  
Mean coverage for t distribution 150 0.950 0.002 0.944 0.955 

  
Mean 95% CI length for normal distribution 150 0.416 0.077 0.282 0.640 

  
Mean 95% CI length for t distribution 150 0.438 0.081 0.297 0.674 

 
35 Mean coverage for normal distribution 150 0.942 0.002 0.937 0.949 

  
Mean coverage for t distribution 150 0.950 0.002 0.945 0.957 

  
Mean 95% CI length for normal distribution 150 0.352 0.065 0.238 0.541 

  
Mean 95% CI length for t distribution 150 0.365 0.068 0.247 0.560 

 
45 Mean coverage for normal distribution 150 0.943 0.002 0.939 0.949 

  
Mean coverage for t distribution 150 0.950 0.002 0.945 0.956 

  
Mean 95% CI length for normal distribution 150 0.311 0.058 0.211 0.477 

  
Mean 95% CI length for t distribution 150 0.320 0.059 0.217 0.491 

 
55 Mean coverage for normal distribution 150 0.946 0.002 0.940 0.952 

  
Mean coverage for t distribution 150 0.951 0.002 0.945 0.956 

  
Mean 95% CI length for normal distribution 150 0.281 0.052 0.191 0.432 

  
Mean 95% CI length for t distribution 150 0.288 0.053 0.195 0.442 
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Table 4-12. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.07 5 Mean coverage for normal distribution 150 0.878 0.005 0.866 0.887 

  
Mean coverage for t distribution 150 0.950 0.003 0.944 0.955 

  
Mean 95% CI length for normal distribution 150 0.474 0.085 0.311 0.729 

  
Mean 95% CI length for t distribution 150 0.672 0.120 0.440 1.033 

 
15 Mean coverage for normal distribution 150 0.930 0.003 0.922 0.935 

  
Mean coverage for t distribution 150 0.950 0.002 0.945 0.956 

  
Mean 95% CI length for normal distribution 150 0.286 0.051 0.188 0.439 

  
Mean 95% CI length for t distribution 150 0.313 0.056 0.205 0.480 

 
25 Mean coverage for normal distribution 150 0.938 0.002 0.931 0.943 

  
Mean coverage for t distribution 150 0.950 0.002 0.944 0.955 

  
Mean 95% CI length for normal distribution 150 0.223 0.040 0.147 0.342 

  
Mean 95% CI length for t distribution 150 0.235 0.042 0.154 0.360 

 
35 Mean coverage for normal distribution 150 0.941 0.002 0.935 0.946 

  
Mean coverage for t distribution 150 0.949 0.002 0.945 0.954 

  
Mean 95% CI length for normal distribution 150 0.189 0.034 0.124 0.289 

  
Mean 95% CI length for t distribution 150 0.196 0.035 0.129 0.300 

 
45 Mean coverage for normal distribution 150 0.944 0.003 0.938 0.950 

  
Mean coverage for t distribution 150 0.950 0.003 0.945 0.955 

  
Mean 95% CI length for normal distribution 150 0.167 0.030 0.110 0.255 

  
Mean 95% CI length for t distribution 150 0.172 0.031 0.113 0.263 

 
55 Mean coverage for normal distribution 150 0.946 0.002 0.941 0.949 

  
Mean coverage for t distribution 150 0.951 0.002 0.946 0.954 

  
Mean 95% CI length for normal distribution 150 0.151 0.027 0.099 0.231 

  
Mean 95% CI length for t distribution 150 0.155 0.028 0.101 0.237 

 



 

105 

Table 4-12. Continued 
Event rate in 
treatment No. of studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.12 5 Mean coverage for normal distribution 150 0.876 0.005 0.861 0.886 

  
Mean coverage for t distribution 150 0.949 0.003 0.942 0.954 

  
Mean 95% CI length for normal distribution 150 0.362 0.064 0.230 0.557 

  
Mean 95% CI length for t distribution 150 0.512 0.091 0.325 0.789 

 
15 Mean coverage for normal distribution 150 0.929 0.003 0.923 0.935 

  
Mean coverage for t distribution 150 0.950 0.002 0.945 0.955 

  
Mean 95% CI length for normal distribution 150 0.219 0.039 0.139 0.336 

  
Mean 95% CI length for t distribution 150 0.239 0.043 0.152 0.367 

 
25 Mean coverage for normal distribution 150 0.937 0.002 0.932 0.942 

  
Mean coverage for t distribution 150 0.949 0.002 0.944 0.953 

  
Mean 95% CI length for normal distribution 150 0.171 0.030 0.109 0.262 

  
Mean 95% CI length for t distribution 150 0.180 0.032 0.114 0.276 

 
35 Mean coverage for normal distribution 150 0.941 0.002 0.935 0.946 

  
Mean coverage for t distribution 150 0.949 0.002 0.943 0.954 

  
Mean 95% CI length for normal distribution 150 0.145 0.026 0.092 0.222 

  
Mean 95% CI length for t distribution 150 0.150 0.026 0.096 0.230 

 
45 Mean coverage for normal distribution 150 0.943 0.002 0.938 0.949 

  
Mean coverage for t distribution 150 0.950 0.003 0.944 0.955 

  
Mean 95% CI length for normal distribution 150 0.128 0.023 0.081 0.196 

  
Mean 95% CI length for t distribution 150 0.131 0.023 0.084 0.201 

 
55 Mean coverage for normal distribution 150 0.946 0.002 0.939 0.950 

  
Mean coverage for t distribution 150 0.951 0.002 0.945 0.955 

  
Mean 95% CI length for normal distribution 150 0.116 0.020 0.074 0.177 

  
Mean 95% CI length for t distribution 150 0.118 0.021 0.075 0.181 
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Table 4-12. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.17 5 Mean coverage for normal distribution 130 0.876 0.005 0.861 0.886 

  
Mean coverage for t distribution 130 0.949 0.003 0.942 0.954 

  
Mean 95% CI length for normal distribution 130 0.308 0.056 0.187 0.468 

  
Mean 95% CI length for t distribution 130 0.436 0.079 0.265 0.663 

 
15 Mean coverage for normal distribution 130 0.929 0.003 0.923 0.933 

  
Mean coverage for t distribution 130 0.950 0.002 0.945 0.956 

  
Mean 95% CI length for normal distribution 130 0.186 0.034 0.113 0.283 

  
Mean 95% CI length for t distribution 130 0.204 0.037 0.124 0.310 

 
25 Mean coverage for normal distribution 130 0.937 0.002 0.932 0.941 

  
Mean coverage for t distribution 130 0.949 0.002 0.944 0.953 

  
Mean 95% CI length for normal distribution 130 0.145 0.027 0.088 0.221 

  
Mean 95% CI length for t distribution 130 0.153 0.028 0.093 0.232 

 
35 Mean coverage for normal distribution 130 0.941 0.002 0.935 0.946 

  
Mean coverage for t distribution 130 0.949 0.002 0.944 0.954 

  
Mean 95% CI length for normal distribution 130 0.123 0.022 0.075 0.187 

  
Mean 95% CI length for t distribution 130 0.128 0.023 0.078 0.194 

 
45 Mean coverage for normal distribution 130 0.943 0.002 0.938 0.949 

  
Mean coverage for t distribution 130 0.950 0.002 0.945 0.954 

  
Mean 95% CI length for normal distribution 130 0.109 0.020 0.066 0.165 

  
Mean 95% CI length for t distribution 130 0.112 0.020 0.068 0.170 

 
55 Mean coverage for normal distribution 130 0.946 0.002 0.941 0.949 

  
Mean coverage for t distribution 130 0.951 0.002 0.946 0.954 

  
Mean 95% CI length for normal distribution 130 0.099 0.018 0.060 0.149 

  
Mean 95% CI length for t distribution 130 0.101 0.018 0.061 0.153 
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Table 4-12. Continued 
Event rate in 
treatment 

No. of 
studies Outcomes 

No. of 
scenarios Mean STD Minimum Maximum 

0.22 5 Mean coverage for normal distribution 120 0.875 0.005 0.860 0.884 

  
Mean coverage for t distribution 120 0.949 0.003 0.940 0.955 

  
Mean 95% CI length for normal distribution 120 0.276 0.048 0.175 0.412 

  
Mean 95% CI length for t distribution 120 0.391 0.068 0.248 0.584 

 
15 Mean coverage for normal distribution 120 0.929 0.003 0.923 0.934 

  
Mean coverage for t distribution 120 0.950 0.002 0.944 0.954 

  
Mean 95% CI length for normal distribution 120 0.167 0.029 0.106 0.249 

  
Mean 95% CI length for t distribution 120 0.183 0.032 0.116 0.273 

 
25 Mean coverage for normal distribution 120 0.937 0.002 0.930 0.943 

  
Mean coverage for t distribution 120 0.949 0.002 0.944 0.952 

  
Mean 95% CI length for normal distribution 120 0.131 0.023 0.083 0.195 

  
Mean 95% CI length for t distribution 120 0.138 0.024 0.087 0.205 

 
35 Mean coverage for normal distribution 120 0.941 0.002 0.935 0.946 

  
Mean coverage for t distribution 120 0.949 0.002 0.944 0.955 

  
Mean 95% CI length for normal distribution 120 0.111 0.019 0.070 0.165 

  
Mean 95% CI length for t distribution 120 0.115 0.020 0.073 0.171 

 
45 Mean coverage for normal distribution 120 0.943 0.002 0.938 0.947 

  
Mean coverage for t distribution 120 0.949 0.002 0.945 0.954 

  
Mean 95% CI length for normal distribution 120 0.098 0.017 0.062 0.146 

  
Mean 95% CI length for t distribution 120 0.101 0.017 0.064 0.150 

 
55 Mean coverage for normal distribution 120 0.946 0.002 0.940 0.951 

  
Mean coverage for t distribution 120 0.951 0.002 0.945 0.956 

  
Mean 95% CI length for normal distribution 120 0.089 0.015 0.056 0.132 

  
Mean 95% CI length for t distribution 120 0.091 0.016 0.058 0.135 
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Figure 4-1. Aim 1:  Comparisons of UW_OR vs. UW_MM in terms of difference for both mean coverage and mean length 

95% CI 

 



 

109 

 
 
Figure 4-2. Aim 1: Comparisons of UW_OR vs. UW_MM in terms of difference for both mean coverage and mean length 

95% CI by event rate in treatment arm and number of studies 
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Figure 4-3. Aim 1: Comparisons of UW_OR vs. UW_MM in terms of both mean coverage and mean length 95% CI 
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Figure 4-4. Aim 1: Comparisons of UW_OR vs. UW_MM in terms of both mean coverage and mean length 95% CI by 

event rate in treatment arm and number of studies 
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Figure 4-5. Aim 2-1: Comparisons of t distribution vs. normal distribution for UW_OR in terms of difference for both mean 

coverage and mean length 95% CI 
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Figure 4-6. Aim 2-1: Comparisons of t distribution vs. normal distribution for UW_OR in terms of difference for both mean 

coverage and mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-7. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_OR in terms of both mean coverage and 

mean length 95% CI 
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Figure 4-8. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_OR in terms of both mean coverage and 

mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-9. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_MM in terms of difference for both mean 

coverage and mean length 95% CI 
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Figure 4-10. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_MM in terms of difference for both 

mean coverage and mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-11. Aim 2-2:  Comparisons of t distribution vs. normal distribution for UW_MM in terms of both mean coverage 

and mean length 95% CI 
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Figure 4-12. Aim 2-2: Comparisons of t distribution vs. normal distribution for UW_MM in terms of both mean coverage 

and mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-13. Aim 3: Comparisons of UW_RR vs. W_RR in terms of difference for both mean coverage and mean length 

95% CI 
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Figure 4-14. Aim 3: Comparisons of UW_RR vs. W_RR in terms of difference for both mean coverage and mean length 

95% CI by event rate in treatment arm and number of studies 
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Figure 4-15. Aim 3: Comparisons of UW_RR vs. W_RR in terms of both mean coverage and mean length 95% CI 
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Figure 4-16. Aim 3: Comparisons of UW_RR vs. W_RR in terms of both mean coverage and mean length 95% CI by 

event rate in treatment arm and number of studies 
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Figure 4-17. Aim 4-1: Comparisons of t distribution vs. normal distribution for UW_RR in terms of difference for both mean 

coverage and mean length 95% CI 
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Figure 4-18. Aim 4-1: Comparisons of t distribution vs. normal distribution for UW_RR in terms of difference for both mean 

coverage and mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-19. Aim 4-1: Comparisons of t distribution vs. normal distribution for UW_RR in terms of both mean coverage 

and mean length 95% CI 
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Figure 4-20. Aim 4-1: Comparisons of t distribution vs. normal distribution for UW_RR in terms of both mean coverage 

and mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-21. Aim 4-2: Comparisons of t distribution vs. normal distribution for W_RR in terms of difference for both mean 

coverage and mean length 95% CI 
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Figure 4-22. Aim 4-2: Comparisons of t distribution vs. normal distribution for W_RR in terms of difference for both mean 

coverage and mean length 95% CI by event rate in treatment arm and number of studies 
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Figure 4-23. Aim 4-2: Comparisons of t distribution vs. normal distribution for W_RR in terms of both mean coverage and 

mean length 95% CI 
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Figure 4-24. Aim 4-2: Comparisons of t distribution vs. normal distribution for W_RR in terms of both mean coverage and 

mean length 95% CI by event rate in treatment arm and number of studies 
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CHAPTER 5 
DISCUSSION 

To investigate post-marketing safety signals, researchers usually adopt three 

approaches, meta-analyses, large clinical safety trials, and observational studies.  Due 

to the practical limitations of the clinical trials and observational studies [33], the 

evidence from a meta-analysis on existing clinical trials often is viewed as the highest 

authority, especially in making consensus on a controversial issue.  The FDA first 

issued regulatory guidelines to industry on  conducting a meta-analysis on clinical trials, 

which were especially  for cardiovascular risks of antidiabetics in 2008 [34].  In March, 

2011,  the FDA co-sponsored the Drug Information Association (DIA) conference on the 

DIA/FDA best practices for regulatory information synthesis of randomized controlled 

trials for product safety evaluation [35].  Considering the highest authority given to 

evidence arrived from a meta-analysis, selecting the appropriate meta-analytical 

method is imperative and important. 

This chapter is organized as follows. First, we discuss the specific findings. 

Second, we elaborate in depth regarding the statistical meta-analysis methods. Third, 

we provide an empirical example using the UW_RR and the W_RR as compared with 

the empirical weighted method (W_DL). Fourth, we highlight the strengths of this study. 

Fifth, we address the limitations of this study. Sixth, we identify the need for further 

studies. At the end, we draw our conclusions based upon this study. 

Specific Findings 

Aim 1 

Findings for hypothesis 1. When a small number of studies, such as five, are 

combined for a meta-analysis, the results of both approaches of the UW_OR and the 
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UW_MM are similar regardless of event rate.  However, at low event rates in the 

treatment arm (PT), for example, PT=0.02, as the number of studies (M) increases, the 

mean coverage of the UW_MM drops, whereas at high event rates in the treatment arm 

(PT), such as PT=0.22, the UW_MM does not drop apparently.  The reason is that the 

individual study estimates of the odds ratio are biased at low event rates.  This bias 

remains the same regardless of the number of studies combined for a meta-analysis 

study.  As the number of studies (M) goes up, the standard errors get smaller. 

Therefore, the confidence intervals are tightened so that the 95% CIs are more likely to 

exclude the global true OR value.  At M=5, the 95 % CIs are wider, and are more likely 

to cover the global true value of OR than at M=55.  

The UW_OR provides a robust estimate of the summary effect size in that the 

UW_OR estimates the summary effect size using first the summation of each proportion 

for each arm in each study, i.e. risk for each arm in each study,  then doing ratio for the 

relative risk or the odds ratio on the summary estimates of proportions. This provides 

evidence of the robustness of the UW_OR when applied to a large number of studies 

contributing to a meta-analysis. Since each study is weighted equally, no single trial 

dominates this unweighted analysis. This also lessens, but does not eliminate, concerns 

about publication bias involving a small fraction of missed studies.  In responses to two 

letters to Statistics in Medicine by Carpenter et al. [36]  and Rucker et  al. [29], Shuster 

et al. [37] demonstrated, at least empirically, that  the UW_OR is robust to both (a) 

exclusion of a small number of trials [37] and (b) to early termination of a large trial [29]. 

As for a meta-analysis, in order to have more accurate estimates of summary 

effect sizes, the large sample theory comes into play in two ways. One is a large sample 
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size for each individual study. The other is a large number of studies combined for 

conducting a meta-analysis. The theory explains that the efficiency of both the UW_OR 

and the UW_MM is getting closer as the number of studies increases or event rates 

increase.  

Implication for findings 1. There is no precision difference between the UW_OR 

and the UW_MM when rare events are unlikely regardless of the number of studies. 

Aim 2  

Findings for hypothesis 2-1. The UW_OR is developed with the assumption that 

the summary effect size is a t distribution instead of the widely used normal distribution. 

Therefore, the 95% CI is calculated using the t cutoff point with the number of studies 

(M) -1 degrees of freedom. When M is small, the t score is large (appendix A). 

Therefore, the 95% CI is wider, leading to the more accurate coverage of 95%.  On the 

other hand, the UW_OR with a normal distribution has a narrower 95% CI which leads 

the underestimation of the coverage.  However, as the number of studies increases, the 

t score decreases towards the normal z score (appendix A). This is the reason that the 

UW_OR with a t distribution is close to the UW_OR with a normal distribution as the 

number of studies combined for a meta-analysis increases.  

Implication for findings 2-1. The UW_OR with a t approximation is more 

accurate, which provides the mean coverage closer to the expected 95% coverage than 

the UW_OR with a normal approximation when a small number of studies are combined 

for a meta-analysis regardless whether or not there are low event rates. 

Findings for hypothesis 2-2. The UW_MM is developed with the assumption that 

the summary effect size is with a t distribution instead of the widely used normal 

distribution. Therefore, the 95% CI is calculated using the t cutoff point with the number 
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of studies (M) -1 degrees of freedom. When M is small, the t score is large. Therefore, 

the 95% CI is wider, leading to the more accurate coverage of 95%.  On the other hand, 

the UW_MM with a normal distribution has a narrower 95% CI which leads to the 

underestimation of the coverage.  However, as the number of studies increases, the t 

score decreases towards the normal z score (appendix A).  This is the reason that the 

UW_MM with a t distribution is close to the UW_MM with a normal distribution as the 

number of studies increases.  

As we discussed in aim 1,  the 95% coverage for the UW_MM with a t distribution 

drops dramatically when the event rate is low in that the estimates of the odds ratios 

from individual studies are biased at low event rates.  This bias remains the same 

regardless of the number of studies combined in a meta-analysis study. Moreover, as M 

increases, the t score and standard errors become smaller. Therefore, the 95% CIs are 

tightened so that they are more likely to exclude the true value of OR.   

Implication for findings 2-2. The UW_MM with a t distribution is more accurate, 

providing the mean coverage closer to the expected 95% coverage than the one with a 

normal distribution when a small number of studies are combined for a meta-analysis 

and rare rates are unlikely. 

Aim 3 

Findings for Hypothesis 3. The study shows that the method with the sample 

size weighting on the proportion (W_RR) has similar summary effect size as compared 

with the UW_RR but the W_RR shows shorter mean length of the 95% CI for certain 

number of scenarios.  We know that these two approaches do not estimate the same 

summary effects, which the UW_RR estimates the unweighted summary effect while 

the W_RR estimates the weighted summary effect.  In this study, we forced two 
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methods to estimate the same summary effect size by assuming that there is no 

association between the effect size and the sample size.   

One important observation centers on the rate of convergence of the asymptotic 

distributions for  the weighted (W_RR) vs. the unweighted method (UW_RR). While we 

cannot mathematically prove superior convergence, the central limit theorem works 

more rapidly when the risk of outliers is relatively low. The UW_RR uses the bivariate 

summary proportions, which are relatively low, and unlikely to be prone to large outliers. 

On the other hand, the W_RR uses the adjusted number of events in its ratio estimate 

of relative risk. As such, these will have much higher variability, since large scale trials 

tend to have many more adverse events than smaller ones.  

Implication for Finding 3. As a special case, the UW_RR and the W_RR 

estimate the same summary effect size when there is no association between the effect 

size and the sample size. But  the W_RR is more precise in terms of  the shorter 95% 

CI. As the number of studies combined increases, the precision of both approaches is 

increased simultaneously.  

Aim 4 

Findings for hypothesis 4-1. The UW_RR, like the UW_OR, is developed with 

the assumption that the summary effect size is a t distribution instead of the widely used 

normal distribution. Therefore, the 95% CI is calculated using the t cutoff point with the 

number of studies (M) -1 degrees of freedom. When M is small, the t score is large 

(Appendix A). Therefore, the 95% CI is wider, leading to the more accurate coverage of 

95%.  On the other hand, the UW_RR with a normal distribution has a narrower 95% CI 

which leads to underestimate the coverage.  However, as the number of studies 

increases, the t score decreases towards the normal z score (appendix A). This is the 
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reason that the UW_RR with a t distribution is close to the UW_RR with a normal 

distribution as the number of studies combined for a meta-analysis increases.  

Implication for findings 4-1. The UW_RR with a t approximation is more 

accurate, providing the mean coverage closer to the expected 95% coverage than the 

UW_RR with a normal approximation when a small number of studies are combined for 

a meta-analysis regardless whether or not there are low event rates. 

Findings for Hypothesis 4-2. The W_RR is developed with the assumption that 

the summary effect size is a t distribution instead of the widely used normal distribution. 

Therefore, the 95% CI is calculated using the t cutoff point with the number of studies 

(M) -1 degrees of freedom. When M is small, the t score is large. Therefore, the 95% CI 

is wider leading to the more accurate coverage of 95%.  On the other hand, the W_RR 

with a normal distribution has a narrower 95% CI which leads to the underestimation of 

the coverage. However, as the number of studies increases, the t score decreases 

towards the normal z score (appendix A). This is the reason that the W_RR with a t 

distribution is close to the W_RR with a normal distribution as the number of studies 

combined for a meta-analysis increases.  

Implication for Findings 4-2. The W_RR with a t approximation is more accurate, 

and provides the mean coverage closer to the 95% coverage than the one with a 

normal approximation when a small number of studies are combined for a meta-

analysis regardless whether or not there are low event rates. 

Meta-Analysis in General 

As mentioned in Chapter II (Review of the Literature), the most widely used meta-

analysis method is the random-effects model. 
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Under the umbrella of  the random-effects model, two categories of weighted and 

unweighted approaches are frequently used, both of which are non-Bayesian. In 

regards to the weighted random-effects approaches, there are the empirical 

DerSimonian-Laird approach with weights derived from that study’s  variance [17],  and 

the new approach developed by Shuster et al. [6] with the total individual study’sample 

size weighting on the proportions. There are also two unweighted random-effects 

approaches, one with the summarized proportions in the form of odds ratio or relative 

risk [7, 9] and one with the mean of means in the form of odds ratio [8].  

In this subsection, we focus on issues related to the random-effects model in 

depth. We start with the weighting issue and the estimated summary effect size. Next, 

we discuss the low event rates and continuity adjustment when zero event cells occur. 

Thirdly, we address asymptotic properties when a small number of studies are 

combined for a meta-analysis. Finally, we discuss the three typical metrics for binomial 

outcomes, odds ratio, relative risk and risk difference.  

Weighting Issues and Summary Effect Size Estimates 

The weights for the empirical random-effects model (W_DL) are volatile random 

variables, because the weights are derived from both the within-study variance and the 

between-study variance [5]. The W_DL needs to be avoided in low event rate 

applications for following two reasons.  First, it is unclear as to what the W_DL is 

estimating, given that the weights are random variables but treated as non-random. 

Second, in low event rate applications, the effect sizes and weights probably are 

correlated [8, 38]. For example, a) In drug development, early smaller studies may be 

pure (drug only vs. placebo), while later larger studies may use the drug vs. placebo in 

an adjuvant setting. Therefore, larger studies expect to have a smaller difference in 
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efficacy. b) For side effects, however, an adjuvant therapy interaction with the 

experimental drug may trigger a larger differential, yielding the opposite correlation. c) 

Better designed studies may lower the sampling error, thereby increasing the weight, 

while the greater skills of these investigators may lead to larger advantages for the 

experimental therapy over the controls. This is especially problematic in surgery device 

trials. d) Unknown to a meta-analyst, some studies may have been terminated early for 

efficacy, yielding smaller weights than those that run to completion. These arguments 

suggest that the correlations of weights and effect sizes can be expected, and it is 

statistically risky to assume they do not exist, especially at low event case. A positive 

correlation may produce a positive bias and a negative correlation may produce a 

negative bias.   

The W_RR is one solution to overcome the issues from the empirical approach 

(W_DL), which the weights are derived from the sample size, a random variable. The 

weights are applied to the proportion before the summary effect size is calculated and 

they are treated as random variables.  In contrast, some sample size based methods 

such as Emerson et al. [39, 40], use weights proportional to the product of the sample 

size in each arm divided by the sum of the sample sizes of both arms. This implies that 

more balanced randomizations carry more weight.  However, it is hard to interpret its 

results. The advantage of the weighted approach (W_RR) is that it tends to have 

narrower confidence limits at the cost of slower convergence to normality as the number 

of studies being pooled becomes large.  

As alternative solutions, the methods of UW_OR/UW_RR and UW_MM estimate 

the unweighted summary effect size.  These methods can be viewed unweighted or 
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weighted equally, i.e. each study carries 1/M weight. The only method that has a similar 

spirit was developed by Follmann et al. [41]  This method weights studies equally, but 

they apply their test to the mean of the individual study effect size, rather than a ratio 

estimate approach. This approach is complementary to the UW_OR/UW_RR approach 

in that its application is to a meta-analysis of a small number of larger studies [7]. 

However, when rare event occurs, the method would be problematic for relative risk 

estimates when any study has zero event in either arm, which yields an undefined 

individual effect size estimate.   

Low Event Issue and Continuity Adjustment 

Despite warnings in DerSimonian-Laird, Bradburn et al.[42], and Shuster et al. [7], 

the W_DL remains widely used for meta-analyses with low event rate binomial trials [43-

56]. When zero events occur on one or both arms, a continuity adjustment is needed to 

compute the effect size for the individual study. There are several ways to adjust for 

continuity [57].   As for the W_DL,  the continuity correction [57]  is used by adding 0.5 

to each of the four cells of the 2-by-2 outcome table that has zero event cells, and  

studies with no event in both arms are excluded. This way of continuity adjustment is 

the default option for the two most popular software packages (Comprehensive Meta-

analysis 2.0 and RevMan 5.0) [5].  

In one of the proposed solutions, the UW_MM uses  the sample size adjusted 

continuity method when zero event happens on one or both arms [57]. Therefore,  no 

studies are excluded. In this simulation study, since the number of subjects in both arms 

is the same, the sample size adjusted continuity is the same as adding 0.5 in the 

studies with zero in one or both arms.  
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By contrast,  other proposed solutions of the unweighted method 

(UW_OR/UW_RR) and the weighted method (W_RR) do not need continuity 

adjustment. The reason is that the summary effect size is not computed until the 

proportion (risk)  in each arm from each study is added together. 

Asymptotic Properties and Large Sample Theory  

As we mentioned before, for a meta-analysis, the large sample theory should 

apply at two levels of the individual study and the number of individual studies being 

combined for a meta-analysis. However, the most random-effects meta-analysis studies 

do not have a large number of studies to combine but presumes a normal distribution on 

the summary effect size on a log scale. Methods along these lines can be found in 

DerSimonian and Laird [17], Smith et al. [23], Hartung and Knapp [58], Brockwell and 

Gordon [21]], Warn et al.[24], and Burr and Doss [25].  

Considering that we do not often have a large number of studies available for a 

meta-analysis, we shall use t-approximations, rather than normal approximations.  The t 

approximations are equivalent to normal cutoffs in the limit, as the number of studies 

being combined tends to infinity.  The advantage of using a t-distribution is that the 

mean coverage of the 95% CI is closer to the 95% coverage, while a method with a 

normal distribution often tends to underestimate (narrow confidence limits).  

Selection of Measurement Metrics for Binomial Outcomes  

As for a meta-analysis with binomial outcomes, a researcher often selects the 

metrics risk ratio or odds ratio over risk difference.  The reason is that the risk ratio and 

odds ratio are relative measures, and therefore tend to be relatively insensitive to 

differences in baseline events [5].  By contrast, the risk difference is an absolute 

measure and it is very sensitive to the baseline risk. However, the risk difference is 
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sometimes more clinically meaningful [5]. In any event, the risk difference provides an 

unbiased metric for a meta-analysis due to no issues with low event and no assumption 

for the summary effect size. The risk difference can be predicted afterwards for any 

given baseline risk [5]. 

Elaborating Example on Mortality for Erythropoiesis Stimulating Agents  

In this subsection, we illustrate how the empirically weighted model (W_DL), the 

sample size weighted model (W_RR), and the unweighted (UW_RR) work on the study 

of the mortality risk of erythropoiesis-stimulating agents in cancer population. 

Bohlius et al. [59] conducted a patient level meta-analysis with respect to 

potentially increased mortality risk of erythropoiesis-stimulating agents in cancer 

population. This study combined 53 randomized cancer trials and found a highly 

significant increase in mortality with these agents as compared to controls.  The FDA, in 

part on the basis of these data, issued a recommendation that these agents should be 

used under a risk management program known as a risk evaluation and mitigation 

strategy (REMS) [60].  

Table 5-1 provides the summary effect size through four meta-analysis 

approaches: the published hazard ratio (instantaneous relative risk) analysis, the 

empirical weighted DL approach (W_DL), the weighted analysis of relative risk (W_RR), 

and the unweighted analysis of relative risk (UW_RR). We note the close agreement 

between the published results [59] and the other two weighted (W_DL, W_RR) results 

that use study level data. 

We discuss the findings as follows. First, although the analysis of Bohlius et al. 

[59] was based upon actual patient level data, we have to utilize study level data due to 

the lack of access to the patient level data.  However, as long as the follow-up time is 
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equally rigorous on both treatment arms and event rates are low, in such situations, the 

ratio of person-years at risk within a study (Treatment 2: Treatment 1) is closely 

approximated by the ratio of the sample sizes, which explains that the results from the 

actual patient level data are close to the result from the empirically weighted approach 

(W_DL).  Second, the reason that the results from the W_RR are different from the 

results from the UW_RR is because they do not estimate the same summary effect size 

(weighted vs. unweighted) (Figure 5-1). Third, the situations that the results from the 

W_DL are close to the results from the UW_RR are either  when (a) the diversity 

between studies goes to infinity, (b) sample size goes to infinity, or (c) there is no 

relationship between effect sizes and weights.  In this case, the results from the W_DL 

are different from the results from the UW_RR, indicating that the W_DL does not 

estimate the unweighted summary effect size as claimed.  

In summary, we learn two points from this example as follows. First, the W_DL 

does not estimate the unweighted summary effect size as claimed. Instead the W_DL 

may estimate the weighted summary effect size in this case (though not in general), i.e. 

the results from the W_DL are close to the results from the W_RR. Second, the results 

from the W_RR (1.14, 95% CI: 1.04-1.24) are different from the results from the 

UW_RR (1.05, 95% CI: 0.95-1.17). The contradicting results are fine since they 

estimate different summary effect size (unweighted for the UW_RR vs. weighted for the 

W_RR). The consensus of the W_RR and the UW_RR provides more confidence to 

make the inference, but no consensus was obtained here.   

Strengths 

Given the existing theoretical issues with the empirical random-effects meta-

analysis, Shuster et al. proposed several ways to overcome their obstacles, the 



 

144 

UW_MM, the UW_OR /UW_RR and the W_RR. This is the first study to evaluate the 

efficiency of these methods by using data simulations.  The findings of this study are 

built upon thousands of simulated scenarios, providing solid evidence to guide a 

researcher to select an appropriate meta-analysis statistical method in the future.  

Limitations 

This study also has some limitations. First, the results are generated based upon 

data simulations with somewhat limited scenarios. More scenarios with data simulations 

will be more helpful to make a general statement. Second, in all of these simulations, 

we keep the number of subjects the same for both treatment and control arms in each 

individual study. Therefore, the impact of variation of the number of subjects in the 

treatment arm and in the control arm is not reflected in existing scenarios. Finally, since 

scenarios are generated based upon predetermined parameters, each scenario is not 

randomly determined. Therefore, statistical tests are not helpful in determining the 

difference between compared methods of interest. We use graphics and tables to 

describe the efficiency differences across methods of interest.   

Further studies 

Since we draw conclusions based upon limited scenarios, we can extend this 

study by adding more scenarios.  For example, we could add variation in the number of 

subjects between the treatment arm and the control arm. 

As for the relative risk data simulation, although the UW_RR estimates the 

unweighted summary effect size, whereas the W_RR estimates the weighted summary 

effect size, our study forced the summary effect size from both the UW_RR and  the 

W_RR to be mathematically equal.  Furthermore, data simulation is needed to compare 
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the UW_RR vs. the W_RR when the association between the effect size and the 

sample size exists. 

Also as a further study, the empirical validation on both the sample size weighted 

approach (W_RR) and the unweighted on proportion (UW_RR) may apply to some 

known associations of exposures and outcomes. 

Conclusions 

Aim 1: The UW_OR is more efficient and robust regardless of the number of 

studies combined and with or without low events,  compared with the UW_MM. The 

UW_MM can be used when low events are unlikely. 

Aim 2-1: The UW_OR with a t distribution provides a more accurate coverage 

regardless of the number of studies combined and with or without low events, compared 

with the UW_OR with a normal distribution.  The UW_OR with a t distribution and the 

UW_OR with a normal distribution are very close when synthesizing a large number of 

studies.   

Aim 2-2: The UW_MM with a t distribution has a more accurate coverage than the 

UW_MM with a normal distribution when a small number of studies are combined and 

no rare events occur.  The UW_MM with a t distribution and the UW_MM with a normal 

distribution are very close when synthesizing a large number of studies.   

Aim 3: Both the UW_RR and the W_RR are efficient when they are forced to 

estimate the same summary effect size. The UW_RR provides more accurate and more 

stable coverage than the W_RR, whereas the W_RR also provides an accurate 

coverage, and a relatively narrow confidence interval in some scenarios.   

Aim 4-1: The UW_RR with a t distribution provides a more accurate coverage 

regardless of the number of studies combined and with or without low events, compared 
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with the UW_RR with a normal distribution.  The UW_RR with a t distribution and the 

UW_RR with a normal distribution are very close when synthesizing a large number of 

studies.   

Aim 4-2: The W_RR with a t distribution provides a more accurate coverage 

regardless of the number of studies combined and with or without low events, compared 

with the W_RR with a normal distribution.  The W_RR with a t distribution and the 

W_RR with a normal distribution are very close when synthesizing a large number of 

studies.   

In summary, when in doubt, it might be a good statistical practice to report both the 

sample size weighted (W_RR) and the unweighted analyses (UW_RR) (one as primary 

and one as secondary). If the two approaches agree qualitatively, this will add strength 

to make inference. But since they estimate completely different summary effect size 

(weighted vs. unweighted), it is not a contradiction when the qualitative conclusions are 

different.  
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Table 5-1. Mortality for erythropoiesis stimulating agents in cancer population using 
different random-effects approaches in meta-analyses 

Approaches Summary effect size 95% CL P value (2-sided) 

HR as Published [59] 1.17 1.06-1.30 0.001 

W_DL (RR) 1.15 1.05-1.26 0.003 

W_RR 1.14 1.04-1.24 0.005 

UW_RR 1.05 0.95-1.17 0.330 

 

 

W_DL

W_RR UW_RRNo association between effect size and sample size

Sample size in individual study is small or 

 relatively small due to low events

Diversity between studies goes to infinity,

sample size goes to infinity or 

no association between effect size and weights

 

Figure 5-1. Illustration of associations among W_DL, W_RR and UW_RR 
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