> 55
_/
,,xJ_A,,

TheJOANNA BRIGGS
INSTITUTE

SYSTEMATIC REVIEWS, Step by Step

By Zachary Munn, PhD, Catalin Tufanaru, MD, MPH,
and Edoardo Aromataris, PhD

Data Extraction and Synthesis

The steps following study selection in a systematic review.

This article is the fifth in a series on the systematic review from the Joanna Briggs Institute, an international
collaborative supporting evidence-based practice in nursing, medicine, and allied health fields. The pur-
pose of the series is to describe how to conduct a systematic review—one step at a time. This article details
the data extraction and data synthesis stages, with an emphasis on conducting a meta-analysis of quanti-
tative data.

ach year hundreds of thousands of articles are

published in thousands of peer-reviewed bio-

medical journals. As discussed in the prior ar-
ticles in this series from the Joanna Briggs Institute
(JBI), researchers conduct systematic reviews to sum-
marize the literature as a way of helping health care
professionals keep up to date with the latest evidence
in their field. The process of extracting, synthesizing,
and combining data from various studies is one im-
portant way in which the systematic review extends
beyond the subjective narrative reporting character-
istic of a traditional literature review. The data syn-
thesized in a systematic review are the results (or

outcomes) extracted from individual research studies

relevant to the systematic review question. The syn-
thesis makes up the results section of the review.

Well-conducted systematic reviews, such as those
reviews published by the JBI and the Cochrane Col-
laboration, attempt to extract all data relevant to
the review question. Through the use of standard-
ized data-extraction instruments, reviewers extract
both descriptive (such as the setting, context) and
outcome (results, findings) data from the included
research studies.

In systematic reviews of quantitative (numerical)
data, data synthesis usually appears as a meta-analysis,
a statistical method that combines the results of a
number of studies to calculate a single summary effect
(for the definition of this and other terms used in this
article, see the Glossary'). This statistical method is im-
portant because quantitative studies on an intervention
may produce contradictory results or have insufficient
statistical power (the sample may be small, for exam-
ple). When studies have contradictory results, you
can’t simply add up those supporting the intervention
and those not supporting the intervention (in a proce-
dure called vote counting) because some studies may

error.’
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be of better quality (have a larger sample size or be less
biased) than others. Vote counting also doesn’ provide
information on the magnitude (or size) of the effect. By
combining findings from individual quantitative stud-
ies in a meta-analysis, you can generate a more precise
estimate of the magnitude of effect on the outcomes of
interest.? In systematic reviews of qualitative (textual)
findings, data are synthesized in a meta-synthesis.
Some approaches to qualitative meta-synthesis in-
clude meta-aggregation and meta-ethnography.
This article will discuss the process of data extrac-
tion and synthesis for both quantitative and qualita-
tive systematic reviews and provide examples of each.

EXTRACTING QUANTITATIVE DATA

In a systematic review, data extraction occurs before
synthesis. As a reviewer, you’ll read included studies
and extract the results relevant to the review question
(in determining the review question, you most likely
used a form of the PICO mnemonic, which stands for
Population, Intervention, Comparison intervention,
and Outcome measures). Ideally, you’ll use forms that
have been tested to ensure that you find and extract

relevant data while minimizing bias and other errors.
As with the other steps described in previous articles
in this series, in data extraction two independent re-
viewers should be used to minimize bias and reduce

Besides the outcome data, you’ll also record the
citation details of the included studies, as well as de-
scriptive details such as study design (whether it was
a randomized controlled trial [RCT], for example),
participant characteristics (such as age, gender, or
location), methods used in the analysis, and the in-
terventions studied (treatment modality and the
amount, duration, frequency, and intensity used in
experimental and control groups). Descriptive data
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should be extracted and presented in the review so
that any researcher can establish the generalizability
of the results. Descriptive data are also important to
the reviewer during the extraction process; you may
wish to refer to such information when looking for
similarities or differences in methodology, sample,
or intervention as you interpret results in your syn-
thesis.

Data to be extracted include not only the outcomes
but also the methods used to obtain the outcomes,
and the validity and reliability of those methods. You
might encounter challenges in data extraction result-
ing from the different populations studied or interven-
tions administered across studies. It’s also important
that you ensure the reliability of the data-extraction
process (between systematic reviewers) through using
standardized data-extraction forms you’ve pilot tested

Glossary'

Effect size: A value that reflects the strength of a relationship
between two variables (and is represented by a square on a forest
plot); examples include differences in means, correlation, relative
risk, and odds ratio.

Ethnography: The study of culture; recognizes everyday life (such as
that of a unit or community) as a subject worthy of study in order to
learn the meaning that people in a culture attach to activities, events,
and rituals.

Forest plot: A diagrammatic representation of the effect sizes of
individual studies in a meta-analysis.

Meta-aggregation: The JBI model for the synthesis of qualitative
evidence; seeks to move beyond an outcome of implicit suggestions
in order to produce directive statements that guide practitioners
and policymakers.

Meta-analysis: A statistical combination of data from similar stud-
ies; used to give an overview of the studies.

Meta-ethnography: A method of synthesis of qualitative data that
aims to produce new theoretical understandings.

Narrative analysis: The extraction of immediately apparent key
concepts or meanings of a study; used in qualitative research.

Narrative summary: A textual combination of data; often used
when the heterogeneity of included studies is high (that is, studies
are dissimilar in terms of patients, methods, or data).

0Odds ratio: An indicator of the likelihood that a particular outcome
will result in those exposed and those not exposed to an event; a
gauge of effect size.

Summary effect: A statistical combination of effect sizes.
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beforehand, training and assessing data extractors,
having two (or more) people extracting data from
each study, and having reviewers conduct an inde-
pendent extraction before they confer with each
other.

Meta-analysis is used for systematically assessing
and combining the results of two or more similar
studies, with an aim of producing an overall sum-
mary effect of the results.** Although used widely in
medical and nursing research, meta-analysis was de-
veloped in the social and behavioral sciences. And
while the term is relatively new, the method is not:
research designed to summarize the findings of dif-
ferent studies has been conducted, especially in the
field of astronomy, since the 19th century.”*

The term meta-analysis is not synonymous with
systematic review. The statistical combination of data
using meta-analysis is only a part of the systematic
review process, and when performing a meta-analysis
you should determine whether the statistical combi-
nation of individual results from separate studies is
appropriate. Readers may encounter studies that are
called a meta-analysis that combine data from many
studies but do not conform to a systematic approach
in study selection. In these types of studies, it may not
be transparent to the reader how the authors identi-
fied studies for synthesis.

A systematic review can contain multiple meta-
analyses depending on the number of outcomes
you’ve identified to answer the review question. The
advantages of meta-analysis over other methods of
synthesis (such as vote counting) include its"*°

e increased statistical power as a statistical test over
simpler methods.

e greater precision (as reflected in overall effect size
and smaller confidence intervals, indicating a more
precise estimate).

e information on the magnitude of the effect.

e ability to investigate reasons for variations be-
tween studies.

e ability to weight information from studies accord-
ing to the amount and significance of information
they contribute to the analysis.

e ability to investigate differences between stud-
ies and groups of studies and settle conflicting
claims.

But a meta-analysis can’t improve the quality of in-
cluded studies, so their quality must be established
during the critical-appraisal process (described in
the fourth article in this series).

Meta-analysis can be used to synthesize data not
only on treatment effects but also on incidence and
prevalence rates, the correlation between variables,
the accuracy of diagnostic tests, and prognostic fac-
tors. Meta-analysis may be performed using data from
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Figure 1. An Example of a Forest Plot. Results from individual studies are plotted horizontally along a vertical line of no effect. The small
squares indicate point estimates; the extending lines indicate confidence intervals. The black diamond represents the combined overall
result calculated by meta-analysis, suggesting that the intervention is effective, lying as it does on the “favors experimental” side rather
than the “favors control” side of the line of no effect. This conclusion could not be drawn from any of the individual studies alone, each
of which showed no statistically significant effect (the extending lines representing confidence intervals cross the line of no effect).

different types of study designs, depending on the
review question. It may include RCTs; other experi-
mental and quasi-experimental designs; and observa-
tional, analytical, or descriptive studies. Meta-analysis
can be used to combine different types of data such
as averages (means), proportions, and odds ratios,
among other metrics.

Like most statistical tests, meta-analysis indicates
whether results are statistically significant, but its de-
fining feature is the estimation of overall effect size*—a
measure of the strength and direction of the relation-
ship between variables.

While meta-analysis is preferred, it’s not always
possible, especially if the studies vary greatly, either
in how they are conducted (different methodolo-
gies), what they are assessing (different interventions),
whom they are performed on (different populations),
or what their final result is. When such differences
exist across studies, the studies are said to be hetero-
geneous. Clinical heterogeneity refers to differences
in study populations, interventions, and outcomes;
methodological heterogeneity, to differences in study
design and quality; and statistical heterogeneity, to
differences in effect sizes, caused by clinical or meth-
odological heterogeneity or simply by chance. Het-
erogeneity is usually determined by conducting a ©*
test, a ¢’ test, or an I* test,"® as shown in the forest plot
in Figure 1, where the degrees of freedom (df) and P
values are also reported. For more information on
determining heterogeneity in a meta-analysis, see
the Cochrane handbook (http:/handbook.cochrane.
org) and the JBI reviewers’ manual (http://bit.ly/
1h2F8RZ).14
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Meta-analysis can be used to explore the differ-
ences in the effects of the intervention, and the rea-
sons for those differences, in different subgroups.*®!!
When meta-analysis isn’t possible owing to hetero-
geneity, your options might include providing a nar-
rative summary, vote counting, and presenting data
in tables.

If you use a narrative summary to describe the in-
cluded studies and their conclusions, your readers may
not be able to discern how the evidence was weighted
and whether conclusions are biased. Therefore, it’s
recommended that you emphasize the characteristics
of the studies and the data extracted and make use of
tables, graphs, and other diagrams to compare data.™
Your narrative summary will present quantitative data
extracted from individual studies, as well as, where
available, point estimates (a value that represents a
best estimate of effects) and interval estimates (an esti-
mated range of effects, presented as a 95% confidence
interval). Because a potentially large amount of data
can be conveyed in a narrative summary, you can en-
sure consistency in the results section if all reviewers
agree beforehand on a structure for the reporting of
results. If you dont follow a structure, your report of
results may appear incomplete or unreliable.? If stud-
ies do not provide the relevant information to comply
with a structure, you should make this clear in the
summary.'"

You can also use vote counting, which involves
tallying the numbers of studies that provide positive,
null, and negative results. Although easy to use, this
approach is inappropriate in systematic reviews that
aim to inform policy and practice.
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What does a meta-analysis look like? The results
of a meta-analysis are presented in a forest plot (see
Figure 1), a visual means of conveying both the results
of each study in the meta-analysis (as a square with
extending lines) and the results of the meta-analysis it-
self (as a diamond). These are plotted on a graph with
a vertical line running up the center indicating no
difference in treatment effect. Results on one side of
the vertical line indicate that the intervention works,
while those on the other side indicate that it does not.
For each study, the position of the square signifies the
results, while the extending lines represent the confi-
dence limits (the degree of uncertainty around that ef-
fect). The size of the square represents the weight of
that study in the meta-analysis—a representation of
the contribution that each study makes to the overall
summary effect. The black diamond represents the re-
sult of the meta-analysis, and the confidence interval is
indicated by the length of its sides. If it is a tight, skinny
diamond, it is a precise finding with narrow confidence
intervals; if it is a long, stretched-out diamond, it is an
imprecise finding with broad confidence intervals.

Many published systematic reviews include
meta-analyses,*! including important reviews con-
ducted on nursing interventions. For example, a
recent Cochrane systematic review assessing nurs-
ing interventions for smoking cessation identified a
large number of trials, many of which were insuffi-
ciently powered or had non-statistically significant
results.’* When the results of 35 studies were com-
bined in a meta-analysis, the overall effect size was
in favor of nursing interventions: patients receiving a
nursing intervention were 1.29 times more likely to
stop smoking than those in control groups, a statis-
tically significant finding. The reviewers also inves-
tigated which characteristics of those interventions had
a greater impact on smoking cessation and found that
those performed in hospitals were most effective.
Another example is a recent JBI review assessing in-
terventions to assist perioperative temperature man-
agement in women undergoing cesarean section.'” A
number of meta-analyses were performed, and the
review found that warming devices were effective in
preventing hypothermia and reducing shivering.

Software programs available to assist in perform-
ing a meta-analysis include the JBI’s System for the
Unified Management, Assessment and Review of In-
formation (JBI SUMARI, available for download
at http://joannabriggs.org/sumari.html) and the Co-
chrane Collaboration’s Review Manager (RevMan,
available at http://tech.cochrane.org/revman). Both
of these can be used to create a forest plot. The Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement also provides
guidance.
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COMBINING QUALITATIVE DATA: META-SYNTHESIS

Not all questions that arise in clinical practice can be
assessed statistically. Qualitative systematic reviews
aim to increase understanding on a wide range of
issues that aren’t best measured quantitatively.'°
These include (but aren’t limited to) how individuals
and communities perceive health, manage their own
health, and make decisions related to health care use;
the culture of communities; and how patients experi-
ence health, illness, and the health care system. Find-
ings derived from qualitative research are increasingly
acknowledged as providing important information to
complement other data that inform practice and pol-
ic}f.ll

As with quantitative studies, the results from a sin-
gle qualitative study should rarely be used to guide
practice. A systematic review of all relevant studies is
required.

Qualitative studies differ from RCTs, and so the
methods used to extract the data differ as well. And
as mentioned in a prior article in this series, there has
been considerable debate over the merits of critical
appraisal—evaluating the methodological quality—of
qualitative studies.”*** Since the late 1980s, a variety
of methods for synthesizing findings from qualitative
research have been developed, some that require criti-
cal appraisal and others that do not.***” However, the
JBI regards critical appraisal as a pivotal part of any
qualitative systematic review.

Despite differences in the approaches used to syn-
thesize qualitative data, there are commonalities.?!
These include a focus on the complexity of the phe-
nomena in question, in addition to a statement of
any gaps in the literature that would justify the syn-
thesis. Most but not all syntheses require a clear
statement of objectives and inclusion criteria, fol-
lowed by a literature search, data extraction, and a
summary.” Published in books and dissertations,
qualitative studies can be difficult to find,' and the
indexing and archiving may be poorer than it is for
quantitative studies.?

The two dominant approaches to qualitative meta-
synthesis are meta-aggregation and meta-ethnography.
The JBI uses an integrative (aggregative) approach?
developed by a group led by Alan Pearson in the early
2000s.2* This group held that regardless of the type of
evidence (quantitative or qualitative), the same review
process should be used, with certain steps tailored as
needed. Thus, meta-aggregation was developed as a
method of qualitative synthesis designed to mirror the
Cochrane process of quantitative synthesis, while be-
ing sensitive to the contextual nature of qualitative re-
search and its traditions. The meta-aggregative method
is aligned with the philosophy of pragmatism, accord-
ing to Hannes and Lockwood, wherein meaning is
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Figure 2. A Sample Meta-Aggregation. This figure shows a meta-aggregation of findings from studies on patients’ experiences of high-

technology medical imaging. The U and C represent the levels of credibility for the findings: U represents “unequivoca

represents “credible” evidence. MRl = magnetic resonance imaging.

connected to the idea of “practical usefulness.”' The

meta-aggregative method has been developed in order
to deliver readily usable synthesized findings to inform
decision making at the clinical or policy level. There-
fore, the meta-aggregative approach may be helpful to
authors when attempting to answer a specific practice
question or summarize views on interventions; in con-
trast, an approach such as meta-ethnography aims to

develop explanatory theory or models.*

Extracting qualitative data. The results to be
synthesized during meta-aggregation are the findings
reported in qualitative studies. Qualitative data ex-
traction involves identifying and transferring study
findings using an approach agreed on by the review-
ers. Such a format is essential in minimizing error,
providing a historical record of decisions made about
the data, and establishing a data set for subsequent
synthesis. Drawing on the literature and input from a
panel of experts, the JBI developed, piloted, and re-
fined a data extraction instrument, the JBI Qualitative
Assessment and Review Instrument (JBI-QARI), that’s
incorporated into the software for conducting meta-
aggregative qualitative reviews.»

The aim of meta-synthesis by meta-aggregation is
to assemble findings from qualitative research; cate-
gorize those findings into groups on the basis of sim-
ilarity in meaning; and aggregate these to generate a
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set of statements that adequately represent that ag-
gregation. These statements are referred to as syn-
thesized findings, and they can be used as a basis for
evidence-based practice (see Figure 2 for an exam-
ple). This synthesis can be conducted using the JBI-
QARL. It’s important to note that this method does
not involve a reconsideration and analysis of the
data from the included studies.

There are many published examples of system-
atic reviews using the meta-aggregative approach
that can inform nursing practice. We conducted one
such review on health assistants, and in synthesizing
10 studies that met our inclusion criteria we found
that the way health care professionals viewed the
assistant role differed dramatically; some had con-
cerns about the use of assistants.” A 2011 review of
eight qualitative studies examined the experiences
of RNs working in long-term care and highlighted
issues such as a lack of support and education for
these nurses.” Qualitative systematic reviews also
report on the experiences of patients, such as a sys-
tematic review that highlighted patients’ experience
of medical imaging.** These qualitative reviews (and
many more!) provide nurses with information on the
what, why, and how of their day-to-day practice.

The extraction and synthesis of data are pivotal
steps in the systematic review process, whether it is of
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quantitative or qualitative data. The findings are ide-
ally used as a basis for recommendations for practice.
However, the question remains how these findings
should be interpreted and how recommendations
should be developed to guide practice. These issues
will be discussed in further detail in the final article in
this series. ¥
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The Joanna Briggs Institute aims to inform health care deci-
sion making globally through the use of research evidence. It
has developed innovative methods for appraising and synthe-
sizing evidence; facilitating the transfer of evidence to health
systems, bealth care professionals, and consumers; and creat-
ing tools to evaluate the impact of research on outcomes. For
more on the institute’s approach to weighing the evidence for
practice, go to http:/joannabriggs.orglibi-approach.html.
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