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Abstract 

Background: Meta-analysis is an epidemiological, recognized, quantifiable study design that helps in 
systematical evaluation of earlier research studies to originate conclusions indicative of the body of research. 
This paper provides an overview to meta-analysis and to highlight its rationales and also over-all 
considerations related to meta-analysis. This article emphasizes on methods that are used in order to produce 
a demanding meta-analysis including various facets of staging and understandings of meta-analysis are 
deliberated. 
Methodology:  A Systematic literature was conducted from 1990 till 31st December 2017, utilizing 
PubMed, Web of science, Scopus and Embase using a single keyword "meta-analysis in medicine". We made 
5 groups on the basis of years and the variation in the number of articles (meta-analyses) published. 
Results: One of the critical outcomes of the meta-analysis study result is its heterogeneity or variability 
examination. Our results showed that the number of meta-analysis published in the recent years has excelled 
rapidly in comparison to the previous rate i.e. 3294 meta-analyses were published back in 1990-1995, which 
increased to 7863 in 1996-2000, 18044 for the year 2002-2007, 44965 articles in 2008-2013 and 76135 
in 2014-2017. 
Conclusion: Meta-analysis results in the detailed and accurate assessment of the consequences of various 

treatments, different risk factors for any particular or specific diseases or some other outcomes, other than 

individual research contributing to joint analysis. Thoroughly conducted meta-analyses can be a useful tool 

in evidence-based medicine. The needs of integrating outcomes from several studies confirm that meta-

analytic research is necessary and the vast literature based on newly generated researches contribute highly in 

conduct of this research achievable. 
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Introduction 

Essential research queries were considered by 
diverse research groups under various 
conditions usually more than once. 
Collectively, in many cases the results of these 
various small researches related to the same 
issue are inconsistent and different which 
increases the difficulties in clinical decision-
making1. The requirement to reach decisions 
disturbing clinical practices nurtured drive 
towards “evidence-based medicine”2 that can 
be well-defined as a systematic and 
quantifiable, specifically experimental 
approach in attaining medical information. For 
that reason, meta-analysis is considered as an 
arithmetical process resulting in integrated 
results of numerous independent researches 
and thus plays a fundamental part in evidence-
based medicine3.  

 
Indeed, according to the evidence pyramid, 
clinical data should be placed as per freedom 
strength from numerous preferences 
overwhelmed medical research, meta-analyses 
are positioned at the top4. Whereas, case 
reports, case series, laboratory studies or animal 
research exhibits less clinical value in terms of 
proof, are placed at the bottom respectively. 
 
Meta-analysis was less common at the 
beginning of medical literature till late 90's 
however since then, a huge advancement in the 
research world has been observed and the 
progress of meta-analysis is increasing over 
time (Figure 1). Additionally, meta-analyses 
are the most repeatedly cited practice in clinical 
research5. 

 
 
 
 

Figure 1: Evolution of meta-analyses published since 1990-2017 
(Results from Medline search using the keyword “Meta-analysis”). 
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Usually, but not mandatory, randomized 
controlled trials (RCT) are preferred during 
meta-analysis6. Observing heterogeneity of 
study groups and specifying the responses may 
lead to effective additional treatment or 
amendments in management7. Indeed it’s the 
most essential task in meta-analysis7. The 
Cochrane Collaboration is considered as the 
pioneer and long lasting and mostly demanded 
methods in this field8. The most important 
contributions consist of protocol development, 
providing structure not only for literature 
search methods but also for new and 
comprehensive diagnostic and analytic 
approaches for assessing the productivity of 
meta-analyses9. Furthermore, Preferred 
Reporting Items for Systematic reviews and 
Meta-analyses (PRISMA) is another useful 
guide in improving meta-analyses and 
systematic reviews reports and it is the 
PRISMA report that replaces QUOROM 
(Quality of Reporting of Meta-analyses) 
statement10&11. 
 
Meta-analysis is used to reveal and to evaluate 
the strength of evidence existing on any 
specific disease along with its treatment12. 
Generally, one intention is in the direction of 
concluding that is there any existing effect or 
not; one more intention is in the direction of 
concluding that the existing effect is good or 
bad12. The outcomes of meta-analysis may 
improve the accuracy of estimations of effects, 
provide answers to questions not sit for by 
individual researches, resolve disagreements 
rising from seemingly inconsistent studies and 
to create a new hypothesis. In general, the 
consideration of heterogeneity is dynamic in 
the development of new hypothesis12. 
 

Inclusion/exclusion criterions 

Exclusion or inclusion conditions along with 
the probability of bias studies, selected aimed 

at meta-analysis are mainly grounded upon 
inclusion conditions. For distinct hypotheses 
that have to be investigated, there should be 
individual defined selection criterions 
respectively12. Ideally, inclusion conditions are 
defined no later than early development period 
of studies protocols12. The reason for the study 
selection conditions that have to be used 
should be undoubtedly stated13. In an ideal 
situation, every randomized subject in each and 
every study must satisfy every trial selection 
criteria, fulfilling the trial procedures totally 
and also give whole and accurate data. Some 
experimental studies had revealed that under 
certain methodological conditions, for instance 
bad concealment of treatments distribution or 
lack of blind studies misrepresents effects of 
treatment12.  
 
If any study is omitted from the meta-analysis, 
proper reasoning for elimination must be given 
for every individual research that has to be 
excluded. Generally, more than one evaluator 
can independently choose excluded or included 
studies, with definite worksheet and method 
which has to follow in case of disagreement by 
any of the inspectors8.  Before evaluating study 
quality, development of data forms and quality 
assessment protocol is mandatory. The 
purpose is to lessen the risk of bias in the 
estimation of effects. That is why most studies 
remain incomplete due to lack of treatment 
failures, protocol failures or some other related 
reasons13. On the other hand, subjects and 
studies that are missing can give important 
evidences. For a most appropriate investigation 
that has to be undertaken, getting each and 
every related randomized trial data is 
mandatory14. There are a number of studies in 
medicine that discusses the missing trial's 
importance in relation to the understanding of 
intervention studies13&14.  
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Stepwise inclusion and exclusion of articles in meta-analysis 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Literature search, Citation and 

Online databases 

 As per PRISMA statement, a meta-analysis 
should indicate a clear statement of queries 
being addressed with reference to contributors, 
interferences, associations, conclusions and 
study designs (PICO: Patient, problem or 
population; intervention; comparison, control 
or comparator; outcome)10.  
 The most important task is to find entire 
related studies through electronic databanks 
includes Scirus, Science Direct, Google 
Scholar, PubMed, and ISI Web of Knowledge 
etc.  
 PRISMA declaration mentions a 
comprehensive digital search plan for at least 
any one foremost database that has to be 
presented11. Database search must be improved 
using the printed search of reference archived 
resources i.e. libraries for related conference 
reports, abstracts, articles and books.  
 Citations of reference cross-checking, review 
articles, and communicating with scientists 
through email etc. working in the related fields 
are the main ways used to deliver an inclusive 
and wide-range search11.  
 Individually it is not possible to find all full 
articles on any issue. More or less all researches 
might not be published, while those published 
may not be included in the directory of the 

computer-search engine. Most beneficial bases 
can be clinical trial registers for example, the 
National Library of Medicine's Web-site 
(ClinicalTrials.gov)11. 
 The analyses must try to be subtle, i.e. to say, 
try to get related studies as more as possible 
with the aim of minimizing bias and well-
organized12.  
 The publication language might also be 
responsible for creating trouble; therefore it is 
essential to overwhelm this trouble, as long as 
the considered populaces are related to the 
established hypothesis. 

 

Statistical/arithmetical 

analysis 

Commonly used measures of effects aimed at 
oppositional data are the odds ratio and 
relative risk (also known as risk ratio), while 
for continuous data the dominant method used 
is standardized mean difference (SMD) 
estimation15. Ways and means for 
subsequential findings analysis are relatively 
specific to meta-analysis, which includes 
sensitivity analysis, assessment of publication 
bias and heterogeneity exploration15. 
 
The weighting of studies should be allowed in 
all the methods being used. The weighting idea 
reveals evidence significance for individual 

Studies Included in 

Meta-analysis    

Good Quality Studies include:  

 Study Design  

 Comprehensive method                     

 Information used for 
subjects  

 Randomization  

 Well-defined Eligibility 
conditions                    

 Outcomes measuring 
techniques 

Articles searched 

via online 

databases  

Irrelevant articles 

filtered and 

excluded 

Potentially 

relevant articles   
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studies. Commonly, the inverse of variance 
shows weighting of studies15. Therefore it is 
necessary to distinguish between smaller and 
well-conducted studies. This is due to the fact 
that smaller studies add less in assessments of 
total effects. On the other hand, well-
conducted study with accurate variation 
measurements and confounding causes 
contributed more15. 
 

Consistency assessment/ 

heterogeneity 

The ultimate advantage in conducting meta-
analysis is to observe bases of heterogeneity, 
whether it exists or not, amongst studies. In 
case of heterogeneity presence, the summary 
size should be construed attentively16. Just in 
case of the existence of heterogeneity, whether 
or not and how to simplify results, is a most 
repeatedly asked question. Considerate causes 
of heterogeneity will lead to the additionally 
effective pointing of inhibition and treatment 
approaches that ultimately results in new 
identifiable research topics. Identifying 
significant factors is an important section of 
the strategy during meta-analysis conduct9. 
To fully recognize variability essence, it is 
essential to discriminate the two heterogeneity 
bases i.e. clinical diversity and methodological 
diversity9. Clinical diversity includes 
inconsistency in the contributors, 
interferences, and study outcomes while 
different study designs and risks of biasness are 
considered as methodological diversities9. 
Moreover, variations in the interventional 
effects that are being assessed amongst the 
differentiated studies are known to be 
statistical heterogeneity which can be a result 
of either methodological or clinical diversity or 
both of these, amongst the cases9. Generally, 
arithmetical heterogeneity is solely mentioned 
as heterogeneity in the literature. Meta-
analyses scope broadly determines the range of 
studies involved in a review can vary9. For 
appropriate conduct of meta-analysis, the 
group of studies should be adequately 

homogeneous regarding the involvement of 
participants, interferences and consequences to 
offer a significant summary. But, it is more 
applicable to prefer comprehensive perception 
in meta-analysis than a clinical trial alone. 
 
Usually, the discrepancy between k trials is 

measured by chi-squared (χ2) heterogeneity 
test thru degrees of freedom k-1, known as 
Cochran’s Q statistic17. But the disadvantage of 
this test is that it has comparatively reduced 
power of detecting heterogeneity amongst 
small trials quantities17. Therefore, generally 

0.10 α-level should be preferred for testing 
hypothesis17. 
 
Additionally, results heterogeneity amongst 
trials is better measured via I2 inconsistency 
index that defines the fraction of entire 
deviation across the studies. Doubtful intervals 
of I 2 (dependent on k and Q) can be 
calculated through the way defined by Higgins 
and Thompson15. I 2 negative values should be 
set equals to 0, so I2 must lie in-between 0 and 
100%. >75% value can be considered as 
substantial heterogeneity18.  
 
Providing that several steps must be taken 
under consideration for investigation of the 
causes in order to evaluate numerous possible 
sources of heterogeneity amongst the data. For 
desirable examination of data in identifying 
sources of heterogeneity and for preceding step 
in the production of models exhibiting a 
reduced level of heterogeneity, random-effect 
representations are suitable18. Regardless of 
heterogeneity in various responses, if each and 
every study exhibiting a positive point way 
including that the combined confidence 
interval did not contain 0, most probably it 
wouldn’t be reasonable to draw a conclusion 
that there wasn’t any positive effect, as long as 
appropriate subject and studies quantities were 
there18. The pertinence of point estimation of 
effect is considerably high in the inquiry. By 
means meta-regression and subgroup analysis, 
one can investigate the causes of heterogeneity. 
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The meta-regression method uses regression 
analysis in order to define the impact of certain 
variables.  
 

Results synthesis 

The studies included in the meta-analysis are 
determined on the basis of PRISMA 200910. 

It helps to identify the relevant studies to be 
included/excluded, and if excluded, what are 
the reasons for its exclusion19. Generally, meta-
analysis results must be shown as a forest plot, 
where every individual study must be presented 
with effect size using confidence interval 95% 
correspondingly (Figure 2) 11.

 

 
 

Figure 2: Forest plot description used in the meta-analysis 
 
The combined effects along with a 95% 
confidence interval should be displayed at the 
bottommost matching line under “Overall”. 
Figure 2, right section displays a graphical 
representation of cumulative meta-analysis, 
where data enters uninterruptedly, usually 
within chronological appearance sequence20&21. 
This type of cumulative meta-analysis may 
retrospectively identify the point of time as 
soon as the treatment outcome first reaches 
conventional significance points. Cumulative 
meta-analysis is considered as convincing 
means to observe tendencies within the 
progression of summaries - effected size, along 
with assessing the influence of specific studies 
on overall decisions.  
 
 

Categories of Biasness 
 

Publication Biasness 
To study, each and every meta-analysis results 
as an indication or sign of publication bias is 
mandatory. A guesstimate of expected 
publication bias size within reviews as well as a 
method to deal with biasness can inherent to 
the conducts of numerous meta-analyses22. 
Numeral approaches are developed with the 
purpose of offering publication bias 
assessments, of which the funnel plot is more 
commonly used23. It offers a representative 
potential of bias assessment, which was 
established by Light and Pillemer22 and was 
firstly deliberated by Egger with his 
colleagues23&24. The funnel plot is basically a 
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treatment effects scatterplot contrary to the 
degree of study size. In case of absence of 
publication bias, this plot may be anticipated 
to possess symmetric upright funnel shape. 
In studies with lack of publication bias for 
example, larger studies i.e. having lesser 
standard errors, tends to gather narrowly at the 
point estimate24. As soon as studies turn into 
less detailed, for instance in small trials i.e. 
having a greater standard error, their results are 
predictable of extra variables that scatters to 
both sides. While the shorter, less detailed 
studies scatter equally to both sides of point 
estimates of effects, also that it seems to be 
symmetrical just like inverted funnel-plot, 
displaying lack of evidences of publication 
biasness24&25.  
Yet it is not necessary that the funnel plots 
asymmetry is only due to publication bias, it 
might be a result of clinical heterogeneity 
between studies. Variation in exposure or 
control of subjects to effect modifiers or 
confounders, or else methodological 
heterogeneity amongst studies can be reasons 
for clinical heterogeneity23. There are some 
statistical assessments used in order to identify 
asymmetric funnel plot; such as Begg's rank 
correlation test26 and Egger’s linear regression 
test23 however, these are very rarely used. Still, 
the funnel plot exhibits many complications27. 
A funnel plot might be changed somewhat 
vividly conditionally by Y-axis scale, in case of 
trial size or inverse square error25. 
 

Selective Reporting 
The selective reporting bias occurs if there is 
incomplete or inadequate reporting in 
published articles. This type of bias has been 
shown by empirical studies that can be of 
substantial significance whenever published 
studies have to match with its protocol. In 
addition, current evidence recommends that 
discriminating reporting may be a concern in 
safety effects and also that the problems 
reporting within the clinical trial is quiet 
negligible28. Hence, that may be infeasible 

aiming to practice quantifiable unbiased 
evidence for destructions in meta-analyses 
execution and based on this creating 
therapeutic decisions.  
 

Time Lag Biasness 

The time lag bias rises as a result when the 
published studies with remarkable results can 
be published prior to those having normal 
conclusions28.  
 

Language Biasness 

While conducting meta-analyses, the language 
bias emerges with the exclusion of clinical trials 
conveyed in languages except for English. It 
also reduces the accuracy of combined 
assessments of treatment effects. To overcome 
this type of biasness, clinical trials having 
statistically substantial results should be 
published in English29.  
 

Development of meta-analytic 

network 

A standard meta-analysis relates 2 actions 
whereas meta-analysis network also known as 
meta-analysis based on multiple treatments 
provides estimations for multiple management 
regimens even if direct associations might be 
inaccessible by indirect links30. For instance, a 
primary trial relates drug 1 to drug 2 and 
another trial compares drug 2 to drug 3 using 
the same population. Now assume that during 
the first trial, drug 1 was proven to have a 
better effect then drug 2. While during the 
second trial, drug 2 was found to be equally 
effective as drug 3. So using these evidences, 
network analysis can statistically declare that 
drug 1 exhibits a better effect than drug 3, 
keeping in mind the specific patient populace. 
As drug 1 work more efficiently than drug 2, 
also drug 2 is comparably same as drug 3, so 
drug 1 also possess better efficacy than drug 3 
although it wasn’t examined against drug 3 
directly. 
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For giving brief information about the 
performance of the prognostic and diagnostic 
test, meta-analysis is also useful. But, studies 
that estimate the accurateness of investigations 
possess a unique design demanding different 
conditions to suitably evaluating the studies 
qualities and the possible reasons for biasness. 
With the emerging trends, various methods for 
summarizing outcomes of prognostic and 
diagnostic tests results have been 
recommended31-33. 
The concept of meta-analysis is not new 
anymore in medicine. Many meta-analyses 
have been accompanied at the same time for 
similar medical topics by various researchers at 
different places. Currently, there exists a new 
technique to associate the outcomes of many 
dissimilar meta-analyses, called meta-
epidemiological studies, for the purpose of 
evaluating risks of biasness34. 
 

Conclusion 
A standard beginning of curative practice 
has been transformed using blinded, 
randomized, meta-analysis and multicenter 
clinical trials that lead to the extensively 
used word "evidence-based medicine". 
Influential in originating this modification 
is the Cochrane Collaboration who was 
responsible for creating guidelines for 
useful conducting meta-analyses and 
systematic reviews and after that, the 
PRISMA statement, a useful means to 
advance reporting of meta-analyses and 
systematic reviews was released. Likewise, 
criterions used to report and conduct 
observational studies meta-analysis of have 
been available for expanding reporting 
worth. 
Despite having all these facts, there is not 
an individual study, whether it’s meta-
analytic or not, are responsible for the 
conclusive understanding of responses to 
risk factors influencing disease or treatment 
and diagnostic examinations. Even though 
meta-analyses methods possess discernable 

benefits while highlighting limits of study 
size, offers the chances to assess new 
hypothesis, includes varied populations and 
are additionally valued than any solo study 
contributes to the exploration process. 
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