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Evaluating the Power of Meta-Analyses for Mean Differences:
Methodological Research
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ABSTRACT Objective: Meta-analysis is a method that OZET Amagc: Meta-analiz, birbirinden bagimsiz benzer konularda-
summarizes the results of various independent studies on the ki ¢aligmalar1 bir araya getirerek ¢aligmalarin sonuglarindaki gesitli-
same subject and is used to obtain more reliable and accurate ligi agiklamak, daha giivenilir ve dogru sonuglara ulagilmasini sag-
results. An important issue that is a sign of quality in meta- lamak amaciyla kullanilan bir yontemdir. Kanit degeri yiiksek olan
analyses, which is at the top of the evidence pyramid, is power, meta-analiz ¢aligmalarinda, nitelik gostergesi olan en dnemli husus
and the power of a meta-analysis can be evaluated under the two gligtlir ve bu gii¢, heterojenligin varligina gore sabit etki ya da
model approaches: fixed effect or random effect, with the existence rastgele etki modeli olmak iizere kullanilan iki yaklasim altinda
of heterogeneity. Despite this importance, power details are not degerlendirilir. Bu 6neme ragmen birgok meta-analiz ¢aliymasinda
included in many meta-analysis studies. Whatever the model, gli¢ detaylarina yer verilmemektedir. Yapilan gii¢ degerlendirmeleri
power is influenced by effect size, the smallest sample size etki biiyliikligl, makalelerdeki minimum ornek biyikligi ve
among studies, level of heterogeneity and the number of articles caligma sayilari faktorlerinden etkilenir. Bu ¢alismada, belirli etki
included in the meta-analysis. This study aims to determine the biyiikliginde kabul edilebilir bir glice ulasmak adina
minimum sample size for a given number of articles in order to makalelerdeki minimum &rnek biiyiikliigiiniin ve makale sayisinin
reach an acceptable power for a meta-analysis. Material and belirlenmesi amaglanmistir. Gere¢ ve Yontemler: Diisiik, orta ve
Methods: The power values for different numbers of articles yiiksek heterojenlige sahip rastgele etki ve sabit etki modelleri
(2, 5, 7, 10, 15, 18) and minimum of sample sizes in articles altinda farkh etki biyiklikleri (0,1-0,2, 0,3-0,4, 0,5-0,7) dikkate
were determined, taking into consideration different effect sizes alinarak farkli makale sayilar1 (2, 5, 7, 10, 15, 18) ve makalelerdeki
(0.1-0.2, 0.3-0.4, 0.5-0.7) under fixed and random effect models ormek biiyiikliklerinin minimumu degerlendirilerek gii¢ degerleri
of low, medium and high heterogeneity. Results: In order for a belirlenmistir. Bulgular: Heterojenlik diizeyinin daha fazla oldugu
meta-analysis study with a higher heterogeneity and/or a lower ef- ve/veya disiik etki biiyiikligiine sahip bir meta-analiz ¢aligmasina
fect size to reach an acceptable power, the minimum sample size in dahil edilen makalelerdeki ornek biyiikliklerinin minimumunun
the included articles should be high. Conclusion: This study, which yiiksek olmast ile ancak kabul edilebilir bir giice ulagilabilmektedir.
considers the factors affecting power, can provide guidance to Sonug: Giicii etkileyen faktorlerin g6z 6niinde bulunduruldugu bu
clinicians on how to calculate power according to heterogeneity caligma, heterojenlik durumuna gore nasil gii¢ hesabi yapilabilecegi
and what is necessary or sufficient to achieve an acceptable ve kabul edilebilir bir kaliteye ulagsmak adina nelerin gerekli veya
quality in their studies. yeterli oldugu konusunda klinisyenlere rehberlik saglayabilir.
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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.

Correspondence: Nazli TOTIK DOGAN
Department of Biostatistics, Cukurova University Faculty of Medicine, Adana, Tiirkiye
E-mail: nazlitotik.biostat@gmail.com

Peer review under responsibility of Turkiye Klinikleri Journal of Biostatistics.
Received: 13 Jan 2022 Received in revised form: 17 Feb 2022 Accepted: 10 Mar 2022 Available online: 20 Apr 2022

2146-8877 / Copyright © 2022 by Tiirkiye Klinikleri. This in an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

14


https://doi.org/10.5336/biostatic.2022-88046
mailto:nazlitotik.biostat@gmail.com
https://orcid.org/0000-0003-1938-1221
https://orcid.org/0000-0001-8497-8281

Nazli TOTIK DOGAN et al. Turkiye Klinikleri J Biostat. 2022;14(1):14-21

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.™ 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.>”

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.? The observed effect T; for any study is expressed as

Ti =6+ &
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.>** The weight
assigned to each study in a fixed-effect meta-analysis is

W_l
L vi,

where
2
IRCTRRCY d;
;=
NnyiNy; 2(nq; + ny;)

is the within-study variance for study i. n,; and n,; are the sample size of case and control group in the ith
study, respectively. For studies that use two groups (case and control) standardized mean difference is
estimated as
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X — Xy,

Si

di=

where X;; and X,; are the sample means in the case and control groups and s is the within-groups standard
deviation. For the calculation of v;, 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, ny; = n,; = n; and

1/ &
Ui:; 2+T
i

The weighted mean effect size and variance are expressed as
k
T=&%Qiam V=
' Yica Wi ’ Y Wi

If the v; values are thought to be nearly equal, then v = v/k where v is the common value of the v; and
k is the number of articles. Nevertheless, it is important to know that if the v; values are not the same, and
is the average of the v;, ¥/k will be larger than v., and using ©/k in place of v in power calculations will
cause an underestimate of the statistical power."

Under hypothesis Hy: 8; = 8, = -+ = 8, With SE(T) = v
T8
oy

has the standard normal distribution when 6 = 8,. If # 6, , Z has a normal distribution with 6~N(4, 1)
where A = (6 — 8,)/+/v Thus the power of the one-tailed test is given by

p=1-0(c,—2) (1
and the power of the two-tailed test is given by
p=1—-0(cys—2)+P(—Coyz — 1) )

where ®(x) is the standard normal cumulative distribution function and ¢, corresponds to the critical Z
value 142

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 T;* , the deviation of the true effect size from the general mean (u — ), {;, and the sample error
g = T; — 6 representing the variation between the true effect size of the study, the observed effect size is:
TP =p+G+e

With the variance within the study (v;) and the variance between the studies (z2), the variance of a

study under the random effects model can be calculated. 2 is the estimated as §

Ko owx )2
Z:;lwi*Ti*z - (Z:ilkwi Ti ) _(k _1)

32 _ i=1
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Under the random effect model, the weight of a study (w;") in the meta-analysis is vi , Where v;" is the

sum of the variances between the studies for the study (v; = v; + $ ). The weighted mean effect size is
calculated as:

k
.1——.* i=1 WL* TL*
. k w*
i=1"i
and the weighted effect size variance as:
. 1
v =
. k *
i=1Wi

Similar to the fixed effect model v* = v*/k and A* = (0 — 90)/\/v—f‘ Thus the power of the one-tailed
test is given by

p=1-0(c,— 1) 3)
and the power of the two-tailed test is given by
p=1-0(cy, —2") + D(—co/p — 1*) (4)

Where ®(x) is the standard normal cumulative distribution function.*22 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 (V?L % Vl)

corresponding to low-level heterogeneity (LLH), medium-level heterogeneity (MLH) and high-level
heterogeneity (HLH) level respectively.2*

I 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

LRI

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 0.20, 0.50 and 0.80 respectively).®® Equations (1) and (2) 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 72 as a heterogeneity measure, a heterogeneity was added to the scenario at three levels (low, medium,
and high corresponding to 0.33, 0.67, and 1 respectively).

Thus, power evaluations were made in different heterogeneity situations with different effect sizes and
different numbers of articles. Equations (3) and (4) 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.

Number of article
Scenarios Effect size
2 5 7 10 15 18
0.1-0.2 590 250 180 130 80 70
E E '§ 0.3-04 110 46 32 22 14 12
w o g
0.5-0.7 38 16 12 8 6 4
0.1-0.2 800 330 250 170 120 90
% § 0.3-04 142 60 42 28 20 16
£
B ] 0.5-0.7 48 21 14 1 7 6
= B
-g E 0.1-0.2 1000 400 300 200 150 110
[}
§ % ; 0.3-04 175 68 50 35 26 20
= £
X} 0.5-0.7 60 24 19 13 9 7
o
& 0.1-0.2 1200 500 350 240 170 140
Z 03-04 215 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.

I 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).

I 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.?®
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.*” 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.? In this study, given a certain number of

18



Nazli TOTIK DOGAN et al.

Turkiye Klinikleri J Biostat

. 2022;14(1):14-21

Fixed Effect Model, 0.1-0.2

. . .
50 100 200 300 400 500 600
MSSA

Fixed Effect Model, 0.3-0.4

MSSA

Fixed Effect Model, 0.5-0.7

10- - —_— e =
09-
08"

5 10 15 20 25 30 35 40

article
article=2
article=5
article=7

—*~ article=10

—*- article=15

" article=18

article
article=2
article=5
article=7

~* article=10

—* article=15

% article=18

article
article=2
article=5
article=7

—* article=10

—*- article=15

~* article=18

LLH Random Effect Model, 0.1-0.2

wer
oo
288
1 %9
|
\

. . . . . .
00 200 300 400 500 600 700
MSSA

=

LLH Random Effect Model, 0.3-0.4

125

H
15
N
S
w
S
IS
S
a
3
~
a
=
1)
3

MSSA

LLH Random Effect Model, 0.5-0.7

———

o
o
v

' ' '
10 20 30 40

MSSA

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

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.

I 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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