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Conducting systematic review and meta-analysis (SR/MA) is a standard process for establishing evidences for
health technology assessment. Quality assessment of studies included in SR/MA and SR/MA studies should be considered.
This article provides recommendations on tools used for assessing the quality of studies included in each SR/MA and the
quality of SR/MA. For assessing the quality of randomized controlled trial, we recommend a tool called “Risk of Bias”, which
focuses on random generation, allocation concealment, blinding and outcome reporting. For assessing the quality of
observational study, the Newcastle Ottawa Scale (NOS) is recommended. The NOS consists of three different dimensions-
selection, comparability, and outcomes or exposure. Another tool which is recommended is the Down and Black scale. It
focuses on the quality of reporting, validity, bias and confounding, and power of study. For assessing the quality of SR/MA, we
recommend to use a checklist developed by Klassen et al, covering well-defined question, inclusion criteria, comprehensiveness,
quality of included studies, reproducibility, and external validity. This article also provides a fundamental of network meta-
analysis that should be considered where no direct evidence exists or when there is a need to compare multiple interventions
at the same time.
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An overview of the fundamentals of
systematic review/meta-analysis (SR/MA) and an
explanation of how they apply to health economic
evaluation was provided in the first edition of Health
Technology Assessment Guidelines for Thailand. In
this article, the authors will expand on this by exploring
a number of other topics related to quality assessment,
including several recommendations for assessing both
the quality of SR/MA and the quality of the studies

that are included in each SR/MA. It is hoped that these
recommendations will enable the users of these
guidelines to gain a deeper understanding of the quality
aspects of SR/MA. In addition, we will give a detailed
description of a more advanced topic-network meta-
analysis. The article will conclude with a set of clear
recommendations for the second edition of Health
Technology Assessment Guidelines for Thailand.

Quality assessment of studies for SR/MA
One of the most important processes when

conducting a SR/MA is the undertaking of a quality
assessment of the studies included in the review. While
the first version of Health Technology Assessment
Guideline of Thailand did refer to quality assessment,
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only a brief overview of the fundamentals was provided,
along with an introduction to the use of JADAD, a
well-known method for evaluating the quality of
randomised controlled trials (RCTs). In this article, the
authors will provide an in-depth explanation of quality
assessment for both RCTs and observational studies.

Quality assessment of RCTs
One tool that can be used to assess the quality

of RCTs is the composite quality scale, which provides
an overall quality score for the entire RCT. The JADAD
scale is a very widely used composite quality scale,
giving values ranging from 0 to 5, in which any study
with a score of 3 or over is considered to be of good
quality (full details of this approach are given in the
first version of Health Technology Assessment
Guidelines for Thailand). The JADAD approach suffers
from several limitations such as unfair assessment on
blinding and the lack of allocation concealment
assessment, both of which lead to questionable results
interpretation during the application process.

Recently, the Cochrane Collaboration
Working Group proposed an alternative approach to
assess the quality of studies. Known as the ‘risk of
bias’ approach(1), it is widely known for its high
acceptance, coverage of issues for evaluation, and its
clear process and criteria for evaluation. Risk of bias
considers the following seven domains of a given
study: 1) random sequence generation, 2) allocation
concealment, 3) blinding of participants or personnel,
4) blinding of outcome assessment, 5) incomplete
outcome data, 6) selective outcome reporting, and 7)
other sources of bias. Each domain is assessed for risk
of bias and categorized according to one of three levels:
high risk of bias, unclear and low risk of bias.

The Cochrane Collaboration Working Group
recommends that every study should present the level
of risk of bias for each study domain (as shown in
Table 1). In addition, the overall proportion of studies
with high, unclear and low risk of bias should be
graphically presented for each domain, as shown in
Fig. 1.

To provide an overall assessment of study
quality using a risk of bias tool, researchers have to
identify the key area(s) for each study. In any one study,
it is possible to have one or more key areas, depending
on the subject and objective of study. For example, in
studies of pain management, correctly implemented
blinding of subjects is crucial, since this can affect the
result of study and result in bias; in pain management
studies, therefore, researchers are likely to deem S
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blinding as a key domain. Generally speaking, the two
domains that most affect the quality of RCTs in a meta-
analysis are random sequence generation and
allocation concealment.

A summary of key recommendations for
evaluating overall quality of individual studies in an
SR/MA are given below:

- Studies are considered to have a low risk of
bias when all key domains are evaluated as low risk of
bias. In this case, the SR/MAs are more likely to have
low risk of bias.

- Studies are considered as an unclear risk of
bias when the risk of bias of at least one part of the key
domain is evaluated to be unclear. In this case, the
meta-analysis might have bias that may be affected by
the individual study.

- Studies are considered to have a high risk of
bias when one of the key domains indicates a high risk
of bias. The meta-analysis will be seriously affected by
the inclusion of any studies that have a high risk of
bias.

During the process of conducting a SR/MA,
researchers must consider the results of the quality
assessment of each individual study within the context
of the overall analysis. For example, researchers might
decide to include only studies with a low risk of bias or
they may decide to include studies with both low and
unclear risk of bias. Another option that researchers
can use to assess the robustness of the pooled findings
is a sensitivity analysis, which can be conducted to
identify and exclude studies with a high level of bias
risk. Researchers may choose to perform a subgroup
analysis by pooling studies according to the risk of
bias, or they may decide to pool all studies without
considering the risk of bias and address the issue of
risk of bias in the discussion section. Another important
step that is used to minimize bias in an SR/MA is the
incorporation of quality assessment into an analysis a
priori. An assessment of the quality of individual studies
is clearly an important part of the performance and
interpretation of any SR/MA.

Quality assessment of observational studies
SR/MA can be used not only with RCTs, but

also with observational studies. However, the process
of quality assessment of observational studies is a
somewhat different to that used to evaluate RCTs, due
to the fact that observational studies tend to have a
high risk of bias as a result of their low internal validity.
This means that quality assessment is especially
important for observational studies. The Cochrane
Collaboration Working Group recommends two
instruments to assess the quality of observational
studies-the Newcastle Ottawa Scale (NOS)(2) and
Downs and Black(3).

The NOS(2) is a checklist that is used to assess
the quality of observational studies; once applied, the
checklist results in an overall score for each study.
There are two versions of the NOS, according to the
type of observational study under assessment-one for
cohort study and one for case-control study. The NOS
consists of eight items that can be categorised in three
different dimensions-selection, comparability, and
outcomes (for cohort study) or exposure (for case-
control study). The quality assessment of NOS uses a
star system to rate quality, based on a semi-quantitative
assessment. An NOS score can range from 0 to 9 stars.
The highest score for each individual topic is 1 star.
Unlike other domains, 2 stars are given as the highest
score for comparability domain.

Downs and Black is another tool that has been
used in the quality assessment of observational studies.
In addition, a checklist, the Downs and Black consists
of 27 items that can be used to assess both randomised
and non-randomised studies. The main focus areas that
the Downs and Black assesses for quality are reporting,
external validity, internal validity covering bias and
confounding, and power of study. The highest possible
score is 28. The Downs and Black tool suffers from
several limitations, including that it is time consuming
and can only be conducted by those with a solid
background in epidemiology. Furthermore, it is difficult
to use Downs and Black to evaluate case-control study.
It is clear that both tools are different in terms of their
assessment items and their application. To date, no
clear guidelines have yet been provided by the
Cochrane Working Group on how to use these tools.
When conducting a meta-analysis, researchers may
consider using the quality evaluation findings from
these tools, as they would use quality assessment when
conducting a meta-analysis of RCTs. In this case,
researchers may include only observational studies
with a high score (such as a score higher than four

Fig. 1 Example of graphical presentation of results using
risk of bias tool (Adapted from Higgins et al(1)).
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when using NOS). Furthermore, researchers can
conduct subgroup analyses categorised by the quality
of the study or choose to present their overall findings
and address the issue of quality in the discussion
section.

In conclusion, assessing the quality of studies
is a crucial part of any SR/MA. Each piece included in
the present study should be evaluated with a standard,
internationally recognized tool. Moreover, researchers
should use the quality assessment component of the
SR/MA, in conjunction with the results obtained during
the analysis and interpretation process.

Quality assessment of SR/MA
The results obtained from an SR/MA are one

of the most important input parameters for Health
Technology Assessment (HTA); HTA researchers have
to read and critically appraise all relevant SR/MA studies
prior to using them in an HTA. By modifying the set of
questions first developed by Oxman et al(4) to evaluate
SR/MAs, Klassen et al(5) developed a total of six
questions that HTA researchers should apply when
deciding whether to use the data from a particular SR/
MA.

Question 1: Did the SR/MA address a focused, well-
defined question?

Research questions should be well defined in
terms of the population, intervention, comparator, and
outcome. All research questions should be defined as
part of the protocol development process. To prevent
possible bias, researchers must identify both primary
and secondary questions. When evaluating the quality
of a SR/MA, researchers should check whether the
research question or hypothesis has been defined and
has examined the primary question.

Question 2: Were the criteria used appropriate to
select articles for inclusion?

A focused, well-defined question will lead to
clear inclusion criteria. To reduce bias when deciding
which studies to include in an SR/MA, it is essential
that the characteristics of the studies be clearly defined.
Researchers should define population, intervention,
comparator, and outcome (PICO). In addition, SR/MA
may specify inclusion criteria in terms of study design,
study period, languages, and whether a study is
published or unpublished (for unpublished studies, a
clear justification of their inclusion should be provided).
It is worth noting that, while broad specification of
inclusion criteria for SR/MA increases the ability to

generalize the findings of this study, this may also result
in too much heterogeneity in the SR/MA. Therefore,
the users of the SR/MA may need to critically evaluate
whether their inclusion criteria are too broad, rendering
their findings subject to heterogeneity.

Question 3: Is it likely that important and/or relevant
studies were missed?

It is important to consider whether the
study search has been comprehensive enough. A
comprehensive search should use at least three
databases: PubMed/Medline, EMBASE, and the
Cochrane controlled trial registry. Other databases
related to the specific topic of the SR/MA should also
be included along with any of the studies referenced in
the included studies. Other sources, identified while
searching in other relevant databases or through
individual searches might also be required in some
situations.

Question 4: Was the quality of all included studies
assessed?

It is essential that the quality of the studies
that will be used in the SR/MA be assessed to ensure
validity of the findings. Higgins et al(1) recommend that
researchers report on the quality of all studies that will
be included in the SR/MA and indicate their quality in
the conclusion.

Question 5: Was the assessment of studies
reproducible?

To ensure that the SR/MA findings are robust
across all changes, such as method changes, it is
important to demonstrate, by a means of sensitivity
analyses, that the findings are robust.

Question 6: Were the study results similar across
studies?

When studies with heterogeneity are pooled,
the results may be imprecise and invalid. To identify
whether there are high levels of heterogeneity in the
pooled studies, it is necessary to determine whether
the included studies are different. Two standard testing
tools are used to conduct this assessment-the Cochrane
Chi-square (Q-test) and (I2). In general, studies are
considered to have significant heterogeneity when the
p-value according to the Q-test is less than 0.05 or
when the I2 is greater than 50%. The heterogeneity of
the included studies may stem from differences in
intervention, exposure, outcome, or population.

When heterogeneity exists, researchers
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should investigate the potential causes of the
difference. Specifically, researchers should look into
the characteristics of the population, the nature of the
intervention, the exposure, and the outcomes. When
interpreting the findings of SR/MA, users should pay
attention to whether SR/MA has been tested for
heterogeneity. Where heterogeneity exists between
studies, SR/MA researchers should report on how they
dealt with those differences by, for example, performing
a subgroup analysis of those studies.

All users of SR/MAs that include studies with
heterogeneity should assess whether researchers have
tried to search for the causes of that heterogeneity.
Furthermore, researchers should report on how the
heterogeneity of the included studies had been handled
since results that include heterogeneous studies can
be various and imprecise. In the situation where
included studies are homogenous, the pooling method
can use either a fixed-effects model or a random-effects
model(6). The decision regarding what method will be
used to combine studies should be specified a priori.
Researchers may decide to use a random-effects model
as the primary analysis tool with a fixed-effect model as
the secondary analysis tool.

Choosing an appropriate pooling method can
be problematic in some situations. For some studies,
researchers may decide to use a fixed-effects model
when there is no heterogeneity and to use a random-
effects model when heterogeneity exists, without
attempting to discern the causes of heterogeneity. The
use of fixed-effect models is acceptable with
homogenous studies, but the use of random-effects
model for heterogeneous studies can lead to biased
findings. This issue has been described in details in
the first version of HTA guidelines for Thailand.

Currently, there are some tools that have been
developed for the quality assessment of SR/MA. One
such tool is AMSTAR(7,8) (assessment of multiple
systematic reviews), which consists of 11 questions
that do not differ substantially from those in the SR/
MA quality assessment checklist of Klassen et al(5).

In conclusion, it is clear that assessing the
quality of studies that are to be included in an SR/MA
is a vital part of assuring the quality of the findings.
Where the findings of an SR/MA are to be used in an
HTA, the SR/MA quality assessment should evaluate
research questions, comprehensiveness of research,
inclusion criteria, the quality of studies, the robustness
of findings, and the level of heterogeneity among the
included studies. All of these issues should be
considered while using SR/MA for HTA as they might

affect the accuracy of the SR/MA findings.

Network meta-analysis
Conducting an SR/MA of RCTs is an accepted

standard process for establishing the evidence base
for HTA. In some cases, meta-analyses have been used
to combine quantitative data using statistical
methodology.

The traditional meta-analysis, also known as
the pairwise meta-analysis, is used to assess a new
intervention by comparing it with standard care. This
type of meta-analysis cannot be used to compare more
than two interventions nor can it used to compare
studies that have different characteristics. Generally,
more than two choices of intervention are used in an
HTA and comparison is usually made between the new
intervention(s) and a placebo or standard care. Very
few studies compare all choices in one study.

In 2002, a new tool, coined network meta-
analysis, was developed by Lumley(9). Network meta-
analysis is based on the calculation of relative effect
of multiple comparisons. Network meta-analysis is
considered to be a good method to compare the
effectiveness of standard and alternative interventions,
especially in HTA.

Principle and types of network meta-analysis
Network meta-analysis applies the principle

of a pairwise meta-analysis to create a network of multiple
pairwise analyses by calculating the relative effects
among different interventions through one or many
common comparators. A network meta-analysis needs
to be connected by establishing a network among
interventions. This could be a simple closed loop (Fig.
2A) or a complicated connected network (Fig. 2B).

Network meta-analysis can be one of two
types-indirect comparison (IC) or multiple treatment
comparison, also called mixed treatment comparison
(MTC) or multiple treatment meta-analyses (MTM). We
give a brief summary of these two types below:

1) Indirect comparison: IC is a method that
compares the relative effects of at least two

Fig. 2 A) Simple closed loop. B) Connected network.
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interventions for which a head-to-head comparison is
absent. The relative effects from indirect comparison
are considered indirect evidence. For instance, where
RCTs exist that compare the efficacy of drug A with
placebo C on outcome X and drug B with placebo C on
outcome X, but no RCTs exist that compare head-to-
head the efficacy of drug A with drug B on outcome X,
an indirect comparison could be used to compare the
efficacy of drug A and drug B through placebo C, which
is the common comparator (Fig. 3A).
Suppose,

D
AC-direct 

represents the relative effects of drug
A compared to placebo C.

D
BC-direct 

represents the relative effects of drug
B compared to placebo C.

D
 AB-indirect 

represents the indirect effects of
drug A compared to drug B.
D

AB-indirect
 = D

AC-direct
 - D

BC-direct
  Equation 1

Fig. 3A illustrates the relationship among
interventions in the network meta-analysis. Each arrow
points to the intervention of interest while the
comparator is located on the opposite side without an
arrow sign. In this case, placebo C is the common
comparator. This type of network is called anchored
indirect comparison or adjusted indirect comparison.

2) Multiple treatment comparison: MTC
combines the relative effects of interventions using
both direct and indirect evidence. An example of a
situation where a multiple treatment comparison might
be used would be where there are RCTs that compare
the efficacy of drug A with placebo C on outcome X
and drug B with placebo C on outcome X as well as an
RCT that compares the efficacy of drug A with drug B.
A multiple treatment comparison will combine direct
evidence (D

AB-direct
) with indirect evidence (D

AB-indirect
)

using a meta-analysis, as shown in Fig. 3B.
Let us suppose the following statements hold:

D
AB-direct 

represents the direct relative effect of drug A
compared to drug B and D

AB-indirect 
represents the indirect

relative effect of drug A compared to drug B. (Equation
1)

W
AB-direct

 is the weighted relative effect of D
AB-

direct 
(calculated by an inverse variance of head-to head

study)
W

AB-indirect
 is the weighted relative effect of

D
AB-indirect 

(calculated by an inverse variance of indirect
comparison)

D
AB-pooled 

is the relative effect derived from
multiple treatment comparison.

                                                         Equation 2
D

AB-pooled
 =

(W
AB-direct

*D
AB-direct

) + (W
AB-indirect

*D
AB-indirect

)

(WAB-direct + WAB-indirect)

Since multiple treatment meta-analysis
combines both direct and indirect evidence, it generates
a more precise relative effect and can be used to
compare directly the effectiveness of many
interventions at the same time. Moreover, this kind of
analysis allows all interventions of interest to be ranked.

General assumptions for network meta-analysis
Network meta-analysis is based on a number

of assumptions. The first one is the similarity
assumption. Studies included in network meta-analysis
have to be similar in terms of study design, population,
outcomes, outcome measurement, and quality of study.
Studies included in network meta-analysis need to be
homogenous in both within and between pair wise
comparisons. For example, suppose we compare
intervention A and B using a network meta-analysis.
The patterns of concomitant interventions received in
studies comparing A and C should be similar to that in
the studies comparing B and C. If different, the patterns
of concomitant interventions must not be an effect
modifier of relative effects because that could lead to
biased relative effects. This similarity assumption is
required for both indirect comparison and multiple
treatment comparison.

The second assumption is the consistency
assumption, also called the coherence assumption,
which is required when conducting a multiple treatment
comparison. The relative effects from the direct evidence
should be similar to those obtained from the indirect
evidence. It is important to test this assumption once
researchers have performed the multiple treatment
comparison. Nowadays, there is no standard method
to test the consistency assumption. However, one test

Fig. 3A The network diagram of indirect comparison.

Fig. 3B The network diagram of multiple treatment
comparison.
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that is widely accepted is the difference between the
relative effects of direct and indirect evidence, an
illustration of which is shown below.

Suppose the following statements hold:
D

AB-direct 
represents the direct relative effect of

drug A compared to drug B.
D

AB-indirect 
represents the indirect relative effect

of drug A compared to drug B (Equation 1).
Diff is the difference of relative effect between

direct and indirect evidences (Equation 3).
δ2

Diff
 is variance of the difference of relative

effect between direct and indirect evidences (Equation
4).

δ2
AB

 is variance of the relative effect of drug A
compared to drug B.

δ2
AC

 is variance of the relative effect of drug A
compared to drug C.

δ2
BC

 is variance of the relative effect of drug B
compared to drug C.
Diff = D

AB-direct
 - D

AB-indirect
     Equation 3

δ2
Diff

 = δ2
AB

 + δ2
AB

 + δ2
AB

     Equation 4

Z
statistic

 =             Equation 5

Analytical techniques used in network meta-analysis
Both fixed-effects and random-effects models

can be used in network meta-analysis. The process for
deciding which method is more appropriate is similar to
the pairwise meta-analysis outlined in the first edition
of HTA guidelines for Thailand. Furthermore, network
meta-analysis can be analyzed with either frequentist
or Bayesian approaches. With a frequentist approach,
the results will be reported as a point estimate with a
95% confidence interval. The 95% confidence interval
indicates that if study is repeated 100 times, 95 of the
100 results will fall in the range; frequentist approach
findings should not be regarded as representing direct
probability.

The Bayesian approach, which combines prior
information (prior probability distribution) with current
observed data, can also be applied to network meta-
analysis, to show the posterior probability distribution.
The results generated by application of the Bayesian
approach can be interpreted as direct probability, and
can be used for ranking the interventions. For these
reasons, the Bayesian approach is recommended for
use in HTA to inform the decision-making process.

Critical appraisal of network meta-analysis
Three key questions that need to be

considered when performing network meta-analysis.
The first is whether the studies included for each
pairwise meta-analysis are heterogeneous. The second
is whether studies across pairs are similar in terms of
population, outcomes, and quality of the studies. The
third, which is necessary when conducting a multiple
treatment comparison, examines whether there is
consistency between the direct and indirect evidence.

These three questions capture the key
assumptions of network meta-analysis, and represent
the key areas of evaluation. Moreover, critical appraisal
of network meta-analysis should include standard
assessment issues in pairwise meta-analysis, such as
publication bias.

Current situation: the usage of network meta-analysis
around the world

According to a report published by the
Agency for Healthcare Research and Quality in 2012(10),
only 25 publications have made recommendations or
provided guidance on the use of network meta-analysis.
Most of these publications focused on the importance
and application of network meta-analysis, and only two
provided a detailed methodology and interpretation of
their network meta-analysis findings.

In terms of the use of network meta-analysis
in the HTA process, in 2008 NICE (the National Institute
of Clinical Excellence) recommended that researchers
use evidence from head-to-head RCTs as the reference-
case analysis in HTA. However, NICE also outlined
that researchers may use evidence from network meta-
analysis in cases where network meta-analysis findings
provide additional important relevant information or
where there is no direct evidence that compares multiple
interventions in one study.

The Pharmaceutical Benefits Advisory
Committee (PBAC)(11) also recommends using evidence
from head-to-head RCTs where possible, and evidence
from network meta-analysis where no direct evidence
exists. CADTH also recommends using indirect
evidence where there is no direct evidence(12). In all
cases, guidelines are clear that justification should be
provided when network meta-analysis data are used,
together with a clear explanation of the methodology.
In 2009, CADTH(13) published a set of recommendations
for HTA on cancer treatment, recommending that
indirect evidence could be used for HTA where no direct
comparative evidence existed on the new intervention
and appropriate comparators.

In 2011 CADTH(14) published the Common
Drug Review Submission Guidelines for Manufacturers,

Diff

√δ2
Diff
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