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Meta-analysis

S. KUMAR, R. KUMAR, G. K. SINGH, J. AROCKIASAMY, R. P. MISRA

INTRODUCTION
It is customary to review the literature prior to a research
undertaking or research-related writing. However, such
reviews may not be comprehensive and may be guided
truths-only those facts being highlighted which the author
feels are important. Thus these reviews may be highly biased.

Meta-analysis is a strategy which overcomes some of these
problems. In meta-analysis a research question is addressed
by pooling the results of the average effect of association.
The major reasons for the recent interest in meta-analysis
are to enhance 'power' by greatly increasing the size of the
sample (which, especially in rare medical conditions, may
not be large enough in individual studies) as well as to resolve
the conflict between the results of individual studies.

Meta-analysis is an analytical approach to the synthesis of
evidence which may be published or unpublished. It is a
method for making the best use of available data. It has a
number of roles which include synthesis of evidence on
aetiology or causation and outcomes of intervention. This
technique is becoming increasingly important to a wider group
of professionals, which includes clinicians, epidemiologists,
statisticians, government health workers and manufacturers
of medical products.

A meta-analysis can be viewed as an extreme form of a
multicentre study. There is a continuum from the true
multicentre study, in which all centres follow an identical
protocol, to a collection of studies addressing the same
general therapeutic question but different protocols, treat-
ments and primary response variables.'

OBJECfIVES
The objectives of meta-analysis include the following:

1. To increase statistical power for primary end-points and
for subgroups.

2. To resolve uncertainty when reports disagree.
3. To resolve estimates of effect size.
4. To answer questions not posed at the start of individual

trials.

These functions are particularly applicable to randomized
controlled trials, because such trials are often too small to
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detect clinically important differences. However, reports on
cross-sectional surveys, case studies and even laboratory
experimental data can be examined through meta-analytical
strategies. Indeed, formal meta-analyses have more commonly
been performed to resolve the controversy of effect size in
controlled trials.

We are often confronted with a clinical situation where
there is an enormous amount of published information and
yet no clear and convincing answer to the problem. For
example, the role of adjuvant chemotherapy in early carcinoma
of the breast.? the role of the prophylactic shunt operation in
portal hypertension or the routine use of prophylactic
antibiotics in clean general surgical operations. Similarly,
some of the situations in which meta-analysis has been useful
are thrombolytic therapy in acute myocardial infarction, and
the effect of physical activity! and the use of aspirin in
patients with coronary artery disease. 4

NEED FOR META-ANALYSIS
Meta-analysis is conducted like any other major research
project. The task may be arduous and take 1 or 2 years to
complete. A large amount of data may have to be collected
and analysed scientifically. 5 The author however must have a
clear research question. The main issues are whether there
are good studies available that disagree on a single question,
perhaps because of the small size of their samples. Meta-
analysis is useful when there is a need to identify effective
treatment for a common disease if the treatment is widely
practicable. There are several methods of pooling the data
and estimating the combined effect size with enhanced
power. The issues in pooling data from different studies go
beyond simple statistical questions. How different can the
treatment be? How different can the follow up be? Should
studies on patients with different risk factors be included?
We always combine centres in a multi centre trial but we
assume that patients from each centre will fall into most of
the strata or, at least, that there will be substantial overlap.
The techniques of meta-analysis rarely elaborate the ques-
tion of which studies should be pooled. Both clinical and
scientific judgment are required to formulate a sensible
question and make an adequate selection from the universe
of studies available.

The important qualities of meta-analysis that will be
described are in the following areas:

1. Design
2. Control of bias
3. Combinability
4. Statistical analysis
5. Applicability
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THE DESIGN
The precise question to be answered
A typical question in an intervention trial may be, 'Is A
better than B?' Here we are only looking at the main effects.
On the other hand the question might be, 'For whom is A
better than B?' when we are looking for interactions. A third
question might be, 'Will A be better than B in my clinical
practice?' This IS a combination of the two previous ques-
tions. For treatments that are evolving in time the question
might be, 'Is A currently better than B?' and leads on to the
question whether older papers comparing A and B should be
included in the review. In public health the question might
be, 'Does A cause or prevent B?', with the same subsequent
modifications in framing the research question. Exposure to
A might be very different in the past and so older published
papers might not be relevant.

The protocol
The criteria for inclusion and exclusion should be decided
upon early. Inclusion criteria might be only randomized
studies, published studies or studies which have measured a
specific outcome such as recurrence after a hernia operation
within 1 year. It is important to make a list of all the studies
considered and highlight those included or excluded. This
will permit peer review by experts in the field.

Literature search
A comprehensive literature search is an absolute necessity.
Since a valid meta-analysis should include as many relevant
trials as possible, the authors should provide details of their
search procedures. At present, it is insufficient to rely on
computer searches of the literature since these may yield less
than two-thirds of relevant trials. A computer search can be
supplemented by consulting Current Contents, reviews,
textbooks or experts in the field, as well as by reviewing
references in the conventional manner.

Variables
In order to judge the validity and generalizability of a meta-
analysis, data should be provided on the patients' diagnoses,
treatment and end-points in the original studies. It is not
possible here to provide more than broad general outlines,
but specific rules can' and should be developed for each
meta-analysis. The range of patient characteristics in all the
trials analysed (age, sex, relevant socio-economic data and
concurrent diseases) should be included. The range of treat-
ments should also be defined. Did all patients in all trials
receive the same or similar treatment? In meta-analyses of
drug treatment, were trials combined that used the same
drug or the same class of drug? The dosage and route of
administration, as well as the frequency and duration of
treatment should be available in all the trials to be pooled.
Similarly, data should be presented on the range of diagnoses
in the pooled trials. Were the diagnostic criteria the same in
all trials? What stages or grades of disease were included?
These are presented preferably in a tabular format high-
lighting the main features of the papers included and excluded. 5

CONTROL OF BIAS
When performing meta-analysis, potential sources of un-
conscious bias should be controlled whenever possible. The
following are some of the biases that might inadvertently
creep into a report.
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Selection bias
The decision to include a paper should be made by looking
at its methods and not at its results, or by looking at these
two separately under coded conditions.

Data extraction bias
As in any other data gathering process that requires inter-
pretation, observers may disagree. When papers list a variety
of subgroups, end-points or exclusions it is quite possible that
readers may vary in interpreting the data in a particular
study. The ideal way to control this type of bias is to have the
data extracted by more than one observer, each of whom is
blinded to the various treatment groups through a coded
photocopying process and then to measure the inter-observer
agreement.

Publication bias
One of the criticisms of meta-analysis is that there may be
some unpublished studies that would contradict the results
of those that have been published and there is also some
evidence that negative studies are less likely to be published
than positive ones." A simple method has been proposed for
calculating the number of unpublished negative studies
required to refute the published evidence which provides a
useful measure of the strength of the latter. Another variant
of publication bias can be illustrated by the example of the
results of the effects of highly selective vagotomy which were
shown to be satisfactory for many years and it was only much
later that negative reports of the procedure started appearing
in the literature.

COMB INABILITY AND STATISTICAL ANALYSES
A major issue in pooling data is whether the results of
separate trials can be meaningfully combined. This should be
carefully addressed in sufficient detail by the meta-analyst
to convince the reader that a useful and clinically relevant
result will be obtained. This can be learnt fairly easily by
any clinical researcher. 7 ,8

Criteria
What criteria were used to decide that the studies ana lysed
were similar enough to be pooled? The meta-analyst should
note any differences in the primary studies and discuss how
these differences affect the conclusions.

Measurement
Related to the problem of combinability is the statistical issue
of heterogeneity, In addressing questions of combining
estimates from different studies statisticians distinguish
between two possible models. In the first model each study
is considered to be a sample from the same population and
provides an estimate of a single underlying true rate, and any
differences are attributed to experimental error (within study
variability). In the second model each study is considered to
be from a different population, the rate varies from study to
study and differences are due to experimental error and to
differences in the population (between study variability).
There are various methods for deciding which of the above
models is more appropriate.

Effect size
Quantitative variables. We need a measure that is unitless



KUMAR n el. : META-ANALYSIS

or dimensionless to combine studies with different measures.
If mAand mBare the mean outcomes for group A and group
B and S is the standard deviation of the observation, then
effect size (ES) is obtained from:

ES==(mA-mB)/S

If both exposure and outcome variables are continuous
then a correlation coefficient may be used. Occasionally, a
standard regression coefficient is used, i.e. the amount
the dependent variable changes for a unit increase in the
independent variable.

Qualitative variables in clinical trials. If PA and PBare the
proportions of the populations? successfully treated by
methods A and B the clinician is usually interested in its ES
and this can be calculated by the formula

ES==PA-PB
Qualitative variables in observational studies. The ES is

commonly taken to be the odds ratio, the relative risk. If PA
and PBare the incidences of the disease in group A and group
B then:

Measure of precision
The general rule is that the precision (the inverse of the
standard error) of a study increases as the square root ofthe
sample size. If OA and 08 are the observed events in two
groups, and rAand r8 are the rates of events in those groups,
then the standard error of rAfr8 can be estimated by:

rA/r8x(1I0A + 1108)112

and a measure of precision by the inverse of this.

Lumping or collapsing
One of the simplest and most frequently used methods in
multicentre randomized clinical trials is to combine data
across strata into a single set, thereby ignoring the inherent
stratification. In this sense, studies are lumped or collapsed
together. Even in single multicentre trials where the strata
are clinics, this is often done. Despite this practice, strati-
fication should probably be included in the analysis. For
combining several studies which may differ in a variety of
ways, there seems to be an even stronger argument for not
simply collapsing.

One can construct examples with two studies having
results identical in magnitude but opposite in direction.
Assume that we are pooling the results of studies with success
(S) or failure (F) rates being compared between two groups,
treatment (T) and control (C). One way to summarize the
proportion of events changed by the treatment is by the
relative risk: RR=PtlPc, where Pt and Pc represent the

Results of first study
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respective success rates. An example is given in Fig. 1. The
first study has a relative risk of 3 and the second a relative
risk of 1/3. Combining these into a single data set would
result in a study with no treatment effect (RR= 1.0) and be
misleading.

Graphical presentation
In keeping with the concept of considering the study as a
stratification factor, various investigators have presented
their review and summary in a graphic manner. As before,
assume we are considering studies with a dichotomous out-
come. The relative risk can also be approximated by the
odds ratio:

OR=Pt(l- Pc)/[Pc(l- Pt)]

the distribution of which is more mathematically tractable:

Success Failure

Treatment a b

Control c d

Using the data as summarized in the above 2x2 table,
where Sand F denote success and failure respectively, we can
estimate the odds ratio to be ad/be, where the values a, b, c
and d represent the various cell counts. The 95% confidence
interval is given by the expression

~exp [±1.96(1Ia+1Ib+1Id)]

If this is done for each study under review and the estimates
of the OR and associated 95% confidence intervals are
plotted on a single graph, we get a visual impression of inter-
study consistency on the same scale of measurement. An
example is shown in Fig. 2. Using them, one can make visual
interpretations and evaluations of the overall results.

Obviously, similar graphs may be developed for continuous
variables. For example, we could compare proportionate
differences in mean values, (Mt-Mc)/Mc with a 95%
confidence interval, where Mt and Mc are the treatment and
control group means.

Combining studies-averaging p values
If we let Pi be the p value for the ith of n studies, then R. A.
Fisher proposed using: l2= -2Iog(Pi), which under the null
hypothesis has a chi-squared distribution with 2N degrees of
freedom. The advantage of this method is that very often
authors do not quote effect sizes. The major disadvantage is

Results of second study Overall (collapsed) result

Treatment Control

Success 15 5

Failure 85 95

Treatment Control

Success 5 15

Failure 95 85

Treatment Control

Success 20 20

Failure 180 180

Relative risk=3 Relative risk=1/3 Relative risk=1

FIG 1. A problem with collapsing or lumping studies
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FIG2. Odds ratio with 95% confidence interval

that it gives equal weight to studies with equal p values, but
with opposite effects.

For categorical variables one can combine results using the
method of Mantel and Haenszel (or Peto). Let OJ be the
number of exposed cases in the ith observational study, or
the number of successfully treated people on treatment A in
a controlled trial. Let E, be the expected number under
the null hypothesis, and Vj the variance. Let 0, E and V
be the sums of the respective components. Then an overall
test of the null hypothesis is (0- E)2N which has a chi-
squared distribution with 1 degree of freedom. The pooled
odds ratio can be estimated by OR+exp[(O-E)N] and
a 95% confidence interval by exp[(O-E)N]-1.96N to
exp[(O- E)N]+ 1.96N.

APPLICATION OF RESULTS
Once the results of the pooling process are available, the
meta-analyst should attempt to put them into perspective on
the basis of all the considerations listed above. Is the new
therapy definitively established as more effective than the
old for al\ patients or only for some subgroups? Or should the
conclusions be taken only as suggestions for future study?

One of the most exhaustive meta-analyses done to
evaluate the ever raging controversy of systemic treatment of
early breast cancer was published in The Lancet. This report
included 133 randomized trials involving 31000 recurrences
and 24000 deaths among 75 000 women.! In today's climate
of financial constraints on health care expenditure, it is
increasingly important to consider the economic impact of
adopting new methods of diagnosis and treatment.
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META-ANALYSES VERSUS LARGE STUDIES
Often, when both meta-analyses and large studies have
been conducted to answer a research question, these answers
have complemented each other. Yusuf et al. \0 have strongly
argued in favour of conducting large, randomized but simple
trials for common conditions. A debatable point is whether
one should carry out a small study, knowing that it lacks
statistical power, in the hope that someone else will include
it in a meta-analysis. For clinical studies some investigators
have taken the view that in the absence of any firm evidence
in favour of one of the two treatments, all clinicians with
eligible patients should randomize them. These mini-trials
could then be combined with some form of meta-analysis. In
the case of observational studies the answer is even more
unclear. If subjects are available it seems hard to justify
the idea of deliberately commencing a study with inadequate
power.

CONCLUSION
If meta-analysis is to be accepted as a scientific discipline,
each exercise should be conducted like a scientific experi-
ment, beginning with a clear idea of the question to be
answered. Attention needs to be paid to intra-observer and
inter-observer variability, and attempts should be made to
identify and minimize bias.
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