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� Indirect comparison can be used to compare

treatments that have not been directly

compared with each other in a head-to-head

trial. It is often used when there is no

evidence or insufficient evidence from head-

to-head trials, or when more than two

treatments are of interest.

� Indirect comparisons are usually conducted

using network meta-analysis, an extension

of meta-analysis that includes more than two

treatments. Network meta-analysis is also

referred to as multiple-treatments meta-

analysis. Network meta-analysis includes

indirect treatment comparison and mixed

treatment comparison, although all of these

terms are often used interchangeably. 

� Like meta-analysis, indirect comparison

combines data from different studies (usually

randomised controlled trials) in order to

produce overall estimates of treatment

effects. Basic assumptions required for

indirect comparisons include a homogeneity

assumption as per standard meta-analysis, 

a similarity assumption for indirect

comparison and a consistency assumption

for the combination of direct and indirect

evidence. It is essential to fully understand

these basic assumptions in order to produce

valid indirect comparisons.

� Indirect comparison is often part of the

systematic review process. The validity of

any indirect comparison also depends on 

the studies on which it is based. 

� The use of indirect comparison has 

increased rapidly in recent years, and 

indirect comparisons are now accepted 

by many health technology assessment

agencies.
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Why use indirect
comparison?
Meta-analysis is used to summarise the
relative efficacy (or safety) of two treatments
that have been directly compared in
multiple head-to-head trials. However,
policy-makers, physicians and patients must
often choose between more than two
treatments, or between treatments that
have not been directly compared in head-
to-head trials. In such cases, indirect
comparison is often possible.

Indirect comparison is possible when the
treatments of interest form part of a
connected network of similar trials (Figure
1; the similarity of the trials is discussed
further in the section ‘Basic assumptions’).
Part (a) illustrates a standard pairwise meta-
analysis – the two treatments, A and B, are
connected by a line because they have
been compared in head-to-head trials. In
part (b), we are also interested in
comparing treatments A and B; however,
there are no head-to-head trials that
include both A and B. Instead, both A and B
have been compared with a third
treatment, C. As A and B share a mutual
comparator, it is possible to conduct an
indirect comparison of A and B. In part (c),
we are interested in comparing five
treatments with each other. As the
treatments form a connected network, it is
possible to estimate the relative efficacy for
any pair of treatments within the network.

In part (d), we are again interested in
comparing treatments A and B. However, in
this case, it is not possible to conduct a
valid indirect treatment comparison.
Treatment A has been compared with
treatment C, and treatment B has been
compared with treatment D, but the
network is not connected. 

Networks of treatments can range from
very simple networks, such as that shown in
Figure 1, part (b), to complex networks that
include many treatments. The shape of the
network shown in part (b) is very common
because often new treatments will have
been compared with a placebo or standard
treatment but not with each other. Placebo-
controlled trials are often sufficient for
regulatory approval.1,2 Complex networks
may include many treatments and trials; for
example, a recent network meta-analysis of
antipsychotic drugs in schizophrenia
involved 16 treatments and 212 trials with a
total of 43,049 participants;3 and a network
meta-analysis of treatments for multiple
sclerosis involved 145 treatments across 109
trials and 26,828 participants.4

The earliest and simplest method for
indirect comparison was introduced by
Bucher et al in 1997.5 A Bayesian method,
suitable for more complex networks, was
introduced by Lu and Ades in 2004.6 Since
then, the use of indirect comparisons has
become much more common. A systematic
review by Lee identified indirect
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Figure 1. Networks of treatments
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comparisons published up to June 2012.7

He noted a rapid increase in their use from
2009 onwards. Indirect comparisons were
used to compare treatments for many
indications, including heart and circulation
conditions, rheumatology conditions,
cancer, and endocrine and metabolic
conditions.7

Methods for indirect comparison are now
accepted by many health technology
assessment agencies, including the National
Institute for Health and Care Excellence
(NICE) in the UK, the Canadian Agency for
Drugs and Technologies in Health (CADTH),
the Pharmaceutical Benefits Advisory
Committee in Australia, the Institute for
Quality and Efficiency in Health Care in
Germany and the Haute Autorité de Santé in
France.8

Motivating example
To illustrate these methods, we use an
example of risperidone versus haloperidol
for the treatment of schizophrenia, which
includes three randomised, placebo-
controlled trials of risperidone, nine
randomised, placebo-controlled trials of
haloperidol, and ten randomised controlled
trials that directly compared risperidone and
haloperidol (Table 1 and Figure 2).9 The
primary outcome in this example is the
proportion of patients without clinical
improvement.9

At first, we consider only the indirect
evidence – that is, the trials that compare
placebo with risperidone and the trials that

compare placebo with haloperidol. It may
be tempting to evaluate the active
treatments by comparing the proportion of
patients in the risperidone arms without
clinical improvement with the equivalent
proportion in the haloperidol arms.
However, this method is not advised and is
often referred to as naive indirect
comparison.10 Naive indirect comparison
treats different arms as though they were
from the same trial and does not account for
the randomisation within trials. This method
is equivalent to using evidence from
observational studies and is susceptible to

What is indirect comparison? What is ...?

Comparison                                            Number of trials Log odds ratio (SE) Odds ratio (95% CI)                            I2%

Placebo-controlled trials

Risperidone vs placebo                         3 –0.909 (0.218) 0.40 (0.26, 0.62)                                 37%

Haloperidol vs placebo                         9 –1.707 (0.318) 0.18 (0.10, 0.34)                                    11%

Risperidone vs haloperidol

Direct comparison                                  10 –0.262 (0.142) 0.77 (0.58, 1.02)                                   14%

Adjusted indirect comparison              3/9 0.798 (0.386) 2.22 (1.04, 4.72)                                   

Combination of direct and                   10+(3/9) 0.207 (0.527) 1.23 (0.44, 3.45)                                   
indirect estimates

NB A random-effects model was used in meta-analyses of trials and for the combination of the direct and indirect estimates. Odds ratio = EXP(log odds ratio)
CI: confidence interval; SE: standard error

Table 1. Meta-analyses of risperidone versus haloperidol for schizophrenia:
number of patients without clinical improvement9

Figure 2. Results of different methods of
comparing risperidone and haloperidol for
schizophrenia. Outcome: not clinically improved9 

CI: confidence interval
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bias. It may result in flawed
recommendations for clinical practice.
Therefore, naive indirect comparison should
not be used to synthesise data from
randomised controlled trials.10

The simplest valid method is adjusted
indirect comparison.5 Valid methods
preserve the randomisation within trials.
Instead of comparing the results from
individual arms within trials, adjusted
indirect comparison compares the relative
results versus a common comparator. In this
case, the relative efficacy of the active
treatments versus placebo can be measured
by the odds ratio (OR). The first stage uses
standard pairwise meta-analysis to estimate
the overall OR for each active treatment
versus placebo (Table 1).9 The overall OR for
risperidone versus haloperidol (ORRH) can
then be estimated by dividing the OR for
risperidone versus placebo (ORRP) by the OR
for haloperidol versus placebo (ORHP). 

ORRH = = = 2.22

It is also possible to calculate the variance
of this estimate and hence its confidence
interval (CI): 1.04, 4.72 (Table 1).9 The result
suggests that the odds of no clinical
improvement are higher in patients treated
with risperidone. Hence, the result is
favourable to haloperidol. 

Basic assumptions
The following three basic assumptions are
necessary for valid indirect comparison. The
assumptions all concern the homogeneity
of the studies included in the network:
studies should be similar in terms of patient
characteristics, the treatments administered
(for example, doses and formulations) and
the outcomes measured.11,12

Homogeneity

In standard meta-analysis, it is assumed that
different trials estimate the same single
effect (fixed-effect model) or different
effects are distributed around a typical value
(random-effects model).12 For each pairwise
comparison within a network, the trials
should be sufficiently homogeneous in
terms of their characteristics.11,12 For
example, if we consider the trials that

compared risperidone versus placebo, all of
these trials should have recruited patients
with a similar baseline severity of disease,
and evaluated similar doses of risperidone.
Heterogeneity in results across studies can
be quantified using I2.13 The I2 values are
included in Table 1 and indicate low to
moderate heterogeneity.9

Similarity (or transitivity)

For an indirect comparison to be valid, it is
necessary to extend the homogeneity
assumption. All the trials that contribute to
an indirect comparison must be similar
enough to enable a fair estimate of the
treatment effect to be calculated. This
assumption is referred to as the similarity (or
transitivity) assumption.11,12

Although it is possible to measure
heterogeneity, it is not possible to measure
similarity. Similarity must be carefully
evaluated by examining the characteristics
of each trial to be included in the indirect
comparison.11,12 All of the patients should
have been eligible to participate in any of
the trials.11 Systematic differences between
A versus B trials and A versus C trials could
lead to invalid and misleading comparisons
of B and C.11,12

Relative effects estimated in trials may
also be associated with the methodological
quality of the trials. Empirical evidence
indicates that poor-quality trials may report
greater treatment effects than well-
conducted trials, particularly when
outcomes are subjectively measured. Such
evidence showed that the results of
adjusted indirect comparison will be
unbiased when the two sets of trials are
similarly biased.9

Consider the indirect comparison of
risperidone and haloperidol via placebo
(Table 1).9 Patient characteristics, dose of
drug and treatment duration were similar
between trials. However, the clinical
improvement was defined differently
between the two sets of placebo-controlled
trials. In placebo-controlled trials of
risperidone, clinical improvement was
predefined as a 20% or greater reduction in
the total score on the Positive and Negative
Syndrome Scale or Brief Psychiatric Rating
Scale. In placebo-controlled trials of
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haloperidol, clinical improvement was rated
by clinicians using the Clinical Global
Impression or other scales.9 Therefore, the
results of indirect comparison should be
interpreted cautiously. 

Consistency

Consistency can be evaluated when both
direct and indirect evidence is available.
Consistency refers to the agreement
between the two sets of evidence.11,12 In our
example, the indirect comparison via
placebo led to an OR of 2.22 (95% CI: 1.04,
4.72) in favour of haloperidol. However, the
direct comparison leads to an OR of 0.77
(95% CI: 0.58, 1.02) in favour of risperidone
(Table 1 and Figure 2).9 The discrepancy
between the direct and indirect estimates is
statistically significant (p=0.01). Although
we can quantitatively combine the two
estimates, the pooled estimate (OR 1.23;
95% CI: 0.44, 3.45) may be invalid and
misleading.9

When both direct and indirect evidence is
available, consistency should always be
evaluated.11,12 If inconsistency is detected,
then it is important to investigate possible
causes of the discrepancy. In our example, it
has already been noted that the trials used
different definitions of clinical
improvement.9 This may have contributed
to the inconsistency. The doses and length
of follow-up in all 22 trials in the network
should also be reviewed, with assistance
from a clinician in the field. 

When the direct comparison differs from
the adjusted indirect comparison, we
should usually give more credibility to
evidence from head-to-head comparative
trials. However, evidence from direct
comparative trials may not always be valid.
Some case studies have indicated that
adjusted indirect comparison may provide
less biased results than head-to-head
comparative trials under certain
circumstances.9

Methods for indirect
comparison
An indirect comparison, like a meta-analysis,
should be based on the results of a well-
conducted systematic review. A systematic
review of more than two treatments is

sometimes called a comparative
effectiveness review or comparing multiple
interventions review.11 The review should
follow a clear protocol and include an
extensive search that is designed to identify
all relevant studies. Further details about the
systematic review process are provided in
What is meta-analysis?14 and What is a
systematic review?15 in this series.

Once the review is completed, the results
must be carefully assessed in order to
determine what indirect comparisons are
possible. This will depend on whether the
above assumptions are reasonable and
whether connected networks can be
formed. This can be a time-consuming
process, especially if there are many
treatments, studies or outcomes.

In the motivating example, the primary
outcome was binary (the proportion of
patients without clinical improvement) and
the results were summarised on the OR
scale.9 For binary outcomes, the OR scale is
most common, but indirect comparison can
also be conducted on the relative risk or risk
difference scales. It is also possible to use
indirect comparison to evaluate other types
of outcomes, including:
� Continuous outcomes; for example, the

mean change from baseline in some
measurements

� Survival outcomes; for example, overall
survival or progression-free survival on
the hazard ratio scale.
The same general methods for indirect

comparison apply regardless of the type of
outcome.16

In the motivating example, we used
adjusted indirect comparison to compare
risperidone versus haloperidol. This was a
two-stage process: first, pairwise meta-
analysis was conducted for each treatment
versus placebo; and, second, the results of
the two meta-analyses were combined. In
practice, indirect comparison is usually
conducted using more complex methods
that cover both of these stages
simultaneously.17

The complex methods are referred to as
network meta-analysis (or multiple-
treatments meta-analysis). Network
meta-analysis includes indirect treatment
comparison and mixed treatment

What is indirect comparison? What is ...?
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comparison. The use of the terminology
varies across publications. We follow the
definitions set out by the International
Society for Pharmacoeconomics and
Outcomes Research (ISPOR).1 It uses ‘indirect
treatment comparison’ to describe the
synthesis of evidence across networks that
do not contain any loops; for example,
indirect treatment comparison could be
applied to the network shown in Figure 1,
part (b). ‘Mixed treatment comparison’ is
used to describe the synthesis of evidence
across networks that include loops; for
example, mixed treatment comparison
could be applied to the network shown in
Figure 1, part (c). Most network meta-
analysis is conducted using Bayesian
methods, and WinBUGS is a common choice
of software.7,11 An introduction to Bayesian
statistics is provided in What is Bayesian
statistics?18 in this series.

Like standard pairwise meta-analyses,
network meta-analyses can be summarised
by forest plots. When Bayesian methods are
used, it is common to report an estimate of
the treatment effect (for example, an OR),
along with a 95% credible interval. Credible
intervals are the Bayesian analogue of CIs.
Bayesian methods also allow the treatments
to be ranked, by estimating the probability
that each treatment is best.16

Network meta-analysis is a developing
field and new methodology is continuously
being published. Recent developments
include methods that incorporate different
types of outcomes and methods that
incorporate both individual patient data
and aggregate data to adjust for differences
between studies in patient
characteristics.19,20

Appropriate use of 
indirect comparisons
A recent survey of published systematic
reviews found that methodological
problems in the use of indirect comparisons
for evaluating healthcare interventions
include the use of inappropriate or flawed
methods, the lack of objective or validated
methods to assess trial similarity, and
inadequate comparison or inappropriate
combination of direct and indirect evidence.
In particular, mixed treatment comparison

has often been used to combine direct and
indirect evidence without explicit
assessment of evidence consistency. To use
indirect and mixed treatment comparisons
appropriately, we need to adequately
understand and fully appreciate the basic
assumptions underlying valid indirect
approaches.12

Fortunately, tools are available to help
researchers evaluate the quality of
published indirect comparisons. The NICE
Decision Support Unit provides a series of
technical support documents for network
meta-analysis (available from:
www.nicedsu.org.uk/Evidence-Synthesis-
TSD-series(2391675).htm). The seventh
document in the series provides a checklist
for reviewers of indirect comparisons.21

ISPOR has also recently produced guidelines
for assessing the relevance and credibility of
indirect comparisons.8 The guidelines cover
22 aspects of indirect comparison – from
systematic review, to the methods of
analysis and interpretation of results.

Conclusions
Meta-analysis is a powerful tool for
evaluating pairs of treatments that have
been directly compared in head-to-head
trials. However, in many situations, multiple
treatments are of interest, and no trials
compare all of the treatments. Yet, policy-
makers, physicians and patients must make
informed decisions about the most
appropriate treatments. Indirect comparison
can be used to synthesise evidence from
multiple treatments that have not all been
compared directly. It provides decision-
makers with a means to select the most
appropriate treatments �
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Further reading
The references listed above are suggested as useful further reading. In
particular, Jansen et al (1) provide a general introduction to network
meta-analysis; Salanti (11) provides an excellent discussion of the
assumptions of indirect comparison.
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