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Abstract

Given the plethora of studies today on the same topic, clinicians in theumatology as well as others increasingly rely on systematic
reviews, with or without meta-analysis, to aid in their evidence-based decision-making. However, given time constraints, staying
up-to-date on current methods for conducting systematic reviews and meta-analyses as well as interpreting the results of these
reviews for application in clinical practice can be challenging. The purpose of this paper is to try and address this gap. In this
paper, a description of the different types of systematic reviews and meta-analyses is provided as well as a description of the
major elements, including methodology and interpretation of systematic reviews with meta-analyses. Included is a broad, five-
question checklist to aid clinicians in theumatology for making decisions about the utility of a systematic review. It is the hopes
that this paper will aid clinicians in theumatology as well as other consumers of systematic reviews and meta-analyses with the
information necessary for judging the utility of systematic reviews and meta-analyses in their own work.

Keywords Clinicians - Meta-analysis guide - Rheumatology - Systematic reviews

Introduction

Clinical rheumatologists today traditionally rely on an
evidence-based approach in their clinical decision-making
that includes their own clinical judgment, patient preference,
and evidence derived from research studies. Given the pleth-
ora of studies today on the same topic, the number of system-
atic reviews, with or without meta-analysis, has increased dra-
matically, including the field of rheumatology (Fig. 1). Given
this increase and potential uptake, it is important for clinicians
in theumatology to develop a basic understanding of system-
atic reviews with meta-analysis so as to best judge the utility
of such with respect to both clinical decision-making and
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possibly their own research. The purpose of this paper is to
attempt to address this need. The authors first introduce the
reader to the different types of systematic reviews, discuss the
different types of meta-analyses that are included in systemat-
ic reviews, and, finally, describe the major components of a
systematic review with meta-analysis, including the interpre-
tation of results. While there is a focus on traditional aggregate
data (AD) systematic reviews with meta-analysis, the most
common type published today, much of the information is
applicable across all types of systematic reviews with meta-
analysis. To simplify reading and clinical application, there is
a purposeful avoidance of formulas. Selected references
where more details on each respective item may be found
are provided throughout the document.

Types of systematic reviews

Generally speaking, reviews may take the form of (1) a
scoping review; (2) systematic review of previous system-
atic reviews (SRPSR), with or without meta-analysis, also
known as “umbrella reviews,” “overviews of reviews,”
“reviews of reviews,” “summary of systematic reviews,”
“synthesis of reviews,” or “meta-reviews” [1]; and (3) sys-
tematic reviews with or without meta-analysis. A scoping
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Fig. 1 Trend graph of PubMed 800
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review may be defined as a type of research synthesis that
aims to “map the literature on a particular topic or research
area and provide an opportunity to identify key concepts,
gaps in the research, and types and sources of evidence to
inform practice, policymaking, and research” [2]. For ex-
ample, Misra et al. recently conducted a scoping review on
the use of non-biologic disease-modifying anti-rheumatic
drugs (DMARD:s) in the management of large vessel vas-
culitis (LVV) [3]. The authors concluded that (1) metho-
trexate, leflunomide, azathioprine, mycophenolate mofetil,
and cyclophosphamide were effective in Takayasu’s arter-
itis (TA) but the quality of evidence was low; (2) that high-
quality evidence for methotrexate and moderate-quality
evidence for hydroxychloroquine and cyclosporine sug-
gested that all were ineffective for giant cell arteritis
(GCA); and (3) that moderate-quality evidence for azathi-
oprine and low quality of evidence for leflunomide, myco-
phenolate mofetil, cyclophosphamide, and dapsone sug-
gested that all were effective in GCA [3]. The authors also
concluded that a lack of high-quality evidence was current-
ly available to recommend or not recommend the use of
conventional disease-modifying anti-rheumatic drugs
(cDMARDs) in TA and GCA and that a need exists for
large multi-center randomized placebo-controlled trials to
examine the use of cDMARDs in LVV [3]. Details for
conducting and reporting scoping reviews can be found
elsewhere [4].

A number of systematic reviews with or without meta-
analysis now exist on the same topic. As a result, there is
now a need for SRPSR in order to provide a synthesis of
the evidence to clinicians and others as well as conducting
future research, including information on whether an
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original or updated systematic review on the topic of in-
terest is needed [5]. Recognition of the importance of this
approach is illustrated by a recent thematic series dedicat-
ed to SRPSR [6]. As an example of this approach in
rheumatology, Christie et al. conducted a SRPSR of 28
systematic reviews on the effectiveness of
nonpharmacologic and nonsurgical interventions for pa-
tients with rheumatoid arthritis [7]. The overall conclusion
was that the quality of evidence regarding the effective-
ness of most nonpharmacologic and nonsurgical interven-
tions in rtheumatoid arthritis was moderate to low and that
additional research was needed [7]. General guidelines for
conducting SRPSR may be found elsewhere [§].

The most common types of reviews conducted today
are systematic reviews of individual studies. These may or
may not include a quantitative synthesis, i.e., meta-analy-
sis, of the data. The Cochrane Collaboration defines a
systematic review as “a review of a clearly formulated
question that uses systematic and explicit methods to
identify, select, and critically appraise relevant research,
and to collect and analyze data from the studies that are
included in the review. Statistical methods (meta-
analysis) may or may not be used to analyze and summa-
rize the results of the included studies” [1]. The decision
on whether to include a meta-analysis in a systematic
review is usually predicated on the author’s decision of
whether the primary outcome(s) of interest can be com-
bined into one common metric. If not, the data are syn-
thesized qualitatively. However, most systematic reviews
today include a quantitative synthesis, i.e., meta-analysis
of the data. The remainder of this paper will focus on
systematic reviews that include a meta-analysis.
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Individual participant data and aggregate
data meta-analysis

Generally, there are two types of meta-analyses, an indi-
vidual participant data (IPD) meta-analysis and an ag-
gregate data (AD) meta-analysis. Considered the gold
standard [9], an IPD meta-analysis pools patient-level
data from each individual for analysis. In contrast, an
AD meta-analysis pools study-level data from summary
statistics on patients, for example, sample sizes, means,
and standard deviations, provided in each original study.
One of the major advantages of the IPD approach is the
ability to analyze data such as age at the level of the
individual as opposed to group mean data from an AD
meta-analysis, thereby helping to avoid what is known as
ecological fallacy, i.e., the possibility that results at the
group level do not occur at the patient level [9].
However, major challenges exist with respect to the con-
duct of an IPD meta-analysis. For example, a previous
study of 142 IPD meta-analyses from different subject
areas reported that the obtaining of IPD ranged from 25
to 100% [10]. With respect to rheumatology, the authors
were only able to retrieve useable IPD from eight of 29
eligible studies (28%) for a meta-analysis on exercise and
depressive symptoms in adults with arthritis and other
rheumatic diseases [11]. The inability to retrieve IPD
from eligible studies is problematic because it can lead
to an increased risk of bias. While methods have been
proposed for conducting an IPD meta-analysis that al-
lows one to pool both IPD and AD for studies in which
IPD cannot be obtained [12], one is still left with AD for
one or more studies. Another major challenge of
conducting an IPD versus AD meta-analysis is the in-
creased time and resources that are needed. Steinberg
et al. estimated that the costs associated with conducting
their own IPD meta-analysis were more than 5 times
greater using the IPD versus AD approach [13].
However, others estimated the costs for the same study
to be at least 8 times greater given that the research team
continued to work on the study after funding for the
project ended [14]. Detailed guidance on the conduct,
use, and reporting of IPD meta-analyses may be found
elsewhere [1, 9, 15].

While the number of IPD meta-analyses are increas-
ing, AD meta-analyses are still the most common. For
example, a PubMed search of rheumatology articles con-
ducted by the authors on February 22, 2019, and which
excluded IPD meta-analyses yielded a total of 5095 cita-
tions between 1987 and 2018 (unpublished results).
When limited to IPD meta-analyses, the total number of
citations was 40 for the same time period (unpublished
results). Detailed guidance for conducting and reporting
AD meta-analyses have been reported elsewhere [16—18].

Network meta-analyses and non-inferiority
meta-analyses

A meta-analysis based on either AD or IPD often compares
two treatments at a time, usually an intervention versus control
condition from a randomized controlled trial. In contrast, a
network meta-analysis (NMA), also known as a “multiple
treatments meta-analysis” or “mixed treatment comparisons
meta-analysis,” compares multiple interventions at the same
time by analyzing studies making different comparisons in the
same analysis [19]. A key strength of NMA is the ability to
combine both direct and indirect evidence in the same analy-
sis. As a result, more useful information about what treatments
work best for whom may be provided. This is especially rel-
evant since most randomized trials compare one treatment to a
control group versus other possible treatment options. For
example, in a recent issue of The Journal, Alfonso-
Cristancho et al. conducted a systematic review and NMA
of randomized trials that examined the effectiveness of bio-
logics for the management of rheumatoid arthritis [20].
Overall, and while noting the limitations of the available evi-
dence, they found that tocilizumab was superior to cDMARDs
and was as effective as other biologics for rheumatoid arthritis
[20]. While the use of NMA is more recent than AD and IPD
meta-analysis, it is expected that an increased number will be
produced given the potential utility for clinicians and other
decision-makers. To date, most NMAs have used the AD ver-
sus IPD approach, although methods for conducting a NMA
based on IPD have been proposed [21]. Details regarding the
conduct, reporting, and use of a NMA can be found elsewhere
[22, 23].

Recently, there has been an increased interest in non-
inferiority (NI) meta-analyses. As opposed to traditional ran-
domized trials in which the goal is to reject the null hypothesis
of no statistically significant difference between two groups,
for example intervention versus control, a NI trial is designed
to test whether a new intervention is no worse than the refer-
ence intervention within a certain NI margin [24]. These meta-
analyses may be conducted using the AD or IPD approach.
However, to the best of the authors’ knowledge, no NI meta-
analyses currently exist in the field of rheumatology.
Additional information regarding NI meta-analyses can be
found elsewhere [24].

Major elements of systematic reviews
with meta-analysis

We focus the remainder of this paper on AD meta-analy-
ses, the most common type of meta-analysis. However,
much of this information can be applied to other types of
meta-analyses.
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An AD meta-analysis abstracts and pools summary data
from individual studies. While not indigenous to AD meta-
analysis, major strengths include (1) increased statistical pow-
er, (2) the potential to address uncertainty when study findings
are in opposition to each other, (3) improved estimates of
effect, and (4) ability to answer questions not identified in
individual trials [25]. The increased power associated with
an AD meta-analysis is grounded in the fact that participants
are nested within studies. For example, in a recent article in
The Journal, Mohammed et al., conducted a systematic re-
view with AD meta-analysis of randomized controlled trials
on the therapeutic effects of probiotics in participants with
rheumatoid arthritis [26]. While the meta-analysis was based
on only nine studies, a total of 361 participants were nested in
these nine studies [26].

A systematic review with meta-analysis mirrors that of an
original study: (1) Introduction, (2) Methods, (3) Results, (4)
Discussion, and (5) Conclusion. Two important questions that
should be addressed in the Introduction section of a manu-
script are as follows: (1) What has been done before? and
(2) Why is it important? Based on the authors’ anecdotal ex-
periences, one of the most overlooked aspects of meta-
analyses today appears to be a lack of a thorough review of
previous meta-analyses on the same topic to help justify a new
or updated meta-analysis. As a result, this appears to have
contributed to redundant meta-analyses that use similar or
only slightly different methods to address the same or closely
related research question [27]. One way to address this issue is
to conduct one’s own SRPSR, decide whether a new or up-
dated meta-analysis is needed, and if so, refer to this informa-
tion in the Introduction section of their own systematic review
with meta-analysis. Reasons for conducting a new or updated
systematic review with meta-analysis include, but are not nec-
essarily limited to, (1) lack of an existing systematic review
with meta-analysis on a topic of clinical and/or public health
importance; (2) the availability of new research since the last
systematic review with meta-analysis was conducted, espe-
cially if it may have an impact on previous meta-analytic
findings; and (3) the use of new methods that will improve
the quality of the review. Detailed guidelines for this overall
process are available elsewhere [5]. Finally, the introduction
section of the paper should also clearly state the purpose, i.e.,
research question(s) addressed, of the systematic review with
meta-analysis, something that clinicians should consider with
respect to potential application in their own practice.

A meta-analysis should include an a priori research plan
and be described in sufficient detail so that the study can be
replicated. In accordance with established guidelines [17], the
methods section should usually consist of the following sub-
sections: (1) study eligibility, (2) data sources, (3) study selec-
tion, (4) data abstraction, (5) risk of bias assessment, and (6)
data synthesis. Prior to describing these areas, information
should be provided that includes whether the protocol for
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the systematic review with meta-analysis is registered in a trial
database such as PROSPERO [28] as well as whether the
protocol has been published in a peer-reviewed journal. The
availability of protocols for systematic reviews, with or with-
out meta-analysis, may (1) reduce small-study effects, for ex-
ample, publication bias; (2) increase transparency; and (3)
avoid duplication of effort [27]. Detailed guidance for
conducting and reporting protocols are provided elsewhere
[29].

Study eligibility consists of what studies are to be included
in a systematic review. To address this, the PICOS framework,
where applicable, can be followed [17]. This includes
participants/population (P), interventions (I), comparisons
(C), outcomes (O), and study design/setting (S) [17]. For ob-
servational studies of etiology, consideration could be given to
the PECO (population, exposure, control, outcomes) frame-
work [18]. The inclusion of this information provides clini-
cians and other users of systematic reviews and meta-analyses
with information regarding the utility of the systematic review
with meta-analysis and subsequent application of the findings
to their patients. Similar to excluded patients in an original
study such as a randomized controlled trial, a list of excluded
studies for the systematic review should also be provided as
well as the reason(s) for exclusion. Since this is usually a long
list, it is almost always preferable to include this as a supple-
mentary file. A systematic review may include studies in any
language and from both published and unpublished sources
(Master’s theses, dissertations, abstracts from conference pro-
ceedings, etc.). However, there is no clear consensus regard-
ing increased bias if a systematic review is limited to English-
language articles published in peer-reviewed journals [1].

Data sources consist of the methods used to search for
studies. This includes such things as computer databases
searched (PubMed, EMBASE, Web of Science, etc.), includ-
ing search criteria for each database, cross-referencing from
retrieved studies, searching clinical trials databases, hand-
searching selected journals, as well as searching for grey lit-
erature from sources such as the System for Information on
Grey Literature in Europe (SIGLE) and ProQuest Master’s
theses and dissertations databases. Information for the start
and end dates of the searches should be provided along with
a rationale for the starting year for searching. For example, the
start date for searching for potentially eligible studies for the
authors’ recent systematic review with meta-analysis on exer-
cise and anxiety in adults with arthritis and other rheumatic
diseases was 1981 [30], because this was the first year that it
appeared that a randomized controlled trial on exercise in
adults with arthritis had been conducted. When searching for
potentially eligible studies, it has been suggested that at least
two electronic databases be searched [1], although it is usually
wise to use more than two databases so as to not miss poten-
tially eligible studies and thus, increase one’s risk for literature
search bias. The rationale for searching more than one
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database is that no one database will usually include all rele-
vant published citations. For example, Dickersin et al. report-
ed that depending on the area or specific question, only 30—
80% of all known published randomized controlled trials were
identified using MEDLINE [31]. Recently, it was suggested
that systematic reviewers search at least Embase, MEDLINE,
Web of Science, and Google Scholar to guarantee adequate
coverage [32], although searching Google Scholar may not be
worth the time and effort given its lack of sensitivity and
specificity [33]. In addition, it has been reported that the
Scopus database provides 100% coverage of both
MEDLINE and Embase [34]. Furthermore, it is important to
point out that MEDLINE is nested within PubMed. Finally,
the inclusion of the detailed search strategy for at least one
database, for example, PubMed, should be included, often as a
supplementary file. The names of the individuals responsible
for conducting the searches should also be provided [17].

To avoid study selection bias, studies should be selected by
at least two people, independent of each other. For those stud-
ies that are excluded, the reason(s) for exclusion should be
reported. Following the PICOS framework, exclusions may
be broadly categorized as inappropriate (1) population, (2)
intervention, (3) comparison, (4) outcomes, (5) study design/
setting, and (6) other. After the initial selection of studies is
completed, the reviewers should then meet and discuss their
selections for agreement. If agreement cannot be reached, at
least one person not involved in the selection of studies should
serve as an arbitrator. For all tasks, the names of the individ-
uals responsible for each should be reported.

Data abstraction consists of the process used to code the
studies. This should first include a description of how the
codebooks were developed as well as a list and description
of'the variables that were coded. Broadly, these would include
(1) study characteristics (authors, year of publication, journal,
impact factor of journal, study design, etc.); (2) participant
characteristics (age, gender, race/ethnicity, etc.); (3) interven-
tion characteristics, for example, length of the study; and (4)
outcome characteristics (sample sizes, means, standard devia-
tions, etc.). Clinicians should pay particular attention to the
items coded to insure that no important ones that may have
affected the outcome(s) of interest are omitted. However, it is
difficult to provide specific suggestions given that these vari-
ables will be highly dependent on the type of meta-analysis as
well as outcome(s) of interest. Pedder et al. provide additional
information regarding the abstraction of data, especially for
complex meta-analyses [35].

The coding of studies should follow the same process as for
the selection of studies and the process for obtaining missing
data from original trial investigators should be explained, in-
cluding success in retrieving missing data. While the authors
are not aware of any consensus regarding the retrieval of
missing data, one possible approach is to contact the corre-
sponding author via e-mail to request such. If no response is

received within one to two weeks, a second e-mail could be
sent. If no response is received within the same one- to two-
week period, a telephone call to request such may be appro-
priate. For e-mail communications, it may be beneficial to
copy the other authors of the study.

An important component of any systematic review is the
inclusion of some type of risk of bias assessment for each
included study. While this is often referred to as study quality,
the use of quality scales has been discouraged by some, espe-
cially with respect to the inclusion and exclusion of studies
given that it is often difficult to distinguish between the quality
of the reporting of a study and the quality in the conduct of a
study [1]. The number of risk of bias/study quality assessment
instruments available are numerous (at least 86) [36]. While
varied and inconsistent, Seehra et al. reported that the
Cochrane risk of bias tool was the most common tool for
assessing randomized controlled trials (26.1%) while the
Newcastle-Ottawa scale was the most common instrument
for assessing non-randomized studies (15.3%), including
case-control and cohort studies [37]. The Cochrane
Collaboration recently modified their risk of bias tool for ran-
domized controlled trials [38] and developed a tool for
assessing the risk of bias in non-randomized studies that com-
pared the health effects of two or more interventions [39]. The
procedures for evaluating risk of bias are similar to those for
selecting studies and abstracting data. While not without
weaknesses, risk of bias results can nevertheless help clini-
cians and other consumers of meta-analyses with decisions
regarding the strength of the included studies.

The data synthesis section of a systematic review can be
either qualitative or quantitative, i.c., meta-analysis. With a
focus on the meta-analytic approach, one of the first things
that needs to be decided is the method that will be used to
calculate a common effect size for each outcome of interest
from each study so that results can be pooled. This usually
includes sample sizes as well as measures of central tendency
and dispersion. Whenever possible, the focus should be on
calculating effect sizes using the original metric, for example
body weight in kilograms, because it will be more intuitive for
clinicians. However, the calculation of something like a stan-
dardized mean difference effect size (Hedge’s g, Cohen’s d,
etc.) is usually necessary if the outcome of interest is assessed
using different scales, for example, the assessment of depres-
sion using the Beck Depression Inventory, Center for
Epidemiologic Studies Depression Scale, etc. [40].
Fortunately, many effect sizes can be converted between each
other as well as from different tests (¢ tests, F-ratios, correla-
tions, etc.) [1].

A second decision that needs to be made is the fpe of
model used to pool results. Generally, there are two basic
types of models, the fixed-effect model and the random-
effects model. A fixed-effect model assumes that all studies
share the same common effect size and that any differences in
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the observed effects are the result of sampling error. In con-
trast, random-effects models assume that the true effect size
may differ between studies. Thus, a random-effects model
accounts for both sampling error and between-study variance.
Since one is usually working with a universe of populations in
meta-analysis, the random-effects model is usually the best
choice of the two. However, since there are several random-
effects models that use different methods to calculate
between-study variance, it is important that authors report
which model was used since they can lead to different results
[41]. The most commonly used, but not necessarily the best
model, is the original random-effects model of Dersimonian
and Laird [42]. Its common usage is most likely the result of
its longevity and availability in numerous statistical packages
for meta-analysis. While random-effects models are generally
recommended over the traditional fixed-effect model, the re-
cent inverse variance heterogeneity (IVhet) as well as quality
effects (QE) models have been suggested to be more robust
than the traditional Dersimonian and Laird model with respect
to coverage probabilities [43, 44]. However, the QE model is
based on assessing a quality score for each study from a pre-
existing or self-developed scale [44], something that might be
difficult to do, given, as previously mentioned, the difficulty
in differentiating between the quality of reporting and the
quality in the conduct of a study [1].

Regardless of the model chosen, pooled results should usu-
ally be reported using point estimates and 95% confidence
intervals, assuming a frequentist approach is used, as well as
z or t-based alpha values. In addition, 95% prediction intervals
may also be reported when models such as those based on
random-effects are used [45]. Prediction intervals differ from
confidence intervals in that point estimates and their confi-
dence intervals provide an estimate of the effect size and pre-
cision while prediction intervals tell us how effects are spread
around the summary effect [45]. From a clinical perspective,
prediction intervals help ascertain uncertainty with respect to
whether an intervention works or not. However, because of
coverage problems, it has been suggested that caution be de-
rived in drawing strong conclusions from 95% prediction in-
tervals [46].

In meta-analysis, it is important to examine and report data
on heterogeneity and inconsistency. Broadly, heterogeneity in
meta-analysis refers to any type of variability between studies
[1]. These could include (1) clinical factors (differences in
participants, interventions, outcomes, etc.), (2) methodologi-
cal features (study design, risk of bias, etc.), and (3) statistical
(differences in intervention effects) [1]. Heterogeneity is typ-
ically reported using the Q statistic while inconsistency is
reported using /-squared, an extension of Q [1]. The Q statistic
is a measure of statistical significance and, given power issues,
is typically reported as statistically significant if the alpha (p)
value is less than or equal to 0.10 versus 0.05. The I-squared
statistic is a relative measure that ranges from 0 to 100%, with
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higher values representing greater inconsistency. However,
these estimates are not perfect and cannot explain all potential
sources of heterogeneity and inconsistency [47].

A standard method of reporting the results from each study
as well as the overall pooled results is through presentation of
a forest plot. Figure 2 provides an example of a forest plot
from the investigators’ recent meta-analysis on exercise and
anxiety in adults with arthritis and other rheumatic diseases
[30]. If the exact same data are available from each study for
calculating treatment effects, for example, sample sizes and
change outcome means and standard deviations, these may
also be displayed in the figure.

An important component of meta-analysis is an examina-
tion for small-study effects (publication bias, etc.). This should
typically be examined both qualitatively, usually with some
type of funnel plot, and quantitatively. Current guidelines sug-
gest that if there are at least 10 studies, a funnel plot and
Eggers’s regression intercept test may be used to examine
for small-study effects if the outcome of interest is continuous
in nature, for example, erythrocyte sedimentation rate [48].
However, since the time of the publication of these guidelines,
an alternative qualitative (Doi plot) and quantitative (LFK
index) approach has been suggested to be more robust as well
as allowing better coverage for meta-analyses that include less
than 10 studies [49]. Figure 3 provides an example and expla-
nation of a funnel plot, including Egger’s regression intercept
test, from a recent meta-analyses by the authors [30].

Because many meta-analyses include a small number of
trials, typically six in Cochrane reviews [50], it is usually
important to conduct influence analysis with each study delet-
ed from the model once in order to examine the impact that
each study has on the overall findings, something that is prob-
ably important from a clinical perspective. For example, in a
recent meta-analysis by the authors, results for changes in
anxiety as a result of exercise in adults with arthritis and other
rheumatic diseases remained significant when each result was
deleted from the model once (standardized mean difference
effect size range of —0.44 to — 0.35) [30].

In addition to influence analysis, it is usually important to
conduct cumulative meta-analysis, typically ranked by year of
publication, to examine the accumulation of results over time
[51]. The inclusion of results from a cumulative meta-analysis
can help clinicians and others in making more informed deci-
sions based on past years of research as well as leading to
earlier and increased use of effective interventions in practice
[51]. Using this approach, results are summarized as each new
study is added to the model. Thus, each horizontal line in the
plot represents a pooled summary of results as each study is
added versus the results of a single study in a forest plot. An
example of cumulative meta-analysis from a recent meta-
analysis by the authors is shown in Fig. 4 [30].

If a sufficient number of studies are available, subgroup
and/or meta-regression analyses may be performed in order
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Fig. 2 Forest plot of previously published aggregate data meta-analysis
addressing the effects of exercise (aerobic, strength training, or both) on
anxiety in adults with arthritis and other rheumatic diseases [30]. Data are
reported using the standardized mean difference effect size with results
pooled using the inverse variance heterogeneity (IVhet) model. Negative
values indicate improvement, i.e., reductions, in anxiety. The left and
right sides of the lines represent the 95% confidence intervals for each
result from each study while the black squares represent the point estimate
for each result. The left and right sides of the diamond represent the
pooled 95% confidence intervals while the middle of the diamond repre-
sents the overall pooled effect. The weights represent the contribution of

to examine the effect of potential covariates on the outcome(s)
of interest, details of which have been described elsewhere [1].
While there may be a tendency for authors to conduct such
analyses only when statistically significant and/or a large
amount of inconsistency exists, this is problematic given the
limitations of these measures [52]. When conducting analyses

Precision (1/SE)
w »
w (¢, B [$}
[

N
3

-0.6 0 0.6
ES

each effect size to the overall pooled result based on the IVhet model. As
can be seen by the pooled non-overlapping 95% confidence intervals,
improvements were from 0.15 to 0.65 standard deviations units, values
that should be given greater attention than the overall point estimate. The
Cochran Q value for statistical between-study heterogeneity is statistically
significant while the /* value is 63%, a value that was interpreted in the
study as “moderate” inconsistency. /-squared values can range from 0 to
100% with higher values indicative of greater inconsistency. Note that
two studies included more than one group, potentially impacting the
independence assumption. However, results were similar when collapsed
so that only one result represented each study [30]

such as meta-regression, the authors are not aware of any firm
consensus regarding the minimum number of studies that are
needed per covariate. However, as a general guideline, one
may want to avoid conducting any type of meta-regression
unless there are at least ten studies [1]. Also, it is important
to understand that such analyses should be viewed as

-1

Fig. 3 Inverted funnel plot of previously published aggregate data meta-
analysis addressing the effects of exercise (aerobic, strength training, or
both) on anxiety in adults with arthritis and other rheumatic diseases [30].
Data on the x-axis represent the standardized mean difference effect size
with negative values indicative of improvement, i.e., reductions, in
anxiety. Data on the y-axis represent the precision of the estimates
(inverse of the standard error). In the absence of small-study effects, effect
size estimates from studies with smaller sample sizes should be

ES

spread more widely and evenly at the bottom of the funnel while
studies with larger sample sizes should have effect size estimates that
are closer together at the top of the funnel. The circled area with
missing values in the bottom right portion of the plot is suggestive of
small-study effects, possibly publication bias, i.e., avoidance of authors to
submit and/or editors to publish, studies that report results that are not
statistically significant. Quantitative analysis using Egger’s regression
intercept test supported the finding of small-study effects (» <0.0001)
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Gowans et al., 2001 — -1.08 (-1.47,-0.68)
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Schachter et al., 2003 (short bout) — -0.83 (-1.15,-0.50)
Fransen et al., 2007 — -0.62 (-1.00, -0.23)
Tomas-Carus et al., 2007 — -0.66 (-1.02,-0.30)
Jones et al., 2008 —— -0.55 (-0.90, -0.20)
Munguia-lzquieerdo & Legaz-Arrese, 2008 —— -0.49 (-0.82,-0.15)
Tomas-Carus et al., 2008 —— -0.51 (-0.83,-0.20)
Baptista et al., 2012 —— -0.49 (-0.78,-0.21)
French et al., 2013 —— -0.44 (-0.71,-0.17)
Sanudo et al., 2015 —— -0.44 (-0.69,-0.18)
Cheung et al., 2016 —— -0.40 (-0.65, -0.15)
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ES

Fig. 4 Cumulative meta-analysis, ranked by year of publication, for
previously published aggregate data meta-analysis addressing the effects
of exercise (aerobic, strength training, or both) on anxiety in adults with
arthritis and other rheumatic diseases [30]. Data are reported using the
standardized mean difference effect size with results pooled using the
inverse variance heterogeneity model. Negative values indicate improve-
ment, i.e., reductions, in anxiety. The left and right sides of the lines
represent the pooled 95% confidence intervals for each result from each

exploratory and would need to be addressed in original trials
since studies are not randomly assigned to covariates in meta-
analysis. Thus, they are considered to be observational in
nature.

In addition to the previously mentioned information, the
authors believe that it is critical that meta-analyses include
metrics that are understandable and have clinical meaning.
While not without limitations and potentially misleading, the
use of metrics such as the number-needed-to treat (NNT) and
percentile improvement based on values such as Cohen’s Us
index [53], when appropriate, should be calculated and report-
ed. For example, the authors recently reported a standardized
mean difference reduction of 0.40 in anxiety as a result of
exercise in adults with arthritis and other rheumatic diseases
[30]. While this means that the exercise group did 0.40 stan-
dard deviations better than the control group, it probably has
little application for clinicians. In contrast, and while under-
standing that results were based on aggregate versus IPD, the
reported NNT of 6, percentile improvement of 15.5%, and an
estimated 5.3 million inactive US adults with arthritis and oth-
er theumatic diseases improving their anxiety if they started
exercising regularly, probably has much more meaning to cli-
nicians as well as others. Whenever possible, it is also impor-
tant to report both absolute and relative changes in the out-
comes of interest. Furthermore, consideration should also be
given to both the clinical and population health importance of
the findings from a meta-analysis. For example, a 1 kg'm?
reduction in body mass index (BMI), a well-established risk
factor for arthritis in adults, may not be important from a
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study up to that point in time while the black circles represent the pooled
point estimates for each result up to that point in time. As can be seen,
results have remained statistically significant since the first study was
conducted in 1989, with a trend towards smaller reductions over time,
possibly reflecting better study designs with more recent studies. Note
that two studies included more than one group, potentially impacting the
independence assumption. However, results were similar when collapsed
so that only one result represented each study

clinical, i.e., patient-level, perspective, but may have signifi-
cant implications at the population level.

Finally, and possibly most relevant and time-efficient for
clinicians, the strength of the evidence should usually be
assessed and reported. One common way to address this is
by use of the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) instrument, details
of which are described elsewhere [54]. Briefly, GRADE, a
subjective instrument, assesses the strength of evidence for a
specific outcome with respect to (1) risk of bias, (2) impreci-
sion, (3) inconsistency, (4) indirectness, and (5) publication
bias [54]. Within these categories, the quality of the evidence
can be rated down by one to two levels for any one of these
items. The quality of the evidence can also be increased by
one or two levels if there is a large magnitude of effect or one
level if either a dose-response gradient is found or all plausible
confounding would decrease the effect or increase the effect if
indeed no effect was found [54]. Risk of bias has to do with
study limitations and consists of factors such as lack of allo-
cation concealment and blinding, incomplete accounting of
participants and outcome events, selective outcome reporting,
as well as any other limitations that reviewers think may im-
pact the outcome [54]. Imprecision has to do with uncertainty
about the results, such as a wide confidence interval around
the estimate of effect while inconsistency refers to unex-
plained heterogeneity in results [54]. Indirectness consists of
evaluating results based on whether the included studies di-
rectly compare the interventions and populations that one is
interested in as well as assessing outcomes deemed important
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Table 1 Five basic questions for clinicians to ask when applying meta-
analytic results to practice

1. Are the research questions addressed applicable to my patients?

2. Is the population of patients studied similar to those that I see in my
practice?

3. How does this treatment compare to other alternatives?

4. Do the benefits of the treatment outweigh the harms?

5. What is the strength of the evidence?

by participants, for example physical function in those with
arthritis [54]. Finally, publication bias has to do with the se-
lective publication of studies in which benefits are
overestimated and harms are underestimated [54]. The overall
certainty of the evidence is then rated by the authors as (1)
very low, (2) low, (3) moderate, or (4) high [54]. For example,
a recent meta-analysis in The Journal on interventions for
reducing anxiety and depression in adults with rheumatoid
arthritis reported the overall strength of evidence, based on
GRADE, to be “moderate,” meaning that the authors believed
that the true effect was probably close to the estimated effect
[55].

Concluding remarks

The purpose of this article was to provide a gentle introduction
to clinicians with respect to systematic reviews and meta-anal-
ysis, including the potential clinical utility of such. In the spirit
of that goal, Table 1 provides a list of five general questions
for clinicians to consider with respect to applying meta-
analytic results to their own clinical practice. It is the author’s
hopes that the information provided in this article will aid
clinicians in making more informed decisions regarding the
usability of meta-analysis in their own daily practice, with the
ultimate goal of improving patient care.
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