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How to perform and write a systematic review and meta-analysis
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We are regularly faced with opportunities to decide on the
most effective interventions for our patients. As evidence-
based practice becomes increasingly important in nursing and
healthcare decision-making and policy formulation, there has
been a marked rise in interest in systematic reviews and
meta-analyses. Indeed, the quality and volume of systematic
reviews and meta-analyses published in nursing and medical
journals have seen significant growth and widespread accep-
tance.

Systematic reviews and meta-analyses are highly regarded
in the hierarchical structure of scientific evidence for verifying
effectiveness [1,2]. They provide a clear identification of the
benefits and harms of interventions, making them a valuable
starting point for developing clinical practice guidelines.
Consequently, they are becoming some of the most frequently
cited publications today [3]. However, despite the quantita-
tive increase in systematic reviews and meta-analyses, there
are significant concerns regarding quality and reproducibil-
ity. As indicated by several studies [4-6], while the volume of
literature on systematic reviews and meta-analyses has grown,
the quality of these studies often remains low. The quality of
systematic reviews and meta-analyses is directly tied to the
rigor of selection and analysis, as flawed meta-analyses can
result in inaccurate and misleading conclusions.

Various review methodologies are currently emerging that
share characteristics with literature reviews, but have differ-
ent objectives than a systematic review. According to a study
by Grant & Booth, there are approximately 14 types of reviews
that resemble a systematic review [7]. Among these, scoping
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reviews, also known as mapping reviews, are frequently used
today to categorize or group the scale, scope, nature, and char-
acteristics of research within broader subjects of interest. A
scoping review is also often conducted as a preliminary step
before determining the need for a systematic review [8]. These
new types of reviews generally follow a process similar to that
of a systematic review. Having a prior understanding of a sys-
tematic review and meta-analysis is considered beneficial
when selecting a review methodology that is suitable for a
specific research purpose.

This paper provides a comprehensive summary of the key
points to consider for systematic reviews and meta-analyses
to ensure the utility of publications. It covers an overall con-
ceptual understanding, reporting guidelines, and methodo-
logical procedures.

1. When and Why Do We Conduct Systematic Reviews
and Meta-Analyses?

Systematic reviews and meta-analyses can be utilized to as-
certain the certainty of an intervention's effect and provide
evidence for its efficacy. Furthermore, by pinpointing the lim-
itations of current research, these methods offer an oppor-
tunity to instigate new studies. Existing research, conducted
with the same objectives, may yield similar, conflicting, or
ambiguous conclusions. In such instances, these methods can
be employed to scrutinize the final conclusion from the cur-
rent perspective of previously conducted research on the
same topic. They can also enhance the strength of research
findings and refine the accuracy of the study.

2. Understanding the Terminology

A systematic review and meta-analysis is a research meth-
odology that involves the selection, review, critical evalua-
tion, data collection, and analysis of all available literature
using a predetermined, systematic, and explicit method to
answer specific research questions [9]. Unlike traditional nar-
rative reviews, A systematic review is characterized by its
explicitness, reproducibility, and reliance on a transparent
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analysis method. A meta-analysis is a statistical method that
quantitatively synthesizes and analyzes the results of various
studies conducted on the same topic [9,10]. The potential ben-
efits of synthesizing multiple data sets include improved
power and precision compared to individual studies, the abil-
ity to identify the root cause of unresolved issues from indi-
vidual studies, the capacity to reconcile conflicting research
results, and the potential to generate new hypotheses.

3. Reporting Guidelines

Since research in the fields of nursing, medicine, clinical
practice, and healthcare, including systematic reviews and
meta-analyses, often assesses effects or efficacy through specif-
ic clinical trials or interventions, the transparency and accuracy
of such research are of paramount importance. Therefore, it is
recommended to adhere to guidelines for research planning,
execution, and reporting for each research design. Currently,
the EQUATOR (Enhancing the Quality and Transparency
of Health Research) Network, an international research net-
work hosted by the University of Oxford in the UK, has reg-
istered approximately 256 such guidelines. Notable exam-
ples include PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses), CONSORT (Consolidated
Standards of Reporting Trials), and STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) [11].

PRISMA is a set of guidelines that outlines the recommend-
ed items for reporting systematic reviews and meta-analyses.
While its primary focus is on reporting reviews that assess the
impact of interventions, it can also serve as a reporting guide-
line for reviews evaluating etiology, prevalence, diagnosis, or
prognosis [12]. PRISMA is rooted in the QUOROM (Quality of
Reporting of Meta-Analyses) statement, which was published
in 1999, and was updated to PRISMA2020 on March 29, 2021
[12-14]. The PRISMA2020 checklist consists of a total of 27
items, the same number as in its previous version (2009), but
with many details revised. PRISMA2020 includes an ex-
panded checklist and a PRISMA2020 flow chart template
[15,16], as well as requirements for writing components such
as the title, abstract, introduction, background, and research
objective. Notably, PRISMA2020 mandates the registration of
the research protocol and the presentation of the database
used for the search, the comprehensive search strategy for
registries and websites, the number of reviewers who screen-
ed each record, and the method used to define results [12,14].

On the one hand, MOOSE (Meta-analysis of Observational
Studies in Epidemiology) serves as a reporting guideline for
non- randomized controlled trials [11]. The Cochrane organ-
ization also provides a methodological standard known as
MECIR (Methodological Expectations of Cochrane Intervention
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Reviews), which should be adhered to in the protocol, review,
and updates published by Cochrane [9,17]. Furthermore, in
June 2019, numerous details were enhanced and expanded in
version 6.0 of the Cochrane Handbook, which is regarded as a
methodological textbook for systematic reviews and meta-an-
alyses. As of 2022, it has been updated to version 6.4.

4. Methodological Procedure

1) Selection of the review question

The first and most important step is to clarify the review
question. The review question requires consideration of several
key components which can often be encapsulated by the 'PICO'
mnemonic, an acronym for Population, Intervention, Compari-
son, and Outcome [9,12]. It is necessary to identify which pop-
ulation to study, what intervention to study, which comparison
group to involve, and what research results to review.

2) Writing a protocol

Writing a protocol is a crucial step in the systematic review
process, and adhering to a pre-established protocol is a pri-
mary strategy to prevent selection bias. Although it is not yet
standard practice to require a registration (approval) number
for a protocol, an increasing number of journals are recom-
mending it, since it can help reduce both publication bias and
the risk of duplication in multiple systematic reviews that ad-
dress the same questions [9,12]. The research protocol can be
registered at either PROSPERO (International Prospective Re-
gister of Systematic Reviews) or Cochrane [17,18].

3) Literature search

To conduct a comprehensive and objective review of all
available publications on a research topic, it is necessary to
utilize major search databases such as PubMed (MEDLINE),
EMBASE, and the Cochrane Central Register of Trials, along
with other specialized databases (for example, CINAHL for
nursing). Additionally, it is important to gather all pertinent
research from gray literature, references from related studies,
manual searches of major studies, conference abstracts, and
reports. Two or more databases should be used as the primary
search databases. One effective strategy for literature searches
is the use of controlled vocabulary. For example, when search-
ing literature in MEDLINE, researchers can employ MeSH
(Medical Subject Headings), which are subject headings (a
thesaurus) for the medical field, as determined by the Natio-
nal Library of Medicine in the United States. Furthermore, re-
searchers can expand or narrow the results set by using syno-
nyms, alternative words, Boolean operators, truncation, wild-
card, and filters such as search limit, search field, and tag
[9,12].
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4) Inclusion and exclusion of literature

After conducting a literature search, researchers must then
proceed to select relevant literature based on the research ob-
jectives and the established inclusion and exclusion criteria
[9,12]. The outcome of this literature selection process is typi-
cally represented through a flow diagrams, with various types
of templates available depending on the type of review and
sources used to identify studies [16]. Selection bias is one of
the most common problems in recent systematic reviews and
to mitigate this, Cochrane recommends including literature in
all languages [9,12].

5) Risk of bias assessment

The risk of bias must be evaluated in two contexts-first, in
the outcomes of individual studies, and second, in the meta-
analysis of the incorporated research findings [9,12]. Initially,
the evaluation should scrutinize the potential bias risk in the
research outcomes via an internal validity assessment of the
included individual studies. Essentially, this means examin-
ing the risk of either overestimating or underestimating the
effect.

Bias refers to systemic error, and several tools are com-
monly used in clinical research to assess the risk of this bias.
Examples of such tools include Cochrane's Risk of Bias (RoB)
tool, NOS (the Newcastle-Ottawa Scale), MINORS (Method-
ological Index for Non-Randomized Studies), QUADAS
(Quality Assessment of Diagnostic Accuracy Studies), and
QUADAS-2. Recently, Cochrane introduced 'revision of the
RoB tool for randomized clinical trials (RoB 2)' and 'ROBINS-I
(the Risk of Bias in Non-Randomized Studies of Interven-
tions)', a risk of bias assessment tool for non-randomized clin-
ical trials [19-22]. The RoB 2 tool divides the risk of bias assess-
ment into several areas: bias arising from the randomization
process, bias due to deviation from intended interventions,
missing outcome data, risk of bias in the measurement of the
outcome, and bias in the selection of the reported result. The
result of the risk of bias assessment is determined by a map-
ping algorithm that verifies its outcome based on "signalling
questions." The judgment can be categorized as "low" or
"high" risk of bias, or it may be expressed as "some concerns"
[20,22]. In addition, the meta-analysis result should also un-
dergo a review for overall bias. Visual assessments often use
funnel plots or contour-enhanced funnel plots. Statistical tests
for bias, such as the Begg and Mazumdar test and the Egger
test, can also be employed in the assessment [9,12].

6) Data extraction

Data extraction refers to the process of pulling data from in-
dividual studies for inclusion in the final analysis. Elements
that may be extracted include information about the research
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(such as the author and year of publication), the rationale for
inclusion or exclusion, the research methodology, the subject
of the research, the comparative intervention, the results of
the intervention, and more. This is typically presented in the
form of a "Characteristics of Included Studies" table in the pa-
per [9,12].

7) Data analysis and presentation of results

Data analysis is a phase in which data is analyzed, synthe-
sized, and research findings are summarized. This process
can be divided into qualitative and quantitative synthesis. If
quantitative synthesis is deemed feasible, a meta-analysis is
performed. The outcome of the meta-analysis is displayed as a
forest plot, featuring point estimates and confidence intervals.
The pooled effect estimate is adjusted according to the weight
value that contributes to the final analysis. This value is a com-
bination of the point estimate and confidence interval from in-
dividual research [9,12]. Most statistical packages, whether
free or subscription-based, offer meta-analysis capabilities.
Widely used statistical software includes Cochrane Collabor-
ation's Revman 5.3.5 (Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) [23], Comprehensive Meta-Analysis (CMA)
[24], R (R Core Team), and Stata. The principle of a meta-anal-
ysis involves calculating the summary estimate of individual
research, assigning value to each research study, estimating
the weighted average, and calculating the integrated pooled
effect estimate. A fixed-effect model and random-effect model
are typically used for the statistical model of a meta-analysis
when combining pooled effect estimates [9,12]. Pooled effect
estimates in a meta-analysis are categorized into dichotomous
data and continuous data. For dichotomous data, the relative
risk, odds ratio, risk difference, hazard ratio, and number
needed to treat are utilized. For continuous data, the mean dif-
ference and standardized mean difference are employed
[9,12].

If a meta-analysis is not conducted properly, it could lead to
distorted conclusions. Therefore, if the research included in
the systematic review shows variation or inconsistency, if
there is a potential for bias in the individual studies included,
or if there is a serious risk of reporting bias, a meta-analysis
should not be carried out.

In a meta-analysis, heterogeneity refers to any variation ob-
served among the included studies that exceeds the sampling
error and cannot be attributed to chance. Clinical heterogene-
ity may arise if there is variability in the results among re-
search subjects or interventions. Methodological heterogene-
ity may occur if there is variability in the research design or if
there is a risk of bias in the overall included research [9,12].
Statistical heterogeneity can result from clinical or methodo-
logical heterogeneity, or a combination of both. This leads to
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variability in the intervention effect assessed in the included
research. To verify and assess heterogeneity, visual investiga-
tion using graphs (e.g., forest plots, L'Abbé plots, Galbraith
plots, etc.) or statistical tests (e.g., the Q statistic, Higgins's
I-squared statistic, etc.) can be employed [9,12]. If hetero-
geneity is present, it is necessary to conduct a subgroup analy-
sis or meta-regression, or consider statistical measures to
identify the cause.

Sensitivity analysis is a method used to examine the robust-
ness of the meta-analysis results. This evaluation is carried out
by comparing the outcome of an alternative analysis, which
differs from the chosen option, to the initial analysis result.
For example, it could involve comparing the results of a
fixed-effect model with those of a random-effect model, or
conducting a comparative analysis based on the character-
istics of the research.

8) Level of evidence assessment and drawing a conclusion

The quality of conclusions drawn from all systematic re-
views and meta-analyses reflects the level of evidence sup-
plied by each individual study included in the review. Conse-
quently, it is crucial to clinically apply these conclusions only
after assessing the advantages and disadvantages of each in-
dividual study and carefully interpreting the results.

The quality of results or the level of evidence is typically
evaluated using the GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation) tool [25-27] or
AHRQ's Strength of Evidence. Factors considered in these
evaluations include research design, risk of bias, volume of
evidence, inconsistency in evidence, indirectness of evidence,
imprecision of effect estimates, and the risk of publication
bias. The GRADE method is the most commonly used for as-
sessing the level of evidence, and its results can be displayed
in terms of level (high, moderate, low, very low) and through
a "summary of findings" table [9,26,27].

For the critical evaluation of systematic reviews, the AM
STAR (A Measurement Tool to Assess Systematic Reviews)
was developed in 2007 and later updated to AMSTAR-2. This
tool, consisting of 11 items, was designed to assess the quality
of systematic reviews and determine their suitability [28].

CONCLUSION

If research adheres strictly to the standard rules for con-
ducting a systematic review and meta-analysis, it minimizes
potential bias and enhances the transparency and reliability of
the results. A well-executed systematic review and meta-anal-
ysis of data can serve as a vital tool not only in clinical settings
but also in educational domains, supporting evidence-based
nursing care. This paper anticipates that by rigorously apply-
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ing standardized methodologies in systematic reviews and
meta-analyses, the scope for both quantitative and qualitative
analysis of the study can be broadened. Moreover, it is ex-
pected to yield useful and accurate analysis results that can be
applied in clinical practice, education, and healthcare policy-
making.
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