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Power calculations have always been an important part of statistical planning and have become a 

necessary component for most research. Just as it is in other types of studies, power is important in planning 

and interpreting meta-analyses. Meta-analysis studies are used to combine different findings from 

independent studies, a standardized effect size can be obtained by combining results from different studies. 
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ABSTRACT Objective: Meta-analysis is a method that 

summarizes the results of various independent studies on the 
same subject and is used to obtain more reliable and accurate 

results. An important issue that is a sign of quality in meta-

analyses, which is at the top of the evidence pyramid, is power, 
and the power of a meta-analysis can be evaluated under the two 

model approaches: fixed effect or random effect, with the existence 

of heterogeneity. Despite this importance, power details are not 
included in many meta-analysis studies. Whatever the model, 

power is influenced by effect size, the smallest sample size 

among studies, level of heterogeneity and the number of articles 
included in the meta-analysis. This study aims to determine the 

minimum sample size for a given number of articles in order to 

reach an acceptable power for a meta-analysis. Material and 

Methods: The power values for different numbers of articles 

(2, 5, 7, 10, 15, 18) and minimum of sample sizes in articles 

were determined, taking into consideration different effect sizes 

(0.1-0.2, 0.3-0.4, 0.5-0.7) under fixed and random effect models 

of low, medium and high heterogeneity. Results: In order for a 

meta-analysis study with a higher heterogeneity and/or a lower ef-
fect size to reach an acceptable power, the minimum sample size in 

the included articles should be high. Conclusion: This study, which 

considers the factors affecting power, can provide guidance to 
clinicians on how to calculate power according to heterogeneity 

and what is necessary or sufficient to achieve an acceptable 

quality in their studies. 
 

Keywords: Meta-analysis; power analysis; effect size;  
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ÖZET Amaç: Meta-analiz, birbirinden bağımsız benzer konularda-

ki çalışmaları bir araya getirerek çalışmaların sonuçlarındaki çeşitli-
liği açıklamak, daha güvenilir ve doğru sonuçlara ulaşılmasını sağ-

lamak amacıyla kullanılan bir yöntemdir. Kanıt değeri yüksek olan 

meta-analiz çalışmalarında, nitelik göstergesi olan en önemli husus 
güçtür ve bu güç, heterojenliğin varlığına göre sabit etki ya da 

rastgele etki modeli olmak üzere kullanılan iki yaklaşım altında 

değerlendirilir. Bu öneme rağmen birçok meta-analiz çalışmasında 
güç detaylarına yer verilmemektedir. Yapılan güç değerlendirmeleri 

etki büyüklüğü, makalelerdeki minimum örnek büyüklüğü ve 

çalışma sayıları faktörlerinden etkilenir. Bu çalışmada, belirli etki 
büyüklüğünde kabul edilebilir bir güce ulaşmak adına 

makalelerdeki minimum örnek büyüklüğünün ve makale sayısının 

belirlenmesi amaçlanmıştır. Gereç ve Yöntemler: Düşük, orta ve 
yüksek heterojenliğe sahip rastgele etki ve sabit etki modelleri 

altında farklı etki büyüklükleri (0,1-0,2, 0,3-0,4, 0,5-0,7) dikkate 

alınarak farklı makale sayıları (2, 5, 7, 10, 15, 18) ve makalelerdeki 

örnek büyüklüklerinin minimumu değerlendirilerek güç değerleri 

belirlenmiştir. Bulgular: Heterojenlik düzeyinin daha fazla olduğu 

ve/veya düşük etki büyüklüğüne sahip bir meta-analiz çalışmasına 
dâhil edilen makalelerdeki örnek büyüklüklerinin minimumunun 

yüksek olması ile ancak kabul edilebilir bir güce ulaşılabilmektedir. 

Sonuç: Gücü etkileyen faktörlerin göz önünde bulundurulduğu bu 
çalışma, heterojenlik durumuna göre nasıl güç hesabı yapılabileceği 

ve kabul edilebilir bir kaliteye ulaşmak adına nelerin gerekli veya 

yeterli olduğu konusunda klinisyenlere rehberlik sağlayabilir. 
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Although the results from the meta-analyses have been widely used in recent years, power studies are scarce. 

Meta-analysis studies, which are famous for being at the top of the evidence pyramid, are frequently used, 

especially by clinicians. However, power calculations are often overlooked. Taking into account the 

expected size of the overall effect, the number of included studies, and their sample sizes, a power analysis 

for a meta-analysis will provide the researcher with a statistically meaningful outcome through the 

assessment of power.
1-4

 The aim of this study is to analyze the power of meta-analyses under varying 

conditions [effect size, minimum sample sizes in articles (MSSA), and number of studies] related to 

determining the minimum sample size for a given number of articles. It is also within the scope of the goal to 

reach a study as a guide for clinicians on how to obtain a power calculation according to the heterogeneous 

situation and what the essential or sufficient circumstances are to reach an acceptable power by addressing 

these conditions affecting power. 

META-ANALYSIS AND POWER CALCULATION 

Meta-analysis is a quantitative method that combines the effect size estimates of a series of studies to 

obtain a common effect size estimate. Meta-analysis, by estimating the effect size in each study and 

combining these estimates, produces estimates of effects synthesized with greater statistical power than 

the individual studies. Therefore, it is more likely that a meta-analysis will obtain different impacts of 

meaningful effects, relationships, and study differences in research. A meta-analysis also provides 

estimates of the best effect size for power analysis, so, even if the true effect is not large, it will be less 

likely that future studies will be designed with insufficient power. Two meta-analysis models have been 

developed for the purpose of making conclusions about the influence parameters of observed studies: 

Fixed effect model and random effect model. Power calculation details are summarized below for these 2 

models.
5-7 

Power Calculation for the Fixed Effect Model: 

Under the fixed effect model, it is assumed that all studies have a common (true) effect size, and the 

differences in observed effects are due to sampling error. The term “common effect model” can be used as a 

more descriptive term when referring to the fixed effect model in the meta-analysis. That is, since there is 

only one true effect, the fixed effect model uses a single effect size. Since the sample size of the studies 

cannot be infinite, a sample error occurs, and in this case, the true effect is not the same as the observed 

effect.
8
 The observed effect    for any study is expressed as 

        

with the true effect size  and the sample error . 

Each study in the meta-analysis is often based on a different sample size, and since the estimates of 

studies with larger sample sizes are better than those with smaller sample sizes, a weight is calculated for 

each effect size to take into account the sample size when the mean effect size is used.
9-11

 The weight 

assigned to each study in a fixed-effect meta-analysis is  

   
 

  
 , 

where  

   
       
      

 
  
 

          
 

is the within-study variance for study  .     and     are the sample size of case and control group in the  th 

study, respectively. For studies that use two groups (case and control) standardized mean difference is 

estimated as 
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where      and      are the sample means in the case and control groups and   is the within-groups standard 

deviation. For the calculation of   , the ratio of the total case and total control sample sizes in the meta-

analysis study is applied to the sample size of the article with the smallest sample size. In the present study, 

where the case and control ratio is taken to be 1:1,            and 

   
 

  
   

  
 

 
  

The weighted mean effect size and variance are expressed as  

    
   
 
     

   
 
   

     and           
 

   
 
   

 

If the    values are thought to be nearly equal, then        where   is the common value of the    and 

  is the number of articles. Nevertheless, it is important to know that if the    values are not the same, and    

is the average of the    ,      will be larger than   , and using      in place of    in power calculations will 

cause an underestimate of the statistical power.
1
  

Under hypothesis               with             

  
      

   
 

has the standard normal distribution when     . If     ,   has a normal distribution with          

where              Thus the power of the one-tailed test is given by 

                                                                                         

and the power of the two-tailed test is given by 

                                                                                                                              

where      is the standard normal cumulative distribution function and    corresponds to the critical   

value.
1,12

 

Power Calculation for the Random Effect Model: 

The random effect model holds the assumption that the true effect sizes are different, and these differences in 

participation or in the implementation of interventions cause different effect sizes. With the observed effect 

for any study   
  , the deviation of the true effect size from the general mean         , and the sample error 

      
    representing the variation between the true effect size of the study, the observed effect size is: 

         
                                             

With the variance within the study      and the variance between the studies (   , the variance of a 

study under the random effects model can be calculated.    is the estimated as 
2          
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Under the random effect model, the weight of a study    
   in the meta-analysis is 

 

  
  , where   

  is the 

sum of the variances between the studies for the study (  
     

2 ). The weighted mean effect size is 

calculated as: 

   
  

   
  

     
 

   
  

   

 

and the weighted effect size variance as: 

  
  

 

   
  

   

 

 

Similar to the fixed effect model   
       and             

   Thus the power of the one-tailed 

test is given by 

                                                                                           

and the power of the two-tailed test is given by 

                                                                                                                             

Where      is the standard normal cumulative distribution function.
1,2,13

 The possible values of the 

variance within the studies can be obtained in the same way as in the use of the fixed effect model. This 

variance has been suggested to be used as a mark for heterogeneity by Hedges and Pigott with  
  
 

 
  
   

 

 
    

   

corresponding to low-level heterogeneity (LLH), medium-level heterogeneity (MLH) and high-level 

heterogeneity (HLH) level respectively.
1,14

 

     MATERIAL AND METHODS 

For both fixed and random effect models, the mean and standard deviations of power values for different 

numbers of articles and MSSA were generated randomly 1,000 values considering the defined intervals for 

effect size. Fixing the number of articles as 2, 5, 7, 10, 15, and 18, MSSA was calculated for acceptable 

power with these numbers of articles. In the scenario reported in this study, the case/control ratio was taken 

as 1:1. The same assessment can be made for different case/control ratios. R 4.1.1 (R programming 

languages/Project packages “Rmisc”, “ggplot2”) was used to reach the analysis results in this study. 

ASSESSMENT FOR THE FIXED EFFECT MODEL 

Fixed effect model power evaluations were made with different effect sizes and different numbers of articles. 

The effect size classification was adapted from Cohen’s (1992) effect size levels (small, medium, and large 

coinciding with     ,      and      respectively).
15

 Equations     and     were used for the power 

calculation under the fixed effect model. Effect sizes and the number of articles were taken as shown in 

Table 1 and power evaluations were made. 

ASSESSMENT FOR THE RANDOM EFFECT MODEL 

Using    as a heterogeneity measure, a heterogeneity was added to the scenario at three levels (low, medium, 

and high corresponding to     ,     , and   respectively). 

Thus, power evaluations were made in different heterogeneity situations with different effect sizes and 

different numbers of articles. Equations     and     provide power calculations for different effect sizes and 

the number of articles. 
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TABLE 1: MSSA at effect sizes of 0.1-0.2, 0.3-0.4 and 0.5-0.7 for the fixed effect model, LLH, MLH and HLH random effect models 
for 80% power. 
 

Scenarios Effect size 
Number of article 

2 5 7 10 15 18 

T
yp

e 
o

f 
ef

fe
ct

 m
o

d
el

 

F
ix

ed
 

ef
fe

ct
 

m
o

d
el

 

0.1-0.2 590 250 180 130 80 70 

0.3-0.4 110 46 32 22 14 12 

0.5-0.7 38 16 12 8 6 4 

R
an

d
o

m
 e

ff
ec

t 
m

o
d

el
 

L
L

H
 

0.1-0.2 800 330 250 170 120 90 

0.3-0.4 142 60 42 28 20 16 

0.5-0.7 48 21 14 11 7 6 

M
L

H
 

0.1-0.2 1000 400 300 200 150 110 

0.3-0.4 175 68 50 35 26 20 

0.5-0.7 60 24 19 13 9 7 

H
L

H
 

0.1-0.2 1200 500 350 240 170 140 

0.3-0.4 215 85 58 42 30 24 

0.5-0.7 73 32 22 16 10 8 

 
MSSA: Minimum of sample sizes in articles; LLH: Low-level heterogeneity; MLH: Medium-level heterogeneity; HLH: High-level heterogeneity. 

 

 

    RESULTS 

The MSSA values required to achieve 80% power for different effect sizes and different numbers of articles 

under the possible effect models are provided in Table 1. Figure 1 and Figure 2 give the power values 

attained for different effect sizes and different numbers of articles pertaining to different MSSA for fixed and 

varying heterogeneity random effect models. As an example for Table 1, it is seen that if the number of 

articles included is 5, one needs MSSA to be 46 for an acceptable power for the fixed effect case with an 

effect size of 0.3-0.4. For LLH, MLH, and HLH random effect models with the same effect size, MSSA’s of 

60, 68, and 85 are needed. Under the fixed effect model, when the effect size is 0.1-0.2 and given 18 studies, 

an acceptable power was obtained when MSSA was 70. It can be seen from the table that for this effect size, 

when the number of articles is 2, the MSSA is 590 for 80% power. Similar interpretations can be made from 

Table 1 for different effect sizes and number of articles. Thus, if the effect size is very low (for example, in 

the 0.1-0.2 range), it is expected that, for an acceptable power, either the MSSA or the number of articles 

should be high. It is seen that the value of MSSA decreases with an increasing number of articles and/or 

increasing effect size. As can be seen from the continuous graphs with 3 different effect size groups, either 

an increase in the number of articles or a high effect size is required to achieve higher power in a meta-

analysis (Figure 1 and Figure 2). 

    DISCUSSION 

Meta-analysis is a statistical method applied to integrate the results of different studies in order to be able to 

calculate effect sizes with statistical techniques and to provide stronger estimates of the true effect size.
16

 

With the advancement of evidence-based disciplines, there is an increasing interest in the use of meta-

analysis, which allows researchers to combine findings from independent research on the same topic and to 

find a final answer to the research question concerned.
17

 Power calculations of meta-analysis can be made 

for fixed and random effect models. Although there are not many studies on power evaluations, the 

importance of this issue has been emphasized by many researchers.
2 
In this study, given a certain number of  
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LLH: Low-level heterogeneity; MSSA: Minimum of sample sizes in articles. 

FIGURE 1: Power values for different effect sizes under the fixed and LLH random effects model. 

 

 

 

MLH: Medium-level heterogeneity; HLH: High-level heterogeneity; MSSA: Minimum of sample sizes in articles. 

FIGURE 2: Power values for different effect sizes under the MLH and HLH random effects model. 

 

 

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

50 100 200 300 400 500 600

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

Fixed Effect Model, 0.1-0.2

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10 20 30 40 50 75 100

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

Fixed Effect Model, 0.3-0.4

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

5 10 15 20 3025 35 40

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

Fixed Effect Model, 0.5-0.7

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

100 200 300 400 500 600 700 800

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

LLH Random Effect Model, 0.1-0.2

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10 20 30 40 50 75 100 125 150

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

LLH Random Effect Model, 0.3-0.4

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

5 10 20 30 40 50

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

LLH Random Effect Model, 0.5-0.7

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

100 200 300 400 500 750 1000

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

MLH Random Effect Model, 0.1-0.2

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

20 30 40 50 75 100 125 150 175

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

MLH Random Effect Model, 0.3-0.4

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

5 10 20 30 40 50 60

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

MLH Random Effect Model, 0.5-0.7

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

100 200 400 600 800 1000 1200

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

HLH Random Effect Model, 0.1-0.2

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

25 50 75 100 150 200 250

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

HLH Random Effect Model, 0.3-0.4

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

5 25 50 75

MSSA

p
o
w

e
r

article

article=2

article=5

article=7

article=10

article=15

article=18

HLH Random Effect Model, 0.5-0.7



 

Nazlı TOTİK DOĞAN et al. Turkiye Klinikleri J Biostat. 2022;14(1):14-21 

 

 20 

articles, the required MSSA values to obtain an acceptable power of the meta-analysis study were obtained 

with different effect sizes in the fixed effect and random effect models. It was seen that an increase in the 

effect size or a reduction in the level of heterogeneity provided a reduction in the MSSA values required to 

achieve acceptable power. For power calculations based on the value range of effect sizes, under the same 

scenario (i.e., fixing the model and number of articles), an increase in the effect size provided the reduction 

of the MSSA required for acceptable power.
16

 It has also been found that the number of articles has an effect 

on the power values. The increase in the number of articles has improved the power values, and an additive 

increase in MSSA may provide higher power. Consideration of the fixed effect, LLH, MLH, and HLH 

random effect models leads to the conclusion that as the heterogeneity increases, an acceptable power can be 

attained by a higher number of articles, larger effect size, or higher MSSA. As for heterogeneity, the MSSA 

required for acceptable power under the random effect model is higher than that obtained under the fixed 

effect model at the same conditions. This is because both the between-studies and within-study variances are 

considered in the random effect model. Similar findings were obtained for the MLH and HLH random effect 

models. Therefore, any degree of heterogeneity makes a significant difference in power calculations, a 

conclusion parallel with the literature.
18 

LIMITATIONS OF THE STUDY AND FUTURE DIRECTION 

There are some limitations to this study. The first of these is the number of articles to be included in the 

study, with certain values as an example. For more than 18 articles, the acceptable power has already been 

reached. If it is desired to make a full calculation for the number of articles not included in this study, it can 

also be calculated by using the formula. Other limitations are that only the mean difference was evaluated as 

the effect size and the case/control ratios other than 1:1 case/control ratio were not included in this study. 

Ratios different from the 1:1 case/control ratio and effect sizes other than the mean difference (odds, 

correlation, etc.) may be evaluated in future studies. 

    CONCLUSION 

The study was performed to calculate the MSSA in order to achieve an acceptable power with different 

effect sizes, number of articles, and heterogeneity levels. Suggestions have been made to avoid a low-power 

meta-analysis. 

The MSSA required for acceptable power for the fixed effect model is lower than that for the random 

effect model with heterogeneous structure. The effect size, the number of articles, and MSSA should all be 

taken into account since they are all factors effecting power calculations. If the effect size is high, the 

number of articles will decrease, and high values for MSSA will not be needed. On the contrary, for an 

acceptable power, a study with a very low effect size should be carried out with the appropriate number of 

articles and/or MSSA to avoid waste of resources. To conclude, one should keep in mind that the power of a 

meta-analysis increases with an increase in the number of articles included, an increase in MSSA, and a 

decrease in heterogeneity. 
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