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A B S T R A C T

In evidence-based medicine, meta-analyses are often considered to provide an exceptionally high level of
evidence. Beyond other systematic review formats, meta-analyses allow for statistically pooling results
of original research. This approach allows us to increase statistical power, improve precision, investigate
heterogeneity, and settle controversies across different clinical trials. However, meta-analysis requires
rigour in methodology, in order to avoid “mixing apples and oranges”. Study design, participants,
interventions, comparators, and outcomes need to be clearly deﬁned, and statistical methods need to be
applied precisely. For researchers in specialized ﬁelds such as integrative medicine, additional
considerations on the unique features of therapies need to be applied. This article describes practical and
academic insights into preparing a meta-analysis for publication.
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction
Evidence-based medicine is the science and art of making
patient care decisions which are consistent with current best
evidence. Evidence-based decisions should also consider available
resources and values of the individual patient in addition to
evidence [1]. The evidence-based medicine movement has
inﬂuenced policy, practice research direction in complementary
and integrative medicine (CIM) [2]. The recent WHO Traditional
Medicine Strategy also highlighted the importance of strengthening CIM evidence base in promoting the integration of CIM in
health systems [3]. Randomized controlled trials (RCTs) is
considered the best primary study design for investigating efﬁcacy
or effectiveness of interventions, and systematic reviews of RCTs
provides synthesis of all evidence generated from RCTs in a
replicable manner. When the clinical and methodological features
of RCTs are similar enough, meta-analysis can be used to pool effect
sizes reported from each trial. Meta-analysis has the advantages of
allowing higher statistical power for detecting treatment effects,
improving precision in estimating effect size, settling controversy
arising from conﬂicting results from different trials, and facilitating
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exploring of heterogeneity across trials [4]. Meta-analysis is
increasingly being applied in CIM clinical research [5–7], and this
article aims to provide an overview on the methodologies of metaanalysis.
1.1. Advantages and disadvantages of adding meta-analyses to
systematic reviews
A drawback of traditional systematic reviews, i.e. reviews which
are conducted systematically following an a priori deﬁned
methodology but not statistically pooling the results of the
original research, is that they have to solely rely on the ﬁndings of
the original studies. While this is by no means only a problem of
CIM research, the study quality in CIM randomized trials is often
limited by small sample sizes, unclear reporting of methodology,
and inadequate rigor in statistical analysis. With continual call for
methodological improvements and endorsement of reporting
guidelines by the academia, standards of future trials are expected
to improve but many existing trials have shortcoming in these
areas. With these limitations, both signiﬁcant and insigniﬁcant
results are often hard to interpret based on single trials, due to two
major reasons: First, due to limited funding, trials on CIM
interventions are often small and underpowered for detecting
any speciﬁc effects of the intervention; resulting in an underestimation of true treatment effect. Second, randomized trials
(regardless if on CIM or other interventions) are generally
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conducted to compare two or more different groups (e.g. CIM
versus no treatment, CIM versus guideline recommended conventional treatment, or CIM versus placebo/sham interventions). With
such design, the impact of CIM should be estimated using
between-group comparisons, but unfortunately many trials only
report results of within-group comparisons that do not take into
account unspeciﬁc effects. With such analysis, the value of having a
control group is lost and it is impossible to estimate the real
speciﬁc effects of the intervention; this will lead to overestimation
of actual speciﬁc efﬁcacy.
In systematic reviews without meta-analyses, the reviewers
have to handle these uncertainties on whether the reported
ﬁndings and – even more subjective – the conclusions of original
research can really be trusted. This subjective process can result in
quite different interpretations on reviews dealing with the same
pool of original studies. If correctly conducted, a meta-analysis can
deal with some of the limitations of original trials by calculating
pooled statistics: by pooling and weighing the ﬁndings from
multiple trials, sample sizes of the comparisons can be dramatically increased and even small trials can contribute to the overall
picture. Also, if usable data were available from the original trial
publications, meta-analysts do not bother on whether the trialists
had applied appropriate statistical tests or not – they simply recalculate pooled effect estimates using meta-analytic techniques.
This way, systematic reviews with and without meta-analyses can
reach totally different conclusions even if they include the same
trials, especially when only few small trials are available for
analysis [8].
While there are beneﬁts in conducting meta-analyses, their
appropriateness depend on the availability of at least two clinically
and methodologically homogeneous trials [9]. The studies need to
be similar in the aspects of patient characteristics, intervention,
comparators, outcome measures, and trial designs [10]. Early CIM
meta-analyses have simply pooled all available trials, e.g. all
randomised trials on homeopathy, regardless of the speciﬁc
remedy used, the condition to be treated or which outcomes
were assessed [11,12]. Variations in comparators are also not
uncommon, for instance, different conventional treatments are
often lumped inappropriately as “western treatment” in many
meta-analyses of Chinese herbal medicine trials [13].
But what does it mean if we ﬁnd a signiﬁcant or non-signiﬁcant
meta-analytic result after pooling such a heterogeneous group of
trials? It can mean all or nothing and it will deﬁnitely not give you
any guidance whether a speciﬁc intervention might work for a
speciﬁc treatment goal in clinical practice. We now know that this
approach of “mixing apples and oranges” does not make sense
when we plan to reach a single indicator of efﬁcacy or effectiveness
as in most meta-analyses [10] (see example in Box 1). The
appropriate approach of handling variations in interventions is to
apply network meta-analysis technique [14], but this require
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sharing of a common comparator (e.g. placebo) and outcome
among at least some of the trials (see example in Box 2).
When clinical judgement suggest that pairwise or network
meta-analysis is inappropriate, a systematic review without metaanalysis can include all those heterogeneous trials and discuss the
implications of the heterogeneity. Such discussion can drive future
research directions, and may guide treatment decision when there
are few other options left for certain patients (see example in
Box 3). Thus, as always in research, the choice of a speciﬁc
methodology strongly depends on the research question we intend
to answer.
2. Locating and reviewing eligible trials
2.1. Deﬁning the research question
As outlined above, the clinical relevance and usefulness of a
meta-analysis stands and falls with its research question – much
stronger than for other forms of reviews. For instance, a topic like
“Is CIM effective in women’s health?” can be a great question for a
non-meta-analytic systematic review, perhaps even more for a
critical review, it is however not suitable for a meta-analysis. In
order to allow statistical pooling of results from different trials,
they need to be adequately homogeneous (remember the apples
and oranges problem), otherwise results of the meta-analysis will
not be interpretable at all. In order to reduce such clinical
heterogeneity, an a priori deﬁned research question is necessary
and the PICOS (participants, intervention, comparison, outcomes,
study design) approach for formulating clinically answerable
question can be extremely useful for clarifying scope of metaanalysis [24].
2.1.1. Participants
Who will be the target of the intervention under review? This
includes the basic question on whether healthy participants at risk
(e.g. trials to evaluate the effect of manual acupuncture for
smoking cessation in the general population) or those with a
speciﬁc condition (e.g. trials to assess the effect of moxibustion for
fatigue among patients with lung cancer after completion of
chemotherapy) will be included. In a meta-analysis on cancer, will
you include non-metastatic or metastatic cancer or both? Will both
genders be eligible? Will there be a deﬁned age range or will there
be ethnic or geographic criteria to consider?
2.1.2. Intervention
What intervention, or intervention package, are to be studied?
As we outlined above, something like ‘homeopathy’ or ‘Ayurveda’
might be too broad. If enough studies are available, it might be
more useful to focus on a speciﬁc remedy or formula. But it goes
beyond that: if the intervention has any subtypes, which of them

Box 1. “Mixing apples and oranges” in meta-analysis of different herbal medicines
In Europe and North American, herbal medicine is used for Benign Prostate Hyperplasia (BPH) [15]. Sources of phytotherapeutic
agents used for treatment of BPH include saw palmetto (Serenoa repens) fruit [16,17], African plum tree (Pygeum africanum) bark
[18], and stinging nettle (Urtica dioica) roots in the form of b-sitosterol, South African stargrass (Hypoxis roopieri), Pumpkin seed
(Cucurbita pepo), and rye pollen (Secale cereale) [19].
According to recommendations made by the American Urological Association (AUA) Practice Guideline Committee, change in the
AUA Symptom Index (AUASI) should be regarded as the primary outcome measure for evaluating outcomes of treatment for BPH
[20]. If a systematic review of these herbal treatments were conducted using AUASI as a common outcome, meta-analysis should
only be performed among trials comparing the same herb on a common control (e.g. a placebo). The “mixing apple and oranges”
approach of lumping different herbs together will not allow identiﬁcation of phytotherapeutic agents that contribute to the pooled
effect.
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Box 2. Evaluating comparative effectiveness of different Chinese herbal medicines using network meta-analysis approach
In China, different Chinese herbal medicines (CHMs) are often used in addition to conventional medications in managing various
chronic conditions [21], including chronic obstructive pulmonary disease (COPD). Clinicians are often interested in comparative
effectiveness of different CHMs, but pairwise meta-analysis could not provide such evidence. Network meta-analysis (NMA) allows
simultaneous evaluation of relative performance among different CHMs, when there is a common comparator. An NMA with
comparisons of CHMs plus salmeterol and ﬂuticasone propionate (SFP), versus SFP alone has recently been published.
In this NMA, eleven RCTs (n = 925) assessing 11 different CHMs were included. Results suggested that Runfeijianpibushen
decoction and Renshenbufei pills performed best in improving quality of life among COPD patients, as measured by the St
George's Respiratory Questionnaire, while the sole use of SFP has the lowest probability of delivering such outcome [22].

Box 3. Narrative approach in synthesis in systematic review
In a systematic review on herbal medicines for idiopathic Parkinson’s disease, nine trials were included but each of them
investigated a different herbal product. Since the controls used were also variable, network meta-analysis is not appropriate and a
narrative approach was used to summarize current evidence on effectiveness and safety. The results addressed methodological
limitations of existing trials, and offered practical advice on the designs of inclusion criteria, disease staging, and outcome
assessments in future trials [23].

will be included (e.g. choices among manual acupuncture,
electroacupuncture, laser acupuncture etc.). If broad categories
or even whole medical systems (e.g. a wide array of modalities in
Chinese medicine practice) are to be studied, we should consider
using a more narrative approach or at least plan for subgroup
analyses, which focus on speciﬁc remedies or interventions. If a
common comparator exist for speciﬁc intervention, network metaanalysis maybe applicable if the trial designs were similar enough
[25].
2.1.3. Comparison
A speciﬁc CIM intervention might be compared to no treatment,
or to placebo, when there is no recommended conventional
treatment. A CIM intervention can also be compared against a
conventional/CIM intervention with limited effectiveness or
signiﬁcant side effects, as be evaluated as an add-on to
conventional care. Given the wide range of possible control, it
would be inappropriate to include trials comparing an intervention
to different control interventions in a single pairwise metaanalysis. Here, we have to decide on which comparator is of
interest for our research question (e.g. by comparing St John’s Wort
to placebo, or to antidepressant drugs). If we would like to cover
the whole picture (e.g. if we want to know whether St John’s Wort
is more effective than placebo, and whether it is equally effective as
antidepressant drugs) we need to perform separate meta-analyses
for both research questions, or to conduct network meta-analysis.
In many trials, CIM are often used in conjunction with
conventional care due to clinical or ethical reasons. The systematic
reviewer should clarify the speciﬁc components of each CIM and
conventional interventions to be included. For example, in
smoking cessation trials, acupuncture plus nicotine replacement
patch could be compared against sham acupuncture plus nicotine
replacement patch, or nicotine replacement patch alone. In other
trials electroacupuncture maybe used. The systematic reviewer
should specify which type of comparison they would be the focus,
and provide separate analysis for each speciﬁc comparison.
2.1.4. Outcomes
What does effectiveness mean? If we study the effects of an
intervention in cancer patients, do we want to know whether it
actually cures cancer or whether it helps dealing with side effects
of the conventional treatment? Again, we can include multiple

outcomes but we should compute separate meta-analyses for each
outcome. Gold standard outcomes are often not used in CIM trials,
of which authors tends to use self-developed outcome measures
with doubtful reliability, validity and responsiveness [26,27]. In
systematic review protocols, investigators should pre-speciﬁc core
outcomes to be covered for a certain condition, and include trials
which report patient centred outcome recommended by relevant
expert panels or authorities. It is important to state clearly how the
pooled effect size should be interpreted, in accordance to
established minimal clinically important difference values [28].
2.1.5. Study types
Which type of study is of interest for our research question?
Generally most meta-analyses are limited to randomized trials but
sometimes non-randomized controlled trials or even uncontrolled
trials are also included. Including those trials increases methodological heterogeneity, and it may also limit validity of ﬁndings.
Nevertheless, inclusion of studies with less than ideal design might
be necessary if too few randomized trials were available. When
non-randomized studies are included, appraisals of their risk of
bias should be conducted using appropriate instruments, with
particular attention to selection bias. If meta-analysis were
performed using data from non-randomized studies, reviewers
should consider the impact of residual confounding and other bias
on the pooled results [29].
As we see, inclusion criteria can be broad or narrow, and the
broader they are the more we risk to increase clinical and
methodological heterogeneity, while the narrower they are, the
more we risk to end up with no or too few usable trials. This can
generally be handled by deﬁning broader inclusion criteria and
computing several meta-analyses for more distinct subgroups or
adopt network meta-analysis, but this will increase complexity of
your systematic review.
2.2. Locating and appraising the literature
Most meta-analyses start with a systematic review of the
literature, basically following the same approach as a traditional
systematic review: based on the research question, inclusion and
exclusion criteria are deﬁned (these often are more narrow than for
other types of reviews), based on these criteria a literature search is
performed, and the papers are ﬁltered and critically appraised
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Table 1
Risk of bias assessment.
Bias

Criteria for low risk of bias

Random sequence generation
Allocation concealment

Use of a random sequence generation (random number table, throwing dice, coin tossing).
Participants and investigators cannot foresee assignment (central randomization, sequentially numbered drug containers or
envelopes).
Blinding of participants and key study personnel OR no blinding but the outcome is not likely to be inﬂuenced by lack of blinding.

Blinding of participants and
personnel
Blinding of outcome assessment
Incomplete outcome data
Selective reporting
Other bias

Blinding of outcome assessment OR no blinding but the outcome is not likely to be inﬂuenced by lack of blinding.
Drop-outs and reasons for drop-outs are balanced across groups and/or missing data are adequately imputed.
All pre-speciﬁed outcomes that are of interest in the review have been reported in the pre-speciﬁed way
The study appears to be free of other sources of bias.

using standardised assessments tools (see [10] for a more detailed
description of systematic review methodology). Critical appraisal
of the literature is especially important as it facilitate sensitivity
analysis within meta-analyses. Sensitivity analysis allows the
comparison of pooled results calculated from only trials with low
risk of bias, versus all trials included in a meta-analysis [30]. This
will allow assessment on how risk of bias may impact effect size
[31].
Most meta-analyses now use the Cochrane criteria for assessing
risk of bias in randomised trials.1 The Cochrane tool assesses risk of
bias on the following domains: selection bias (random sequence
generation, allocation concealment), performance bias (blinding of
participants and personnel), detection bias (blinding of outcome
assessment), attrition bias (incomplete outcome data), reporting
bias (selective reporting), and other bias as: (1) low risk of bias, (2)
unclear, or (3) high (Table 1) [32].
3. Computing the meta-analysis
3.1. Software
There are numerous meta-analyses softwares available but
most analyses use the Review Manager (RevMan) software
provided by the Cochrane Collaboration (http://tech.cochrane.
org/revman/download) because it is easy to use, freely available
and it is also used in Cochrane Reviews which are often considered
to be of exceptional high quality. RevMan has built-in routines
which will be enough for most basic meta-analyse while other
software include more elaborated functions which might be
needed when addressing technical requirement. For instance, the
free Meta-Analyst software has a user friendly, excel based
interface that allows quick data input. Also, it has dedicated
functions for meta-regression, cumulative meta-analysis, and
leave one out sensitivity analysis, and enhanced graphic editing
modules [33]. The commercially available Comprehensive MetaAnalysis software has strength in calculating effect sizes using an
efﬁcient bulit-in program, reducing the efforts for reviewers to
convert differently reported statistical results into a common
metric [https://www.meta-analysis.com/]. Finally, STATA is an
efﬁcient generic statistical software for performing network metaanalysis [34]

1
Risk of bias is a similar concept as study quality but they are not to be used
interchangeably. While study quality evaluated whether a study meets a speciﬁc
criterion (e.g. blinding of patients), risk of bias assesses whether meeting or not
meeting this criterion is likely to bias the results of the study (e.g. even an unblinded
trial can have a low risk of bias if two credible and well-accepted interventions are
compared and both interventions are judged equally by the study participants).

3.2. Analyzing the data
The most basic meta-analyses compare outcomes between two
different interventions. Therefore, for continuous outcomes
measures on post-intervention central tendency (normally post
intervention means or change scores, whatever is available) and
dispersion (normally standard deviation, but standard errors,
conﬁdence intervals, or even t-values will also work) and group
sample sizes are needed. Based on these data, the difference
between groups and its conﬁdence interval are calculated. There
are two general types of group differences: mean differences (MD)
and standardised mean differences (SMD). MDs are calculated if all
studies use the same scale for assessing outcomes while SMDs
standardise the difference in means by the pooled standard
deviation and can thus be used when different scales are used. For
example, blood pressure is almost always measured as mmHg, thus
in a meta-analysis differences between groups can be expressed as
MD which makes them much easier to interpret. However, for the
outcome of depression it may be measured by different instruments, and calculation of MD is not appropriate. The pooled
outcomes can instead be expressed with SMD, and its interpretation can follow Cohen’s conventions for interpreting SMDs:1)
SMD = 0.2–0.5: small effect; 2) SMD = 0.5–0.8: moderate effect and
3) SMD >0.8: large effect [35].
On the other hand, when using dichotomous outcomes we want
to know whether there are more patients in one treatment group
that experience a speciﬁc outcome (adequate relief, adverse events
or even death) than in the other group. Dichotomous outcomes
answer a slightly different question than continuous ones do as
they put the number of patients (rather than the mean of a patientrelated variable) in focus. Here, meta-analyses are mainly
computed for ratios, i.e. we want to know how many patients in
the treatment are likely to experience a speciﬁc event in relation to
patients in the control group. The most straight-forward dichotomous metric is the risk ratio. The risk of a speciﬁc event in a given
group is computed as the number of patients with this event
divided by the total number of patients in this group. I.e. if 2 out of
10 patients using a speciﬁc intervention receive adequate relief, the
incidence of relief is 2/10 or 0.2; in the control group, only 1 out of
10 patients might experience relief, here the incidence is 0.1. The
risk ratio is computed by simply dividing one incidence by the
other: 0.2/0.1 = 2. This simply means that the incidence of relief in
the treatment group is twice as high as in the control group. There
are ratios such as odds ratio that are less easy to interpret but can
have other advantages when used in a meta-analysis [32].
Beyond calculating effect sizes or ratios for individual studies,
meta-analyses calculate pooled effect sizes across studies; the
inﬂuence of each study is weighed based on its sample size and/or
precision. This way we end up with a single indicator of an
intervention’s effectiveness across all available studies. Most metaanalysis softwares mentioned above are capable in creating a forest
plot that numerically and graphically displays all relevant
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Fig 1. Example of a forest plot. The integrative intervention was more effective than the conventional one, overall effect was of moderate size, and there was considerable
heterogeneity.

measures of individual study effects, overall effect, and statistical
heterogeneity (Fig. 1).
3.3. Assessing statistical heterogeneity
As outlined above, clinical heterogeneity (differences between
included trials in terms of PICOS) and methodological heterogeneity (difference between included trials in terms of study design
and risk of bias) can increase variability of effect size across trials
and thus reduce the interpretability of results. There is uncertainty
on whether the positive pooled effects really are driven by all

included studies, or just by a few of them with certain PICOS
features or risk of bias. This will affect decision making among
clinicians – for instance, to what patient population the ﬁndings
can be applied if the pooled effect were generated partly from trials
which recruited low risk population, as well as trials with high risk
patients? Likewise, the lack of overall effects might still mean that
there were positive effects in some of the included trials with
certain features. While perfect homogeneity might possibly be
expected in highly standardised placebo-controlled pharmacological trials, for CIM trials – especially for trials dealing with
behavioural, mind-body medical or body-based interventions

Fig. 2. Example of a funnel plot using the same data as in Fig. 1. Funnel plot asymmetry suggests potential publication bias.
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where treatment packages can be highly variable – heterogeneity
can normally be expected even in rigorous meta-analyses.
To test how much outcome variance between studies can really
be attributed to PICOS differences between studies as well as bias,
rather than chance, the I2 statistics can be used (Fig. 1). The I2 value
is expressed as % and is often interpreted as: 1) I2 = 0–25%: low
heterogeneity; 2) I2 = 26–50%: moderate heterogeneity; 3) I2 = 51–
75%: substantial heterogeneity; and 4) I2 = 76–100%: considerable
heterogeneity [36]. This existence of considerable heterogeneity
does not render the ﬁndings of a meta-analysis worthless, but
reviewers should explore sources of heterogeneity in subgroup and
sensitivity analyses.
3.4. Subgroup and sensitivity analyses
Beyond calculating the overall effect size, it is often useful to
include subgroup analyses, particularly when there are variations
in patient and interventional features across trials. This way,
differences in effects between speciﬁc patient groups (e.g. women
vs. men; metastatic vs. non-metastatic cancer), interventional
features (e.g. pills vs. liquids; aerobic exercise vs. resistance
exercise) can be calculated. This allows for comparison of effect
sizes between groups; and facilitate exploration of potential
sources of heterogeneity in the overall sample. If heterogeneity (as
reﬂected by the I2 values) is lower in the subgroups than in the
overall sample, then heterogeneity might be driven by differences
between patient and interventional features across trials.
Sensitivity analyses are conducted by excluding all studies from
the analysis that were judged to have high or unclear risk of bias in
a speciﬁc domain. This analysis evaluate whether the pooled effect
is robust against bias. For instance, a signiﬁcant pooled effect may
become insigniﬁcant when studies with low risk of selection bias
are exclusively included. In this case, the effect is likely to be biased
by inadequate randomization and/or allocation concealment.
3.5. Assessing risk of publication bias
Beyond risk of bias in individual studies, a well-conducted
meta-analysis should also assess the presence of risk of bias across
studies, i.e. publication bias. Publication bias describes the wellknown fact that negative trials are less likely to be published than
positive one [37]. This phenomenon is attributable to a number of
reasons: (i) researchers, and especially clinician-researchers, are
often reluctant to publish ﬁndings that contradict what they
believe in and what they observe in clinical practice; (ii)
manufacturers have spent a lot of time and money in the
development and testing of a new drug or intervention devices,
and would not welcome the idea that all this effort and investment
would be becoming worthless; (iii) last but not least, scientiﬁc
journals’ editors are often more willing to publish positive trials
than negative ones, because the former are considered more
informative and/or interesting to the target readership, and would
probably attract more citations which help improving impact
factors of the journal.
Consequently, the absence of negative results will bias a metaanalysis towards overly positive results. There however is a simple
procedure for detecting the presence of publication bias in metaanalyses. The funnel plot method makes use of the fact that smaller
negative trials have a higher likelihood of not being published than
large positive ones (it is much easier to hide the conduction of an
n = 10 trial from the scientiﬁc community than that of an n = 10,000
trial). Asymmetry of funnel plots can be used to detect publication
bias, and essentially this plot is a simple scatter plot of the effect
sizes from individual studies against sample size or precision [38].
If there is publication bias because small negative trials remained
unpublished, there will be an asymmetry of the funnel plot there of
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a gap at the bottom of the graph (Fig. 2) [39]. While there also are
statistical tests (e.g Egger’s test) for publication bias available, they
often lack statistical power. Simple visual inspection of funnel plots
will be sufﬁcient for most basic meta-analyses.
4. Summary
Meta-analysis is a well-established method of pooling individual trial data into a summary estimate and the recent applications
of network meta-analysis has advanced researchers’ toolbox in
handling trials evaluating heterogeneous interventions. However,
the implementation of meta-analysis results in routine CIM
practice is not straight forward as CIM students and practitioners
have variable intention is applying such evidence in their practice
[40]. Aside from teaching CIM students and clinicians basic
competency in evidence based healthcare [41,42], the implementation of evidence in CIM will require stronger facilitation and
dissemination efforts, let alone methodological innovations that
allow creation of evidence that is more compatible to the complex
nature of CIM practices [43,44].
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