
Gastroenterology & Hepatology  Volume 3, Issue 8  August 2007  637

How to Review a Meta-analysis
Mark W. Russo, MD, MPH

Dr. Russo is Medical Director of Liver 
Transplantation in the Department of 
Medicine at the Carolinas Medical Center 
in Charlotte, North Carolina. 

Address correspondence to: 
Mark W. Russo, MD, MPH
Medical Director of Liver Transplantation
Carolinas Medical Center, Transplant 
Center, 3rd floor Annex Building
1000 Blythe Boulevard,  
Charlotte, NC 28203; 
Tel: 704-355-6649; Fax: 704-355-7184;
E-mail: Mark.Russo@carolinashealthcare.org

Abstract: Meta-analysis is a systematic review of a focused topic in 

the literature that provides a quantitative estimate for the effect of 

a treatment intervention or exposure. The key to designing a high 

quality meta-analysis is to identify an area where the effect of the 

treatment or exposure is uncertain and where a relatively homog-

enous body of literature exists. The techniques used in meta-analysis 

provide a structured and standardized approach for analyzing prior 

findings in a specific topic in the literature. Meta-analysis findings 

may not only be quantitative but also may be qualitative and reveal 

the biases, strengths, and weaknesses of existing studies. The results 

of a meta-analysis can be used to form treatment recommendations 

or to provide guidance in the design of future clinical trials. 

Meta-analysis provides a standardized approach for exam-
ining the existing literature on a specific, possibly con-
troversial, issue to determine whether a conclusion can 

be reached regarding the effect of a treatment or exposure. Results 
from a meta-analysis can refute expert opinion or popular belief. 
For example, Nobel Laureate Linus Pauling lectured for many years 
on the benefits of vitamin C in the treatment and prevention of the 
common cold. However, several years ago, a meta-analysis of clinical 
trials examining this issue demonstrated that there is no clear benefit 
of high doses of vitamin C on the common cold.1

 The first applications of meta-analysis were made more than 
30 years ago in the psychiatric literature.2 Meta-analysis later made 
its appearance in the gastroenterology literature, with one of its 
first applications occurring in the assessment of the effectiveness of 
antisecretory drug dosing for duodenal ulcers.3 Since then, meta-
analysis has been applied to most conditions in gastroenterology 
and hepatology, including inflammatory bowel disease, cirrhosis, 
irritable bowel syndrome, and colon cancer.4-8 

If it is well conducted, the strength of a meta-analysis lies in 
its ability to combine the results from various small studies that 
may have been underpowered to detect a statistically significant 
difference in effect of an intervention. For instance, 8 studies of 
streptokinase suggested its effectiveness in treating patients present-
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ing with myocardial infarction, yet only 3 of these studies 
reported statistically significant results.9 Nevertheless, 
the results of a meta-analysis combining data across all  
8 studies concluded that streptokinase was associated with 
a statistically significant reduction in mortality.9

As with the planning of any study, the study design 
of a meta-analysis determines the validity of its results. 
The Quality of Reporting of Meta-analyses (QUOROM) 
statement was published to provide guidelines for  
conducting meta-analyses, with the goal of improving  
the quality of published meta-analyses of randomized tri-
als.10 A checklist assessing the quality of a meta-analysis 
has also been developed by the QUOROM group and 
is available online (http://www.consort-statement.org/
QUOROM.pdf ). 

This article focuses on the key areas that the reader 
should be aware of to determine whether a meta-analysis 
was properly designed. These areas include the develop-
ment of the study question; methods of literature search; 
data abstraction; proper use of statistical methods; evalu-

ation of results; evaluation for publication bias; sensitiv-
ity analysis; and applicability of results. A checklist for 
reviewing a meta-analysis is shown in Table 1. By utilizing 
a standardized approach for critiquing a meta-analysis, 
the internal validity of the analysis can be determined.

Development of the Study Question

The objectives of a meta-analysis and the question being 
addressed must be explicitly stated and may include pri-
mary and secondary objectives. The question at the focus 
of a meta-analysis should not have already been answered 
satisfactorily by the results of multiple well-conducted 
randomized trials. The more focused the question is, the 
more likely the study group will be homogenous. If the 
subjects across the studies are different, combining data 
from these studies is not appropriate. For example, a 
hypothetical meta-analysis on the effect of Helicobacter 
pylori eradication for reducing the risk of ulcer disease 
may not be useful or interesting because several studies 

Table 1. Checklist for Meta-analysis

Study question
• Objectives clearly stated
• Clinically relevant and focused study question included
• Effectiveness of intervention not convincingly demonstrated in clinical trials 

Literature search

• Comprehensive literature search conducted
• Searched information sources listed (ie, PubMed, Cochrane database)
• Terms used for electronic literature search provided
• Reasonable limitations placed on search (ie, English language)
• Manual search conducted through references of articles, abstracts
• Attempts made at collecting unpublished data

Data abstraction

• Structured data abstraction form used
• Number of authors (>2) who abstracted data given
• Disagreements listed between authors and how they were resolved
• Characteristics of studies listed (ie, sample size, patient demographics)
• Inclusion and exclusion criteria provided for studies
• Number of excluded studies and reasons for exclusion included

Evaluation of results

• Studies were combinable
• Appropriate statistical methods used to combine results
• Results displayed
• Sensitivity analysis conducted

Evaluation for  
publication bias

• Publication bias addressed through evaluation methods such as funnel plot or sensitivity analysis

Applicability of results • Results were generalizable

Funding source
• Funding source(s) stated
• No conflict of interest seen
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have already demonstrated a benefit in the eradication 
of H. pylori when ulcer disease is present. Furthermore, 
the study population would likely include patients with 
both gastric and duodenal ulcers, making the popula-
tion heterogeneous. On the other hand, a meta-analysis 
comparing the efficacy of different antibiotic treatment 
regimens to eradicate H. pylori in patients with duodenal 
ulcers may be more relevant and would constitute a more 
homogenous study population. 

The primary objective of a meta-analysis may not be 
solely to determine the effectiveness of an intervention. 
Results from a meta-analysis may be used to determine 
the appropriate sample size of a future trial, develop data 
for economic studies such as cost-effectiveness analyses, 
or demonstrate the association between an exposure and 
disease. Frequently, the results of a meta-analysis are used 
to highlight the weaknesses of previous studies and to 
recommend how to improve the design of future trials.

Literature Search

One of the first steps when reviewing a meta-analysis is 
to determine whether the authors conducted a compre-
hensive search for clinical trials and other types of studies, 
some of which may be unpublished, related to the research 
question. The information sources that were searched 
should be provided. Literature searches can include com-
puterized and manual searches, which involve reviewing 
the references of an article’s “ancestor search,” as well as 
searching through abstracts, typically over the preceding 
5 years. The most frequently used online resources for 
literature searches include PubMed, Cochrane Data-
base, and Cancerlit. The Cochrane Collaboration was 
founded in 1993 and produces the Cochrane database 
of systematic reviews, which has generated more than 
2,500 systematic reviews and meta-analyses (http://www.
cochrane.org/reviews/index.htm). Reviews from the 
Cochrane database are typically of high quality and pro-
vide a helpful resource for those interested in performing 
or reviewing meta-analyses.11 PubMed was developed by 
the US National Library of Medicine and includes over 
17 million citations dating back to the 1950s. Cancerlit 
is produced by the US National Cancer Institute and is a 
database consisting of more than 1 million citations from 
over 4,000 sources dating back to 1963. 

At least two reviewers should search sources for 
articles relevant to the meta-analysis, and the keywords 
used in the online searches should be provided in the 
article. Many authors include only full-length papers 
because abstracts do not always provide enough informa-
tion to score the paper. The number of studies that were 
included and excluded should also be provided, as well as 
the reasons for exclusion.

Data Abstraction

Data abstraction is one of the most important steps in con-
ducting a meta-analysis, and the methods of data abstrac-
tion that were used by the authors should be described 
in detail. In high-quality meta-analyses, a standardized 
data abstraction form is developed and utilized by the 
authors and may be provided in the paper as a figure. The 
reader of a meta-analysis should be provided with enough 
information to determine whether the studies that were 
included were appropriate for a combined analysis. 

Two or more authors of a meta-analysis should 
abstract information from studies independently. It 
should be stated whether the reviewers were blinded to 
the authors and institution of the studies undergoing 
review. The results from the data abstraction are compared 
only after completing the review of the articles. The article 
should state any discrepancies between authors and how 
the discrepancies were resolved. 

Results should be collected only from separate sets 
of patients, and the authors should be careful to avoid 
studies that published the same subjects or overlapping 
groups of subjects that appeared in different studies under 
duplicate publications. Raw numbers, in addition to 
risk ratios, should be recorded. Results from intention-
to-treat analyses should be reported, when possible. The 
gold standard of data abstraction in a meta-analysis is to 
include patient level data from the studies combined in 
the meta-analysis, which usually requires contacting the 
authors of the original studies.12 Obtaining patient level 
data may reveal differences among the trials that other-
wise would not have been detected.

A quality score for each study included in a meta-
analysis may be useful to ensure that better studies receive 
more weight. More than 20 instruments have been iden-
tified for the assessment for quality in both randomized 
clinical trials as well as meta-analyses of prospective 
cohort studies.13 Results can vary by the type of quality 
instrument, and a sensitivity analysis may need to be 
performed to determine the impact of the quality score 
on the results.13 As with data abstraction, two reviewers 
should score the quality of the studies using the same 
quality instrument, and results from the quality assess-
ment should be compared. Agreement among the review-
ers should be reported, and differences in quality scores 
should be reconciled through discussion. 

As with clinical trials, inclusion and exclusion criteria 
for the studies included in the meta-analysis need to be 
well defined and established beforehand.14 One goal of 
inclusion and exclusion criteria is to create a homogenous 
study population for the meta-analysis.12 The rationale for 
choosing the criteria should be stated, as it may not be 
apparent to the reader. Inclusion criteria may be based 
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on study design, sample size, and characteristics of the 
subject. Examples of exclusion criteria include studies not 
published in English or as full-length manuscripts. It has 
been reported that meta-analyses that restrict studies by 
language overestimate treatment effect only by 2%.10 The 
number of studies excluded from the meta-analysis and 
the reasons for the exclusions should also be provided. 

Statistical Techniques

When determining whether a meta-analysis was properly 
performed, the statistical techniques used to combine the 
data are not as important as the methods used to deter-
mine whether the results from the studies should have 
been combined. If the data across the studies should not 
have been combined in the first place because their popu-
lations or designs were heterogeneous, statistical methods 
will not be able to correct these mistakes. 

Two commonly used statistical methods for combin-
ing data include the Mantel-Haenszel method, which is 
based on the fixed effects theory, and the DerSimonian-
Laird method, which is based on the random effects 
theory.15 One of the goals of these methods is to provide 
a summary statistic of an intervention’s effect or exposure, 
as well as a confidence interval. The fixed effects model 
examines whether the treatment produced a benefit in 
the studies that were conducted. In contrast, the ran-
dom effects model assumes that the studies included in 
the meta-analysis are a random sample of a hypothetical 
population of studies. The summary statistic is typically 
reported as a risk ratio, but it can be reported as a rate 
difference, person-time data, or percentage. 

Arguments can be made for using either the fixed 
effects or random effects models, and sometimes results 
from both models are included. The random effects model 
provides a more conservative estimate of the combined 
data, with a wider confidence interval, and the summary 
statistic is less likely to be significant. The Mantel-Haenszel 
method can be applied to odds ratios, rate ratios, and risk 
ratios, whereas the DerSimonian-Laird method can be 
applied to ratios, as well as rate differences and incidence 
density (ie, person-time data).

The statistical test for homogeneity, which is also 
referred to as the test for heterogeneity, is frequently 
misused and misinterpreted as a test to validate whether 
the studies were similar and appropriate (ie, homogenous) 
to combine. The test may complement the results from 
data abstraction, supporting the interpretation that the 
studies were homogeneous and appropriate to combine. 
The test for homogeneity investigates the hypothesis that 
the size of the effect is equal in all included studies. P<.1 
is considered to be a conservative estimate. If the test 
for homogeneity is significant, calculating a combined 

estimate may not be appropriate. If this is the case, the 
reviewer should re-examine the studies included in the 
analysis for substantial differences among study designs or 
characteristics of subjects. 

Evaluating the Results

Data abstraction results should be clearly presented in 
order for the reader to determine whether the included 
studies should have been combined in the first place. The 
meta-analysis should provide a table outlining the features 
of the studies, such as the characteristics of subjects, study 
design, sample size, and intervention, including the dose 
and durations of any drugs. Substantial differences in the 
study design or patient populations signify heterogene-
ity and suggest that the data from the studies should not 
have been combined.12 For example, a meta-analysis was 
conducted on the risk of malignancy in patients with 
inflammatory bowel disease who were taking immuno-
suppressants.16 The patients had either ulcerative colitis 
or Crohn’s disease and were taking azathioprine, 6-mer-
captopurine, methotrexate, tacrolimus, or cyclosporine. 
Due to the differences in patient populations and types of 
treatment among the studies, the results from these stud-
ies should not have been combined. 

The typical graphic displaying meta-analysis data is a 
Forest plot, in which the point estimate for the risk ratio 
is represented by a square or circle and the confidence 
interval for each study is represented by a horizontal line. 
The size of the circle or square corresponds to the weight 
of the study in the meta-analysis, with larger shapes given 
to studies with larger sample sizes or data of better quality 
or both. The 95% confidence interval is represented by 
a horizontal line except for the summary statistic, which 
can be shown by a diamond, the length of which repre-
sents the confidence interval. 

Sensitivity analysis is an evaluation method employed 
when there is uncertainty in one or more variables 
included in the model or when determining whether the 
conclusions of the analysis are robust when a range of 
estimates is used. A sensitivity analysis is usually included 
in a meta-analysis because of uncertainty regarding the 
effectiveness or safety of an intervention. The values at the 
extremes of the 95% confidence intervals for risk estimates 
of key variables or areas with the most uncertainty can be 
included in additional modeling to determine the stabil-
ity of the conclusions. For example, in a meta-analysis I 
conducted with colleagues on the efficacy and safety of 
transjugular intrahepatic portosystemic shunt (TIPS), the 
rates of new or worsening encephalopathy ranged from 
17% to 60%.17 This range was incorporated into a sensi-
tivity analysis to report the best and worst case scenarios 
for encephalopathy post-TIPS.
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Assessing for Publication Bias

Meta-analyses are subject to publication bias because 
studies with negative results are less likely to be published 
and, therefore, results from meta-analyses may overstate 
a treatment effect. One strategy to minimize publication 
bias is to contact well-known investigators in the field of 
interest to discover whether they have conducted a nega-
tive study that remains unpublished. With the develop-
ment of the National Library of Medicine’s clinical trial 
registry (www.clinicaltrials.gov), researchers conducting 
meta-analyses have better opportunities to identify trials 
that are unpublished. Publication bias may lead to the 
overestimation of a treatment effect by up to 12%.10

A funnel plot can visually reveal the presence of a 
publication bias.18 A funnel plot is a graphic representa-
tion in which the size of the study on the y axis is plotted 
against the measure of effect on the x axis. Sampling error 
decreases as sample size increases and, therefore, larger 
studies should provide more precise estimates of the 
true treatment effect. In the absence of publication bias, 
smaller studies are scattered evenly around the base of  
the funnel (Figure 1A). In the presence of publication 
bias, small studies cluster around high-risk estimates with 
no or few small studies in the area of low-risk estimates 

(Figure 1B). For example, a study reviewing the literature 
on the association between Barrett esophagus and esopha-
geal carcinoma nicely demonstrated the presence of pub-
lication bias using funnel diagrams.19 Another method 
employed to address publication bias is a sensitivity analy-
sis to determine the number of negative trials required to 
convert a statistically significant combined difference into 
a nonsignificant difference. Examples of these statistical 
methods to address publication bias include regression 
analysis, file-drawer analysis (failsafe N), and trim and  
fill analysis.18

Applicability of Results

The results of a meta-analysis, even if they are statisti-
cally significant, must have utility in clinical practice or 
constitute a message for researchers in the planning of 
future studies. The results must have external validity or 
generalizability and must impact the care of an individual 
patient. In addition, the studies included in the meta-
analysis should include patient populations that are typi-
cally seen in clinical practice. There should be a balance 
between finding studies that are similar and appropriate 
to combine without becoming too focused, in order to 
avoid a study population that is too narrow. 
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Figure 1. Example of funnel plot demonstrating no publication bias where the estimated true risk is 4. Risk estimates are evenly 
distributed around true risk (A). Example of funnel plot demonstrating publication bias where the estimated true risk is 4. Risk 
estimates cluster in lower right-hand corner, indicating that small studies with positive results are more likely to be published (B).
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Meta-analysis Beyond  
Randomized, Clinical Trials

Although randomized clinical trials are usually the focus 
of a meta-analysis, the same methodology used for  
randomized trials can be applied to cohort studies.20  
The Meta-analysis of Observational Studies in Epide-
miology (MOOSE) Group has proposed a checklist  
for conducting meta-analyses of prospective studies,21 
which is similar to the checklist for randomized tri-
als proposed by QUOROM and the checklist shown  
in Table 1. 

There may be settings in which randomized data 
are not available, such as the association between a  
risk factor and cancer. For example, combined data from 
21 prospective studies in a meta-analysis demonstrated a 
significant association between body mass index and pan-
creatic cancer.22 The dangers of combining results from 
cohort studies is that bias is more likely to be introduced 
in cohort studies than in randomized trials and the study 
populations among cohort studies are more likely to  
be heterogeneous. Nevertheless, if there are multiple 
cohort studies in an area of interest and few or no ran-
domized clinical trials, then the results from a meta- 
analysis may emphasize the need for one or more ran-
domized trials and provide recommendations for optimal 
study design. 

Summary

Meta-analysis can be a powerful tool to combine results 
from studies with similar design and patient popula-
tions that are too small or underpowered individually to 
demonstrate a statistically significant association. As with 
clinical trials, having an appropriate study question and 
design are essential when performing a meta-analysis to 
ensure that there is internal validity and that the results 
are clinically meaningful. Heterogeneity among studies 
in study designs or patient populations is one of the most 
common flaws in meta-analyses. Heterogeneity can be 
avoided by thoughtful data abstraction performed by  
two or more authors who use a standardized data abstrac-
tion form. By applying a systematic approach to meta-
analysis, many of the pitfalls can be avoided.
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