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1

	 1	​Introduction to study 
designs and randomised 
controlled trials

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Explain the main purpose of clinical research from an evidence-based 
healthcare perspective

•	 List the different study designs
•	 Describe the salient features of different study designs that distinguish 

them from each other

OVERVIEW

A clinical study is a research study using human volunteers. The main intention 
of clinical studies is to add to medical knowledge. The evidence from previous 
clinical research is a major aspect of informed decision making and may deter-
mine the patient’s preference for a diagnostic test or treatment, another funda-
mental element of evidence-based healthcare. Several aspects about a disease 
can be studied in clinical research and the study design will depend upon the 
aspect of the disease that needs to be investigated.

Quantitative research can be further divided into observational studies, 
quasi-experimental studies and experimental studies. In observational studies, 
the researcher takes a passive role in making measurements on the study sub-
jects. Major types of observational analytical studies are cross-sectional stud-
ies, cohort studies and case-control studies.

In experimental studies, the researcher applies an intervention and exam-
ines its effect. Randomised controlled trial (RCT) is the main type of 
experimental study design. The major variations to the standard two-armed 
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parallel RCT include three-armed parallel RCT, factorial RCT, cluster RCT and 
cross-over RCT.

Quasi-experimental studies share some features of observational studies, in 
that the researcher does not apply an intervention, but have some advantages 
over the observational studies as they consider some errors in interpretation of 
data inherent in observational data and adjust for these in analysis. The two 
common quasi-experimental studies to find whether an intervention works are 
the interrupted time series design and difference-in-differences design.

CLINICAL STUDIES

What are clinical studies?
According to the National Institute of Health, a clinical study is a research study 
using human volunteers. [1] The main intention of clinical studies is to add to 
medical knowledge.

Why do we need clinical studies?
Using the best available evidence from systematic research is one of the fundamental 
elements of evidence-based healthcare. [2] The evidence from previous clinical 
research is a major aspect of informed decision making and may determine the 
patient’s preference for a diagnostic test or treatment, another fundamental element 
of evidence-based healthcare. In addition, it is important to understand more about a 
disease so that government can make appropriate funding decisions in terms of 
resources available to implement a clinical policy. Even in non-state funded health-
care systems, such as insurance company funded healthcare systems or patient (or 
patient carer) funded healthcare systems, the results from clinical research may have 
a major impact on the resources available to perform a treatment. Thus, clinical stud-
ies have an impact on all the fundamental elements of evidence-based healthcare. In 
addition, existing clinical research is often one of the key factors taken into consider-
ation in grant-awarding bodies’ funding decisions about future clinical research, 
irrespective of whether these are government-based grant funding bodies, charity-
based funding bodies, local funding bodies or industry-based funding bodies.

STUDY DESIGN

Reason for different study designs
Several aspects of a disease can be studied in clinical research and the study 
design will depend upon the aspect of the disease that needs to be investigated.
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Understanding how frequently a disease occurs will help in the calculation of 
personal, social and economic impact, that is, the social and economic burden of 
the disease. Understanding the risk factors for a disease and underlying pro
cesses which lead to the disease will help us understand the pathophysiology of 
the disease and prevent or limit the disease process. Understanding the natural 
history or natural course of the disease will help us understand the prognosis in 
terms of whether the disease affects the longevity or quality of life or both. This 
will help in determining whether there is a necessity to detect the disease early 
and whether there is any necessity to intervene so that the natural history of the 
disease can be altered. This will also help us understand the social and economic 
burden of the disease.

Understanding how to identify a disease is necessary before any attempts are 
made to alter the natural history of the disease. This might involve understand-
ing the implications of making an early diagnosis or of missing a diagnosis alto-
gether. Comparing the different interventions available for the prevention or 
treatment of the disease in terms of how safe the intervention is, how effective 
the intervention is in terms of improving the outcomes that are important to 
people at high risk of developing the disease or people who have already devel-
oped the disease, and the resources required to carry out the intervention will 
help in making informed decisions.

In this context, there is a subtle difference between the terms ‘intervention’ 
and ‘treatment’. The term ‘intervention’ refers to an intervention in people with 
or without the disease, while the term ‘treatment’ refers to an intervention in 
people with disease.

Finally, understanding the prognostic factors will allow the intervention to 
be tailored to individual patients’ needs, an aspect that some people call ‘person-
alised medicine’.

Types of studies

Classification
There are several ways in which research studies can be classified. One way is to 
classify them as quantitative or qualitative research. In this book, we are inter-
ested in quantitative research. Therefore, we will only describe quantitative 
research further.

Quantitative research indicates research based on information that can be 
shown in numbers. Quantitative research can be further divided into observa-
tional studies, quasi-experimental studies and experimental studies.

In observational studies, the researcher takes a passive role in making 
measurements on the study subjects. Observational studies can be descrip-
tive studies which examine the distributions of predictors and outcomes in a 
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population, and analytical studies that find the association between the studies. 
The major categories of analytical observational studies in the context of clinical 
(and preclinical) research are cross-sectional studies, cohort studies and case-
control studies. [3]

In experimental studies, the researcher applies an intervention and examines 
its effect. [3] RCT is the main type of experimental study design. [3]

Quasi-experimental studies are another category of studies and include five 
major study designs: instrumental variables, regression discontinuity, inter-
rupted time series, difference-in-differences, and fixed effects designs. [4] They 
share some features of observational studies, in that the researcher does not 
apply an intervention, but have some advantages over the observational studies 
as they consider some errors in interpretation of data inherent in observational 
data and adjust for these in analysis. [5]

As the main purpose of quasi-experimental and experimental studies is to 
compare different interventions, experimental studies are all analytical studies. 
A graphical representation of the types of quantitative research is shown in 
Figure 1.1.

Among the different study designs, quasi-experimental studies and some 
cohort and case-control studies which investigate the association between an 
intervention and outcome are called non-randomised studies of intervention 
(NRSI). RCTs and NRSI are the focus of this book.

Observational studies
As indicated earlier, in observational studies, the researcher takes a passive role 
in making measurements on the study subjects. The major types of observational 
analytical studies are cross-sectional studies, cohort studies and case-control 
studies. Measurement of both exposure and outcomes is performed. In the 

Observational

Descriptive studies

Analytical studies

Cross-sectional studies

Cohort studies

Case-control studies

Clinical (and preclinical) studies

Instrumental variables

Regression discontinuity

Interrupted time series

Difference-in-differences

Fixed effects

Experimental

Randomised controlled trials

Quasi-experimental

Figure 1.1 ​ Graphical representation of the types of quantitative research
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context of investigating the association between an intervention and outcome, 
exposure indicates ‘intervention’. At least two groups differing by exposure are 
compared in terms of outcomes.

In cross-sectional studies, the exposure and outcomes are measured at a cer-
tain point or period (of time). In case-control studies, we start with cases (‘people 
with outcomes’) and controls (‘people without outcomes’) and measure the expo-
sure in cases and controls. In cohort studies, we start with people without out-
comes, measure their exposure, and follow them over time to find out if they 
develop the outcome.

It is useful to learn some terms in the context of observational studies before 
learning more about the studies themselves. ‘Prospective’ indicates collection of 
information that happens now and in the future. ‘Retrospective’ indicates collec-
tion of already existing information, for example, review of records. A graphical 
representation of differences in the analytical observational studies is shown in 
Figure 1.2.

The cohort study design shown in Figure  1.2 is a combined retrospective-
prospective cohort study design. In a prospective cohort study design, the 
cohort exposure happens in the current time or even in the future and subjects 
are followed in the future. In other words, the exposure and outcome happen 
further along the timelines than shown in the figure. In retrospective cohort 
studies, the outcomes in the cohort have already been measured. In other 
words, the exposure and outcome happen ahead of the timelines shown in the 
figure.

As only cohort studies and case-control studies are of relevance to interven-
tion reviews, we describe the major features of these two study designs only.

Past Current time Future

Cross-sectional
Exposure and
outcome at a

particular time

Case-control
People with outcome
(cases) and without
outcomes (controls)

Case-control
Exposure

Cohort
Outcome

Cohort
Exposure

Figure 1.2 ​ Graphical representation of differences in timing of measurements in 
analytical observational studies
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Cohort studies
Cohort means a group of soldiers that marched together (in ancient Roman 
terms). In the context of clinical research, a cohort is a group of subjects, speci-
fied at the outset and followed over time. [3]

A cohort study in which the researcher starts collecting the data now and fol-
lows participants over a period (of time) is called a prospective cohort study. On 
the other hand, in a retrospective cohort study, the data have already been col-
lected. In one sense, you can consider a retrospective cohort study as travelling 
in a time capsule to a past time to identify a cohort and following them up until 
current time. However, unlike time travel fiction, you are not able to alter the 
events; you can only observe. In other words, you cannot influence what data 
were collected on the individuals and how they were collected. Sometimes, you 
can get a mixed retrospective-prospective study. This is like a retrospective study 
except that we do not stop the follow-up of patients at current time; we will fol-
low them in the future too.

Case-control studies
In a case-control study, the researcher begins by choosing one sample of people 
with the outcome (the ‘cases’) and another sample of people without that out-
come (the ‘controls’); they then compare the levels of predictor variables in the 
two samples to see which predictors are associated with the outcome. [3]

Experimental studies
RCT is the only true experimental study. In experimental studies, the researcher 
applies an intervention and examines its effect. In the classic RCT design, the 
researcher begins by assigning a participant to intervention or control randomly 
(random allocation or random assignment). This is shown in Figure 1.3. The con-
trol group could be another intervention or no active treatment. Participants are 
then followed to see whether they develop the outcome.

There are many variations to the standard design of RCT.

Multi-armed parallel RCT
In a multi-armed parallel RCT, the eligible population is randomised to three or 
more arms rather than to intervention and control. An example of a three-armed 
parallel RCT is shown in Figure 1.4. In the figure, the eligible population is ran-
domised to three groups, namely, adjuvant radiotherapy, adjuvant chemother-
apy or to no adjuvant treatment, rather than to just two arms. The three groups 
are then followed to measure the outcomes. Apart from the number of arms, the 
multi-armed parallel RCTs are conducted in the same way as two-armed parallel 
RCTs. It is also possible to use a multi-armed parallel RCT to determine whether 
the effect is greater with increasing dose of the treatment.
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Intervention Control

Figure 1.3 ​ Standard two-armed parallel RCT
The figure shows that individual participants are randomised to intervention and control 
groups.

Radiotherapy Chemotherapy No adjuvant
treatment

Figure 1.4 ​ Three-armed parallel RCT
The figure shows that the eligible population is randomised to three groups, namely, 
adjuvant radiotherapy, adjuvant chemotherapy and no adjuvant treatment, rather than to 
just two arms.

Factorial RCT
In standard two-armed parallel RCTs, only one intervention is compared to con-
trol. In multi-armed RCTs, multiple interventions can be compared but we do not 
know the additive value of the multiple interventions. In the example given pre-
viously, we can calculate the effect of adjuvant chemotherapy versus no adjuvant 
therapy and radiotherapy versus no adjuvant therapy, but we cannot know the 
effect of the combination of adjuvant radiotherapy plus chemotherapy versus no 
adjuvant treatment. Now, we could include another arm to the three-armed 
trial, that is, radiotherapy plus chemotherapy. However, this will increase the 
sample size even further. An alternative is to conduct a factorial RCT.
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The simplest form of factorial randomised controlled design is shown in 
Figure  1.5. Here the participants are divided into four groups. One group has 
both the interventions (or factors) present. The second group has the first factor 
present but the second factor absent. The third group has the second factor pre
sent but the first factor absent. In the fourth group, neither factor is present. This 
type of trial design is efficient in that it is possible to determine the effect of two 
factors on an outcome even though the sample size required is the same as that 
of a simple two-armed parallel trial. [6]

Cluster RCT
In a cluster RCT, rather than randomising individual participants, clusters of 
participants are randomised (Figure 1.6). First the population is split into clus-
ters. This is usually based on geographical location such as a town, a hospital or 
a General Practice. Other form of clusters could be family clusters. Each cluster 
is randomised to receive intervention or control. The outcomes are measured in 
each member of the cluster.

The reason for cluster RCT is that some interventions can only be studied by a 
cluster RCT design. For example, nutritional supplementation (fortification) in 
school diet to prevent iron deficiency anaemia or thyroid hormone deficiency 
can only be evaluated by cluster RCT as fortification with iron or iodine will be 
applied to all cooked meals in a school. It is not practical to have two kitchens in 
the school and randomise individual school children. In this situation, each 
school will be randomised to fortification or no fortification, and all the children 

Factor 2
present

Factor 1
present

Factor 1
absent

Factor 2
absent

Factor 2
absent

Factor 2
present

Figure 1.5 ​ Factorial RCT
This figure shows that the participants are divided into four groups. One group has both 
the interventions (or factors) present. The second group has the first factor present but the 
second factor absent. The third group has the second factor present but the first factor 
absent. In the fourth group, neither factor is present.
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in a school will receive or not receive the fortified diet depending upon whether 
the school has been randomised to fortification or no fortification.

Another example is that of an infection control policy, which can only be 
applied at ward level (for example, different disinfectants are used in different 
wards to decrease hospital-acquired infections) or even hospital level (for exam-
ple, routine screening for nasal colonisation of Methicillin-resistant Staphylococ-
cus aureus (MRSA) versus no routine screening to decrease MRSA transmission 
in the hospital).

Cross-over RCT
In cross-over RCT, all the participants in the trial receive both the intervention 
and control. However, the order in which the participants receive the interven-
tion and control is chosen at random as shown in Figure 1.7. Cross-over RCTs are 
suitable for stable chronic conditions which do not get cured by the treatments. 
For example, people with diabetes may undergo a cross-over RCT evaluating two 
different drug-therapy regimens to identify which of these two regimens offers 
better diabetic control. There must be a wash-out period between cross-over to 
ensure that there is no residual effect of the first treatment. This wash-out period 
depends upon the half-life of the drug.

Cross-over RCT is not a suitable study design for diseases which progress or 
resolve over time, for example, common cold. They are also not suitable for condi-
tions which are cured by the intervention. This is because when the groups cross 
over, the disease is no longer present, and the effect estimates will be biased. They 
are also not suitable to study long-term outcomes because it is not possible to deter-
mine whether the long-term effects were because of the intervention or control.

Intervention Control

Figure 1.6 ​ Cluster RCT
In a cluster RCT, rather than randomising individual participants, clusters of participants are 
randomised.



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE10

Quasi-experimental studies
The causal inference (that is, the observed difference in the outcome is because of 
the intervention) for all the types of quasi-experimental studies is based on the 
assumption that the stable unit treatment value assumption (SUTVA) is met. In other 
words, the value of an outcome for a unit exposed to the treatment of interest is the 
same irrespective of the mechanism used to assign the treatment and independent 
of the treatments that other units receive. [4] This means that the participants 
should not be assigned to receive intervention or control based on the likelihood of 
developing the outcome. For example, while evaluating the effect of major surgery 
versus palliative treatment on survival, assigning a participant with lower cancer 
burden and fewer comorbidities to surgery and higher cancer burden or more 
comorbidities to palliative treatment will violate the SUTVA assumption, as the 
choice of surgery versus palliative treatment is based on the likelihood of survival, as 
higher cancer burden and more comorbidities are associated with poor survival.

In addition, the ‘unconfoundedness’ assumption (meaning, there is no con-
founding) must be met in observational studies to establish causal inference. In 
quasi-randomised studies, the unconfoundedness assumption is replaced by 
other (often weaker) assumptions. [4]

However, these assumptions are difficult to test in most types of quasi-
experimental studies. The two common quasi-experimental studies to find 
whether an intervention works are the interrupted time series design and the 
difference-in-differences design.

Intervention Control

Figure 1.7 ​ Cross-over RCT
The figure shows a cross-over RCT, in which all the participants in the trial receive both the 
intervention and control. However, the order in which the participants receive the 
intervention and control is chosen at random.
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Interrupted time series design
In an interrupted time series design, the trend in the outcome before the inter-
vention and after the intervention is compared. For example, you can record the 
trend in hospital-acquired infections in a hospital by recording the proportion of 
people admitted to that hospital who developed infections every three months 
(for two or three years) before introducing an infection control policy. Then you 
can record the trend in hospital-acquired infections in a hospital by recording 
the proportion of people admitted to that hospital who developed infections 
every three months (for two or three years) after introducing the infection con-
trol policy. Provided that there has been no change in any other policy, the differ-
ence in trends before and after the introduction of infection control policy can be 
attributed to the new policy. This is depicted in Figure 1.8.

Pre-intervention Period 1
(Pre-P1)

Pre-intervention Period 2
(Pre-P2)

Pre-intervention Period 3
(Pre-P3)

Intervention

Post-intervention Period 1
(Post-P1)

Post-intervention Period 2
(Post-P2)

Post-intervention Period 3
(Post-P3)

Figure 1.8 ​ Interrupted time series design
The figure shows an interrupted time series design, in which the trend in the outcome 
before the intervention and after the intervention is compared.
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Treatment group (T) Control group (C)

No treatment
(P1-C)

No treatment
(P2-C)

No treatment
(P1-T)

Treatment
(P2-T)

Period 1 (P1)

Period 2 (P2)

Treatment (only in the Treatment group)

Figure 1.9 ​ Difference-in-differences design
This figure shows what happens in a difference-in-differences study design. In the figure, 
‘intervention’ is called ‘treatment’. In the figure, the first difference (D1) is P2-T − P1-T, while 
the second difference (D2) is P2-C − P1-C. The difference between the first and second 
differences gives the difference-in-differences, that is, difference-in-differences = D1 − D2.

Difference-in-differences design
Other names for difference-in-differences design include controlled before and 
after studies, untreated control group design with independent pre-test and 
post-test samples, and control group design with pre-test and post-test. The logic 
behind this design is that if an intervention works, we should observe that the 
outcome improves more in individuals receiving the intervention than in indi-
viduals not receiving the intervention (control group). Therefore, two differ-
ences are calculated: the first difference is before and after an intervention in the 
same group of individuals (or an organisation) and the second difference is in 
the control group between two time periods, the period after which the inter-
vention group received the intervention and period before which the interven-
tion group did not receive the intervention. This is shown in Figure 1.9.

CHAPTER SUMMARY

In this chapter, we learnt about the major interventional study designs that are 
relevant for the remainder of the book.
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PRACTICE QUESTIONS

State True or False for the following statements.

1.	 A case-control study is an experimental study.
2.	 In a cohort study, the researcher takes a passive role in making 

measurements on the study subjects.
3.	 An RCT is an experimental study.
4.	 Cohort studies can be prospective or retrospective.
5.	 RCTs are always prospective.

Answers to the practice questions can be found in the Appendix.
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	 2	​Introduction to  
systematic reviews

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Understand what a systematic review is, how it differs from a general review 
of a topic, and the distinction between systematic review and meta-analysis

•	 Know the types of systematic reviews
•	 Know the general steps in performing a systematic review
•	 Know the general reporting structure of systematic reviews
•	 Understand the advantages of systematic review, including the hierarchy of 

systematic reviews in the evidence pyramid for finding whether an inter-
vention works

OVERVIEW

A systematic review attempts to collate all empirical evidence that fits pre-
specified eligibility criteria to answer a specific research question. It uses 
explicit, systematic methods that are selected with a view to minimising bias, 
thus providing reliable findings from which conclusions can be drawn and deci-
sions made.

Meta-analysis is the use of statistical techniques to combine the results of 
included studies. Meta-analysis is not mandatory in systematic reviews and is 
not appropriate in certain types of systematic reviews. When appropriate, by 
combining information from all relevant studies, meta-analysis can provide 
more precise estimates of the effects of healthcare than those derived from 
the individual studies included within a review.

Systematic reviews can be classified in many ways. One way to classify sys-
tematic reviews of health and disease is based on the types of studies included 
in the systematic review. The types of systematic reviews include incidence 
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and/or prevalence reviews, aetiology and/or risk factor reviews, diagnostic test 
accuracy reviews, effectiveness or intervention reviews, prognostic reviews, 
experiential (qualitative) reviews, expert opinion/policy reviews, costs/eco-
nomic evaluation reviews, psychometric reviews, methodological reviews and 
overview of reviews.

Regardless of the type of systematic review, the general steps in a system-
atic review include determining the research question; identifying methods for 
selecting studies, data extraction, analysis and reporting, and completing the 
protocol registration; selecting the studies; extracting the data; analysing the 
data; interpreting the results; and reporting the findings (mnemonic: DISEAIR).

Systematic reviews of high-quality randomised trials and n-of-1 trials pro-
vide the best evidence to find out whether an intervention works.

WHAT IS A SYSTEMATIC REVIEW?

A systematic review attempts to collate all empirical evidence that fits pre-specified 
eligibility criteria to answer a specific research question. [1] This is in comparison 
with a review, which may restrict the studies included to support the specific view-
points of the author of the review. Systematic review uses explicit, systematic 
methods that are selected with a view to minimising bias, thus providing reliable 
findings from which conclusions can be drawn and decisions made. [1]

The key characteristics of a systematic review include the following. [1]

1.	 A clearly stated set of objectives with an explicit, reproducible 
methodology.

2.	 A systematic search that attempts to identify all studies that would meet 
the eligibility criteria.

3.	 An assessment of the validity of the findings of the included studies.
4.	 Systematic presentation, and synthesis, of the characteristics and findings 

of the included studies.

How does a general review of a topic differ from  
systematic reviews?
In contrast to systematic reviews, general reviews of a topic are not objective or 
reproducible. This results from various factors. There is no definitive search 
strategy, objective way of inclusion or exclusion of study, or formal way of assess-
ing the validity of included studies. Usually, there is no formal way of combining 
data. As a result of these factors, a general review of a topic usually reflects the 
beliefs of the author which are not based on evidence.
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META-ANALYSIS

Meta-analysis is the use of statistical techniques to combine the results of 
included studies. Meta-analysis is not mandatory in systematic reviews. By com-
bining information from all relevant studies, meta-analysis can provide more 
precise estimates of the effects of healthcare than those derived from the indi-
vidual studies included within a review. [1]

Can meta-analysis be performed without a systematic review? Yes, it can be 
performed. There is no difficulty in combining a biased selection of studies to 
provide a biased result. However, it is inappropriate to do this, as you are highly 
likely to get biased results by performing a meta-analysis without systematic 
review.

TYPES OF SYSTEMATIC REVIEWS

Systematic reviews can be classified in many ways. One method of classifica-
tion of systematic reviews of health and disease is shown in Table 2.1. This is 
based on a classification system proposed by Munn et al. [2] with some modifi-
cations and simply relates to the types of studies included in the systematic 
review.

A brief description and some examples of the distinct types of systematic 
reviews are provided below.

Table 2.1  ​Types of systematic reviews in health and disease

Incidence and/or prevalence reviews

Aetiology and/or risk factor reviews

Diagnostic test accuracy reviews

Effectiveness or intervention reviews

Prognostic reviews

Experiential (qualitative) reviews

Expert opinion/policy reviews

Costs/economic evaluation reviews

Psychometric reviews

Methodological reviews

Overview of reviews
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Incidence and/or prevalence reviews
As the name indicates, incidence and/or prevalence reviews are systematic 
reviews of incidence or prevalence of a health condition or disease. Often these 
are combined with risk factor reviews. Meta-analysis is usually possible in inci-
dence and prevalence reviews, provided that similar types of people are studied, 
and similar definitions or methods of diagnosis of the health condition or disease 
are used in the different studies. Some examples of incidence and prevalence 
reviews are those by Derman et al. [3] and Petersdorf et al. [4]

Aetiology or risk factor reviews
In aetiology or risk factor reviews, the association between aetiology or risk 
factors and a health condition or disease is studied. Meta-analysis is usually 
possible in risk factor reviews, provided that similar types of people are stud-
ied, and that similar methods of measuring the risk factors and similar defi-
nitions of the health condition or disease are used in the different studies. 
Some examples of risk factor reviews are those by Ardura-Garcia et  al. [5] 
and Petersdorf et al. [4]

Diagnostic test accuracy reviews
In diagnostic test accuracy reviews, the accuracy of a test in diagnosing a health 
condition or disease is studied. Meta-analysis is usually possible in diagnostic 
test accuracy reviews, provided that similar types of people are studied, and 
similar definitions or methods of diagnosis of the health condition or disease are 
used in the different studies. Some examples of diagnostic test accuracy reviews 
are those by Best et al. [6] and Wijedoru et al. [7]

Effectiveness or intervention reviews
Effectiveness or intervention reviews are reviews that evaluate whether an inter-
vention works. Meta-analysis is usually possible in effectiveness or intervention 
reviews, provided that similar types of people are studied, and similar defini-
tions of outcomes are used in the different studies. In this context, outcome 
refers to some measure of success, for example, decreased deaths or increased 
health-related quality of life (HRQoL).

The standard intervention reviews compare only two interventions at a time. 
There are special types of reviews called network meta-analysis where multiple 
interventions can be compared simultaneously.

Some examples of intervention reviews are by Kalafateli et al., [8] which is a 
standard intervention review that compares only two interventions at a time, 
and by Komolafe et al., [9] which is a network meta-analysis.

The standard intervention reviews include only aggregate data from stud-
ies and information provided by contacting the study authors. Individual 



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE18

participant data review involves re-analysing and combining the data provided 
by primary study authors. [10] Some examples of individual participant data 
meta-analysis are those by Lee et al. [11] and Han et al. [12]

Prognostic reviews
In prognostic reviews, the accuracy of a prognostic factor or a prognostic index 
in predicting the outcome of a health condition, disease or intervention is stud-
ied. Meta-analysis is usually possible in prognostic reviews, provided that simi-
lar types of people are studied, similar definitions of prognostic factors or indices 
are applied, and similar definitions of the health condition or disease are used in 
the different studies. Some examples of prognostic reviews are those by Aalaei-
Andabili et al. [13] and Zhou et al. [14]

Experiential (qualitative) reviews
In experiential or qualitative reviews, one or more of beliefs, perspectives, atti-
tudes, barriers, facilitators, experiences, or acceptability of interventions and 
tests are studied. The list is not exhaustive. Meta-analysis is usually not possible 
in qualitative reviews. Some examples of qualitative reviews are those by Lake 
et al. [15] and Li et al. [16]

Expert opinion/policy reviews
In expert opinion or policy reviews, expert opinions or policies are systemati-
cally reviewed. Meta-analysis is usually not possible in policy reviews. Some 
examples of policy reviews are those by Colbert et al. [17] and Just et al. [18]

Costs/economic evaluation reviews
In costs or economic evaluation reviews, costs or economic evaluations are sys-
tematically reviewed. Meta-analysis is possible when similar types of partici-
pants, interventions, methods to collect costs and utilities (a measure of health) 
are used in the different studies, but not usually performed because of the vari-
ability in these aspects. Some examples of costs and economic evaluation reviews 
are those by Rocha-Filho et al. [19] and Jorge et al. [20]

Psychometric reviews
In psychometric reviews, measurement properties of an instrument or scale 
used for measuring a health outcome, say depression or mobility, are studied. 
Meta-analysis is usually possible when similar types of participants, instru-
ments and measurement properties are used in the different studies. Some 
examples of psychometric reviews are those by Wiitavaara et al. [21] and Lee 
et al. [22]
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Methodological reviews
In methodological systematic reviews, methods targeted at improving the 
research methodologies are studied. Meta-analysis is usually possible in the 
presence of more than one study evaluating the same research methodology. 
Some examples of methodological reviews are those by Treweek et al. [23] and 
Lundh et al. [24]

Overview of reviews
In overview of reviews, existing reviews and systematic reviews are studied. 
Meta-analysis is usually not appropriate in overview of reviews, as the same par-
ticipants are likely to be included in multiple systematic reviews of the same 
topic or the overview includes related but different comparisons. Whichever the 
case may be, it would be inappropriate to perform the meta-analysis. Some 
examples of overview of reviews are those by Momsen et al. [25] and Garzón-
Orjuela et al. [26]

STEPS IN PERFORMING SYSTEMATIC REVIEWS

Regardless of the type of systematic review, the general steps in performing the 
review include determining the research question; identifying methods for 
selecting studies, data extraction, analysis and reporting, and completing the pro-
tocol registration; selecting the studies; extracting the data; analysing the data; 
interpreting the results; and reporting the findings. This is shown in Figure 2.1. 

Determine the research question

Report the findings

Interpret the results

Analyse the data

Extract the data

Select the studies

Identify suitable methods for study selection, data extraction, analysis and reporting,
and complete protocol registration

Figure 2.1 ​ General steps in systematic reviews
This figure shows the general steps in performing systematic reviews. The steps can be 
remembered by the mnemonic ‘DISEAIR’.
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The steps can be remembered by the mnemonic ‘DISEAIR’. A brief description of 
the steps follows below.

Step 1: Determine the research question
Why do we need to determine the research question as the first step in a system-
atic review? The research question determines the type and focus of the system-
atic review. It also helps in other aspects of the conduct and reporting of system-
atic reviews. The research question format for different types of systematic 
reviews is available from Munn et al. [2]

Step 2: Identify suitable methods for study selection, data extraction, 
analysis and reporting, and complete protocol registration
The methods for study selection, data extraction, analysis and reporting depend 
upon the type of review performed. Appropriate guidance is usually available for 
some specific types of reviews. If none is available, you must use the guidance for 
the closest type of reviews. The protocol should be registered before the review 
is started.

Step 3: Select the studies
A formal search strategy is used to identify studies that meet the eligibility crite-
ria. The formal search strategy includes free text terms and controlled vocabulary 
terms. Controlled vocabulary terms are ‘keywords’ to which different terms are 
mapped. The aim is to retrieve all the eligible studies in most types of systematic 
reviews. However, in many types of reviews, there is a trade-off between retriev-
ing all the eligible studies versus the feasibility of retrieving them because of the 
number of references that the searches retrieve from the databases searched.

Study selection should be performed by at least two people independently.

Step 4: Extract the data
Data extraction should be performed by at least two people independently. The 
data extracted depend upon the type of review but should include data related to 
the source of information, risk of bias, applicability, the measures that we are 
interested in, and conflicts of interests in the study.

Step 5: Analyse the data
The data analysis methods depend upon the type of review, but the plan should 
be made before data are extracted. The analysis should include main analysis, 
any subgroup analysis, sensitivity analysis and reporting bias.

Subgroup analysis involves comparing results from one subset of studies to 
another, usually based on clinical or methodological differences. Sensitivity 
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analysis involves changing the data, for example, excluding some studies based 
on some feature, or changing the analysis methods to find out if the results are 
robust to the changes. Reporting bias involves exploring whether some studies 
have not been reported based on their results.

An example of data extraction and analysis in an intervention review is 
shown in Figure 2.2.

Step 6: Interpret the results
The interpretation of results depends upon the type of review. Broadly, in sys-
tematic reviews of clinical studies, focus should be on clinical impact.

Step 7: Report the findings

General reporting structure of the systematic review
Reporting the findings not only involves reporting the results, but reporting the 
rationale and methods followed. The general reporting structure of systematic 
reviews is shown in Table 2.2. This would be broadly similar irrespective of the 
types of studies included in the systematic review.

Checklist for reporting systematic reviews
The checklist for reporting systematic reviews is the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA). The current version is 
PRISMA 2020. [27,28] The latest information about PRISMA is available from 
www​.prisma​-statement​.org​/. In terms of intervention reviews, additional 
reporting guidance should be followed for network meta-analysis [29] and 
when no meta-analysis is performed in intervention reviews. [30] Various other 
extensions are available, which you can use depending on the focus of the 
review. [31–36]

ADVANTAGES OF SYSTEMATIC REVIEWS

Now that you have been introduced to systematic reviews, it is useful to know 
their advantages.

One of the major advantages of systematic reviews is that they decrease the 
risk of random errors. They reduce the chance of false positive and false negative 
results by combining the data. Systematic reviews are objective and include all 
studies related to a topic. This allows us to assess the consistency of evidence. By 
including all the studies related to a topic, systematic reviews provide a balanced 
view on the topic.

http://www.prisma-statement.org/
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HIERARCHY OF SYSTEMATIC REVIEWS IN EVIDENCE-BASED 
HEALTHCARE IN THE EVIDENCE PYRAMID

As this book focuses on intervention reviews, we refer to the hierarchy of interven-
tion systematic reviews in the evidence pyramid based on the Oxford Centre for 
Evidence-Based Medicine levels of evidence [37] (Figure 2.3). Systematic reviews 
of RCTs or n-of-1 trials are the highest level of evidence that is currently available. 
[37] In this context, n-of-1 trials indicate studies where an individual with chronic, 
stable or slowly progressive disease undergoes different interventions, usually 
using the cross-over randomised trial design to find what works for them. [38]

Systematic reviews cannot exist without RCTs. So, systematic reviews are not 
substitutes for RCTs but depend upon high-quality RCTs.

Steps in intervention systematic reviews linked to the book chapters
This book is about intervention reviews. The chapters which cover each step in 
intervention reviews are shown in Table 2.3.

Table 2.2  ​General reporting structure of systematic reviews

Background

Objectives

Methods
•	 Selection criteria (for including and/or excluding studies)
•	 Identification of studies
•	 Risk of bias/applicability concerns
•	 Data extraction
•	 Data analysis
•	 Reporting bias

Results
•	 Search results
•	 Characteristics of included studies
•	 Bias risk in the studies/applicability concerns in the studies
•	 Meta-analysis results or narrative summary
•	 Investigation of heterogeneity
•	 Sensitivity analysis
•	 Reporting bias

Discussion
•	 Summary of main results
•	 Reliability of the results
•	 Applicability of results
•	 How the findings of this study compare to those of other studies/recommendations/policies 

on the topic

Conclusions
•	 Guidance for practice
•	 Guidance for research
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Systematic reviews and then single
non-randomised controlled cohort/follow-up study

Mechanism-based reasoning

Systematic reviews and then single case-series, case-control
studies, or historically controlled studies

Randomised trial or
observational study with

dramatic effect

Systematic
review of

randomised trials
or n-of-1 trials

Figure 2.3 ​ Evidence pyramid
This figure shows the updated Oxford Centre for Evidence-Based Medicine levels of 
evidence for finding out if an intervention works.

Table 2.3  ​Steps in intervention systematic reviews linked to the book chapters

Step Chapter

Determine the research question Chapter 3

Identify suitable methods for study selection, 
data extraction, analysis and reporting, and 
complete protocol registration

These are covered under the specific steps 
covering these aspects. Protocol registration is 
covered in Chapter 8 as this would require 
knowledge of the methods.

Select the studies Chapter 4

Extract the data Chapter 5

Analyse the data Chapter 6

Interpret the results Chapter 7

Report the findings Chapter 8
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SUMMARY

In this chapter, we have given a brief introduction to systematic reviews and 
their importance in evidence-based healthcare.

PRACTICE QUESTIONS

State True or False for the following statements.

1.	 Qualitative systematic reviews usually contain meta-analysis.
2.	 It is appropriate to perform a meta-analysis without performing a 

systematic review.

Answers to the practice questions can be found in the Appendix.
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	 3	​Determine the  
research question

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Justify the need to determine the research question as the first step in a 
systematic review

•	 Determine a suitable research question that is important to stakeholders 
and formulate it in such a way that allows further steps in a systematic 
review of intervention

•	 Develop the eligibility criteria for the systematic review
•	 Choose appropriate outcomes

OVERVIEW

Determining the research question is the first step in the systematic review. 
The research question determines the type and focus of the review. It also 
helps in other aspects of the conduct and reporting of systematic reviews.

While determining the research question, you should choose a research 
topic which is important to stakeholders (patients, clinicians, healthcare 
funders), meets an unmet need, is valuable (that is, adds value to existing 
knowledge), and is feasible with the available resources.

Some ways of identifying topics that are important to stakeholders include 
choosing research topics identified as research priorities by patients and health-
care providers in the James Lind Alliance Priority Setting Partnerships, journal 
publications, research recommendations from recent clinical practice guide-
lines, a call by funders to address a specific research question, group discus-
sions involving patients and healthcare providers, or debate in a journal. Which-
ever method you choose, we recommend involving patients in identifying 
priorities rather than basing this solely on an expert panel.
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The research question determines the eligibility criteria in a systematic 
review. The suggested format for eligibility criteria for an intervention review is 
the population, intervention, comparator and outcomes (PICO) format. However, 
we recommend some mechanism for identifying the studies that meet all eligi-
bility criteria other than ‘outcomes’ to allow the exploration of reporting biases. 
Study design is also commonly used as a criterion for systematic reviews.

While choosing the population, unless there is a strong reason, restriction 
should not be based on gender or ethnicity. When choosing outcomes, choose 
those that are important to stakeholders. The Core Outcome Measures in Effec-
tiveness Trials (COMET) initiative can help with the choice of outcomes, while the 
COnsensus-based Standards for the selection of health Measurement INstruments 
(COSMIN) initiative can help with choosing the best way of measuring outcomes. 
Patient-Reported Outcomes Measurement Information System (PROMIS®) health 
measures are validated outcome measurement instruments. Use of surrogate out-
comes and composite outcomes requires adequate justification.

WHY DO WE NEED TO DETERMINE THE RESEARCH  
QUESTION AS THE FIRST STEP IN A SYSTEMATIC REVIEW?

You may recollect from Chapter 2 that determining the research question is the 
first step in a systematic review. We briefly mentioned in Chapter 2 that deter-
mining the research question determines the type and focus of the systematic 
review and that it helps in other aspects of the conduct and reporting of system-
atic reviews. Here we provide more information about how this is achieved.

Typical clinical pathway
To understand how the research question determines the type and focus of the 
systematic review, it is important to understand the typical clinical pathway that a 
patient undergoes when they approach a healthcare provider. A typical clinical 
pathway in the context of illness is shown in Figure 3.1. Briefly, a patient develops 
symptoms such as breathlessness or chest pain or a change which could be 
observed by the patient or someone else, for example, a new mole, or behavioural 
change. Diagnostic tests are then performed. In this context, symptoms and simple 
clinical examination can be considered diagnostic tests. Additional diagnostic 
tests may be performed, which depends upon various factors such as patient pref-
erence and values, prevalence in specific population (that is, in the subset of popu-
lation similar to the patient in terms of demographic features, symptoms and 
signs), diagnostic test accuracy, the invasiveness, complications and acceptability 
of the diagnostic test, health policy, local availability of the test, and the local cost 
of the test or cost-effectiveness of the test. If the patient is found to have the health 
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condition or illness, treatment may be performed. The treatment carried out 
depends upon various factors that include patient preference and values; natural 
history of illness if available (what happens without treatment of illness or 
symptoms); relative effects of treatment (which may vary with different patient-
related characteristics such as age or birth sex, disease-related prognostic factors 
such as the symptoms, signs, results of diagnostic tests including severity of the 
disease or extent of cancer, and healthcare provider-related prognostic factors 
such as the setting – for example, community-based care, primary care, secondary 
care, specialty centres – and the outcomes of previous similar patients treated by 
the healthcare provider); how well an outcome measurement instrument measures 
the outcome; acceptability of treatment; health policy; local availability of the 
treatment; and local cost or cost-effectiveness of the treatment.

The contexts in population health aimed at preventing an illness or complica-
tions of an illness and in screening the population at high risk of developing an 
illness are slightly different: people may not have symptoms, but the remaining 
aspects such as diagnosis and interventions (which is a more acceptable term 
than treatment when the context is preventing rather than treating an illness), 
and the factors that determine these, are broadly along the same principles as in 
the context of illness.

LINKING THE TYPE OF SYSTEMATIC REVIEW TO  
THE TYPICAL CLINICAL PATHWAY

It is clear from the clinical pathway in the context of illness that several types of 
information are required to allow the development of an evidence-based clinical 

Patient develops symptoms Diagnostic tests Treatment 

• Starting point
• Symptoms such as
  breathlessness or chest
  pain
• Change observed by the
  patient or someone else,
  for example, a new mole,
  behavioural change

• Depends upon
 • Patient preference and
  values
 • Prevalence in specific
  population
 • Diagnostic test accuracy
 • Invasiveness and
  complications of the
  diagnostic test
 • Acceptability of the
    diagnostic test
 • Health policy
 • Local availability of the
    test
 • Local cost or cost-
    effectiveness of the test

• Depends upon
 • Patient preference and
    values
 • Natural history of illness
  if available
 • Relative effects of
    treatment
 • How well an outcome
    measurement instrument
    measures the outcome
 • Acceptability of treatment
 • Health policy
 • Local availability of the
    treatment
 • Local cost or cost-
    effectiveness of the
    treatment

Figure 3.1 ​ Typical clinical pathway in the context of illness
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Table 3.1  ​Types of systematic reviews for different information

Information required
Types of studies that  
provide this information Type of systematic review

Prevalence in specific 
population

Cross-sectional study Prevalence review

Natural history of illness if 
available

Cohort study Incidence review

Risk factors for development 
of illness

Case-control study
Cohort study

Risk factor review

Risk factors for poor prognosis Case-control study
Cohort study

Prognostic review

Diagnostic test accuracy Diagnostic test accuracy study Diagnostic test accuracy 
review

Invasiveness and complications 
of diagnostic test

Invasiveness, complications: 
Diagnostic test accuracy study

Part of diagnostic test accuracy 
review

Relative effects of treatment RCT 
Non-randomised study of 
intervention

Intervention review

How well an outcome 
measurement instrument 
measures the outcome

Psychometric properties study Psychometric review

Patient preference and values, 
and acceptability of diagnostic 
test and treatment

Qualitative research study
Surveys

Qualitative review for 
qualitative research studies
Systematic review and 
meta-analysis of proportions 
(similar methods as 
prevalence reviews) for 
surveys

Costs and cost-effectiveness of 
tests and treatments

Costs study
Cost-effectiveness study

Costs/economic evaluation 
review

Comparison of health policies 
with other regions or countries

Policy Policy reviews

pathway. The types of systematic reviews for distinct types of information 
required are different, as shown in Table 3.1.

Other aspects of the conduct and reporting of  
systematic reviews
The methods used for distinct types of reviews, including the search strategies, 
types of studies included, data extracted, methods used for analysis and interpre-
tation, and reporting differ in different types of systematic reviews. In this book, 
we will be focusing on these aspects in systematic reviews of interventions.
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CHOOSING A RESEARCH QUESTION OF  
IMPORTANCE TO STAKEHOLDERS

Why is it important to choose a research  
question of importance to stakeholders?
An estimated 85% of biomedical research is waste. [1] A major reason for this is 
choosing the wrong research questions, that is, questions that are not considered 
important by patients and clinicians. [1] Therefore, to avoid research waste any 
research question should be important to stakeholders (patients, clinicians, 
healthcare funders), meet an unmet need, be valuable (add value to existing 
knowledge) and be feasible with the available resources.

Identifying research questions important to stakeholders
Some ways of identifying topics that are important to stakeholders include 
choosing research topics identified as research priorities by patients and health-
care providers in the James Lind Alliance Priority Setting Partnerships; [2] jour-
nal publications, for example, public research priorities for fungal diseases [3] or 
research priorities in prehabilitation for patients undergoing cancer surgery; 
[4] research recommendations from recent clinical practice guidelines; [5] a call 
by funders to address a specific research question; group discussions involving 
patients and healthcare providers; or debate in a journal. Whichever method you 
choose, we recommend involving patients in identifying priorities rather than 
basing this solely on an expert panel.

Establishing the unmet need
Once you have identified some research topics of importance to stakeholders, 
you can perform a scoping search. This is an informal search to check for any 
preexisting systematic reviews and potential articles addressing the issue. 
You can search for any ongoing systematic reviews by searching the PROS-
PERO database in addition to searching a medical journals database such as 
MEDLINE. If you find multiple studies that potentially meet the inclusion cri-
teria but no systematic reviews, then consider performing a systematic 
review. If you find multiple studies that potentially meet the inclusion crite-
ria but there is an existing systematic review, you can perform a systematic 
review if you find new studies or use different (improved) methods that have 
the potential to alter the findings of the existing systematic review. [6] An 
issue related to the improvement in the methods of systematic reviews is to 
find out if the existing systematic review has been performed without bias. 
This assessment about the bias in the existing systematic reviews can be done 
in an objective manner using the ‘ROBIS’ (‘Risk of Bias in Systematic 
Reviews’) tool. [7]
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In the absence of multiple studies, consider performing primary research. You 
might also consider primary research when an existing systematic review indi-
cates that a primary research study is required to answer the research question. 
However, before performing a primary research study, you might want to search 
the World Health Organization International Clinical Trials Registry platform 
and ClinicalTrials​.gov trial registers to check if there are ongoing clinical trials 
that might provide the answer to the research question that you identified. If the 
search does not reveal any ongoing research study on the topic, or if the ongoing 
research studies do not address the research questions completely, you can assess 
the feasibility of performing the primary research study. If the systematic review 
does not indicate that a primary research study is required and there is moderate 
or high certainty evidence about the effectiveness of an intervention, you might 
want to develop clinical practice guidelines if none exist based on up-to-date sys-
tematic reviews and methods used for clinical practice guidelines.

Performing a study that is valuable
While performing a research study, it is important to design and conduct the 
study in such a way that it provides valuable information. This involves choosing 
methods that provide an unbiased answer to a research question and outcomes 
that are important to stakeholders. Appropriate follow-up periods are also nec-
essary while performing research. It is obvious that any valuable study should be 
conducted in an ethical manner.

For example, while performing a systematic review, it is not valuable to 
search only one database because it is easier to complete. Also, when multiple 
non-randomised studies show that there is potential for an intervention to work, 
it is not valuable to perform more non-randomised studies simply on the basis 
that it is easier to perform such studies than unbiased RCTs. Similarly, avoid 
choosing outcomes for systematic reviews on the basis that they are reported in 
primary research studies, and for primary research studies on the basis that they 
are easy to measure. Outcomes should be chosen on the basis that they are 
important to stakeholders. You must also avoid a short follow-up period that is 
meaningless, for example, comparing the beneficial cardioprotective effect of 
aspirin after one month or measuring the cosmesis of an incision at 24 hours.

Adequate resources
You must ensure that there are adequate resources to perform the research. This 
includes the knowledge and skills to perform the research, adequate funding 
and time to complete the research. In primary research studies, you should also 
consider whether you will be able to obtain the ethical and regulatory approvals, 
recruit sufficient participants, and follow them adequately in the time that you 
plan for the project.
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What can you do when your initial research plan is deficient in  
one or more aspects of unmet need, being valuable and feasible?
When the research plan is deficient in one or more aspects addressing an unmet 
need and being valuable and feasible, it is reasonable to revise your research 
plan iteratively, until the research project addresses an unmet need, and becomes 
valuable and feasible.

Overview
An overview of the process of choosing a research question of importance to 
stakeholders is shown in Figure 3.2.

FROM ‘RESEARCH QUESTION’ TO ‘OBJECTIVES’

The research question should guide the objectives of the research. In an inter-
vention review, the primary objective should include details of the population, 

Recent SR1

Perform primary research study

Topic of interest to stakeholders 

Eligible studies

Consider systematic reviews 

Perform systematic reviews

Consider primary research study

PRS needed3

Yes

Yes

Yes

Yes Yes

Yes

No

No

No

No No

No

SR update2

Update methods to improve
value and feasibility

Valuable, feasibleValuable, feasible

Develop clinical practice guidelines
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Figure 3.2 ​ Choosing a research question of importance to stakeholders: an overview

1SR = systematic reviews
2SR update is needed if new studies become available or different (improved) methods 
can be used
3PRS = primary research study
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intervention, comparator and outcomes (PICO). [8–10] However, this format is 
suitable when only two interventions are compared at a time and not when mul-
tiple interventions are compared simultaneously.

We start with some examples.

Example 1
Here is an example of the primary objective in a standard systematic review of 
intervention involving comparison of two interventions.

Evaluate the effectiveness of school-based dental screening versus no 
screening on improving oral health in children aged 3–18 years by a sys-
tematic review and meta-analysis of randomised controlled trials. [11]

In this example, the population is ‘school children aged 3–18 years’, the interven-
tion is ‘school-based dental screening’, the comparator is ‘no screening’, and the 
outcome is ‘oral health’. Here, although there is no explicit statement in the objec-
tive that it is school children, it is reasonable to assume that the population is 
‘school children (aged 3–18 years)’ because of the nature of the intervention.

Example 2
Another example of the primary objective in a standard systematic review of 
intervention involving comparison of two interventions is provided below.

To assess the benefits and harms of laparoscopic distal pancreatectomy 
versus open distal pancreatectomy for people undergoing distal pancre-
atectomy for pancreatic ductal adenocarcinoma of the body or tail of the 
pancreas, or both. [12]

In this example, the population is ‘people undergoing distal pancreatectomy for 
pancreatic ductal adenocarcinoma of the body or tail of the pancreas, or both’, the 
intervention is ‘laparoscopic distal pancreatectomy’, the comparator is ‘open distal 
pancreatectomy’, and the outcomes are ‘benefits and harms’.

You might note that the outcomes are not as specific in the second example as 
the first example. This non-specific way of mentioning the outcomes in the objec-
tives is perfectly acceptable.

Additional details in the objectives
While not mandatory in the objectives, it is useful to provide details of the major 
aspects of the research methods, to give the readers a preliminary idea of the 
approach that you plan to use. In Example 1, it is clear that you would include 
RCTs only and that you would perform a meta-analysis; in Example 2, the details 
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of what type of studies will be included or whether a meta-analysis will be 
performed are not available.

Alternative format for network meta-analysis
While we suggest the PICO format for standard systematic review of interven-
tion involving comparison of two interventions, we suggest a slightly different 
format for network meta-analysis in which multiple interventions are compared 
simultaneously. As a result of comparing multiple interventions simultaneously, 
it is not possible to specify the intervention and comparator clearly. An example 
of the primary objective in a network meta-analysis is provided here.

To assess the benefits and harms of different nutritional supplements for 
treatment of NAFLD through a network meta-analysis. [13]

In this example, the population is ‘people with NAFLD (nonalcohol-associated 
fatty liver disease)’ and the outcomes are ‘benefits and harms’; however, there is 
no clearly defined intervention and comparator, apart from ‘different nutritional 
supplements’.

Secondary objectives
The secondary objectives in a systematic review relate to the use of the data col-
lected as part of the systematic review for reasons other than the primary objec-
tives. In an intervention review, this typically involves the evaluation of the 
effectiveness of an intervention in a subset of population, comparative effective-
ness of a subtype of intervention or comparator, and the effectiveness of an inter-
vention on different outcomes or different ways of measuring an outcome.

When an intervention might work differently in different subsets of popula-
tions (for example, people with severe disease or people with disadvantaged 
backgrounds), you might evaluate the effectiveness of the intervention in a sub-
set of population. If one variation of an intervention or comparator might work 
differently (for example, different drugs belonging to the same family of drugs, 
different doses of drugs, or delivery of the intervention by different groups of 
people such as doctor-led intervention versus nurse-led intervention), you might 
evaluate the comparative effectiveness of a subtype of intervention or compara-
tor. In cases where there are important secondary outcomes, you might be inter-
ested in evaluating the effectiveness of the intervention on such secondary out-
comes. And when there are different ways of measuring an outcome, for example, 
when the observed effect of an intervention might be different when the doctor 
measures the outcome compared to that reported by the participants themselves, 
you might evaluate the effectiveness of an intervention on the different ways of 
measuring an outcome.
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FROM ‘OBJECTIVES’ TO ‘ELIGIBILITY CRITERIA’

‘Eligibility criteria’ refers to which types of studies you would include and exclude 
from a systematic review. In intervention reviews, as for objectives, the eligibility 
criteria are also described using the PICO format. [10] However, more details 
about the population, intervention, comparator and outcomes should be provided 
in the eligibility criteria.

Population
You need to specify the types of populations who will be included in the review. 
There is usually restriction (for inclusion in the systematic review) by the disease 
or health condition. In Example 2, the population of interest for the systematic 
review is ‘people undergoing distal pancreatectomy for pancreatic ductal adeno-
carcinoma of the body or tail of the pancreas, or both’. There may be restriction by 
age or other characteristics, as in Example 1, where the population of interest for 
the systematic review is ‘school children aged 3–18 years’.

In the context of using diseases to define eligibility criteria related to popula-
tion, you might consider using the ‘International Statistical Classification of Dis-
eases and Related Health Problems’ (current version: 11th  revision (ICD-11)). 
[14] Other internationally recognised nomenclature, such as the National 
Library of Medicine’s Medical Subject Headings (MeSH) thesaurus [15] or 
SNOWMED CT [16] are alternative ways of using consistent nomenclature to 
describe the population. Mapping of SNOWMED CT to ICD-10 is available 
through Unified Medical Language System® (UMLS®). [17] The use of such terms 
will enable the end users of the systematic reviews, for example, health profes-
sionals, clinical guideline developers, policy makers, researchers and patients, 
to identify relevant systematic reviews quickly and help with artificial intelli-
gence guided updates of systematic reviews.

In terms of using characteristics of the population as eligibility criteria, you 
might consider patient-related prognostic factors, such as age or birth sex, and 
disease-related prognostic factors described in the ‘Typical clinical pathway’ sys-
tematically. These include the symptoms, observed changes, clinical signs, the 
diagnostic tests used for diagnosing the health condition or disease, and other 
disease-related prognostic factors that potentially affect the effects of treatment, 
for example, the severity of disease.

It is highly desirable to describe the effect of an intervention not only upon 
the whole population but also on the disadvantaged, to potentially reduce socio-
economic inequalities in health. [9] Disadvantaged people can be identified 
using the PROGRESS-PLUS framework, which refers to place of residence, race/
ethnicity/culture/language, occupation, gender/sex, religion, education, socio-
economic status, and social capital, along with any additional context-specific 
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factors, for example, age, disability, parental education, and so on. [18] 
Therefore, unless there is a strong reason, the restriction of the population 
should not be based on gender or ethnicity or other characteristics that exclude 
disadvantaged people.

Sometimes, the primary research studies may include participants who do 
not meet the inclusion criteria for the review. In Example 2, the population is 
‘people undergoing distal pancreatectomy for pancreatic ductal adenocarcinoma of 
the body or tail of the pancreas, or both’. However, some research studies may 
include people undergoing distal pancreatectomy for malignant neuroendocrine 
tumours in addition to those undergoing distal pancreatectomy for pancreatic 
ductal adenocarcinoma. When separate outcome data for the subset of people 
undergoing distal pancreatectomy for pancreatic ductal adenocarcinoma are 
available, either directly from the report or by contacting the primary research 
study authors or sponsors, it is reasonable to include the study and collect data 
relevant to the subset of the population of interest for the systematic review. 
However, when the separate data are not available, the two main options are 
excluding primary research studies where it is not possible to obtain separate 
data for the subset of the population of interest for the systematic review (you 
can follow this approach if the scoping search identifies many eligible studies) or 
including the primary research studies where a certain proportion of the study 
participants are eligible for inclusion, say 80% or 90% of the primary research 
study participants are population of interest for the systematic review.

Intervention
You need to specify the types of interventions that will be included in the review. 
The systematic reviewers should consider using the ‘template for intervention 
description and replication’ (TIDieR) checklist [19] to specify the eligibility cri-
teria related to interventions. The TIDieR checklist describes an intervention 
using the following aspects. [19]

•	 Brief name.
•	 Why: this includes a description of any rationale, theory, or goal of the 

elements essential to the intervention. In writing the protocol and in 
reporting the findings of the systematic review, this aspect is reported in the 
background rather than the eligibility criteria, although the essential 
elements of the inclusion criteria are usually part of the eligibility criteria of 
the systematic review.

•	 What: this includes a description of any physical or informational materials 
used in the intervention, intervention delivery or in training of intervention 
providers, and any procedures, activities or processes used in the 
intervention.
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•	 Who: this includes a description of the intervention provider (for example, 
general practitioner, medical specialist, nurse, physiotherapist), their 
expertise, background and any additional training given.

•	 How: this includes a description of the modes of delivery, for example, the 
route of administration in pharmacological interventions, face-to-face 
(individual versus group delivery and in-person versus virtual delivery), 
telephone, websites in non-pharmacological interventions.

•	 Where: this includes a description of the setting (for example, community-
based, primary care, secondary care, specialist centres).

•	 When and how much: this includes a description of number of times the 
intervention was delivered, over what period (of time), the schedule, and the 
duration, intensity or dose.

•	 Tailoring and modifications: this includes a description of what, why, when 
and how any personalisation, titration, adaptation or modifications of the 
intervention, if any, are performed. It is unusual to exclude primary research 
studies on the basis that an unplanned modification was made in these 
studies. A more likely scenario is restricting the inclusion of a subset of study 
participants who received the intervention before (or after) the modification 
is made, depending upon how specific the research question is with regards 
to the intervention.

•	 How well: this includes a description of the extent to which the intervention 
was delivered as planned (intervention adherence or fidelity), including who 
assessed this and how, and steps to improve fidelity. Steps to improve fidelity 
are usually not considered as eligibility criteria for systematic reviews.

Although the TIDieR checklist was mainly targeted at improving the reporting 
of the intervention (and comparator) in primary research studies, [19] it appears 
to provide a good framework to develop the eligibility criteria related to inter-
ventions (and comparators) for systematic reviews. We recommend that system-
atic reviewers employ a widely used classification system such as SNOMED CT 
[16] or MeSH [15] terms to indicate the intervention name. The rationale for 
using standardised nomenclature is the same as that described in the section on 
population.

A concept related to eligibility criteria of studies based on intervention is 
whether to include studies in which a complex intervention is used. An interven-
tion is considered complex when there is more than one component. [20] Other 
reasons why an intervention is considered a complex intervention can be due to 
the range of behaviours targeted, expertise and skills required by those deliver-
ing and receiving the intervention, when the intervention targets multiple groups 
or settings, or because of the permitted level of flexibility of the intervention or its 
components. [20] For example, a drug combination can be considered a complex 
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intervention because of a combination of drugs. Enhanced recovery protocols 
after a surgical procedure can be considered a complex intervention as it contains 
multiple components usually delivered by people with different expertise. [21]

In the context of eligibility criteria related to intervention, if the research 
question relates to a complex intervention with multiple components, then it is 
important to specify whether studies with one or more components missing from 
the intervention will be included. Usually, primary research studies that include 
fewer components are excluded from the analysis. For example, for the research 
objective ‘Does “recombinant erythropoietin with iron” improve symptoms com-
pared to “no recombinant erythropoietin or iron” in people with chronic renal fail-
ure but no anaemia?’, the complex intervention is ‘recombinant erythropoietin 
with iron’. In such a systematic review, a primary research study which compares 
‘recombinant erythropoietin’ versus ‘no recombinant erythropoietin or iron’ or 
‘iron’ versus ‘no recombinant erythropoietin or iron’ will not be included. The rea-
son is that we want to assess the effect of the combination rather than each 
component.

Comparator
You need to specify the types of comparators that will be included in the review. 
As for interventions, the systematic reviewers should consider using the TIDieR 
checklist [19] to specify the eligibility criteria related to comparator and use 
standardised nomenclature when possible. If the comparator was an active com-
plex intervention, the same principles used when the intervention was a complex 
intervention apply.

Outcomes
You might use outcomes as eligibility criteria for systematic reviews. However, 
this could introduce bias. [22] Therefore, we recommend some mechanism of 
identifying the studies that meet all eligibility criteria other than ‘outcomes’ to 
allow the exploration of reporting biases. A more detailed description of report-
ing biases, their impact on the conclusions, how to assess them, and a practical 
way of identifying and managing the studies that meet all eligibility criteria 
other than ‘outcomes’ is available in later chapters of this book.

Other eligibility criteria

Study design
Study design is also commonly used as a criterion for systematic reviews. In 
Example 1, only RCTs were included. In Example 2, RCTs and NRSI were 
included (although this information is not available from the objectives). While 
well-designed and conducted RCTs provide the most reliable estimate of the 
effect of an intervention compared to a comparator, there may not be many RCTs 
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to answer the research question or the RCTs may not provide the outcome of 
interest for the systematic review. Therefore, you might need to include NRSI. 
The study designs to be included in the systematic review should be specified in 
advance. This can be decided by a scoping search.

Some related considerations with regards to eligibility criteria about study 
designs is whether you plan to include variations in RCTs, for example, cross-
over RCTs or cluster RCTs. Many non-pharmacological interventions, such as 
surgery, are not suitable for cross-over RCT design because of their residual 
effect or because they might cure the disease.

Length of follow-up
It is appropriate to use the length of follow-up as an eligibility criterion depend-
ing upon the research question. If the objectives are to obtain the long-term out-
comes, it is appropriate to limit the studies that use a long-term follow-up, in 
whichever way long-term follow-up may be defined. This might have an indirect 
effect on the study designs included. For example, if residual effect is expected 
and you are interested in short-term outcomes, you might consider including 
cross-over RCTs, but only outcomes measured prior to the cross-over; on the 
other hand, you might exclude such cross-over RCTs if you are interested in the 
long-term outcomes, as the period prior to cross-over is usually short.

Co-interventions
Co-interventions are interventions that study participants receive in addition to 
the intervention of interest for the systematic review, and which have the poten-
tial to affect the outcomes. Some learners confuse co-interventions with a situa-
tion in which the intervention is a complex intervention with multiple compo-
nents. When the intervention is a complex intervention with multiple components, 
we are interested in the effect of the combination of the multiple components on 
the outcome. On the other hand, we are not interested in whether the co-
intervention improves or worsens the outcome, although we might be interested 
in whether the addition of the co-intervention changes the effect of the interven-
tion compared to the comparator on the outcome.

Eligibility criteria of studies in the presence of co-interventions is something 
you might want to consider while developing the eligibility criteria for system-
atic reviews. When the intervention and the comparator groups receive the co-
intervention equally in primary research studies, such studies are usually 
included. An exception to this general guidance about co-interventions is when 
it has been established that the co-intervention causes harm. In such a situation, 
it is reasonable to exclude the studies that use the harmful co-intervention even 
if they are used equally. The rationale behind this is that co-intervention will not 
be used in clinical practice; therefore, it is not useful to find the effect of the 
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intervention on the outcome in the presence of the co-intervention. When the 
intervention and the comparator groups do not receive the co-intervention 
equally, for example, only the intervention group receives the co-intervention, 
such studies are excluded.

Language of publication
Eligibility criteria should specify whether reports from all languages will be 
included. In general, we recommend inclusion of reports in all languages. 
Restriction to English articles has the potential to cause bias (prejudice, [2] that 
is, preconceived judgement or opinion [24]). There is currently no strong evi-
dence that restriction to English articles leads to highly biased results in system-
atic reviews of traditional medicine [25–29], although there is some evidence 
that this can lead to biased results in systematic reviews of complementary and 
alternate medicine. [27] However, it is generally advisable to include non-
English articles in systematic reviews because of the uncertainty in the contribu-
tion of non-English articles to the results [27] and the difficulty in predicting 
whether exclusion of non-English articles can lead to bias and the direction of 
any bias, that is, overestimation or underestimation of the effect of the interven-
tion on the outcome. [26]

While deciding on the restriction by language, you need to be aware that 
there is free software that performs optical character recognition of many non-
English languages (provided that any scanned image is of high resolution), 
which can be corrected and then translated using online translators such as 
Google or Microsoft translator.

Year of publication
Eligibility criteria should specify whether there were any restrictions based on 
the years of publication. It is not efficient to search for trials before the first-in-
human study was conducted.

You might also consider restricting the studies to more recent years if the gen-
eral supportive care for a health condition or illness has improved over time and 
you are using supportive care as the comparator. Occasionally, the improvement 
in the co-interventions can also warrant a restriction based on the years of publi-
cation. For example, the survival benefit of a more radical potentially curative 
surgical procedure compared to a less invasive potentially curative surgical pro-
cedure may decrease with improvements in the chemotherapy regimen given as 
an adjunct to the radical and less invasive procedures.

Another reason that you might want to consider restricting the studies to 
more recent years is if there has been a considerable improvement in the technol-
ogy used in a medical device used in the intervention or comparator in the sys-
tematic review.
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You might also consider applying restrictions based on the years of publica-
tion because of the availability of resources to extract data. This is usually not 
relevant in intervention reviews as there is usually sparsity of studies that pro-
vide an unbiased estimate of the effect of the intervention versus comparator. 
Besides, restriction of studies to year of publication arbitrarily can introduce 
biased results [30], and therefore should be avoided.

Publication status
There is no consistent way of classifying studies by their publication status. The 
method proposed by Schmucker et al. to classify studies in this way [31] is shown 
in Table 3.2.

Systematic reviews investigating whether the publication of a study depends 
on the direction of results found evidence that studies with positive results are 
more likely to be published than those with negative results. [32,33] Therefore, 
exclusion of unpublished studies has the potential to influence the results of a 
systematic review and can lead to ‘reporting bias’ (bias resulting from publica-
tion of studies based on their results). However, another systematic review con-
cluded that searching unpublished data and grey literature data in addition to 
published study data had unclear impact on the meta-analyses results as some 
studies showed considerable change in results while others did not demonstrate 
a considerable impact on the effect estimates. [31]

Table 3.2  ​Classification of study data by publication status

Type of study data Definition Examples

Unpublished data Not published at all 1.	 Supplemental unpublished data related to 
published trials

2.	 Data obtained from the Food and Drug 
Administration (FDA) or other regulatory 
websites

3.	 Post-marketing analyses hidden from the 
public

Grey literature data Print or electronic 
information not 
controlled by commercial 
or academic publishers

1.	 Data obtained from trial registers
2.	 Non-indexed conference abstracts 

(published in journal collections)
3.	 Dissertations
4.	 Press releases
5.	 Government reports
6.	 Policy documents
7.	 Book chapters

Published study data Published as journal 
article, usually indexed 
in electronic databases

Published in journals such as British Medical 
Journal

Source: Based on method proposed by Schmucker et al. [31]
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Because of the empirical evidence of reporting bias [32,33] and potential for 
change in results of systematic reviews, we strongly recommend that the system-
atic review authors do not place any restrictions based on publication status, that 
is, published as a full text article, conference abstracts or unpublished.

In a systematic review, Scherer et al. found that only about 45% of research 
studies initially presented as conference abstracts become available as ‘full pub-
lications’. [34] In this same study, Scherer et al. found that ‘full publication’ of 
research studies initially presented as conference abstracts depended upon the 
results, with the research studies with positive studies being more likely to be 
published compared to those with negative studies. [34] Therefore, there is a 
compelling argument to include results from conference abstracts.

The major concerns about including conference abstracts include the 
resources required to search conference abstracts, inadequate information from 
abstracts, and whether the conference abstracts are reliable as they are not peer 
reviewed. [35] However, the arguments supporting the inclusion of conference 
abstracts outweigh the arguments against inclusion of conference abstracts. 
[35] Furthermore, the ‘Conference Proceedings Citation Index’ includes an elec-
tronically searchable index of conference abstracts of major biomedical confer-
ences, making arbitrary decisions about which conference abstracts to search 
and the highly resource-intensive manual search of conference abstract books 
redundant. Therefore, we recommend searching conference abstracts routinely, 
preferably electronically through the ‘Conference Proceedings Citation Index’.

FROM ‘OBJECTIVES’ TO ‘OUTCOMES’

Terminology: outcome domains versus  
outcome measurement instruments
Because of the different ways in which the term ‘outcome’ is interpreted, it is use-
ful to clarify how we have used the term in this book. We have used the term 
‘outcome’ to represent the ‘outcome domain’ (a true state or endpoint of interest, 
irrespective of how it is measured) [36] which may be measured using different 
tools (outcome measurement instruments, OMI) [37] and may be reported in 
different ways.

For example, overall HRQoL is an outcome domain. There are many scales 
used for measuring HRQoL, for example, EQ-5D, [38] SF-36, [39] and FACT, 
[40] (FACT being specific to cancer). EQ-5D, SF-36 and FACT are outcome 
measurement instruments. Similarly, the Spencer Children’s Anxiety Scale, 
Pediatric Anxiety Rating Scale, Multi-dimensional Anxiety Scale for Children, 
Child Anxiety Life Interference Scale and Child Anxiety Impact Scale are all out-
come measurement instruments used for measuring anxiety in children. [41]
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Even when you use the same scale or measure, it is possible to report the out-
comes in different ways. For example, serious adverse events are an important 
outcome for stakeholders. The ICH-GCP defines serious adverse events as any 
untoward medical occurrence that results in death, is life-threatening, requires 
inpatient hospitalisation or prolongation of existing hospitalisation, or results in 
persistent or significant disability, incapacity, congenital anomaly or birth defect. 
[42] It is useful for stakeholders to know the average proportion of people who 
develop a serious adverse event and the average numbers of serious adverse 
events per participant. In this example, the outcome domain is serious adverse 
events, which is reported in different ways despite using the same definition.

Classification of outcomes
Before we go on to choose outcomes based on the objectives, it is useful to learn 
classification of outcomes. Outcomes in clinical research can be classified in 
many ways. One way of classifying the outcomes is the taxonomy proposed by 
Dodd et al. [43] In this classification system, clinical outcomes can be classified 
into five core areas.

1.	 Mortality or survival
2.	 Physiological or clinical
3.	 Life impact
4.	 Resource use
5.	 Adverse events or effects

The five core areas have 38 outcome domains. The full list of the 38 outcome 
domains included in these five core areas is available from Dodd et al. [43]

Choosing outcomes
The choice of outcomes follows the objectives of the research (which in turn 
depends upon the research question). However, research questions may not be 
specific in terms of outcomes. In Example 2, the research question did not spec-
ify the outcome. In this situation, to ensure that the research question is impor
tant to stakeholders, you should choose outcomes that are important to those 
stakeholders. In this context, we recommend that you start by searching the 
Core Outcome Measures in Effectiveness Trials (COMET) Initiative database.

Core outcome sets
The COMET Initiative brings together stakeholders (including patients and clini-
cians) who are interested in developing and applying an agreed standardised 
sets of outcomes (‘core outcome sets’ that should be measured and reported in 
clinical trials of a specific health condition or illness). [44] While the main target 
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is clinical trials, these core outcome sets should be considered for use in system-
atic reviews, as the outcomes are usually developed in conjunction with patients 
and clinicians. Therefore, we recommend using the outcomes listed in core out-
come sets, even when the research question specifies an outcome. You can 
include the outcomes in the core outcome sets but not in the research question as 
secondary outcomes.

When core outcome sets are not available
Core outcome sets are not available for all illness or health conditions. The sys-
tematic reviewer still must choose outcomes that are important to stakeholders 
to perform a valuable systematic review, but may not have the time, expertise or 
financial resources to develop the core outcome sets formally. In this situation, it 
is important to consult with at least the patients and clinicians through discus-
sions, surveys or both. A good starting point for the discussions or surveys is the 
taxonomy for outcome classification proposed by Dodd et al. [43] Of the 38 items 
in this classification, only four items were included in 20% or more of the 299 
core outcome sets published until 2016. The items included in 20% or more of 
the 299 core outcome sets, the core area, and the number of core outcome sets in 
which this item was included are shown in Table 3.3.

It is clear from Table 3.3 that the stakeholders are mainly interested in how 
long patients lived, how well patients lived, and adverse events of the interven-
tion. Therefore, these items should be considered in the discussion and surveys. 
It is also useful to note that some methodologists consider it mandatory to 
include adverse events as outcomes in systematic reviews related to health inter-
ventions. [9]

Choosing the appropriate outcome measurement instruments
After choosing the outcomes of interest for the stakeholders, you might be 
required to choose the appropriate outcome measurement instruments or 

Table 3.3  ​Outcome items which were included in 20% or more core outcome sets 
published up to 2016

Outcome (item) Core area
Number of core outcome sets 
which included the item (%)

Global quality of life Life impact 121 (40%)

Physical functioning Life impact 111 (37%)

Adverse events or effects Adverse events or effects 105 (35%)

Mortality or survival Mortality or survival 99 (33%)

Source: Based on information from Dodd et al. [43]
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appropriate ways of measuring the outcomes. For example, global quality of life 
and physical functioning meet the criteria for patient-reported outcome 
measures, that is, they measure the status of a patient’s health condition using 
standardised or structured questionnaire and come from direct questioning of 
the patient. [45] These are measured using many outcome measurement instru-
ments as described in the section ‘Terminology: outcome domains versus out-
come measurement instruments’ for global quality of life, and as summarised by 
Elsman et al. for physical functioning in type 2 diabetic patients. [46] While the 
systematic reviewer has no control over what outcome measurement instrument 
was used in the primary research study, it is reasonable to include only outcome 
measurement instruments with good measurement properties in the analysis. 
The COnsensus-based Standards for the selection of health Measurement INstru-
ments (COSMIN) Initiative provides a database of systematic reviews of the 
measurement properties of different outcome measurement instruments [47] 
and can help with choosing the best way of measuring outcomes.

Patient-Reported Outcomes Measurement Information System (PROMIS®) 
Health Measures are validated outcome measurement instruments. [48] The 
suitable PROMIS Health Measure to measure an outcome can be found by search-
ing online. [49]

Choosing the appropriate follow-up period
The period of follow-up period should be appropriate to answer the research 
question. For example, if you want to find whether a less invasive treatment pro-
vides equivalent survival to a more invasive treatment in a cancer with good 
prognosis, outcomes should be extracted at a reasonable follow-up time. You 
might be interested in outcomes at multiple time points, all of which may be clin-
ically relevant. In this scenario, it is reasonable to include outcomes measured at 
multiple time points.

Misconceptions about choosing outcomes
A common misconception is that the review should include outcomes based on 
being reported in primary research studies. If the systematic review is performed 
to guide clinical practice, it is strongly recommended that only outcomes of 
interest to patients, healthcare professionals and policy makers are included in 
the systematic review. [9] Therefore, it is not appropriate to choose outcomes 
solely on the basis that they are reported in primary research studies.

Another misconception is that you should choose an objective measurement 
such as a blood test over subjective patient-reported outcome measures. As men-
tioned in the section ‘When core outcome sets are not available’, patient-reported 
outcome measures are very important to stakeholders.
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Surrogate outcomes

Introduction
A major consideration in choosing an outcome for the systematic review is sur-
rogate outcomes.

Surrogate means substitute. Surrogate outcomes are indirect outcomes used as 
substitutes to predict important clinical outcomes. Typically, the surrogate outcomes 
are lab-based outcomes or radiology-based outcomes. Sometimes, surrogate out-
comes can be clinical outcomes that predict another important clinical outcome.

Surrogate outcomes are also called surrogate endpoints. Another related 
term is surrogate biomarker. Biomarkers are physical (external or internal) or 
genetic characteristics of an individual. Biomarkers are quite commonly used for 
diagnostic purposes. For example, to diagnose obesity, you use the height and 
weight of the individual and calculate the Body Mass Index. When such bio-
markers are used as outcomes to assess the effect of an intervention, for exam-
ple, the use of Body Mass Index in assessing the effectiveness of a lifestyle inter-
vention, they are called surrogate biomarkers.

Advantages
Some of the advantages of surrogate outcomes are that they are quicker and 
cheaper to measure compared to the clinical outcomes. This means that the clin-
ical trials used to assess the effect of an intervention can be completed more 
quickly. Some endpoints may be used because they can be measured non-
invasively compared to the outcome of interest.

Criteria
If the biomarker is used as a substitute for a clinical outcome and is used as 
means or mechanism to influence the clinical outcome (‘therapeutic target’), 
two conditions have to be met. [50]

•	 There should be good agreement between the surrogate outcome and the 
clinical outcome.

•	 Changing the surrogate outcome should result in an equivalent change in 
the clinical outcome.

Disadvantages
Despite the common use of surrogate outcomes in clinical and preclinical 
research studies to find out if an intervention works, surrogate outcomes are 
notorious for their misuse by researchers and industry, and can lead to wrong 
conclusions.
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For example, Kim et  al. found that only about 14% (5/36) of the drugs 
approved by US Food and Drug Administration (FDA) between 2008 and 2012 
on the basis of progression-free survival and disease-free survival actually 
improved overall survival. [51] For 13/36 approvals, the evidence was not suffi-
cient to conclude whether the drug improved survival, and in the remaining 
drugs (18/36), the drug did not improve survival. [51]

Rupp et al. found that, of the 18 drugs that were proven not to have sur-
vival benefit by Kim et  al., HRQoL was available for seven drugs. [52] Of 
these, the HRQoL was worse than placebo or no treatment for two drugs; 
there was no difference in HRQoL between the drug and placebo or no treat-
ment for four drugs; one drug had mixed results in terms of HRQoL. The 
average annual costs of the drugs with no survival or HRQoL advantage was 
US$88,000.

Ideal scenario for surrogate outcomes
The ideal scenario for surrogate outcomes is when the surrogate outcome is the 
only pathway by which the disease can cause the clinical outcome, and the inter-
vention acts in this pathway and causes a change in surrogate outcome, leading 
to a change in the clinical outcome. [53] This is shown in Figure 3.3.

Reasons for poor accuracy
The reasons for poor accuracy of surrogate outcomes are shown in Figure 3.4.

Essentially, if there are other pathways (which are not affected by the inter-
vention) through which the disease can cause the clinical outcome, then the 
validity of the surrogate outcome will be decreased. If the intervention affects 

Surrogate
outcomeDisease

Disease

Intervention

Clinical
outcome

Change in
surrogate
outcome

Change in
clinical

outcome

Figure 3.3 ​ Ideal scenario for surrogate outcomes

Source: Adapted from Gurusamy et al. [54] (contains public sector information licensed 
under the Open Government Licence v3.0).
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the clinical outcome through pathways unrelated to the surrogate outcome, 
again the validity of the surrogate outcome will be decreased.

How can the intervention improve a surrogate outcome but not result in an 
equivalent change in the clinical outcome? The reasons for this were mentioned 
in the previous paragraph. A non-healthcare example is also provided to explain 
this concept further.

Let us say you are asked to guess which team won in football based on ball 
possession, shots on target and corners, as shown in Table 3.4.

As a background for people who do not follow football, ball possession, shots 
on target and corners can be considered indirect measures of the domination of 
one team over another. Of course, simply having high ball possession, more shots 
on target or more corners do not mean that the team wins. The opposite team’s 
goalkeeper may have defended the goal successfully on all the attempts. The 
team that has less possession and fewer shots on target or corners may have more 
goals as they shoot more accurately.

Intervention

Disease
Change in
surrogate
outcome

Change in
clinical

outcome

Alternate pathways by which the disease
affects the clinical outcome

Alternate pathways by which the intervention
affects the clinical outcome

Change in surrogate
outcome does not

translate to an
equivalent change
in clinical outcome

Figure 3.4 ​ Reasons for poor accuracy of surrogate outcomes

Table 3.4  ​Non-healthcare example of surrogate outcome

Aspect Valencia Real Madrid

Possession 35% 65%

Shots on target 4 6

Corners 1 8

Source: Data from: www​.bbc​.com​/sport​/football​/54859896

Source: Adapted from Gurusamy et al. [54] (contains public sector information licensed 
under the Open Government Licence v3.0).

http://www.bbc.com/sport/football/54859896


A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE52

Can you guess the winner from the information shown in Table 3.4? Every
thing points to Real Madrid being the dominant team. So, you can be forgiven 
for thinking that Real Madrid must have won this game or at least, this was a 
draw. However, Valencia thrashed Real Madrid 4–1.

Similarly, an intervention may improve the surrogate outcome but not the 
clinical outcome, leading to measurement error.

Inference
So, what inference can we make from the information provided? Considerable 
measurement error is possible when surrogate outcomes are used to assess inter-
ventions, leading to wrong conclusions. This can result in interventions causing 
harm to people despite showing improvement in surrogate outcomes.

Composite outcomes

Introduction
Composite outcomes consist of two or more component outcomes. When a 
patient has at least one of the component outcomes, they are considered to have 
the composite outcome.

Advantages
The main reason for the use of a composite outcome is that it increases statistical 
efficiency, that is, because of higher event rates, the sample size required to dem-
onstrate differences between two treatments is decreased. [55] This decreases the 
resources and the time required to conduct the trial. Other reasons for the use of 
the composite outcome is that it includes more than one aspect of health status and 
avoids having to choose arbitrarily between outcomes of equal importance. [55]

Disadvantages
The major problem with composite outcomes is that the components that make 
up the composite outcome should be of similar importance. [55] If this condition 
is not met, this can lead to significant problems, particularly if the intervention 
does not result in similar reductions in the components. For example, an inter-
vention may decrease the proportion of patients who developed the complication 
component of less clinical importance (say, mild stroke) but increase the propor-
tion of patients who developed the complication component of greater clinical 
importance (say, severe stroke). Even if there is an overall decrease in the com-
posite outcome, stroke in this example, can the intervention be recommended?

If the different components are not of similar importance to the patient and 
reductions in the different components of the primary outcome are not equal, it 
can lead to confusion in interpretation. [56,57]
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SUMMARY

In this chapter, we have provided some guidance on determining the research 
question for a systematic review.

PRACTICE QUESTIONS

1.	 From the following research objective ‘To determine the effect of 
exercise in addition to dietary advice compared with dietary advice 
on prevention of stroke in people with type II diabetes mellitus’, 
identify the following.
a.	 Population
b.	 Intervention
c.	 Comparator
d.	 Outcome(s)

2.	 From the following research objective ‘To determine the effect of 
heart bypass surgery versus stent in improving the longevity of life of 
people with heart attack’, identify the following.
a.	 Population
b.	 Intervention
c.	 Comparator
d.	 Outcome(s)

Answers to the practice questions can be found in the Appendix.

REFERENCES

	 1.	 Chalmers I, Glasziou P. Avoidable waste in the production and reporting 
of research evidence. Lancet. 2009; 374(9683):86–9.

	 2.	 James Lind Alliance. Top 10s of Priorities for Research. www​.jla​.nihr​.ac​
.uk​/top​-10​-priorities/ (accessed on 4 September 2023). 2023.

	 3.	 Smith DJ, Gold JAW, Benedict K, Wu K, Lyman M, Jordan A, et al. Public 
health research priorities for fungal diseases: a multidisciplinary 
approach to save lives. Fungi (Basel). 2023; 9(8).

	 4.	 Raichurkar P, Denehy L, Solomon M, Koh C, Pillinger N, Hogan S, et al. 
Research priorities in prehabilitation for patients undergoing cancer 

http://www.jla.nihr.ac.uk/top-10-priorities/
http://www.jla.nihr.ac.uk/top-10-priorities/


A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE54

surgery: an international Delphi study. Ann Surg Oncol. 2023; 
30(12):7226–35.

	 5.	 National Institute for Health and Care Excellence. Research 
Recommendations. www​.nice​.org​.uk​/about​/what​-we​-do​/science​-policy​
-research​/research​-recommendations (accessed on 5 September 2023). 
2023.

	 6.	 Garner P, Hopewell S, Chandler J, MacLehose H, Schünemann HJ, Akl 
EA, et al. When and how to update systematic reviews: consensus and 
checklist. BMJ. 2016; 354: i3507.

	 7.	 Whiting P, Savović J, Higgins JP, Caldwell DM, Reeves BC, Shea B, et al. 
ROBIS: a new tool to assess risk of bias in systematic reviews was 
developed. J Clin Epidemiol. 2016; 69:225–34.

	 8.	 Munn Z, Stern C, Aromataris E, Lockwood C, Jordan Z. What kind of 
systematic review should I conduct? A proposed typology and guidance 
for systematic reviewers in the medical and health sciences. BMC Med 
Res Method. 2018; 18(1):5.

	 9.	 Higgins J, Lasserson T, Chandler J, Tovey D, Churchill R. Methodological 
Expectations of Cochrane Intervention Reviews. Cochrane: London. 
https://community​.cochrane​.org​/sites​/default​/files​/uploads​/MECIR%20
PRINTED%20BOOKLET%20FINAL%20v1​.01​.pdf (accessed on 7 
September 2023). 2016.

	10.	 Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. PRISMA 2020 explanation and elaboration: updated guidance and 
exemplars for reporting systematic reviews. BMJ. 2021; 372: n160.

	11.	 Joury E, Bernabe E, Sabbah W, Nakhleh K, Gurusamy K. Systematic 
review and meta-analysis of randomised controlled trials on the 
effectiveness of school-based dental screening versus no screening on 
improving oral health in children. Dent. 2017; 58:1–10.

	12.	 Riviere D, Gurusamy KS, Kooby DA, Vollmer CM, Besselink MG, Davidson 
BR, et al. Laparoscopic versus open distal pancreatectomy for pancreatic 
cancer. Cochrane Database Syst Rev. 2016; 4(4): Cd011391.

	13.	 Komolafe O, Buzzetti E, Linden A, Best LM, Madden AM, Roberts D, et al. 
Nutritional supplementation for nonalcohol-related fatty liver disease: a 
network meta-analysis. Cochrane Database Syst Rev. 2021; 7(7): Cd013157.

	14.	 World Health Organization. International Statistical Classification of 
Diseases and Related Health Problems 11th Revision. www​.who​.int​
/standards​/classifications​/classification​-of​-diseases (accessed on 31 
March 2024). 2022.

	15.	 National Library of Medicine. Welcome to Medical Subject Headings. 
www​.nlm​.nih​.gov​/mesh​/meshhome​.html (accessed on 10 
September 2023). 2023.

http://www.nice.org.uk/about/what-we-do/science-policy-research/research-recommendations
http://www.nice.org.uk/about/what-we-do/science-policy-research/research-recommendations
https://community.cochrane.org/sites/default/files/uploads/MECIR%20PRINTED%20BOOKLET%20FINAL%20v1.01.pdf
https://community.cochrane.org/sites/default/files/uploads/MECIR%20PRINTED%20BOOKLET%20FINAL%20v1.01.pdf
http://www.who.int/standards/classifications/classification-of-diseases
http://www.who.int/standards/classifications/classification-of-diseases
http://www.nlm.nih.gov/mesh/meshhome.html


Determine the research question 55

	16.	 SNOWMED International. SNOMED International SNOMED CT Browser. 
https://browser​.ihtsdotools​.org​/? (accessed on 10 September 2023). 2023.

	17.	 National Library of Medicine. Unified Medical Language System (UMLS). 
www​.nlm​.nih​.gov​/research​/umls​/index​.html (accessed on 31 
March 2024). 2023.

	18.	 O’Neill J, Tabish H, Welch V, Petticrew M, Pottie K, Clarke M, et al. 
Applying an equity lens to interventions: using PROGRESS ensures 
consideration of socially stratifying factors to illuminate inequities in 
health. J Clin Epidemiol. 2014; 67(1):56–64.

	19.	 Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. 
Better reporting of interventions: template for intervention description 
and replication (TIDieR) checklist and guide. BMJ. 2014; 348: g1687.

	20.	 Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, 
et al. A new framework for developing and evaluating complex 
interventions: update of Medical Research Council guidance. BMJ. 2021; 
374: n2061.

	21.	 Bond-Smith G, Belgaumkar AP, Davidson BR, Gurusamy KS. Enhanced 
recovery protocols for major upper gastrointestinal, liver and pancreatic 
surgery. Cochrane Database Syst Rev. 2016; 2(2): Cd011382.

	22.	 Kirkham JJ, Dwan KM, Altman DG, Gamble C, Dodd S, Smyth R, et al. 
The impact of outcome reporting bias in randomised controlled trials on a 
cohort of systematic reviews. BMJ. 2010; 340: c365.

	23.	 Merriam-Webster Dictionary. Bias. www​.merriam​-webster​.com​
/dictionary​/bias (accessed on 14 March 2024). 2023.

	24.	 Merriam-Webster Dictionary. Prejudice. www​.merriam​-webster​.com​
/dictionary​/prejudice (accessed on 9 September 2023). 2023.

	25.	 Moher D, Pham B, Klassen TP, Schulz KF, Berlin JA, Jadad AR, et al. What 
contributions do languages other than English make on the results of 
meta-analyses? J Clin Epidemiol. 2000; 53(9):964–72.

	26.	 Jüni P, Holenstein F, Sterne J, Bartlett C, Egger M. Direction and impact 
of language bias in meta-analyses of controlled trials: empirical study. Int 
J Epidemiol. 2002; 31(1):115–23.

	27.	 Moher D, Pham B, Lawson ML, Klassen TP. The inclusion of reports of 
randomised trials published in languages other than English in systematic 
reviews. Health Technol Assess. 2003; 7(41):1–90.

	28.	 Morrison A, Polisena J, Husereau D, Moulton K, Clark M, Fiander M, et al. 
The effect of English-language restriction on systematic review-based 
meta-analyses: a systematic review of empirical studies. Int J Technol 
Assess Health Care. 2012; 28(2):138–44.

	29.	 Dobrescu AI, Nussbaumer-Streit B, Klerings I, Wagner G, Persad E, 
Sommer I, et al. Restricting evidence syntheses of interventions to 

https://browser.ihtsdotools.org/?
http://www.nlm.nih.gov/research/umls/index.html
http://www.merriam-webster.com/dictionary/bias
http://www.merriam-webster.com/dictionary/bias
http://www.merriam-webster.com/dictionary/prejudice
http://www.merriam-webster.com/dictionary/prejudice


A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE56

English-language publications is a viable methodological shortcut for 
most medical topics: a systematic review. J Clin Epidemiol. 2021; 
137:209–17.

	30.	 Marshall IJ, Marshall R, Wallace BC, Brassey J, Thomas J. Rapid reviews 
may produce different results to systematic reviews: a meta-
epidemiological study. J Clin Epidemiol. 2019; 109:30–41.

	31.	 Schmucker CM, Blümle A, Schell LK, Schwarzer G, Oeller P, Cabrera L, 
et al. Systematic review finds that study data not published in full text 
articles have unclear impact on meta-analyses results in medical 
research. PLoS One. 2017; 12(4): e0176210.

	32.	 Dwan K, Altman DG, Arnaiz JA, Bloom J, Chan AW, Cronin E, et al. 
Systematic review of the empirical evidence of study publication bias and 
outcome reporting bias. PLoS One. 2008; 3(8): e3081.

	33.	 Song F, Parekh S, Hooper L, Loke YK, Ryder J, Sutton AJ, et al. 
Dissemination and publication of research findings: an updated review of 
related biases. Health Technol Assess. 2010; 14(8):iii,ix–xi,1–193.

	34.	 Scherer RW, Langenberg P, von Elm E. Full publication of results initially 
presented in abstracts. Cochrane Database Syst Rev. 2007(2): Mr000005.

	35.	 Scherer RW, Saldanha IJ. How should systematic reviewers handle 
conference abstracts? A view from the trenches. Systematic Reviews. 
2019; 8(1):264.

	36.	 Sterne J, Higgins J, Elbers R, Reeves B. Development group for ROBINS-I. 
Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I): 
detailed guidance. www​.riskofbias​.info (accessed on 10 
September 2023). 2016.

	37.	 Prinsen CA, Vohra S, Rose MR, Boers M, Tugwell P, Clarke M, et al. 
Guideline for selecting outcome measurement instruments for outcomes 
included in a core outcome set. https://cosmin​.nl​/wp​-content​/uploads​
/COSMIN​-guideline​-selecting​-outcome​-measurement​-COS​.pdf (accessed 
on 10 September 2023). 2016.

	38.	 Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, et al. 
Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L 
across eight patient groups: a multi-country study. Qual Life Res. 2013; 
22(7):1717–27.

	39.	 McHorney CA, Ware JE, Jr., Raczek AE. The MOS 36-Item Short-Form 
Health Survey (SF-36): II. psychometric and clinical tests of validity in 
measuring physical and mental health constructs. Med Care. 1993; 
31(3):247–63.

	40.	 Cella DF, Tulsky DS, Gray G, Sarafian B, Linn E, Bonomi A, et al. The 
Functional Assessment of Cancer Therapy scale: development and 
validation of the general measure. Clin Oncol. 1993; 11(3):570–9.

http://www.riskofbias.info
https://cosmin.nl/wp-content/uploads/COSMIN-guideline-selecting-outcome-measurement-COS.pdf
https://cosmin.nl/wp-content/uploads/COSMIN-guideline-selecting-outcome-measurement-COS.pdf


Determine the research question 57

	41.	 Linden A, Best L, Elise F, Roberts D, Branagan A, Tay YBE, et al. Benefits and 
harms of interventions to improve anxiety, depression, and other mental 
health outcomes for autistic people: a systematic review and network 
meta-analysis of randomised controlled trials. Autism. 2023; 27(1):7–30.

	42.	 ICH. Integrated Addendum to ICH E6(R1): Guideline for Good Clinical 
Practice. E6(R2). https://database​.ich​.org​/sites​/default​/files​/E6​_R2​
_Addendum​.pdf (accessed on 9 September 2023). 2016.

	43.	 Dodd S, Clarke M, Becker L, Mavergames C, Fish R, Williamson PR. A 
taxonomy has been developed for outcomes in medical research to help 
improve knowledge discovery. J Clin Epidemiol. 2018; 96:84–92.

	44.	 COMET Initiative. Core Outcome Measures in Effectiveness Trials. www​
.comet​-initiative​.org/ (accessed on 10 September 2023). 2023.

	45.	 Cella D, Hahn EA, Jensen SE, Butt Z, Nowinski CJ, Rothrock N, et al. 
Patient-Reported Outcomes in Performance Measurement. www​.ncbi​.nlm​
.nih​.gov​/books​/NBK424378​/pdf​/Bookshelf​_NBK424378​.pdf (accessed 
on 10 September 2023). 2015.

	46.	 Elsman EBM, Mokkink LB, Langendoen-Gort M, Rutters F, Beulens J, 
Elders PJM, et al. Systematic review on the measurement properties of 
diabetes-specific patient-reported outcome measures (PROMs) for 
measuring physical functioning in people with type 2 diabetes. BMJ Open 
Diabetes Res Care. 2022; 10(3).

	47.	 COSMIN Initiative. Find the Right Tool. www​.cosmin​.nl​/finding​-right​
-tool​/select​-best​-measurement​-instrument/ (accessed on 10 
September 2023). 2023.

	48.	 PROMIS Health Organization. What Is PROMIS? www​.promishealth​.org​
/57461​-2/ (accessed on 10 September 2023). 2023.

	49.	 Health Measures. Search & View Measures. www​.healthmeasures​.net​
/search​-view​-measures (accessed on 10 September 2023). 2023.

	50.	 Prentice RL. Surrogate endpoints in clinical trials: definition and 
operational criteria. Stat Med. 1989; 8(4):431–40.

	51.	 Kim C, Prasad V. Cancer drugs approved on the basis of a surrogate end 
point and subsequent overall survival: an analysis of 5 years of US Food and 
Drug Administration approvals. JAMA Intern Med. 2015; 175(12):1992–4.

	52.	 Rupp T, Zuckerman D. Quality of life, overall survival, and costs of cancer 
drugs approved based on surrogate endpoints. JAMA Intern Med. 2017; 
177(2):276–7.

	53.	 Fleming TR, DeMets DL. Surrogate end points in clinical trials: are we 
being misled? Ann Intern Med. 1996; 125(7):605–13.

	54.	 Gurusamy KS, Moher D, Loizidou M, Ahmed I, Avey MT, Barron CC, et al. 
Clinical relevance assessment of animal preclinical research (RAA) tool: 
development and explanation. PeerJ. 2021; 9:e10673.

https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf
https://database.ich.org/sites/default/files/E6_R2_Addendum.pdf
http://www.comet-initiative.org/
http://www.comet-initiative.org/
http://www.ncbi.nlm.nih.gov/books/NBK424378/pdf/Bookshelf_NBK424378.pdf
http://www.ncbi.nlm.nih.gov/books/NBK424378/pdf/Bookshelf_NBK424378.pdf
http://www.cosmin.nl/finding-right-tool/select-best-measurement-instrument/
http://www.cosmin.nl/finding-right-tool/select-best-measurement-instrument/
http://www.promishealth.org/57461-2/
http://www.promishealth.org/57461-2/
http://www.healthmeasures.net/search-view-measures
http://www.healthmeasures.net/search-view-measures


A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE58

	55.	 Cordoba G, Schwartz L, Woloshin S, Bae H, Gøtzsche PC. Definition, 
reporting, and interpretation of composite outcomes in clinical trials: 
systematic review. BMJ. 2010; 341: c3920.

	56.	 Freemantle N, Calvert M, Wood J, Eastaugh J, Griffin C. Composite 
outcomes in randomized trials: greater precision but with greater 
uncertainty? JAMA. 2003; 289(19):2554–9.

	57.	 Montori VM, Permanyer-Miralda G, Ferreira-González I, Busse JW, 
Pacheco-Huergo V, Bryant D, et al. Validity of composite end points in 
clinical trials. BMJ. 2005; 330(7491):594–6.



59

	 4	​Select the studies

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Choose the databases that you need to search
•	 Understand the principles of designing formal search strategies

OVERVIEW

In many types of systematic reviews, the aim is to identify all the studies related 
to a topic. Multiple sources must be searched to achieve this aim. The minimum 
databases that must be searched for systematic reviews of intervention should 
be MEDLINE, EMBASE, Cochrane Library and trial registers. If the appropriate 
sources are not searched, there is a possibility of getting a wrong answer for the 
research question. To avoid reporting bias, there should be no restrictions based 
on language or publication status while designing the search strategy.

The first step in designing a formal search strategy is to split the research 
question into different parts. These different parts are called ‘domains’ or ‘key 
concepts’ or simply ‘concepts’. In an intervention review, the domains are based 
around the population, intervention, comparator and outcomes (PICO) format 
used for determining the eligibility criteria. Except under exceptional circum-
stances, we recommend that the search strategy does not include ‘outcomes’ as 
one of the domains, so that exploration of reporting biases is possible.

Each domain or key concept can be further subdivided into sub-domains 
and sub-concepts. Each concept or sub-concept should include a combination of 
controlled vocabulary terms and free text terms. The concepts and sub-concepts 
are combined with each other using Boolean terms (such as ‘OR’, ‘AND’) 
depending upon whether you want to identify articles that contain at least one 
of the concepts (or sub-concepts) or only those articles that contain all the con-
cepts (or sub-concepts).
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Search filters are validated combinations of search terms related to a 
concept and can be used when appropriate. Most search filters available relate 
to the study design.

Once a search strategy is designed, at least two independent researchers 
should make the study selection. All reports of a study should be selected and 
collated. There is uncertainty about the role of automated searching and 
screening tools.

WHAT IS STUDY SELECTION?

You may recollect from Chapter 2 that once the research question is determined 
the next steps are to identify suitable methods for study selection, data extrac-
tion, analysis and reporting, and to complete protocol registration.

As the name indicates, study selection involves selecting the studies to be 
included in the systematic review.

WHY IS STUDY SELECTION IMPORTANT?

Since data are extracted from the included studies (and subsequently anal-
ysed to obtain the results and arrive at conclusions in the systematic review), 
study selection is a key step in a systematic review and can affect the results of 
the review. To illustrate this, we provide an example. In 2012, GlaxoSmith-
Kline LLC (GSK) agreed to pay US$3 billion to the US Government to resolve 
its criminal and civil liability arising from the unlawful actions of the com
pany. [1] Among other things, the company was alleged to have unlawfully 
promoted an antidepressant (paroxetine) in children and adolescents. 
[1] While the UK Government did not decide to prosecute GSK with regards to 
paroxetine, the report of the investigation by the Medicines and Healthcare 
Products Regulatory Agency (MHRA) is available from the National Archives 
of the UK Government. [2] As per this report, GSK provided analyses that did 
not reveal any evidence of increased suicidal risk because of the use of parox-
etine. However, this analysis included adult and paediatric trials: when a 
meta-analysis of clinical trial data on children and adolescents was per-
formed, it revealed an increased risk of suicide related to paroxetine in 
children and adolescents. [2]

Furthermore, by definition, a systematic review attempts to collate all empiri-
cal evidence that fits pre-specified eligibility criteria to answer a specific research 
question. [3] This inevitably means that attempts should be made to identify all 
the studies that provide the answer to the specific research question. In addition, 
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the empirical evidence that we have provided in Chapter 3 highlights the impor-
tance of not restricting studies based on the publication status or language.

STUDY SELECTION PROCESS

Overview of study selection
An overview of the process of study selection is shown in Figure 4.1. Further details 
about each aspect of this process are explained in the remainder of this chapter.

Step 1 Choose the criteria for study selection
There are certain general considerations and research question-specific consid-
erations in choosing the criteria for study selection. These relate to the eligibility 
criteria based on PICO, and other eligibility criteria such as restrictions by study 
design, length of follow-up, co-interventions, language of publication, year of 
publication and publication status as described in Chapter 3. To avoid reporting 
bias, there should be no restrictions based on language or publication status 
while designing the search strategy.

Step 2 Choose databases to search
MEDLINE, EMBASE, CINAHL, PsycINFO and LILACS are examples of biomedi-
cal literature databases that index biomedical literature. Each article published 

Choose the criteria for study selection 
• Reflect the research question and
eligibility criteria 

• Decide about restrictions by language
of  publication, year of  publication and
publication status 

Choose databases to search 
• As a minimum choose MEDLINE,
EMBASE, Cochrane library, clinical trial
registers 

• Consider Conference Proceedings
Citation Index and other databases 

Choose the search strategy 
• Depends upon the database searched 
• Split the search strategy into ‘domains’
or ‘concepts’ and combine these using
Boolean operators 

• Use a combination of  controlled
vocabulary and free-text terms 

Run the searches 
• Access is required to search some
databases 

• Download the results 

Combine the results 
• Combine the results from multiple
databases 

• Remove duplicates 

Screen the titles and abstracts 
• This should be done by two
independent reviewers 

Obtain full texts 
• This will require access to journal full
texts 

Finalise study selection 
• This should be done by two
independent reviewers using the full
texts when available 

Figure 4.1 ​ Overview of the process of study selection
This figure shows an overview of the study selection process.
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in an indexed journal is added to these searchable literature databases: some 
journals are included in multiple biomedical literature databases, while others 
are included in a limited number of databases. Therefore, the articles included in 
these literature databases are different and more than one database should be 
searched in a systematic review. These databases can be searched through vari
ous platforms. For example, MEDLINE, EMBASE and PsycINFO can be searched 
through the Ovid® platform, a subscription-based service. CINAHL can be 
searched through the EBSCOhost platform.

MEDLINE can also be searched through PubMed. In fact, MEDLINE is the 
largest component of PubMed, a free resource for searching biomedical litera
ture. [4] However, restriction of articles to MEDLINE alone can result in relevant 
studies being missed, resulting in incorrect results in the systematic review. 
[5,6] Therefore, as a minimum, for systematic reviews in health and disease, you 
should search MEDLINE and EMBASE.

The Cochrane Central Register of Controlled Trials (CENTRAL) is a register 
provided by Cochrane Library and contains RCTs and quasi-randomised studies 
identified by searching PubMed, EMBASE and CINAHL. [7] Searching the 
Cochrane Library is free, although downloading the results is a subscription-
based service. There are no studies that investigate whether searching Cochrane 
CENTRAL can mitigate the risk of missing studies resulting from a failure to 
search EMBASE.

The Conference Proceedings Citation Index contains abstracts of many bio-
medical conferences and appears to be a viable alternative to the resource-
intensive manual searching of conference abstract publications. This can be 
searched through the Web of Science™ platform and is a subscription-based 
service. We recommend searching the Conference Proceedings Citation Index 
when possible, to identify conference abstracts.

You must consider searching other databases depending upon the type of 
population, intervention, or comparator. For example, if you perform a system-
atic review of nursing or allied health intervention, you should consider search-
ing CINAHL; if the population is people with psychiatric illnesses, you should 
consider searching PsycINFO; if the intervention involves Chinese medicines, 
you should consider searching one of the Chinese biomedical literature data-
bases; [8] and if the intervention involves treatment of illnesses mainly preva-
lent in Latin America and Caribbean countries, you should consider searching 
the LILACS database. [9]

You must search trial registers routinely to decrease the risk of reporting bias. 
The International Committee of Medical Journal Editors recommends that the 
journals should consider accepting only clinical trials with publicly accessible 
registration in any registry that is a primary register of the World Health 
Organization (WHO) International Clinical Trials Registry Platform (ICTRP) or 
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in ClinicalTrials​.gov. [10] Therefore, we recommend that these clinical trial reg-
istries are searched as a minimum to identify unpublished trials.

Step 3 Choose the search strategy
Search strategy or ‘formal search strategy’ refers to a set of terms used to search 
the different biomedical databases.

Why should you use a ‘formal search strategy’?
One of the key characteristics of a systematic review is the use of reproducible 
methodology. [3] Therefore, it is necessary that a ‘formal search strategy’ is used 
(to allow others to replicate the searches) rather than finding the studies using 
ad hoc search terms.

How do you design a formal search strategy?

Overview of designing a formal search strategy
An overview of designing a formal search strategy is provided in Figure 4.2.

Step 3.1  Split the search strategy into ‘domains’ or ‘key concepts’
The first step in designing a formal search strategy is to split this into different 
parts. These different parts are called ‘domains’ or ‘key concepts’ or simply ‘con-
cepts’. In an intervention review, the domains are based around the PICO format 
used for determining the eligibility criteria. However, except under exceptional 

Step 3.1 Split the search strategy into concepts and sub-concepts 

Step 3.2 Split key concepts into sub-concepts if relevant 

• The usual concepts and sub-concepts in an intervention review are study design,
  population, intervention and comparator
• We recommend against using outcome as one of the concepts in the search
  strategy routinely

• Identify relevant controlled vocabulary and free-text terms
• Combine free text terms and controlled vocabulary terms using the Boolean
  operator 'OR'

Step 3.3 Convert each concept or sub-concept into a combination
of controlled vocabulary and free-text terms

Figure 4.2 ​ Overview of designing a formal search strategy
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circumstances, we recommend that the search strategy does not include ‘out-
comes’ as one of the domains, so that exploration of reporting biases is possible.

Example 1
The search strategy ‘domains’ or ‘concepts’ in the systematic review whose pri-
mary objective is ‘Evaluate the effectiveness of school-based dental screening versus 
no screening on improving oral health in children aged 3–18 years by a systematic 
review and meta-analysis of randomised controlled trials’ [11] are (a) population: 
‘children’, (b) intervention: ‘school-based dental screening’, and (c) comparator: 
‘no screening’.

Example 2
The search strategy ‘domains’ or ‘concepts’ in the systematic review whose pri-
mary objective is ‘To assess the benefits and harms of laparoscopic distal pancre-
atectomy versus open distal pancreatectomy for people undergoing distal pancre-
atectomy for pancreatic ductal adenocarcinoma of the body or tail of the pancreas, 
or both’ [12] are (a) population: ‘people undergoing distal pancreatectomy for pan-
creatic ductal adenocarcinoma’, (b) intervention: ‘laparoscopic distal pancreatec-
tomy’, and (c) comparator: ‘open distal pancreatectomy’.

If you compare the PICO that we stated in Chapter 3, the search concepts are 
much less specific. This is because we do not want to be too restrictive in the 
search concepts. Being too restrictive at the search concept level can result in 
missing studies which include some concepts only in the full text level: full text 
is not searched when you run a search in the common databases mentioned 
above, although the subject headings and keywords are based on full text.

Step 3.2  Split key concepts into sub-concepts if relevant
Once you have identified key concepts, you may split them into sub-concepts. 
The intervention ‘school-based dental screening’ in Example 1 can be split fur-
ther into ‘school’ and ‘dental screening’. The population ‘people undergoing distal 
pancreatectomy for pancreatic ductal adenocarcinoma’ in Example 2 can be fur-
ther split into ‘distal pancreatectomy’ and ‘pancreatic ductal adenocarcinoma’; 
the intervention in the same example could be split into ‘laparoscopic’ and ‘dis-
tal pancreatectomy’.

Step 3.3 � Convert each concept or sub-concept into a combination of controlled 
vocabulary and free text terms

‘Controlled vocabulary terms’ are a set of standardised terms or ‘codes’ to 
describe various medical concepts. The underlying reason for using such ‘stan-
dardised terms’ is that it is possible that the same medical concept is described in 
different ways in different publications.
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Example 3
‘Chronic kidney failure’ and ‘chronic renal failure’ refer to the same medical con-
cept. Some journal publications may use the term ‘chronic kidney failure’ while 
others may use the term ‘chronic renal failure’. In the absence of the concept of 
‘controlled vocabulary’, a search for ‘chronic kidney failure’ will not retrieve arti-
cles which used the term ‘chronic renal failure’ to describe the same medical ill-
ness; similarly, a search for ‘chronic renal failure’ will not retrieve articles which 
used the term ‘chronic kidney failure’ to describe the same medical illness (in the 
absence of the concept of ‘controlled vocabulary’).

Example 4
‘Liver transplantation’ and ‘liver grafting’ refer to the same medical concept. Some 
journal publications may use the term ‘liver transplantation’ while others may use 
the term ‘liver grafting’. In the absence of the concept of ‘controlled vocabulary’, a 
search for ‘liver transplantation’ will not retrieve articles which used the term ‘liver 
grafting’ to describe the same medical procedure; similarly, a search for ‘liver graft-
ing’ will not retrieve articles which used the term ‘liver transplantation’ to describe 
the same procedure (in the absence of the concept of ‘controlled vocabulary’).

The use of ‘controlled vocabulary’ helps in retrieving articles which use dif
ferent words for the same concept. In Example 3, using the controlled vocabu-
lary term ‘Kidney Failure, Chronic’ will allow retrieval of articles which use 
either ‘chronic kidney failure’ or ‘chronic renal failure’. In Example 4, using the 
controlled vocabulary term ‘Liver Transplantation’ allows articles which used 
the term ‘liver grafting’ to be retrieved. Therefore, the use of controlled vocabu-
lary terms is particularly useful when more than one term exists for a disease or 
condition. It is also useful for identifying foreign articles.

How do you identify the controlled vocabulary terms for a  
concept or sub-concept?
In Examples 3 and 4, we mentioned that the controlled vocabulary terms are 
‘Kidney Failure, Chronic’ and ‘Liver Transplantation’. These terms are specific to 
MEDLINE, although other databases may use the same controlled vocabulary 
terms for this concept. It is important that you verify the controlled vocabulary 
terms for each database before you use it. But how do we identify these con-
trolled vocabulary terms? This is answered step by step using screenshots.

Step 3.3.1 � Identifying controlled vocabulary terms for MEDLINE  
(through PubMed)

The controlled vocabulary terms are called Medical Subject Headings (MeSH) in 
MEDLINE. The steps below show how to obtain MeSH terms through the PubMed 
platform. (Note: The screenshots are intended to provide instructive and 
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practical guidance on processes as they currently stand, however I acknowledge 
that some of these pages may change over time.)

Step 3.3.1.1
Go to PubMed initial screen at https://pubmed​.ncbi​.nlm​.nih​.gov​/ (see Figure 4.3). 
Click ‘MeSH database’ (red ellipse). This takes you to the screen shown in 
Figure 4.4.

Figure 4.3 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
landing page

Figure 4.4 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
MeSH search interface

https://pubmed.ncbi.nlm.nih.gov/
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Step 3.3.1.2
Enter the medical concept or sub-concept. You might get text predictions. Click 
‘Search’ (red ellipse), shown in Figure 4.5.

Step 3.3.1.3
This gives you the MeSH term (red ellipse shown in Figure 4.6).

Figure 4.5 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
search terms entered

Figure 4.6 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
search results (singleMeSH term)
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Sometimes, you might get many MeSH terms for a single concept or sub-
concept. For example, if you used the term ‘kidney failure’ rather than ‘chronic 
kidney failure’, you would get multiple MeSH terms as shown in the screenshot 
in Figure 4.7. In such a situation, you must choose the appropriate term. You may 
sometimes have to click on each term to find the closest match.

Step 3.3.1.4
You might have noticed that when you obtain the MeSH term, there are subhead-
ings (red ellipse in Figure 4.8). You can select the appropriate subheadings depend-
ing on the focus of your systematic review. In the screenshot, I have selected all the 
treatment and clinical outcome-related subheadings (blue ellipses).

You might also have noticed that I did not select the boxes next to ‘Restrict to 
MeSH Major Topic’ or ‘Do not include MeSH terms below the term in MeSH hier-
archy’ (green ellipse). Restricting the search to MeSH Major Topic refers to the 
topic being identified as a major topic in the article and should be considered 
only if there is an unmanageable number of references that make it impossible to 
perform a systematic review. We strongly recommend against choosing the 
option ‘Do not include MeSH terms below the term in MeSH hierarchy’ as this 
can lead to relevant articles included under narrower MeSH terms being missed. 
Please discuss the implications of selecting this option with an information spe-
cialist or librarian with expertise in designing search strategies.

You might have also noticed that there are ‘Entry terms’ (purple ellipse). 
These are the free text terms for the concept or sub-concept. The importance of 

Figure 4.7 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
search results (multiple MeSH terms)
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searching databases using free text terms is explained in the section ‘Step 3.3.8 
Identifying free text terms’.

Step 3.3.1.5
Sometimes, you might want to use broader or narrower terms (depending upon 
whether you want to use a broader or narrower definition of the medical concept 
compared to the term that you identified). For example, when you scroll down 
the page that you obtained by clicking ‘Kidney Failure, Chronic’, you can find 
broader and narrower terms (see Figure 4.9).

You might want to consider using ‘Renal Insufficiency, Chronic’ (red ellipse), 
if your systematic review had a broader focus than ‘Renal Failure, Chronic’. On 
the other hand, you may only be interested in Frasier syndrome (blue ellipse), a 
medical condition that has chronic renal failure as one feature in addition to 
other features. In such a case, you can consider including only Frasier syndrome 
as the MeSH term. Please note that there are multiple such instances of these 
terms. Clicking any of these takes you to the term in which you are interested.

Step 3.3.1.6
After making all the appropriate selections, click ‘Add to search builder’ (red 
ellipse in Figure 4.10). This results in some terms in the PubMed Search Builder 
(blue ellipse). These are the controlled vocabulary search terms for the concept 
or sub-concept. You can click ‘Search PubMed’ (green ellipse) to search PubMed 
using these terms.

Figure 4.8 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
subheadings
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Step 3.3.2  Identifying controlled vocabulary terms for MEDLINE (through Ovid)

Step 3.3.2.1
Log in to Ovid and select Ovid MEDLINE (red ellipse on Figure  4.11). Click 
‘Continue’ (blue ellipse).

Figure 4.9 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
broader and narrower terms

Figure 4.10 ​ Identifying controlled vocabulary terms for MEDLINE (through PubMed): 
search builder
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Although the ‘Term Finder’ (red ellipse in Figure 4.12) can be useful for find-
ing controlled vocabulary terms in MEDLINE (MeSH terms), it does not allow 
the same level of control as that offered by ‘Map Term to Subject Heading’. There-
fore, we recommend using the same steps as those for EMBASE which involves 
using ‘Map Term to Subject Heading’. Please see Step 3.3.3 for further informa-
tion on using ‘Map Term to Subject Heading’ for identifying controlled 

Figure 4.11 ​ Identifying controlled vocabulary terms for MEDLINE (through Ovid): 
landing page (for Ovid)

Figure 4.12 ​ Identifying controlled vocabulary terms for MEDLINE (through Ovid): 
search interface for Ovid MEDLINE
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vocabulary terms in Ovid. It should also be noted that the MeSH terms identified 
through Ovid are the same as those identified through PubMed.

Step 3.3.3  Identifying controlled vocabulary terms for EMBASE (through Ovid)

Step 3.3.3.1
The initial screen when you log into EMBASE is identical to that of MEDLINE, 
but there is no ‘Term Finder’. Enter the search term into the search box (red 
ellipse in Figure 4.13). Select ‘Map Term to Subject Heading’ (blue ellipse) and 
click ‘Search’ (green ellipse).

Step 3.3.3.2
In the resulting screen, any subject headings (called Emtree terms and equiva-
lent to MeSH terms in MEDLINE), are shown as clickable links (red ellipse in 
Figure 4.14). Please note there is also a search term with ‘.mp.’ added to its end 
(blue ellipse). At this stage, we are not interested in this term.

Step 3.3.3.3
Clicking the relevant Emtree link results in the screen shown in Figure  4.15. 
There are broader terms and narrower terms (red ellipses) for you to consider 
depending upon the research question. There are also some terms under ‘[Used 
For]’ (blue ellipse). These are additional free text terms. Click ‘Explode’ (green 
ellipse) and then ‘Continue’ (purple ellipse).

Figure 4.13 ​ Identifying controlled vocabulary terms for EMBASE (through Ovid): 
search interface for Ovid EMBASE
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Step 3.3.3.4
In the resulting screen (Figure 4.16), choose the relevant subheadings (red ellipses) 
and click ‘Continue’ without altering the ‘OR’ in the dropdown menu (blue ellipse).

Step 3.3.3.5
This results in the search terms directly included in the search (red ellipse in 
Figure 4.17).

Figure 4.14 ​ Identifying controlled vocabulary terms for EMBASE (through Ovid): 
search results

Figure 4.15 ​ Identifying controlled vocabulary terms for EMBASE (through Ovid): 
Emtree terms
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Step 3.3.4 � Identifying controlled vocabulary terms for  
Cochrane Library (through Wiley)

Step 3.3.4.1
The initial screen when you visit the Cochrane Library is shown in the screen-
shot (Figure 4.18). Click ‘Advanced Search’ (red ellipse).

Figure 4.16 ​ Identifying controlled vocabulary terms for EMBASE (through Ovid): 
subheadings

Figure 4.17 ​ Identifying controlled vocabulary terms for EMBASE (through Ovid): final 
search results



Select the studies 75

Step 3.3.4.2
In the resulting screen (Figure 4.19), choose the ‘Medical terms (MeSH)’ tab (red 
ellipse).

Step 3.3.4.3
Enter the search term (red ellipse in Figure  4.20) and click ‘Look up’ (blue 
ellipse).

Figure 4.18 ​ Identifying controlled vocabulary terms for Cochrane Library (through 
Wiley): landing page

Figure 4.19 ​ Identifying controlled vocabulary terms for Cochrane Library (through 
Wiley): advanced search interface



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE76

Step 3.3.4.4
In the resulting screen (Figure  4.21), some ‘Thesaurus Matches’ are available 
(red ellipse). Retain the default option of ‘Explode all trees’ (blue ellipse). Select-
ing ‘Single MeSH term (unexploded)’ (green ellipse) can result in fewer results, 
but this may exclude some relevant studies. Therefore, consult with an informa-
tion specialist or librarian with expertise in designing search strategies before 
selecting the option. Click ‘Add to search manager’ (purple ellipse).

Step 3.3.4.5
This results in the MeSH terms being added to the search manager (red ellipse in 
Figure  4.22). In the screenshot, you might notice that the MeSH terms in the 
Cochrane Library are identical to those in MEDLINE.

Figure 4.20 ​ Identifying controlled vocabulary terms for Cochrane Library (through 
Wiley): Advanced Search interface with search terms entered

Figure 4.21 ​ Identifying controlled vocabulary terms for Cochrane Library (through 
Wiley): thesaurus matches
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Step 3.3.5 � Identifying controlled vocabulary terms for CINAHL (through EBSCOhost)

Step 3.3.5.1
The initial screen on logging into CINAHL database through EBSCO is shown in 
the screenshot (Figure 4.23).

Step 3.3.5.2
In the resulting screen (Figure 4.24), enter the search term in the search box (red 
ellipse), check the ‘Suggest Subject Terms’ box (blue ellipse), and click ‘Search’ 
(green ellipse).

Figure 4.22 ​ Identifying controlled vocabulary terms for Cochrane Library (through 
Wiley): search results

Figure 4.23 ​ Identifying controlled vocabulary terms for CINAHL (through EBSCOhost): 
landing page
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Step 3.3.5.3
This results in the screen shown in Figure 4.25. Click ‘Explode’ for the appropri-
ate term (red ellipse).

Step 3.3.5.4
In the resulting screen (Figure  4.26), choose the relevant ‘Subheadings’ (red 
ellipse) and click ‘Search Database’ (blue ellipse). You can restrict this to ‘Major 

Figure 4.24 ​ Identifying controlled vocabulary terms for CINAHL (through EBSCOhost): 
search terms entered

Figure 4.25 ​ Identifying controlled vocabulary terms for CINAHL (through EBSCOhost): 
search results
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Concept’ to obtain manageable results (green ellipse). In the demonstration, this 
has not been selected.

Step 3.3.5.5
This results in the screen shown in Figure 4.27 with the search terms (red ellipse) 
and the results (blue ellipse).

Figure 4.26 ​ Identifying controlled vocabulary terms for CINAHL (through EBSCOhost): 
subheadings

Figure 4.27 ​ Identifying controlled vocabulary terms for CINAHL (through EBSCOhost): 
final search results



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE80

Step 3.3.6  Identifying controlled vocabulary terms for PsycInfo (through Ovid)
The initial screen when you log into PsycInfo through Ovid is shown in the 
screenshot (Figure  4.28). The subsequent steps in identifying the controlled 
vocabulary terms are like those in EMBASE.

Step 3.3.7 � Identifying controlled vocabulary terms for the Conference 
Proceedings Citation Index (through Web of Science)  
and trial registers

There are no controlled vocabulary terms for the Conference Proceedings Cita-
tion Index, ClinicalTrials​.gov and WHO ICTRP. Only free text terms are used.

Step 3.3.8  Identifying free text terms

Why should you search using free text terms?
Free text terms (those terms that are not part of the controlled vocabulary terms of 
the database) should also be used to search the databases. Studies have shown that 
free text terms and controlled vocabulary terms complement each other and that 
fewer studies are missed when these are used in combination. [13,14] One reason 
could be that it may take time for a journal article to be fully indexed. Therefore, 
using only controlled vocabulary terms alone may miss the newer publications. [15]

How can free text terms be identified?
Free text terms can be identified while communicating with the stakeholders. 
Further free text terms can be identified by reviewing the terms used for a 

Figure 4.28 ​ Identifying controlled vocabulary terms for PsycInfo (through Ovid): 
landing page
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concept (or sub-concept) in some of the articles already identified without a for-
mal search strategy. You can identify further free text terms at the same time as 
searching for controlled vocabulary terms. The screenshots under the sections 
‘Step 3.3.1.4’, ‘Step 3.3.3.3’, and ‘Step 3.3.4.4’ show some terms. These are the 
free text terms that were mapped on to the controlled vocabulary terms. There-
fore, you can consider using these terms as free text terms. You can also consider 
using the search terms in SNOMED CT, [16] ICD-11 [17] and Unified Medical 
Language System® (UMLS®) terms if you have used these terms to define the 
population, intervention and comparator. [18]

How do you enter the free text terms?
The free text terms can be entered as identified, but any variations in spelling 
should also be included in the searches. The use of variations in spellings is best 
illustrated using an example.

Example 5
If you are performing a systematic review of the role of haematopoietic stem cell 
transplantation in children with lymphoma, you should search for ‘haematopoi-
etic stem cell transplantation’ in addition to ‘hematopoietic stem cell transplan-
tation’ to account for the variations in the spellings used in different regions of 
the world.

Wildcard search
Wildcard search refers to use of ‘?’ in the search string. The databases process the 
character ‘?’ as indicating any character (including alphabets, numbers, hyphens, 
space and no character). For example, rather than using the two spellings as 
described above, you can use ‘h?ematopoietic stem cell transplantation’ which 
will retrieve both ‘haematopoietic stem cell transplantation’ and ‘hematopoietic 
stem cell transplantation’. While not relevant (as no such words exist), the terms 
‘hbematopoietic stem cell transplantation’, ‘hcematopoietic stem cell transplanta-
tion’, and so on, will also be searched using the wildcard as the second character.

Truncation
The free text terms can also be truncated (shortened) using the character ‘*’ in 
most databases. Ovid also allows the use of ‘$’ to truncate search terms. The 
advantage of using such truncation is that any words starting with the letters 
before ‘*’ or ‘$’ (called ‘word stem’) are retrieved by the ‘truncated’ search term. 
However, the disadvantage is that if there are lots of variations of the word stem 
this can result in retrieval of unnecessary articles. Furthermore, in some data-
bases, only a limited number of variations of the word stem are searched; this 
may result in relevant articles being missed.
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Because of the potential influence of using wildcard and truncated searches, 
if you have used terms that contain wildcard or truncated terms, we recommend 
that you consult with an information specialist or a librarian with expertise in 
designing search strategies to understand the impact of using such terms.

Step 3.3.9  Combining search terms through Boolean operators
The next step is to combine the search terms through Boolean operators. The 
common Boolean operators available in the databases are ‘OR’ and ‘AND’. Some 
systematic reviewers get confused as to which of these Boolean operators should 
be used to combine search terms. The confusion arises from the way these terms 
are used in spoken language. A simple way to remember which of these Boolean 
operators should be used is to translate ‘OR’ to ‘any of’ and ‘AND’ to ‘all of’: if you 
wanted to retrieve articles with any of the search terms, you would use ‘OR’ to 
combine the terms; if you wanted to retrieve articles with all of the search terms, 
you would use ‘AND’ to combine the terms.

Usually, you would use the Boolean operator ‘OR’ for combining controlled 
vocabulary terms and free text terms of the same concept (or sub-concept) and 
the Boolean operator ‘AND’ to combine different concepts (or sub-concepts).

In Example 1, the search concepts for designing the search strategy were 
(a)  population: ‘children’, (b) intervention: ‘school-based dental screening’, and 
(c) comparator: ‘no screening’. If we split the intervention into two sub-concepts: 
‘school-based’ and ‘dental screening’, the different concepts and sub-concepts to 
be combined with Boolean operator ‘AND’ are as follows.

1.	 Concept_1: ‘children’
2.	 Concept_2a: ‘school-based’
3.	 Concept_2b: ‘dental screening’
4.	 Concept_3: ‘no screening’

Within each of the concept and sub-concept, a combination of controlled vocabu-
lary and free text terms should be used. Therefore, the search strategy in each 
database will be as follows.

“((controlled vocabulary terms for ‘children’) OR (free text terms for 
‘children’)) AND
((controlled vocabulary terms for ‘school-based’) OR (free text terms for 
‘school-based’)) AND
((controlled vocabulary terms for ‘dental screening’) OR (free text terms 
for ‘dental screening’)) AND
((controlled vocabulary terms for ‘no screening’) OR (free text terms for 
‘no screening’))”
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While the controlled vocabulary terms may differ between the databases, the 
free text terms can be similar across databases. However, the way the different 
search platforms and databases handle wildcard characters, truncated search 
terms, and a phrase may be different; therefore, extra caution is necessary when 
you use wildcard characters, truncated search terms or phrases in free text 
terms.

When combining terms, it is important to ensure that you have used the 
brackets correctly; otherwise, the searches may be performed erroneously. For 
example, “Concept_1 AND (Concept_2 OR Concept_3)” results in different 
search results compared to “(Concept_1 AND Concept_2) OR Concept_3” 
although both sets of search terms include the same concepts and Boolean oper-
ators in the same order of appearance: the differences are in the way that brack-
ets appear. In the first situation, Concept_2 is combined with Concept_3 using 
the Boolean operator ‘OR’ first; this ‘first set of results’ is then combined with 
Concept_1 using the Boolean operator ‘AND’. In the second situation, Concept_1 
is combined with Concept_2 using the Boolean operator ‘AND’ first; this ‘first set 
of results’ is then combined with Concept_3 using the Boolean operator ‘OR’. 
This is because the databases process the terms within brackets first before pro
cessing the remaining terms. Brackets can also be ‘nested’ within other brackets. 
For example, in the search strategy, “((Concept_1 OR Concept_2)) AND (Con-
cept_3 AND (Concept_4 OR Concept_5))”, the innermost brackets are processed 
first, that is, “(Concept_1 OR Concept_2)” (‘first set of results’) and “(Concept_4 
OR Concept_5)” (‘second set of results’). Then “Concept_3” is combined with 
“(Concept_4 OR Concept_5)” (that is, the second set of results) to get the ‘third 
set of results’. Finally, the first and third sets of results are combined to obtain 
the final results. The order in which the databases process the search terms 
within brackets is the same as the way expressions within brackets are processed 
in mathematical equations: mathematical expressions in the innermost brackets 
are processed first and those in outer brackets are processed next, with multiple 
levels of nesting possible.

Other Boolean operators
Some databases allow Boolean operators ‘NOT’ and proximity search operators, 
for example ‘ADJ’. The Boolean operator ‘NOT’ can be translated as ‘but not con-
taining’. For example, “Concept_1 NOT Concept_2” retrieves all articles contain-
ing Concept_1 but not containing Concept_2. This is acceptable when the arti-
cles contain only one of the two concepts. However, articles can contain more 
than one concept. In such cases, the articles containing both the concepts are not 
retrieved. This is usually not desirable. Therefore, we recommend against using 
the Boolean operator ‘NOT’ without discussing the implications with an infor-
mation specialist or librarian with expertise in designing search strategies.
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The Boolean operator ‘ADJ’ can be translated as ‘all of the terms in close prox-
imity to each other’. For example, the search terms “Concept_1 ADJ5 Concept_2” 
will retrieve articles in which Concept_1 appears within five words of Con-
cept_2. While ‘ADJ’ is the Boolean operator for Ovid and ‘NEAR/’ in Web of Sci-
ence, in PubMed, this is indicated as Concept_1 Concept_2[tiab:~5], noting that 
proximity search is only available for searching the title, abstract and affiliation 
fields of the article. [19] Boolean operators for proximity can be used to restrict 
the results to manageable limits.

Step 3.3.10  Search filters
Search filters are validated combinations of search terms related to a concept 
and can be used when appropriate. The InterTASC Information Specialists’ Sub-
group Search Filter Resource [20] is an excellent resource for search filters. We 
recommend searching this resource to identify the appropriate search filter. 
Most search filters available relate to the study design, although other filters are 
also available. The purpose of these search filters is to improve the precision of 
the retrieved searches, that is, to decrease the number of unwanted results. For 
example, if a systematic review includes only RCTs, you can use a search filter for 
RCTs to filter out (exclude) the non-randomised studies, which do not meet the 
eligibility criteria of the review.

Step 3.3.11  Revising the search strategy
Developing formal search strategies is an iterative process. Therefore, search 
strategies may require revisions before being finalised. But how do you revise a 
search strategy?

Step 3.3.11.1  Evaluation of the draft search strategy
The first step is to evaluate the draft search strategy. One way of evaluating the 
draft search strategy is check whether the strategy identifies articles relevant to 
your systematic review from a previous systematic review on the topic. For 
example, you might be interested only in RCTs while the previous systematic 
review might include non-randomised studies too. You would not expect your 
draft search strategy to retrieve non-randomised studies if you have used a filter 
for RCTs, but you could expect that the RCTs are identified.

If there are no relevant systematic reviews, you can check whether the search 
results include some of the major studies of which you are aware.

Step 3.3.11.2  Finding additional controlled vocabulary and free text terms
If the search strategy misses some of the studies, you can look at the controlled 
vocabulary and free text terms of the missed studies and consider including them 
in the revised search strategy. This can be done in the following way in PubMed.
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Step 3.3.11.2.1
Identify the missed reference in PubMed (red ellipse in Figure 4.29). Click ‘Dis-
play options’ (blue ellipse) and choose ‘PubMed’ from the dropdown menu 
(purple ellipse).

Step 3.3.11.2.2
You can identify the controlled vocabulary terms with the tag ‘MH’ (red ellipse) 
in the resulting screen (Figure 4.30).

Other issues related to formal search strategies

Are there any alternatives to designing a formal search strategy?
An alternative to designing your own formal search strategy is to use a previously 
existing formal search strategy. This might be a possibility if you are updating a 
previous high-quality systematic review. You should reference such a search strat-
egy. However, even if you are not updating a previous high-quality systematic 
review, you may be able to use part of the search strategies used in high-quality 
systematic reviews. A good knowledge of how concepts and sub-concepts are com-
bined using Boolean operators is necessary if you use this approach. In Example 2, 
the concepts for the formal search strategy are (a) population: ‘people undergoing 
distal pancreatectomy for pancreatic ductal adenocarcinoma’, (b) intervention: ‘lap-
aroscopic distal pancreatectomy’, and (c) comparator: ‘open distal pancreatectomy’. 
Let us say that there are no high-quality systematic reviews on the topic, but that 

Figure 4.29 ​ Finding additional controlled vocabulary and free text terms: missed 
reference in PubMed
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there is a high-quality systematic review comparing laparoscopic and open distal 
pancreatectomy for chronic pancreatitis and another one comparing pylorus spar-
ing pancreaticoduodenectomy versus classical Whipple for pancreatic ductal ade-
nocarcinoma. You can obtain the search strategy related to the concepts ‘laparo-
scopic and open distal pancreatectomy’ from the first review and that related to the 
concept ‘pancreatic ductal adenocarcinoma’ from the second review. These con-
cepts can then be combined using the appropriate Boolean operators. If you choose 
to use search strategies from other systematic reviews fully or partially, you should 
ensure that you indicate clearly that you used search strategies from other system-
atic reviews and cite the sources.

Absence of controlled vocabulary terms for a concept
There may not be controlled vocabulary terms for all concepts. In such cases, 
sometimes, controlled vocabulary terms may exist for some sub-concepts. In 
such a situation, the controlled vocabulary terms and free text terms of the sub-
concept for which controlled vocabulary terms are available can be combined 
with the free text terms of the sub-concept for which there are no controlled 
vocabulary terms, using the appropriate Boolean operator ‘AND’. For example, a 
search of MeSH database for the concept ‘robotic cholecystectomy’ does not 
reveal any MeSH term. However, a MeSH term for ‘cholecystectomy’ is available. 
In such a situation, the search strategy for ‘robotic cholecystectomy’ includes 
“(free text terms for ‘robotic’) AND (controlled vocabulary terms for ‘cholecystec-
tomy’ OR free text terms for ‘cholecystectomy’)”. We used the Boolean operator 

Figure 4.30 ​ Finding additional controlled vocabulary and free text terms: missed 
reference in PubMed with PubMed display option
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‘AND’ to combine the sub-concepts because we are interested in only articles 
containing both the sub-concepts. Sometimes, there are no controlled vocabu-
lary terms for any of the sub-concepts. In such cases, the search terms for the 
concept include only free text terms: “(free text terms for sub-concept 1) AND 
(free text terms for sub-concept 2)”.

Tools to aid developing search strategies
There are currently no tools available that automatically generate the search 
strategy if a concept (or sub-concept) is entered. Some prototype and pilot tools 
are available to help with managing already identified search strategies. For 
example, Kamdar et  al. provide a tool to help with the appropriate tags and 
parentheses (brackets); [21] Wanner et al. provide a tool to help with conversion 
of MEDLINE strategies between PubMed and Ovid platforms; [22] Bramer et al. 
provide conversion between EMBASE and MEDLINE search strategies; [23] and 
Ovid provides its own tool to translate PubMed-based search strategy to the Ovid 
platform (https://tools​.ovid​.com​/ovidtools​/translate​.html).

Mapping of SNOWMED CT to ICD-10 is available through Unified Medical 
Language System® (UMLS®). [18] MeSH terms are also available through the 
UMLS® system, but the MeSH terms retrieved do not always appear to be related. 
Therefore, further research is necessary to determine if automated development 
of search strategies is possible through the mapping of different systems avail-
able for coding medical concepts.

Supplementing formal search strategies

Contacting experts
We recommend that experts in the field are contacted to identify further trials. 
The term ‘contacting experts’ may be interpreted in different ways. A practical 
way of implementing this recommendation is to contact the trialists who investi-
gate the research question and guideline developers who incorporate the results 
of the research question in their clinical practice guidelines.

Reference search
It is recommended that references of included articles and any relevant system-
atic reviews are searched to identify further trials. Searching references of sys-
tematic reviews can also be used to evaluate the draft search strategy as men-
tioned in Step 3.3.11.1.

Similar articles and cited reference search
The ‘Similar articles’ function in PubMed or ‘Find Similar’ function in Ovid iden-
tify articles similar to another article. The ‘Cited by’ function in PubMed or the 

https://tools.ovid.com/ovidtools/translate.html
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‘Find Citing articles’ function in Ovid identify articles that cite a study. The value 
of supplementing formal search strategies with searching for ‘similar articles’ or 
‘citing articles’ is not known. These functions may be used to find more relevant 
studies while evaluating the draft search strategy.

Web search engines
Managing searches of web search engines can be time consuming. The value of 
supplementing formal search strategies with searching through web search 
engines is not known.

Step 4 Run the searches
Having identified the search terms for each concept (and sub-concept), the next 
step is to run these searches in the different databases and obtain the results. 
This is demonstrated step by step, refining one of the examples that we used 
to  develop controlled vocabulary terms and free text terms (Example 3). In 
Example 3, we described only one concept: chronic kidney failure. Let us con-
sider a full research question for explaining how to run the searches and obtain 
results. Only the first draft of the results is presented. Some specific aspects to be 
considered for revision if studies are missed are also mentioned.

Example 6
A researcher wants to:

Evaluate the effectiveness of intradialytic exercise versus no intradialytic 
exercise on improving mortality and health-related quality of life in children 
or adults with chronic kidney failure by a systematic review and meta-
analysis of randomised controlled trials.

In this example, the population is ‘children or adults with chronic kidney failure’, 
the intervention is ‘intradialytic exercise’, the comparator is ‘no intradialytic exer-
cise’, and the outcomes are ‘mortality and health-related quality of life’.

Since we do not usually use outcomes as eligibility criteria, the search con-
cepts that we should use for identifying relevant studies are as follows.

1.	 Population: Concept_1: ‘children or adults with chronic kidney failure’
2.	 Intervention: Concept_2: ‘intradialytic exercise’
3.	 Comparator: Concept_3: ‘no intradialytic exercise’
4.	 Study design: Concept_4: ‘randomised controlled trial’

If you further convert the concepts to sub-concepts, the search concepts and sub-
concepts are as follows.
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1.	 Population
	 a.	 Sub-concept_1: ‘children or adults’
	 b.	 Sub-concept_2: ‘chronic kidney failure’
2.	 Intervention:
	 a.	 Sub-concept_3: ‘intradialytic’
	 b.	 Sub-concept_4: ‘exercise’
3.	 Comparator:
	 a.	 Sub-concept_5: ‘no’
	 b.	 Sub-concept_6: ‘intradialytic’
	 c.	 Sub-concept_7: ‘exercise’
4.	 Study design: Concept_4: ‘randomised controlled trial’

We can exclude Sub-concept_1 as the population includes all age groups. If this 
was confined to one age group (say, adults), you might consider using this as a 
sub-concept. However, this is not the case in this example. We can also exclude 
Sub-concept_5 since it is difficult to design any search terms for absence of an 
intervention. We can exclude Sub-concept_6 and Sub-concept_7 since they are 
the same sub-concepts as Sub-concept_3 and Sub-concept_4. This leaves us with 
the following concepts and sub-concepts: ‘chronic renal failure’ (Sub-concept_2), 
‘intradialytic’ (Sub-concept_3), ‘exercise’ (Sub-concept_4), and ‘randomised con-
trolled trial’ (Concept_4).

Table 4.1 shows the controlled vocabulary and free text terms for the dif
ferent databases obtained by going through the steps described in the section 
‘Step 3 Choose the search strategy’. This is a draft search strategy, and the free 
text terms were based on the ‘entry’ terms found in PubMed MeSH headings, 
the ‘[Used for]’ terms in Ovid EMBASE, and the common variations in spell-
ings in different countries. Please note that the entry terms were revised so 
that the terms appear in the way they are usually stated in articles. For exam-
ple, ‘dialysis, renal’ was revised to ‘renal dialysis’. The search strategy can be 
refined further depending on whether some eligible studies have been missed 
and by discussing with clinical experts. Specifically, consider whether the 
controlled vocabulary terms and free text terms for exercise rather than exer-
cise therapy should be used and whether the appropriate subheadings have 
been included.

Executing the searches in different databases

Step 4.1  Running the searches in PubMed

Step 4.1.1
The initial screen in PubMed is shown in Figure  4.31. Click ‘Advanced’ (red 
ellipse) or ‘Advanced Search’ (blue ellipse).
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Step 4.1.2
Ensure that ‘History and Search Details’ is empty, to avoid any confusion. In the 
screenshot (Figure 4.32), there is an existing query. We can delete the previous 
query by clicking ‘Delete’ (red ellipse).

The screenshot after deletion is shown in Figure 4.33.

Step 4.1.3
Enter the controlled vocabulary terms for ‘chronic kidney failure’ (Sub-concept_2) 
in the ‘Query box’ (red ellipse in Figure 4.34). Click ‘Search’ (blue ellipse).

Figure 4.31 ​ Running the searches in PubMed: landing page

Figure 4.32 ​ Running the searches in PubMed: advanced search interface
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Step 4.1.4
This results in the screen shown in Figure 4.35. You can clear the search box (red 
ellipse) and enter the next set of terms in the search box (blue ellipse). However, 
this usually causes confusion, as it is not clear whether the search results corre-
spond to the latest set of terms. Therefore, we recommend that you click ‘Advanced’ 
(purple ellipse) and enter the searches in the ‘Query box’ as shown in Figure 4.36.

Figure 4.33 ​ Running the searches in PubMed: advanced search interface after 
deletion of previous searches

Figure 4.34 ​ Running the searches in PubMed: query box
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Step 4.1.5
Figure  4.36 shows the controlled vocabulary and free text terms entered for 
‘chronic kidney failure’. We should now combine these controlled vocabulary 
and free text terms using the Boolean operator ‘OR’. However, there is no 
requirement to type the searches again; instead, we combine the search 

Figure 4.35 ​ Running the searches in PubMed: search results after first set of search 
terms

Figure 4.36 ​ Running the searches in PubMed: combining controlled vocabulary and 
free text terms
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number #1 with search number #2 using the Boolean operator ‘OR’ in the 
‘Query box’ as shown in the screenshot (red ellipse). Note the ‘#’ in front of the 
search number.

Step 4.1.6
Figure 4.37 shows all the search concepts and sub-concepts entered. The impor
tant thing to note is that the controlled vocabulary and free text terms of each 
sub-concept are combined with the Boolean operator ‘OR’. Also note the search 
numbers #18 and #20 (red ellipse). These are different from the numbers in 
Table  4.1. This is because the search numbers in Table  4.1 refer to the search 
numbers within RCT (Concept_4) and not across all the concepts or sub-
concepts. The search numbers #1 to #8 in Table 4.1 correspond to search num-
bers #10 to #17 in the screen. If adequate care is not taken in revising the search 
numbers, it can lead to wrong results. Therefore, you might want to enter the 
search filter for RCTs first and then the remaining concepts. The final results can 
be obtained by clicking on the results column of the final search terms corre-
sponding to search number #21 (blue ellipse).

Step 4.1.7
The results are shown along with any warnings. The warning in this screenshot 
(Figure 4.38) shows that there were no studies using the term ‘kinesitherapeuti-
cal’ (red ellipse). You might consider removing this term from the searches, but it 
does not change the results. Besides, a future study may use this term, which 

Figure 4.37 ​ Running the searches in PubMed: advanced search interface after entry 
of all search terms
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was identified from ‘[Used For]’ terms in Ovid EMBASE. Therefore, you can 
retain this term. However, there is a major problem with the search: the number 
of results returned is unmanageable. You might want to consider whether all the 
subheadings are relevant and whether all the free text terms are appropriate and 
restrict the free terms to only the relevant terms. You might also consider restrict-
ing the search results to those that contain the term ‘intradialytic’ (including the 
common variation ‘intra-dialytic’). This might result in loss of some relevant ref-
erences; however, you need to balance between attempting a systematic review 
which cannot be completed easily without mammoth resources versus accepting 
that you might miss some studies that do not use these terms (‘intradialytic’ or 
‘intra-dialytic’) in the title, abstract or keywords.

Restricting the searches to studies that contain the terms (‘intradialytic’ or 
‘intra-dialytic’) results in a more manageable number of references (red ellipse 
in Figure 4.39).

Step 4.1.8
For exporting references, click on the results as before. In the resulting screen 
(Figure  4.40), click ‘Send to’ (red ellipse) and then ‘Citation manager’ in the 
resulting options (blue ellipse).

Step 4.1.9
This results in the screen shown in Figure 4.41. Click ‘Selection: All results on 
this page’ (red ellipse) and change the ‘Selection’ to ‘All results’ (not shown in the 
figure). Then click ‘Create file’ (blue ellipse). This sends the search results to a 

Figure 4.38 ​ Running the searches in PubMed: search results with warnings
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file, usually found in the ‘Download’ folder, unless the settings in the computer 
have been changed.

Step 4.2  Running the searches in other platforms
The general principles and process for entering the search terms in the different 
databases and platforms are similar. Only the major differences are shown in the 
following.

Figure 4.39 ​ Running the searches in PubMed: advanced search interface after 
restricting searches

Figure 4.40 ​ Running the searches in PubMed: exporting search results interface
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Step 4.2.1  Ovid

Step 4.2.1.1
In Ovid, by default, only a small portion of the screen is allocated to search lines 
(See Figure 4.42.). This means that the full searches may not be visible. You can 
view the full search lines by clicking ‘Expand’ (red ellipse). Also note the search 
lines are referred to without a ‘#’ before the search line number in Ovid. This is 
why the search line 3 has ‘1 or 2’ (blue ellipse) and not ‘#1 or #2’.

Figure 4.41 ​ Running the searches in PubMed: exporting search results final step

Figure 4.42 ​ Running the searches in Ovid: advanced search interface with multiple 
search terms entered
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Step 4.2.1.2
The results of running the searches are shown in Figure 4.43. Surprisingly, there 
are only 128 references (red ellipse) returned, compared to an equivalent search 
strategy in PubMed which returned more than 40,000 references. If there is such 
a huge discrepancy, you must recheck whether the correct database has been 
selected and whether the searches have been entered correctly. The searches 
seem to have been entered correctly in both the databases. The differences may 
be due to the way that different words in the phrases in the free text terms are 
combined.

Once you have run all the search strings and combined them appropriately, 
you can click ‘Display Results’ (blue ellipse).

Step 4.2.1.3
To export the references, enter the references to export (red ellipse in 
Figure 4.44). Click ‘Export’ (blue ellipse).

Usually, there is a limit of exporting 3,000 references at a time. If your 
searches return more than 3,000 references, you can click ‘Clear’ (purple ellipse) 
and enter the new set of references, for example, 3001–6000.

Step 4.2.1.4
In the resulting window, shown in Figure 4.45, click ‘Export’ (‘Export’ window), 
choose ‘Excel sheet’ as the format (red ellipse) and ‘Complete reference’ as the 
field (blue ellipse) from the dropdown menus, then click ‘Export’ (purple ellipse). 

Figure 4.43 ​ Running the searches in Ovid: advanced search interface after entry of 
all search terms
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This results in an Excel file which is usually in the ‘Downloads’ folder. Please 
note that there is no option to change the references that you want to export 
from the ‘Export’ window. You have to change this as described in Step 4.2.1.3.

Step 4.2.1.5
The EMBASE search strategy in the Ovid platform is shown in Figure 4.46. The 
export is similar to that in Ovid MEDLINE. As before, choose ‘Excel sheet’ as the 
format and ‘Complete reference’ as the field.

Figure 4.44 ​ Running the searches in Ovid: selecting references for export

Figure 4.45 ​ Running the searches in Ovid: exporting search results interface
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Step 4.2.2  Cochrane Library

Step 4.2.2.1
For Cochrane Library, even if the MeSH terms had been previously identified, 
they have to be re-entered as in Step 3.3.4. In other words, you cannot simply 
copy and paste the search strings as for the PubMed or Ovid platforms.

Figure 4.46 ​ Running the searches in Ovid: advanced search interface after entry of 
all search terms
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Step 4.2.2.2
Each time you want to include a controlled vocabulary term, you need to follow 
the steps outlined in Step 3.3.4.

Step 4.2.2.3
You can directly enter the free text terms in the search box (red ellipse in 
Figure 4.47) and click ‘Continue’ (blue ellipse).

Step 4.2.2.4
To combine the searches, you can enter the search numbers with a ‘#’ in front of 
the search number, as for PubMed (red ellipse in Figure 4.48).

Step 4.2.2.5
An alternative to entering the MeSH terms in the MeSH tab is to click the drop-
down box in MeSH (red ellipse in Figure 4.49) which opens a new window as 
shown, which is like the window that appears when the MeSH tab is clicked.

Step 4.2.2.6
Figure  4.50 shows the searches entered in the Cochrane Library. To view the 
results, click on the references in the last line (red ellipse). This results in the 
references being displayed.

Step 4.2.2.7
To export the references, click the ‘Trials’ tab (red ellipse in Figure 4.51) and click 
‘Select all’ (blue ellipse). Then click ‘Export selected references’ (purple ellipse).

Figure 4.47 ​ Running the searches in Cochrane: free text search
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On the resulting screen (Figure  4.52), click ‘CSV(Excel)’ (red ellipse) and 
ensure that ‘Include abstract’ (blue ellipse) is selected. This is selected by default. 
Then click ‘Download’ (purple ellipse).

Figure 4.48 ​ Running the searches in Cochrane: combining controlled vocabulary and 
free text terms

Figure 4.49 ​ Running the searches in Cochrane: MeSH search through search manager
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Step 4.2.3  Web of Science

Step 4.2.3.1
Figure 4.53 shows the basic search page when you log into Web of Science. Click 
‘Advanced Search’ (red ellipse).

Step 4.2.3.2
Click ‘Editions’ (red ellipse in Figure 4.54), uncheck ‘Select All’ (blue ellipse), and 
then select ‘Conference Proceedings Citation Index – Science’ (purple ellipse). This 
results in only the ‘Conference Proceedings Citation Index – Science’ being searched.

Figure 4.50 ​ Running the searches in Cochrane: search results

Figure 4.51 ​ Running the searches in Cochrane: exporting search results interface
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Step 4.2.3.3
Only the free text terms are entered in the ‘Conference Proceedings Citation 
Index’. Enter the free text terms in the search box labelled ‘Add terms to the 
query preview’ (red ellipse in Figure 4.55), change the ‘All Fields’ (blue ellipse) 
to ‘Topic’ and click ‘Add to query’ (purple ellipse).

Step 4.2.3.4
This results in the terms being entered into the search box, and the program has 
added ‘TS=’ (red ellipse in Figure 4.56) in front of the search terms. You can add 
‘TS=’ manually and skip the step of entering the search into the ‘Add terms to the 

Figure 4.52 ​ Running the searches in Cochrane: exporting search results final step

Figure 4.53 ​ Running the searches in Web of Science: landing page
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query preview’ box if you prefer to do so. However, if you enter the search terms 
without the ‘TS=’ in front, it can result in error. Therefore, we recommend you 
enter the search terms to the query preview search box and let the program add 
the correct tag in front. Click ‘Search’ (blue ellipse).

Figure 4.54 ​ Running the searches in Web of Science: selecting the databases to be 
searched

Figure 4.55 ​ Running the searches in Web of Science: adding search terms to query 
preview
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Step 4.2.3.5
This gives you the search results (see Figure 4.57). However, this is only for one 
sub-concept. You can add other concepts or sub-concepts by clicking ‘Advanced 
Search’ (red ellipse).

Figure 4.56 ​ Running the searches in Web of Science: results of query preview

Figure 4.57 ​ Running the searches in Web of Science: search results (single concept 
or sub-concept)
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Step 4.2.3.6
In the resulting window (Figure 4.58), click ‘Clear’ (red ellipse) and repeat Steps 
4.2.3.3, 4.2.3.4 and 4.2.3.5 for the other concepts.

Step 4.2.3.7
After entering all the concepts and sub-concepts, scroll down the ‘Advanced 
Search’ page (Figure 4.59). This shows all the concepts and sub-concepts that 

Figure 4.58 ​ Running the searches in Web of Science: clearing query preview

Figure 4.59 ​ Running the searches in Web of Science: search results (multiple 
concepts or sub-concepts)
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have been entered. Now, select the searches that you want to combine (red 
ellipses). You can also select all the searches in a single click by clicking above 
the searches (blue ellipse). Then click ‘Combine Sets’ (purple ellipse).

Step 4.2.3.7
Choose the appropriate Boolean operator, which is usually ‘And’ (red ellipse in 
Figure 4.60) for combining different concepts or sub-concepts.

Step 4.2.3.8
You can view the results by clicking on the number in the row for the search (red 
ellipse in Figure 4.61). You can export the search strategy by clicking ‘Export’ 
(blue ellipse). If the references are unmanageable, you can consider adding 
terms such as ‘random* OR placebo* OR trial*’ to identify RCTs.

Step 4.2.3.9
To export the results, click ‘Export’ (red ellipse in Figure  4.62) and then ‘Tab 
delimited file’ (blue ellipse).

Step 4.2.3.10
In the resulting screen (Figure 4.63), choose the records to export (red ellipse) 
and ‘Full record’ (blue ellipse) as the ‘Record Content’. Then click ‘Export’ (hid-
den by the dropdown menu for ‘Record Content’).

Figure 4.60 ​ Running the searches in Web of Science: combining multiple concepts or 
sub-concepts
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Step 4.2.4  ClinicalTrials​.gov

Step 4.2.4.1
In ClinicalTrials​.gov initial page, enter the terms in the relevant search boxes 
(Figure 4.64). Note that I have entered the terms related to dialysis in the ‘Other 
terms’ (red ellipse). Click ‘Search’ (blue ellipse). This takes you to the search 
results.

Figure 4.61 ​ Running the searches in Web of Science: final search results

Figure 4.62 ​ Running the searches in Web of Science: exporting search results interface
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Step 4.2.4.2
To download the results, click the ‘Download’ symbol (red ellipse in Figure 4.65).

Step 4.2.4.3
In the resulting window (Figure 4.66), choose ‘CSV’ (red ellipse) as the ‘File For-
mat’ and ‘All studies’ (blue ellipse) in ‘Results to Download’. Ensure that all ‘Data 
Fields’ are selected by clicking ‘Select all’ (purple ellipse), scroll down, and click 
‘Download’ (not shown).

Figure 4.63 ​ Running the searches in Web of Science: exporting search results final step

Figure 4.64 ​ Running the searches in ClinicalTrials​.gov: landing page
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Step 4.2.5  WHO ICTRP

Step 4.2.5.1
The initial page in WHO ICTRP is shown in Figure 4.67. Click ‘Advanced Search’ 
(red ellipse).

Figure 4.65 ​ Running the searches in ClinicalTrials​.gov: search results

Figure 4.66 ​ Running the searches in ClinicalTrials​.gov: exporting search results 
interface
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Step 4.2.5.2
The search terms are entered in the relevant box (see Figure 4.68). Note that the 
search terms related to dialysis have been entered in the ‘Title’ field (red ellipse). 
Before you search, it is important to change the ‘Recruitment status’ from 
‘Recruiting’ (blue ellipse) to ‘ALL’. This takes you to the search results directly.

Step 4.2.5.3
To download the results, click ‘Export results to XML’ (Figure 4.69).

Figure 4.67 ​ Running the searches in WHO ICTRP: landing page

Figure 4.68 ​ Running the searches in WHO ICTRP: advanced search interface
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Once you agree to the terms and conditions, the ‘Export all trials to XML’ but-
ton (red ellipse in Figure 4.70) appears. Click this to export the results.

Recording the searches in and from different databases
Most databases allow saving the search strategy: therefore, there is no need to 
type the searches during each search update. Saving the search strategy in the 
databases is optional. Record the date of search, the search terms used and the 

Figure 4.69 ​ Running the searches in WHO ICTRP: search results

Figure 4.70 ​ Running the searches in WHO ICTRP: exporting search results
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number of references retrieved in each database. It is important to note this 
information since it is required in the report of the systematic review.

Step 5 Combine the results
The next step in the process of study selection is to combine the results from mul-
tiple databases. The downloads from different databases have different field 
headings. The details of what each field heading denotes are available from the 
downloads or from the help section of the databases. These can also be com-
bined using the online software EQUAL-SR developed for helping with system-
atic review by the author of this book and available from https://sites​.google​
.com​/view​/equal​-group​/home. This software accepts the files exported in the 
format described above, combines them and removes the duplicates (performs 
‘de-duplication’) based on unique identifiers in databases. For further instruc-
tions of how to combine the search results and de-duplicate the references using 
the EQUAL-SR, please see the software website. Another way is to combine them 
using reference management software, which requires export of references spe-
cific to the reference management software used. EndNote, a reference manage-
ment software package offers de-duplication.

Although electronic de-duplication of references removes many duplicates, 
you may still find some residual duplicates.

Step 6 Screen the titles and abstracts
The next step in the process of study selection is to screen the titles and abstracts 
to identify potentially eligible studies. It is recommended that two independent 
reviewers perform this to minimise the bias in the systematic reviews. [25] 
‘Independent reviewers’ means that the selection is performed independently 
and not collectively. Any differences in study selection are usually resolved by 
discussion between the reviewers. This will remove any differences due to errors 
by one of the reviewers or any potential misunderstanding by the reviewers. You 
can use a third (senior) reviewer to arbitrate on any residual differences in study 
selection; however, it is usually more efficient to obtain the full text of the refer-
ence for which there is a difference between the reviewers in terms of eligibility. 
The independent reviewers may then make their judgement on selecting the 
study based on the full text of the reference.

The role of artificial intelligence in replacing humans to screen titles and 
abstracts is still being evaluated. [26] Some software has the potential to 
decrease the workload, [26] but the performance of such software at predefined 
thresholds for rejection in a wide range of systematic reviews requires further 
evaluation.

EQUAL-SR offers highlighting of keywords and ranking of references based 
on the presence or absence of the concepts (or sub-concepts) linked to the 

https://sites.google.com/view/equal-group/home
https://sites.google.com/view/equal-group/home
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keywords. You can also provide relative weights (including negative weights) to 
the different concepts to allow further refinement of ranking. For further instruc-
tions on how to perform this, please see the software website.

Step 7 Obtain full texts
The next step is to obtain full texts for the potentially eligible studies. While 
some full texts are available free, others need subscriptions. Usually, institutions 
have subscriptions to many journals. Some software, such as EndNote, can auto-
matically retrieve the full text for some articles once you provide details of your 
institutional subscription and link, which should be available from the institu-
tional library website. However, a considerable proportion of articles are not 
retrieved automatically and must be retrieved manually. Logging in through an 
institutional computer or using the institutional virtual private network (VPN) 
can make retrieving full texts more efficient, as many journals with institutional 
subscription provide full text access based on the IP (Internet Protocol) address.

If the full texts are not available either as full text or from the institutional 
library, you can request a copy from the author. If you are unable to obtain the 
full text by any of these means, you can request it through your library who can 
arrange inter-library loans through ‘WorldCat’ (https://search​.worldcat​.org​/) or 
through other organisations that arrange inter-library loans. [8]

Step 8 Finalise study selection
It is recommended that at least two independent reviewers perform the final 
study selection to decrease the bias in the study selection process. [25] As for the 
title and abstract screening step, any differences in study selection are usually 
resolved by discussion between the independent reviewers, which will remove 
any differences due to errors by one of the reviewers or any potential misunder-
standing. You can seek clarification from authors about any unresolved differ-
ences resulting from unclear information. If there are any residual differences, 
these can be resolved through arbitration by a third (senior) reviewer. If differ-
ences persist despite arbitration, a sensitivity analysis can be performed to assess 
the impact of including the study on the systematic review results.

Overview of resolving differences in study selection
A suggested process for resolving differences is provided in Figure 4.71.

COMMON ERRORS AND DOUBTS IN STUDY SELECTION

There now follows a list of common errors that systematic reviewers commit and 
doubts they have during the process of study selection.

https://search.worldcat.org/
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Multiple reports of the same study
One of the common errors that systematic reviewers make is to exclude refer-
ences based on these references being additional reports of included studies. 
This exclusion should be avoided: since we are interested in all the information 
from the study, it is important that all the available reports of the study are iden-
tified and collated. This includes any conference abstracts, preliminary reports 
and trial registry entries. During the stage of data extraction, maximum infor-
mation should be sought from all the reports.

Multiple studies in the same report
Although much less common than multiple reports of the same study, multiple 
studies in the same report should be treated as different studies. If one or more of 
the studies meet the inclusion criteria for the systematic review, they should be 
included.

Studies in which some populations are eligible  
for inclusion in the systematic review
In general, when the primary research studies include populations which are not 
eligible for inclusion in the systematic review, such studies are excluded unless 
data on the subset of populations eligible for inclusion in the systematic review 
are available in the reports or can be obtained by writing to the primary research 
study author.

Discussion between
reviewers 

Discussion between
reviewers 

Differences identified in
screening titles and

abstracts

Seek clarification from
authors if any unresolved
differences are because of

unclear information

Arbitration of residual
differences by a third

(senior) reviewer

• Removes differences due to errors
  or any potential misunderstanding
  by the reviewers

• Removes differences due to errors
  or any potential misunderstanding
  by the reviewers

Perform sensitivity analysis
to assess the impact of

including the study on the
systematic review results, for
any unresolved differences

from previous step

Obtain full text of the
selected articles including

the articles for which there is
no agreement on study
selection between the

reviewers

Differences identified in
selection at full text stage

Figure 4.71 ​ Suggested process for resolving differences in study selection
This figure shows an overview of the process of resolving differences.
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However, you should be aware that even in a randomised trial, the primary 
research study authors may not have used additional methods, such as stratifica-
tion or minimisation, to ensure that the allocation of intervention or comparator 
is random in this subset of populations. Therefore, it is important to assess the 
contribution of the study to the systematic review results by performing a ‘sensi-
tivity analysis’, that is, by excluding this study.

When data are sparse, different approaches can be followed, for example 
including the study when a certain proportion of populations (say 80% or 90%) 
are eligible for inclusion in the systematic review. However, it is possible that the 
effect of the intervention versus comparator is largely due to the effect of the 
intervention versus comparator on the subset of populations who are not eligible 
for inclusion in the systematic review. Therefore, an element of indirectness is 
introduced. This potential for obtaining a misleading effect of the intervention 
versus comparator (because of including populations who are not eligible for the 
systematic review) should be discussed as a limitation of the evidence and con-
sidered when assessing the uncertainty in the evidence.

An extreme situation is when there is no evidence available on the popula-
tions eligible for inclusion in the systematic review from RCTs or from non-
randomised studies at low or moderate risk of bias. In such a situation, you may 
have to rely on evidence from populations not eligible for inclusion in the sys-
tematic review. However, this may result in a seriously misleading effect of the 
intervention versus comparator. The differences between populations eligible 
for inclusion in the systematic review and those not eligible for inclusion in the 
systematic review should be discussed in detail: the discussion should include 
information on how these differences may have an impact on the potential 
mechanisms of action of the intervention (or comparator). Lack of direct evi-
dence on the populations eligible for inclusion in the systematic review should 
also be considered when assessing the uncertainty in the evidence.

Studies in which some interventions are eligible for  
inclusion in the systematic review
When primary research studies include some interventions that are eligible for 
inclusion in the systematic review and not others, such studies can be included. 
In Example 1, the research question was: ‘Evaluate the effectiveness of school-
based dental screening versus no screening on improving oral health in children 
aged 3–18 years by a systematic review and meta-analysis of randomised controlled 
trials’. If you come across a study in which the primary study authors compared 
three groups, ‘school-based dental screening’ versus ‘home-based dental screen-
ing’ versus ‘no screening’, it is appropriate to include only the two groups from 
the study that are relevant for the systematic review, namely, ‘school-based den-
tal screening’ and ‘no screening’.
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Studies in which some additional interventions are  
applied along with the eligible intervention and  
comparator of the systematic review
When additional interventions are applied along with the eligible intervention 
and comparator of the systematic review, they are called co-interventions. In 
general, you would include studies when the co-interventions were applied to 
both the intervention and comparator groups equally. In Example 2, the research 
question was: ‘To assess the benefits and harms of laparoscopic distal pancreatec-
tomy versus open distal pancreatectomy for people undergoing distal pancreatec-
tomy for pancreatic ductal adenocarcinoma of the body or tail of the pancreas, or 
both’. In this example, in some studies, the study populations in both groups 
(laparoscopic distal pancreatectomy and open distal pancreatectomy groups) 
may have received preoperative exercise and diet counselling routinely in addi-
tion to the surgery, while in other studies, the study populations may not have 
received preoperative exercise and diet counselling in either group. It is appro-
priate to include such studies where the co-interventions are planned equally in 
both groups. However, it is usually inappropriate to include studies where co-
interventions are planned only in one group, since the differences in the effect 
between the groups may be due to the co-intervention and not because of the 
intervention.

However, if a co-intervention is part of the intervention – for example, a blood 
test to monitor complication of an intervention, which is not performed in the 
comparator group but is performed in all the studies eligible for the systematic 
review – such studies can be included, as such blood tests can be considered an 
integral part of the intervention, and the effect of the intervention versus com-
parator obtained in the systematic review is actually the effect of the interven-
tion along with the blood test to monitor its complications (versus comparator). 
However, if this blood test is performed in only some studies, this indicates that 
the blood test is not an integral part of the intervention, and you should consider 
the impact of the additional visit for the blood test on the effect of the interven-
tion versus comparator. The decision between using differential co-intervention 
as a criterion for rejection or considering it as a source of bias (but including the 
study) depends on the amount of evidence available with and without the 
co-intervention.

SUMMARY

In this chapter, we have provided some guidance on study selection for a sys-
tematic review.
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PRACTICE QUESTION

1.	 Design a search strategy to identify RCTs of the role of chest 
physiotherapy for pneumonia.

A weblink for you to check your answer to the practice question can be 
found in the Appendix.
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	 5	​Extract the data

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Extract the data necessary for analysis and interpretation of whether an 
intervention is better than its comparator

OVERVIEW

In systematic reviews of intervention, the data extracted include data related 
to the source of information, PICO details, participant flow, follow-up, risk of 
bias, and conflicts of interests in the study.

Sufficient details about these items should be extracted to allow explora-
tion of whether the differences in the study results could be explained by dif-
ferences in one or more of the PICO details, follow-up, risk of bias, or conflicts 
of interests. In addition, sufficient details should be extracted to help with 
shared decision making. This includes extracting sufficient participant details to 
assess whether the results can be applied for an individual person in the spe-
cific clinical setting, and sufficient intervention and comparator details to 
establish whether these are choices that could be offered to the patient.

From an outcome data extraction perspective, the outcomes in systematic 
reviews of interventions are classified into binary outcomes, continuous out-
comes, ordinal outcomes, count outcomes and time-to-event outcomes. The 
data extracted for these different types of outcomes vary.

In systematic reviews of intervention, the risk of bias in RCTs is assessed by the 
Risk of Bias in randomised trials (RoB 2) and that in non-randomised studies is 
assessed by the Risk Of Bias In Non-randomised Studies - of Interventions (ROB-
INS-I) tool. Sufficient details should be extracted to allow these assessments.

A data extraction form should be used, to allow the systematic collection of 
data from the studies. Data extraction should be performed by at least two 
reviewers independently.
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WHAT IS DATA EXTRACTION?

You may recollect from Chapter 2 that once the research question is determined, 
the next steps are to identify suitable methods for study selection, data extrac-
tion, analysis and reporting, and to complete protocol registration. In the previ-
ous chapter, we described the suitable methods for study selection and also how 
study selection works in practice.

The next step is to identify the suitable methods for data extraction and learn 
how data extraction works in practice. But what is data extraction?

Merriam-Webster Dictionary (online) defines data as factual information used 
as a basis for reasoning, discussion or calculation. [1] Data extraction, in the con-
text of systematic reviews, simply refers to collecting data from the published or 
unpublished records of a study in a format that is suitable for subsequent analysis 
and interpretation.

WHY IS IT NECESSARY TO USE SUITABLE  
METHODS FOR DATA EXTRACTION?

The analysis and interpretation are based on the data extracted. Therefore, it is 
necessary to use suitable methods for data extraction. Incorrect data extraction 
due to the use of inappropriate methods for data extraction, insufficient data 
extraction or incorrect data extraction can lead to incorrect analysis, interpreta-
tion and conclusion.

OVERVIEW OF THE STEPS IN DATA EXTRACTION

An overview of the steps in data extraction is shown in Figure 5.1. Each of the 
steps in data extraction is discussed in detail next.

TYPES OF DATA FOR EXTRACTION

Before we go on to decide what data should be extracted, it is useful to under-
stand some basic numerical concepts that can help with understanding what 
data should be extracted.

Classification
Data can be classified in many ways. A classification that we will use in the con-
text of how data should be extracted and analysed for systematic reviews is 
shown in Figure 5.2.
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In the context of systematic reviews, data can be broadly classified as quanti-
tative and categorical data. [2]

Quantitative data
Quantitative data are data that answer the question ‘How much?’ They can be fur-
ther classified into ‘continuous’ data and ‘counted’ data (or simply ‘count’ data). [2]

Continuous data
Continuous data take any value within a given range. Examples include height, 
weight or age. The age of an individual over time is shown in Figure 5.3.

Decide
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extraction
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Pilot the
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Extract
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Figure 5.1 ​ Overview of steps in data extraction
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Figure 5.2 ​ Classification of data in systematic reviews
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Continuous data can take negative values depending upon the measures 
used. For example, the temperature of water in degrees Celsius can be negative.

Count data
In the context of systematic reviews related to health and disease, count data are 
counts within a specified time or area. Examples include number of children, 
number of infections, number of heart attacks. The cumulative number of infec-
tions over time in an individual is shown in Figure 5.4.
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Count data can never take negative values, for example, you cannot have ‘−1’ 
infections. Therefore, the lower limit for the count data is 0.

Categorical data
Categorical data are data that answer the question ‘What type?’ They can be fur-
ther classified into nominal and ordinal variables. [2]

Nominal data
The nominal data are categorical data that have no specific order. Examples 
include blood group, colour of people’s eyes, colour of people’s skin and gender.

The blood group of individuals is shown in Figure 5.5. There is no specific 
order for blood groups in terms of intelligence, although there may be an order 
in terms of frequency (how often they occur) in the population.

Binary data
Binary data are a special type of nominal categorical data with only two possi-
bilities. Examples include alive or dead, presence or absence of disease. Whether 
the person was cured after treatment is shown in Figure 5.6. Another name for 
binary data is ‘dichotomous data’.

Ordinal data
Ordinal data are categorical data that are ordered. Examples include grade of 
cancer, intensity of pain. The different intensities of pain in individuals are 
shown in Figure 5.7.

Nominal versus ordinal
It is easy to remember the definition for nominal and ordinal. Nominal means 
‘something in name or form only’ [3] and ordinal means ‘of a specified order or 
rank in a series’. [4]

AB A B O

Figure 5.5 ​ Blood group of individuals

Yes No

Figure 5.6 ​ Was the disease cured after treatment?
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Count data versus ordinal data
Sometimes, people get confused between count data and ordinal data. The dif-
ference between the two can be best explained by an example.

Let us say that a researcher wants to compare the reduction in the number 
of infection episodes by two treatments aimed at preventing throat infec-
tions – ‘Treatment A’ and ‘Treatment B’ – in people who are prone to develop 
throat infections. Prior to the start of the treatments, the number of infection 
episodes in the person who would later receive ‘Treatment A’ was 8 infection 
episodes in the last year; it was 6 infection episodes in the last year in the 
person who would later receive ‘Treatment B’. After starting the treatment, 
the person who received ‘Treatment A’ developed 6 infection episodes in a 
year and the one who received ‘Treatment B’ developed 4 infection episodes 
in a year. Here pre-treatment versus post-treatment differences in the infec-
tion episodes are a reduction in 2 infection episodes in both scenarios, that is, 
the interval between 8 and 6 is the same as the interval between 6 and 4 in 
count data.

Let us say another researcher wants to compare two physiotherapy treat-
ments, ‘Treatment P’ and ‘Treatment Q’. One of the commonly used systems for 
grading muscle strength is the Medical Research Council Muscle Strength Grad-
ing. [5] This is shown in Table 5.1.

Prior to the start of the treatments, the muscle power in the person who would 
later receive ‘Treatment P’ was ‘0’; it was ‘2’ in the person who would later receive 
‘Treatment Q’. After starting the treatment, the power improved to ‘1’ in the per-
son who received ‘Treatment P’ and to ‘3’ in the person who received ‘Treatment 
Q’. Here, even though the pre-treatment versus post-treatment differences in 
power are an improvement of power by 1, the amount of improvement in terms of 

Mild Moderate
Intensity of pain

Severe

Figure 5.7 ​ Intensity of pain
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activities that a person can do is clearly different in an improvement from ‘0’ to ‘1’ 
(where the difference is only additional twitching of muscles) compared to the 
improvement from ‘2’ to ‘3’ (where a person may be able to lift an arm).

Therefore, to differentiate count data and ordinal data, you must check 
whether a certain value for the difference (whether the difference indicates pre-
treatment and post-treatment difference or a difference between two or more 
groups) means the same regardless of the absolute values (either the baseline or 
final value). If the difference means the same regardless of the absolute value, it 
is count data; if the difference means different things depending upon the base-
line or final value, it is ordinal data.

It is important to differentiate count and ordinal data as the methods used for 
data analysis are different for count and ordinal data.

Time-to-event data
Most classification systems will categorise the data only as quantitative and 
categorical data based on the nature of the data. They do not specify ‘time-to-
event’ data as a specific category. This is because ‘time-to-event’ data is a spe-
cial type of data applicable only to outcomes and not to other types of variables 
such as prognostic factors. It is a combination of a categorical data, usually 
binary data, to indicate whether an individual has an outcome, and continuous 
data to indicate the time point at which the individual developed the outcome 
(if they developed the outcome), or the last follow-up at which the individual 
was reviewed and was found not to have the outcome (if they did not develop 
the outcome).

DATA DISTRIBUTION

After understanding the different types of data in the context of systematic 
reviews, it is important to understand what information must be extracted for 

Table 5.1  ​Medical Research Council Muscle Strength Grading

0 = No muscle activation

1 = Trace muscle activation, such as a twitch, without achieving full range of motion

2 = Muscle activation with gravity eliminated, achieving full range of motion

3 = Muscle activation against gravity, full range of motion

4 = Muscle activation against some resistance, full range of motion

5 = Muscle activation against examiner’s full resistance, full range of motion



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE132

each type of data. However, the data to be extracted also depend upon data dis-
tribution. Therefore, we need to learn about data distribution too.

What is data distribution?
In simple terms, data distribution is a graphical representation that provides 
information on how often the data values (or intervals of data) occur. They can 
also be represented by a formula (or ‘function’).

The frequency of heads (number of times heads occurred) in each of 25 
experiments of 10 coin-tosses is shown in Figure 5.8. This is a distribution, as it 
shows how often the heads occurred in each of the 25 experiments.

Figure  5.9 shows the age distribution in UK according to the 2011 census 
data. Note that the ages are grouped together in intervals of five to allow easier 
graphical representation compared to Figure 5.8, where each possible combina-
tion of heads and tails is represented by a bar.
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Figure 5.8 ​ Frequency of heads in 25 experiments of 10 coin-tosses in each 
experiment
H = Heads; T = Tails
Each possible combination of heads and tails is represented by a bar; the number inside 
the bar represents the number of experiments in which the combination was obtained. 
The height of the bars is proportional to the number of experiments in which the 
combination was obtained.
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Normal versus non-normal distribution
There are many types of data distributions. [6] In the context of systematic 
reviews of intervention (comparing an intervention with a comparator), it is nec-
essary to distinguish between normal and non-normal distribution.

Normal distribution (or ‘Gaussian’ distribution or ‘parametric’ distribution) 
is represented by a family of curves which are symmetrically bell-shaped, 
although just the fact that a curve is bell-shaped does not mean that it repre-
sents a normal distribution. This is because other distributions may have a simi-
lar sort of shape. [2] In addition to being symmetrical and bell-shaped, normal 
distribution has additional characteristics related to its summary measures, 
namely, mean and standard deviation, which are described later in this chapter. 
In normal distributions, mean±1 standard deviation covers 68% of the observa-
tions, mean±2 standard deviations cover 95% of the observations, and mean±3 
standard deviations cover 99.7% of the observations. Here ± standard devia-
tions indicate adding the multiples of standard deviation to the mean or sub-
tracting the multiples of standard deviation from the mean. Figure 5.10 shows a 
normal distribution.
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Figure 5.9 ​ Age distribution in UK (2011 census data)
The bars represent each age group shown on the x-axis. The percentage of people in the 
UK who belonged to the age group is indicated inside the bar. The height of the bars is 
proportional to the percentage of people who belonged to the age group.
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RELATION BETWEEN DATA TYPES, DATA  
DISTRIBUTION AND DATA TO BE EXTRACTED

The data to be extracted for different data types and distribution are shown in 
Table 5.2.

While information such as ‘number of participants belonging to each category’ 
is obvious, other terms such as median, quartiles, mean and standard deviation 
need further explanation. Median, quartiles, mean and standard deviation are 
types of summary statistics, that summarise the quantitative data. [2] Further 
descriptions of these terms follow.

Mean
Mean is otherwise known as average. To calculate the mean, we add up the 
observed values and divide by the number of observations. [2] ‘Mean’ indicates 
arithmetic mean and is the preferred measure to indicate the centre of a normal 
distribution.

68%
95%

99.7%

Figure 5.10 ​ Normal distribution
The values are symmetrical around the blue line representing the mean. The red lines 
indicate multiples of standard deviation. Mean±1 standard deviation covers 68% of the 
observations, mean± 2 standard deviations cover 95% of the observations, and mean±3 
standard deviations cover 99.7% of the observations.
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There are other forms of mean such as ‘geometric mean’ or ‘harmonic mean’, 
but these are calculated for non-normal distributions.

Standard deviation
Standard deviation is a measure of the variation between the samples, [2] and is 
the preferred measure of variation for normally distributed samples.

Median
Median is a measure of location of the data: that is, it indicates the middle of the 
data such that 50% of the observations lie above the median and 50% of the 
observations lie below the median. [2] Median is the preferred measure to indi-
cate the centre of a non-normal distribution.

Quartiles
The lower and upper quartiles represent the 25th and 75th percentile of a set of 
observations. [2] This means that 25% of observations are below and 75% of 
observations are above the lower quartile; for the upper quartile this means 

Table 5.2  ​Summary measures in a single group for different types of data

Type of data Data extracted1

Categorical data: binary data Number of participants belonging to a specific 
category

Categorical data: nominal data (multiple 
categories)

Number of participants belonging to each 
category

Categorical data: ordinal data (few categories) Number of participants belonging to each 
category

Categorical data: ordinal data (multiple 
categories)

Median and quartiles

Quantitative data: continuous data (normal 
distribution)

Mean and standard deviation

Quantitative data: continuous data (non-normal 
distribution)

Median and quartiles

Quantitative data: count data Counts

Time-to-event data2 Hazard rate3

Notes
1.  The number of participants should be extracted for all data types.
2.  This is only applicable for outcome data.
3. � This is not usually required because of some assumptions made while comparing the outcomes 

between the groups.
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that 75% of observations are below and 25% of observations are above the 
upper quartile.

Quartiles are the preferred measures of variation for non-normally distrib-
uted samples.

WHAT DATA SHOULD BE EXTRACTED?

Having learnt the relationship between data types, data distribution and the 
data to be extracted from single groups, we will now go on to learn about the 
data to be extracted.

In systematic reviews of intervention, the data extracted include data related 
to the source of information, PICO details, participant flow, follow-up, risk of 
bias, and conflicts of interests in the study. (Note that in previous chapters, ‘P’ in 
PICO referred to population but in subsequent chapters, it will refer to partici-
pants; this is because the research question and selecting studies were at popula-
tion level, while the data extraction and analysis are at trial participants level.) 
Participant flow and follow-up can be considered as part of the outcome, as these 
details are related to the effectiveness of an intervention versus comparator on 
the outcome. Therefore, these are considered under the outcome section.

Risk of bias might also be considered as part of the outcome, since it provides 
information on whether the estimate of the effectiveness of an intervention ver-
sus comparator on the outcome (that is, how well an intervention works com-
pared to the comparator in terms of improving or worsening the outcome) is reli-
able. However, we have considered this separately because risk of bias is a 
separate topic in its own right.

Source of information (study details)
As we mentioned in Chapter 4, it is important to make the distinction between 
study and record (or report). Since we are interested in all the information from 
the study, it is important that all the available reports of the study are identified 
and collated.

This should include the following.

1.	 Name of the study: This is necessary so that the source of information is 
clear to the readers to allow independent verification of the results of the 
systematic review. This can be the acronym for the trial, trial ID, or last 
name of the first author followed by year of publication. This should be a 
unique ID for each study, for example: Doe 2021. If there was another trial 
with the same name, you can differentiate this by stating Doe 2021 (1), 
Doe 2021 (2), and so on. An alternative is to use numbers for studies, for 
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example, S001, S002, S003. However, for easy identification, even if you 
use S001, S002, S003, we recommend that you add the trial name, ID, or 
last name of first author followed by year of publication.

2.	 Trial registry number or name: This will help to identify multiple records of 
the same study and collate them. This will also help the healthcare 
professionals who might be more familiar with the acronym of the trial and 
can easily understand the source of information.

3.	 Record ID: This should be unique and refers to a record rather than a study. 
This will help in collating multiple records of a study.

4.	 Study author details (including contact details): This is useful to contact 
the study authors. There is currently no evidence that surface letters 
(printed and posted letters) are better than emails. On the contrary, a 
methodological review on methods to obtain unpublished data found that 
response rates were higher and quicker with emails than surface mails. [7] 
Therefore, we suggest that you extract the email address as the default 
contact detail and obtain the additional contact details when the email 
address is not available. Of course, while making the attempt to contact the 
authors, if the emails bounce, you might need the additional information to 
obtain alternate email or contact details. We suggest that information on 
additional contact details is obtained if necessary, rather than routinely, to 
avoid wasting resources unnecessarily.

PICO details

Participants

Why is it necessary to extract data on participants’ details?
You can only extrapolate the results of a clinical study to the patients who are 
similar to the participants included in the studies. This has implications for the 
type of people in clinical practice for whom an intervention is recommended. 
Furthermore, the intervention may work differently in different groups of par-
ticipants, who may all be eligible for the systematic review. Differences in par-
ticipants may explain differences in the treatment effects (effectiveness of an 
intervention versus the comparator for an outcome) observed in the different 
studies. Therefore, information on participant characteristics will be helpful to 
find out if any differences in treatment effects between the studies are due to dif-
ferences in the participant characteristics.

What should be extracted?
The inclusion and exclusion criteria in the trials should be recorded. However, 
when there is a long list of inclusion and exclusion criteria in the trials, it becomes 
difficult for both the reviewers and the readers to find out how similar or 
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different the participants were across different studies. Therefore, we recom-
mend that the reviewers identify important participant characteristics that can 
influence how effective an intervention is (potential ‘effect modifiers’ or ‘moder-
ators’) in a structured manner (for example, did the study include or exclude 
participants with certain characteristics) rather than recording a long list of 
inclusion and exclusion criteria in the trials verbatim from the studies. In addi-
tion to better understanding of the participants for whom the evidence is appli-
cable, this method of capturing information can also help with subgroup analy-
ses based on participant characteristics (that is, whether the treatment effects 
are different in different subsets of participants).

Information should also be captured on whether disadvantaged people were 
included in the study. The PROGRESS-PLUS framework can be used to identify 
disadvantaged people. [8] This will allow the reviewers to assess whether the 
treatment effects are similar in disadvantaged people (versus others) and 
whether the findings of the review are applicable in disadvantaged people. There 
may be other characteristics about the participants that the reviewer might want 
to record that could potentially explain the differences in treatment effects 
between the studies (if any), for example, symptom scores at baseline. The data 
extracted for PROGRESS-PLUS and other characteristics depends on whether 
the characteristic is of categorical data type or quantitative data type and can be 
guided by the information provided in Table 5.2.

Intervention and comparator

Why is it necessary to extract data on the details of  
the intervention and comparator?
You can only extrapolate the results of a clinical study to the intervention and 
comparator which are similar to those included in the studies. Therefore, suffi-
cient details of intervention and comparator should be recorded to allow them to 
be implemented in clinical practice, that is, whether these are choices that could 
be offered to the patient as part of shared decision making.

Furthermore, the differences in the treatment effects across studies (if any) 
may be explained in differences in the intervention or the comparator.

What should be extracted?
The ‘template for intervention description and replication’ (TIDieR) checklist [9] 
can be used to capture sufficient details of the intervention and comparator to 
allow their replication in clinical practice. This will also help with exploring dif-
ferences in treatment effects (across studies) due to differences in either the 
intervention or the comparator or both.
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Outcome

Why is it necessary to extract data on outcomes?
In a systematic review of interventions, the main objective is usually to find out 
the effectiveness of an intervention versus comparator on an outcome. There-
fore, it is necessary to extract outcome-related data.

In addition, differences in the way an outcome is measured might explain the 
differences in treatment effects across studies.

What should be extracted?

Participant flow
Participant flow is the term that is used in clinical trials and systematic reviews 
to describe the following.

1.	 Number of potential participants screened: Along with the number 
recruited, it provides a measure of the proportion of participants in clinical 
practice in whom the evidence can be applied.

2.	 Number recruited: Besides contributing to the calculation of the proportion 
of participants in clinical practice in whom the evidence can be applied, it 
can also be used to check whether the sum of the numbers allocated to 
each of the intervention and comparator groups equals the number 
recruited.

3.	 Reasons for non-recruitment: While it is reasonable to expect exclusion of 
participants who are ineligible and those who decline participation in the 
study, there may be other reasons for non-recruitment, for example, those 
who are unlikely to complete the intervention or comparator for various 
reasons, which might help in estimating the proportion of eligible patients 
who are likely to benefit from an effective intervention. In retrospective 
studies, if lack of data is a reason for non-recruitment, you must consider 
whether this can introduce bias. Further explanations related to bias will 
be provided later in this chapter.

4.	 Number allocated to each of the intervention and comparator groups: 
These form the basis for estimating the effect of starting an intervention 
versus the comparator.

5.	 Number receiving each of the intervention and comparator as planned: 
These form the basis for estimating the effect of starting and adhering to 
an intervention versus the comparator.

6.	 Number crossed-over to the other group, that is, intervention group receiving 
the comparator and vice versa: These can help in estimating whether the 
main reason for equivalence of an intervention versus the comparator was 
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because of cross-over. For example, consider waiting (intervention) versus 
surgery (comparator) for a health condition. If the study shows equivalence, 
but most participants in the waiting group had to undergo surgery because of 
worsening of symptoms in a short period of time, waiting cannot be 
considered equivalent to surgery for the health condition.

7.	 Reasons for cross-over: It is important to know the reasons for cross-over. 
For example, if this is because of lack of equipment, you might consider 
such cross-overs to estimate the proportion of participants in clinical 
practice in whom the evidence can be applied. On the other hand, a high 
proportion of participants crossing over to the comparator because of 
worsening of symptoms (as in the last example) would indicate that the 
intervention is ineffective.

8.	 Number of participants who had missing data, and the reasons: The 
number of participants who had missing data and the reasons for this are 
important in assessing the risk of bias and are covered later in this chapter.

Follow-up
The period of follow-up is integral to assessment of whether an intervention is 
effective versus a comparator on an outcome. For example, let us consider a com-
parison of a less invasive thermal ablation versus more invasive surgical treat-
ment for cancer. The less invasive treatment may have fewer complications in 
the short term but may not provide equivalent cancer clearance to the more inva-
sive treatment. Therefore, if the overall survival is measured at short term, say 
three or six months, the less invasive treatment may provide equivalent survival 
to the more invasive treatment, but if the overall survival is measured at long 
term, say 10 years, the less invasive treatment may be inferior to the more inva-
sive treatment.

When all the participants are followed for a fixed period of time, say two 
years, the minimum, mean and median follow-up of participants will be about 
two years. However, when the participants are followed for different time periods 
(as in many clinical trials where participants are recruited during a visit to the 
healthcare professional), usually median follow-up is recorded. Mean follow-up 
or minimum follow-up may be other options if median follow-up is not reported.

Outcome data
Outcome data can be descriptive or numerical.

Descriptive outcome data
The definition or scale used to measure an outcome should be recorded. This is 
particularly important when there is no standard definition for the outcome or 
when multiple scales are available to measure an outcome.
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Sometimes no numerical data are available from the studies and when 
numerical data are available, they are insufficient to calculate the treatment 
effects. In such situations, a narrative description by the study author related to 
the effectiveness of an intervention versus the comparator should be recorded.

Numerical outcome data from simple parallel RCTs
The numerical data extracted for outcomes depend upon the data type. An over-
view of the data to be extracted for different outcome types from simple parallel 
RCTs is shown in Figure 5.11.

While most of the terms used in Figure  5.11 were explained earlier in this 
chapter, the term confidence intervals (CI) is a new term and requires additional 
explanation. To understand the concept of confidence intervals, you need to 
understand the concept of population and sample. If you want to find the proper-
ties of a population, you can study the whole population. An example of such a 
study is the census, where the measurements are made on each individual of a 
population. However, this is not practical in every study because of the resources 
in terms of cost and time required to make these measurements. Therefore, a 
representative sample from the population is usually studied to make inferences 
about the population. This is possible because of a special statistical concept 
called the Central Limit Theorem. [10]

The 95% CI is the range within which 95% of the sample means from a popu-
lation are expected to fall. [2] It also means that there is only a 5% probability 
that the 95% CI excludes the population mean. [2] The 95% CI can be calculated 
from a single sample using a formula, so there is no requirement to take repeated 
samples from a population to calculate the 95% CI.

In the context of clinical trials, you can consider that the participants included 
in the trial are a sample drawn from the patient population. The treatment effect 

Binary outcomes Continuous outcomes Count outcomes 

Time-to-event outcomes Ordinal outcomes 
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  each group

• Mean in each group
• Standard deviation in each
  group
• Total number of participants in
  each group

• Number of events in each group
• Total number of participants in
  each group

• Hazard ratio and 95%
  confidence intervals

• Few categories: convert to
  binary data by combining
  categories
• Multiple categories: treat as
  continuous outcome

Figure 5.11 ​ Numerical data extracted for outcomes from simple parallel RCTs
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(of the intervention versus the comparator) observed in the trial is an estimation 
of the treatment effect in the patient population. The 95% CI of the treatment 
effect means that there is only a 5% probability that the 95% confidence interval 
excludes the average treatment effect in the patient population.

Final versus change scores for continuous outcomes
One of the questions frequently asked by researchers relates to which data to 
extract when the study authors report the change scores (change of an outcome 
from baseline observation) and final scores (final value of an outcome) for con-
tinuous outcomes. For example, in a systematic review on the impact of lifestyle 
modification on weight, some study authors might report the change in weight in 
each treatment group from baseline, while others might report the final weight 
in each treatment group. We recommend that the review authors extract which-
ever is reported fully. For example, some study authors might have reported the 
mean change scores along with the standard deviation but might have reported 
only the mean final scores; others might have reported the mean final scores 
along with the standard deviation, but not the change scores at all. While it is 
possible to calculate the mean final scores from the mean baseline and mean 
change scores, it is usually not possible to calculate the standard deviation of the 
final scores from the information available in the study reports. Similarly, it is 
possible to calculate the mean change scores from the mean baseline and mean 
final scores, but it is usually not possible to calculate the standard deviation of 
the change scores from the information available in the study reports. When 
both change scores and final scores are reported fully, we suggest that the review 
authors extract both, but only one of the scores might be used in the analysis 
depending on the analysis performed. Further details about analysing data when 
some study authors report the change scores and others report final scores are 
covered in Chapter 6.

Numerical outcome data when preferred data are not  
available from simple parallel RCTs
When the preferred outcome data are not available, you might be able to impute 
(make an educated guess) the missing information or calculate this from other 
available data. This is shown in Figure 5.12.

While most of the terms are self-explanatory or have been defined previously, 
some terms need additional explanation.

•	 Standard error: Standard error is the short form for ‘standard error of 
means’ and is a concept related to making inferences about a population 
from samples of a population (much like the CI; in fact, the 95% CI are 
calculated from the standard error, the sample mean and a constant).
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•	 Range: This is the difference between the lowest and highest observed 
values in a sample.

•	 p-value: p-value is a concept in testing a hypothesis. The American 
Statistical Association provides a description of p-value. [11] In the context 

All data types 
• Treatment effects and 95% confidence intervals 

Binary outcomes 
• Missing: Number of participants with outcome in

each group 
• Data extracted: Percentage of participants with

outcome in each group 

Continuous outcomes (1) 
• Missing: Mean in each group 
• Data extracted: Median in each group 

Continuous outcomes (2) 
• Missing: Standard deviation in each group 
• Data extracted (in the order of preference) 

• Standard error in each group 
• Lower and upper 95% CI in each group 
• Lower and upper quartiles + range in each group 
• Lower and upper quartiles in each group 
• Range in each group 
• P-value of the comparison 

Time-to-event outcomes (1) 
• Missing: 95% confidence intervals of hazard ratio 
• Data extracted: Total number of events in both

groups 

Time-to-event outcomes (2) 
• Missing: Hazard ratio and 95% confidence

intervals 
• Data extracted 

• Number of events in both groups 
• P-value of the comparison 
• Whether the event-free survival is better in the

intervention or comparator (ignoring statistical
significance)

Time-to-event outcomes (3) 
• Missing: Hazard ratio and 95% confidence

intervals 
• Data extracted 

• From Kaplan-Meier plots 

Figure 5.12 ​ Imputing or calculating missing information from available data in 
simple parallel RCTs
CI = confidence intervals
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of comparing two groups in clinical trials and testing the assumption that 
the effect of both the treatment groups on an outcome is the same, the 
p-value indicates the probability that the actual difference between the two 
group is at least the observed difference (provided that there is no bias).

•	 Kaplan-Meier plots. These are plots that show the proportion of people 
without the events among those at risk of developing the event. Further 
information about extracting data from Kaplan-Meier plots is shown in the 
section ‘Data extraction from plots’.

The methods for converting percentage, standard error, lower and upper quar-
tiles, range and p-value to the format suitable for meta-analysis will be described 
in Chapter 6.

Numerical outcome data from cross-over or cluster RCTs
In cross-over or cluster RCTs, you should extract the treatment effects and 95% 
CI adjusted for the cross-over or clustering effect. When these are not available 
from the studies directly, you can extract the same data as for simple RCTs and, 
in addition, extract the following information.

•	 Cross-over RCTs: intraclass correlation coefficient.
•	 Cluster RCTs: number of clusters in each group and intraclass correlation 

coefficient.

Intraclass correlation coefficient is a measure of the similarity in the outcomes 
measured in the same individual (compared to other individuals) for cross-over 
RCTs, and the similarity in the outcomes in individuals belonging to a cluster 
(compared to those belonging to other clusters) for cluster RCTs.

Numerical outcome data from special situations
While it is relatively easy to identify cross-over or cluster RCTs, there are other 
scenarios where similar principles apply. It is important to recognise these spe-
cial situations.

Randomisation at participant level but outcome is measured at body part level
This happens when the randomisation occurs at the participant level, but the 
outcome is measured at body part level. For example, participants may be ran-
domised to receive prophylactic antibiotics or not receive prophylactic antibiot-
ics before an operation which requires multiple incisions, but the surgical site 
infection is reported at the incision level. When the number of participants ran-
domised to each group is available, you can treat this as count data. Regardless 
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of how the study authors analyse this, the review author can simply extract the 
number of surgical site infections in each group and the number of participants 
in each group in the usual way of extracting data for count outcomes. However, 
when the study authors do not report the number of participants randomised in 
each group but mention only the number of incisions in each group (although the 
randomisation was at the participant level), the situation is analogous to a clus-
ter RCT. In this situation, each participant is equivalent to a cluster and each 
incision is equivalent to an individual. Therefore, you need the treatment effects 
and its 95% CI adjusted for clustering.

Randomisation at body part level
This happens when different parts of the body of an individual are randomised 
to different treatments. This is called split-body part design. For example, 
machine perfusion and cold storage are two methods of preserving organs. In 
cadaveric kidney donation, one kidney in each donor could be randomised to 
receive machine perfusion or cold storage. Treatment effects adjusted for the 
correlation of outcomes of recipients receiving kidneys from the same donor 
should be extracted if available. Alternatively, intraclass correlation coefficients 
should be extracted along with the outcomes in each group. Split-mouth design 
is an example of randomisation at body part level.

Numerical outcome data from non-randomised studies
For non-randomised studies, the treatment effects and 95% CI should be 
extracted. These could be adjusted for confounding variables (variables other 
than the treatment group which affect the outcome) or unadjusted for confound-
ing variables. We recommend extracting both the unadjusted and adjusted treat-
ment effects and 95% CI when available, to obtain a measure of the influence of 
the confounders on the treatment effects.

In the absence of treatment effects and 95% CI (particularly, the adjusted 
treatment effects which will be used for the interpretation), the data can be 
extracted as for RCTs.

Data extraction from plots
Any of the numerical data mentioned above can be obtained from plots if these 
are not available from the study. Caution is required when you are extracting 
standard deviation from error bars in plots. The error bars may represent stan-
dard deviation, standard error, or 95% CI. Unless the study authors specify what 
the error bars represent, you should not extract the data, as these measures dif-
fer considerably in the values and can impact the analysis results (and therefore, 
conclusions).
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Data extraction from Kaplan-Meier plots require additional guidance as 
follows.

•	 The event rate within a time interval should be no more than 20% of that at 
the start of the time interval. [12,13]

•	 Time intervals which are consistent across studies can be chosen. [12]
•	 If the curve starts to level off, there is little value in extracting data from this 

area of a curve. [13]
•	 The final interval should not extend beyond the maximum follow-up. [12,13]

Once you have extracted the proportions without the event in each of the treat-
ment groups at the specified time points chosen using the above guidance, you 
can obtain the data in the required format for meta-analysis using the Excel file 
provided by Tierney et al. [13]

EQUAL-SR software (available from https://sites​.google​.com​/view​/equal​
-group​/home) can help with data extraction of plots and for calculating the 
hazard ratio and its 95% CI. Please see the instructions available from the soft-
ware for further guidance.

Risk of bias

What is bias?
We have mentioned bias several time in this chapter. What is bias? In the context 
of clinical trials and systematic reviews, bias means deviation of the value of a 
statistical estimate from the quantity it estimates. [14]

This is best explained by an analogy. Suppose we want to estimate the differ-
ence in heights between two people. To allow a fair estimation of the difference 
in heights between the two people, they should stand on the same level. What if 
one person stands on a platform while the other stands on the ground level while 
estimating the difference in heights? The difference estimated in this fashion 
will not be the actual difference in heights between the two people. This will be 
considered an unfair comparison. Figure 5.13 depicts this analogy in a graphical 
format.

How can we assess bias?
In the analogy (Figure 5.13), it is clear that one person is standing on a platform 
and the other person is standing on the ground level. However, in clinical trials, 
there is no ‘visible’ object to understand whether the comparison between the 
intervention and the comparator was unfair. If that is the case, how do you know 
if the treatment effect observed in the trial is the accurate treatment effect in the 
sample studied? You can use a risk of bias assessment tool, which is essentially a 

https://sites.google.com/view/equal-group/home
https://sites.google.com/view/equal-group/home
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set of assessments developed by methodological experts that allow us to decide 
whether the study provides an unbiased estimate of the treatment effect in the 
sample. While different tools have different terminologies, the broad classifica-
tions include low risk of bias, moderate risk of bias or high risk of bias to provide 
an indication of whether the treatment effect observed in the trial is an accurate 
portrayal of the treatment effect in the sample studied, and is estimating the 
treatment effect in the population correctly.

In systematic reviews of intervention, the risk of bias in RCTs is assessed by 
RoB 2, [15,16] and that in non-randomised studies is assessed by ROBINS-I. 
[17,18] Sufficient details should be extracted to allow the assessment of risk of 
bias in the studies.

I am taller than
you! 

Figure 5.13 ​ Analogy for bias
In this analogy, the two people represent the intervention and comparator; difference in 
heights represents the treatment effect in a clinical trial; and the platform represents one 
or more aspects of clinical trial design, conduct or analysis that result in an unfair 
comparison between the intervention and comparator in terms of an outcome in the trial 
(the observed effect in the trial is not the true effect). This means that the treatment 
effect in the patient population is also wrongly estimated and wrong treatments may be 
given to the patient.
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Risk of bias in randomised trials (RoB 2)
The RoB 2 tool has five domains or aspects of assessment.

•	 Bias arising from the randomisation process.
•	 Bias due to deviations from intended interventions.
•	 Bias due to missing outcome data.
•	 Bias in measurement of the outcome.
•	 Bias in selection of the reported result.

Each of the domains has multiple signalling questions, that is, questions that can 
be answered as ‘Yes’, ‘Probably Yes’, ‘No Information’, ‘Probably No’, and ‘No’. 
Some of the questions can also be answered as ‘Not applicable’ depending on the 
answers provided to earlier questions. The answers to the signalling questions 
allow you to classify the risk of bias in each of the domains as ‘Low risk’, ‘Some 
concerns’ or ‘High risk’. From this perspective, the answers ‘Yes’ and ‘Probably 
Yes’ for the signalling questions are treated in the same way; the answers ‘No’ 
and ‘Probably No’ are treated in the same way. While the assessment of the first 
domain is at the study level, the remaining domains are assessed at the outcome 
level. Such outcome-level assessments are used to interpret the evidence. The 
overall risk of bias for the outcome can be calculated from the risk of bias classi-
fications for each domain. Broadly, a study can be considered to be at ‘high risk of 
bias’ (for an outcome) if any of the domains are classified as ‘High risk’ or multiple 
domains are classified as ‘Some concerns’ in a way that substantially lowers 
the confidence in the results; it can be considered to be at ‘low risk of bias’ (for 
the outcome) if all the domains are classified as ‘Low risk’; the remaining combi-
nations of classifications result in a study being classified as ‘Some concerns’ (for 
the outcome). [15]

Mechanisms of how each aspect leads to risk of bias, and detailed guidance 
for the risk of bias classifications are available at [16]. We provide a short descrip-
tion and some practical guidance on how to answer the signalling questions ‘Yes’ 
(or ‘Probably Yes’) and ‘No’ (or ‘Probably No’) in this chapter. Any signalling 
questions which are dependent on the answers provided for earlier questions 
can be identified from the wording of the signalling question. Therefore, we 
have not specified when the question should be answered ‘Not Applicable’. The 
signalling questions for which there is insufficient information to answer as ‘Yes’ 
(or ‘Probably Yes’), ‘No’ (or ‘Probably No’), or ‘Not Applicable’ are answered as 
‘No Information’. Therefore, we have not provided guidance on when the signal-
ling question should be answered ‘No Information’.

The algorithm to calculate the risk of bias for each domain from signalling 
questions is available from the publication and guidance documents of the RoB 2 
team. [15,16] Automated calculation of the risk of bias is also possible using the 
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Excel file provided by the RoB 2 team. [16] The risk of bias for each domain and 
the overall risk of bias can also be calculated automatically using the EQUAL-SR 
software.

Bias arising from the randomisation process
In an RCT, a participant is allocated to receive the intervention or the compara-
tor randomly. This is to prevent bias due to confounding which arises when the 
participants who received the intervention and the comparator differ by one or 
more important prognostic factors that determine the outcome. [16] The signal-
ling questions related to this domain and how they should be answered are as 
follows. [15,16]

	1.1	 Was the allocation sequence random?
‘Yes’ or ‘Probably Yes’: Allocation was performed using computer-

generated random numbers, minimisation with a random element, a 
sequence from a random number table, or a random sequence generated by 
coin tossing, shuffling cards or envelopes, throwing dice, or drawing lots.

‘No’ or ‘Probably No’: Allocation was performed without a random 
element or sequence was predictable, for example, alternation, birth date, 
admission date, patient record numbers, allocation by clinicians or 
participants, allocation based on the availability of the intervention or the 
comparator.

	1.2	 Was the allocation sequence concealed until participants were enrolled 
and assigned to interventions?

‘Yes’ or ‘Probably Yes’: Allocation was concealed using centrally 
administered methods such as web-based or telephone-based 
randomisation service; a third party not involved in enrolment of 
participants; sealed envelopes that were opaque, sequentially numbered, 
sealed with a tamper-proof seal, and opened only after the envelope had 
been irreversibly assigned to the participant; drug containers that were 
sequentially numbered, of identical appearance, and dispensed or 
administered only after they had been irreversibly assigned to the 
participant.

‘No’ or ‘Probably No’: There is suspicion that the enrolling investigator 
or the participant had knowledge of the next allocation.

Some researchers are confused between allocation concealment and 
blinding (a concept explained in the next domain). The key difference 
between the two is whether the researcher and patient are unaware of 
the assignment before recruiting into the study (which is always possible 
in an RCT) or after recruiting into the study (which may not be possible in 
many situations).
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	1.3	 Did baseline differences between intervention groups suggest a problem 
with the randomisation process?

‘Yes’ or ‘Probably Yes’: One or more of the following are observed in 
the study.
•	 Substantial differences between sample sizes of the intervention 

versus comparator compared to the planned allocation ratio. If the 
planned allocation ratio was 1:1, the sample sizes of the intervention 
and comparator groups should be approximately the same; if the 
planned allocation ratio was 2:1, the sample size of the intervention 
group should be approximately twice that of the comparator group, 
and so on.

•	 A substantial excess in statistically significant differences in the 
participant characteristics or prognostic factors between the 
intervention and comparator, beyond what is expected by chance. For 
example, if the sample size was large and the number of baseline 
characteristics being compared between the groups is also large, you 
can expect approximately 5% of the comparisons to show statistically 
significant differences at a p-value of 0.05 even if there were no real 
differences.
No’ or ‘Probably No’: No imbalances are reported or if reported, they 

might have arisen by chance (please also see the previous point about 
when you can consider that the differences might have arisen by chance).

Bias due to deviations from intended interventions
Before assessing this domain, you need to understand that two effects of the 
intervention versus comparator may be of interest to the healthcare profession-
als and the patients. The first effect is the effect of starting the intervention (ver-
sus comparator). This is called the intention-to-treat effect. The second effect is 
the effect of adhering to the intervention as planned (versus comparator). This is 
called the per-protocol effect.

In the context of shared decision making, the main effect of interest is the 
intention-to-treat effect, as it has to be decided whether the treatment should be 
the intervention or the comparator. Per-protocol effect may be of interest in the 
context of a treatment which has to be repeated (‘sustained treatment’), for 
example, medicines or other treatments that have to be repeated periodically. 
This is because we will be able to provide information to the healthcare profes-
sionals and patients as to why adherence to the treatment as planned is neces-
sary to obtain the desired effect by comparing the intention-to-treat and per-
protocol effects. However, per-protocol effect is likely to have a limited role in 
the context of shared decision making for one-off treatments delivered by 
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healthcare professionals who are able to deliver the treatment as planned unless 
some findings during the treatment necessitate a change in treatment.

The signalling questions for the intention-to-treat effect and per-protocol effect 
are different. However, to answer these signalling questions correctly, you also 
need to understand the concept of intention-to-treat analysis, modified intention-
to-treat analysis, per-protocol analysis and as-treated analysis. Intention-to-treat 
analysis refers to an analysis that includes all the trial participants according to the 
group to which they were randomised. [19] A modified intention-to-treat analysis 
refers to an analysis that includes only the trial participants in whom the outcome 
could be measured, but the participants are included under the groups to which 
they were randomised. [16] A naive per-protocol analysis refers to an analysis that 
includes only trial participants who received the treatments as per the protocol. 
[16] An as-treated analysis refers to an analysis in which the participants are anal-
ysed according to the treatment they received rather than to the group to which 
they were randomised. [16] An appropriate per-protocol analysis should include 
adjustments for prognostic factors that resulted in deviations from the planned 
treatment. Advanced statistical methods, such as instrumental variable analysis for 
one-off treatments and inverse probability weighting for sustained treatments, are 
necessary to calculate the correct per-protocol effect. The description of these 
advanced statistical methods is beyond the scope of this book; interested readers 
can read an introduction to these methods available from the literature. [20,21]

Another concept that requires explanation is the concept of ‘blinding’. Blind-
ing refers to one or more of the healthcare providers, outcome assessor or the 
participant being unaware of the treatment that a participant received. The 
main reason for blinding is to prevent bias due to deviations from the planned 
treatment and differences in the assessment of outcomes in the intervention ver-
sus comparator. [15,16]

Blinding is usually achieved by ‘dummy treatment’ or placebo. While the use 
of placebo may be feasible for many pharmacological interventions, it may not be 
possible in non-pharmacological interventions. For example, it is not possible to 
blind the healthcare provider to the participant group if the healthcare provider 
has to perform different procedures in the intervention versus comparator, say 
surgery versus no treatment. It may not be possible to blind the participants in 
some trials, for example, patient education versus no intervention in adults. The 
use of placebo may be unethical in some situations. For example, placebos for 
surgical interventions are only recommended when the study question cannot 
be answered with a different design and the risks of performing a sham opera-
tion are outweighed by the importance of the knowledge to be gained. [22]

The signalling questions related to this domain and how they should be 
answered are as follows. [15,16]
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Intention-to-treat effect
	2.1	 Were participants aware of their assigned intervention during the trial?

‘Yes’ or ‘Probably Yes’: The study was reported as ‘open’ or ‘open label’, 
lack of blinding was mentioned or discussed as a limitation, blinding is 
difficult to achieve ethically and there is no description about blinding, or 
the scars or side effects are unique to a treatment, allowing participants 
to know the group to which they were allocated, based on scars or side 
effects.

‘No’ or ‘Probably No’: Blinding of participants was achieved.
	2.2	 Were carers and people delivering the interventions aware of 

participants’ assigned intervention during the trial?
‘Yes’ or ‘Probably Yes’: Blinding is impossible to achieve, the study was 

stated as ‘open label’, lack of blinding was mentioned or discussed as a 
limitation, the scars or side effects are unique to a treatment, allowing 
carers and people delivering the interventions to know the group to 
which participants were allocated based on scars or side effects.

‘No’ or ‘Probably No’: Blinding of healthcare professionals was 
achieved.

	2.3	 If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended 
intervention that arose because of the trial context?

‘Yes’ or ‘Probably Yes’: Cross-overs to the other treatment because of 
the perceived concern about lack of effect (initiated by the participant or 
the healthcare professional) were reported, or the follow-up in the trial 
participants is different from that in standard clinical practice.

‘No’ or ‘Probably No’: Any changes to the treatment are changes that 
would be normally expected in clinical practice (for example, reduction 
in dosage of a drug, complete cessation of a drug because of side effects, 
treatment of a complication).

	2.4	 If Y/PY to 2.3: Were these deviations likely to have affected the outcome?
‘Yes’ or ‘Probably Yes’: Changes to the treatment are likely to affect the 

outcome.
‘No’ or ‘Probably No’: Changes to the treatment are not likely to affect 

the outcome.
	2.5	 If Y/PY/NI to 2.4: Were these deviations from intended intervention 

balanced between groups?
‘Yes’ or ‘Probably Yes’: Changes to the treatment were balanced 

between the groups (that is, changes were in similar proportions to the 
intervention and comparator).

‘No’ or ‘Probably No’: Changes to the treatment were unbalanced 
between the groups (that is, changes were not in similar proportions to 
the intervention and comparator).
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	2.6	 Was an appropriate analysis used to estimate the effect of assignment to 
intervention?

‘Yes’ or ‘Probably Yes’: Intention-to-treat analysis or modified intention-
to-treat analysis was used, or the only exclusions were those of ineligible 
participants when the treatment does not influence the eligibility.

‘No’ or ‘Probably No’: Naive per-protocol analysis or as-treated analysis 
was used, or eligible participants were excluded from the analysis for 
reasons such as toxicity or lack of efficacy.

If sufficient information is available from the studies, it might be 
possible to re-analyse the data using appropriate analysis and include this 
in the systematic review. If that is the case, the answers to this question 
should be based on the re-analysed data by the systematic reviewer and 
not based on the inappropriate analysis by the study author.

	2.7	 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the 
result) of the failure to analyse participants in the group to which they 
were randomised?

The answers to this question can only be determined by a sensitivity 
analysis (analyses performed with different assumptions). Therefore, we 
recommend that the systematic review authors answer this question after 
performing the analysis. There is no fixed proportion of exclusions that 
can be used to guide the answer to this signalling question.

‘Yes’ or ‘Probably Yes’: Sensitivity analysis showed an impact on the 
results.

‘No’ or ‘Probably No’: Sensitivity analysis did not show an impact on 
the results.

Per-protocol effect
	2.1	 Were participants aware of their assigned intervention during the trial?

Same as for intention-to-treat effect.
	2.2	 Were carers and people delivering the interventions aware of 

participants’ assigned intervention during the trial?
Same as for intention-to-treat effect.

	2.3	 [If applicable] If Y/PY/NI to 2.1 or 2.2: Were important non-protocol 
interventions balanced across intervention groups?

Important non-protocol interventions are unplanned interventions 
that are given along with the treatment or after the treatment is started 
and have the potential to influence the outcome.

‘Yes’ or ‘Probably Yes’: Important non-protocol interventions were 
balanced between the treatment groups.

‘No’ or ‘Probably No’: Important non-protocol interventions were not 
balanced between the treatment groups.
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	2.4	 [If applicable] Were there failures in implementing the intervention that 
could have affected the outcome?

This usually refers to one-off treatments by healthcare professionals.
‘Yes’ or ‘Probably Yes’: Failure of implementing the treatment as 

planned could affect the outcome.
‘No’ or ‘Probably No’: The treatment was implemented as planned for 

most participants.
	2.5	 [If applicable] Was there non-adherence to the assigned intervention 

regimen that could have affected participants’ outcomes?
This usually refers to sustained treatments.
‘Yes’ or ‘Probably Yes’: Non-adherence to the treatment, for example, 

stopping the treatment, cross-over to the other treatment, another active 
treatment (not being compared in the trial) is high.

‘No’ or ‘Probably No’: Most participants adhered to the planned 
treatment.

	2.6	 If N/PN/NI to 2.3, or Y/PY/NI to 2.4 or 2.5: Was an appropriate analysis 
used to estimate the effect of adhering to the intervention?

‘Yes’ or ‘Probably Yes’: Appropriate per-protocol analysis (instrumental 
variable analysis for one-off treatments and inverse probability weighting 
for sustained treatments) was used.

‘No’ or ‘Probably No’: Intention-to-treat analysis, naive per-protocol 
analysis or as-treated analysis was used, or all participants in one group 
received an important non-protocol treatment.

Bias due to missing outcome data
	3.1	 Were data for this outcome available for all, or nearly all, participants 

randomised?
In the context of this question, imputed data should be considered 

missing data.
‘Yes’ or ‘Probably Yes’: outcome data are available for all participants 

and an intention-to-treat analysis is used when the desired effect is 
intention-to-treat effect. For continuous outcomes, data are available for 
95% or more participants. For binary outcomes, this depends upon the 
sensitivity analysis. Therefore, if participants were missing, we 
recommend answering this question based on the sensitivity analysis.

‘No’ or ‘Probably No’: When data are not available for all or nearly all 
randomised participants.

	3.2	 If N/PN/NI to 3.1: Is there evidence that the result was not biased by 
missing outcome data?

‘Yes’ or ‘Probably Yes’: Sensitivity analysis demonstrating that the 
results do not change with different assumptions about missing data was 
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available or appropriate analysis methods that correct for missing data 
were used. The sensitivity analysis can be performed by the study author 
or can be performed by the review author.

‘No’ or ‘Probably No’: Sensitivity analysis demonstrating that the 
results change with different assumptions about missing data was not 
available and there is insufficient data for performing the sensitivity 
analysis.

	3.3	 If N/PN to 3.2: Could missingness in the outcome depend on its true 
value?

‘Yes’ or ‘Probably Yes’: Missingness was unrelated to the outcome, for 
example, interruption to data collection.

‘No’ or ‘Probably No’: Missingness was related to the outcome, for 
example, loss to follow-up or withdrawal was related to lack of 
improvement of symptoms.

	3.4	 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on 
its true value?

‘Yes’ or ‘Probably Yes’: Missingness is likely to depend on its true value 
if any of the following conditions are met.
•	 Differences in the proportions of missing outcome data in the 

treatment groups.
•	 Reported reasons for missing outcome data provide evidence that 

missingness in the outcome depends on its true value, for example, 
patients with serious adverse events were excluded from the analysis 
of HRQoL or mortality.

•	 Reported reasons for missing outcome data differ between the 
intervention groups.

•	 The circumstances of the trial make it likely that missingness in the 
outcome depends on its true value. For example, in trials evaluating 
chronic conditions, missingness may be related to the failure of 
improvement of symptoms.

•	 For time-to-event outcomes, participants’ follow-up is censored when 
they stop or change their assigned treatment rather than at the last 
follow-up of patients.
‘No’ or ‘Probably No’: Analysis accounted for participant characteristics 

that are likely to explain the relationship between missingness and outcome.

Bias in measurement of the outcome
	4.1	 Was the method of measuring the outcome inappropriate?

‘Yes’ or ‘Probably Yes’: Method of measurement of outcome was 
inappropriate, for example, the instrument used to measure the outcome 
had poor validity.
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‘No’ or ‘Probably No’: Method of measurement of outcome was 
appropriate.

	4.2	 Could measurement or ascertainment of the outcome have differed 
between intervention groups?

‘Yes’ or ‘Probably Yes’: The follow-up was not similar in the treatment 
groups or different definitions or methods were used to measure the 
outcome in the two treatment groups.

‘No’ or ‘Probably No’: The follow-up was similar, and similar 
definitions and methods were used to measure the outcome in both the 
treatment groups.

	4.3	 If N/PN/NI to 4.1 and 4.2: Were outcome assessors aware of the 
intervention received by study participants?

‘Yes’ or ‘Probably Yes’: Blinding of outcome assessors was not achieved.
‘No’ or ‘Probably No’: Blinding of outcome assessors was achieved.
In participant-reported outcome measures, the outcome assessor is the 

participant, even if a researcher records the outcome after interviewing 
the participant.

	4.4	 If Y/PY/NI to 4.3: Could assessment of the outcome have been influenced 
by knowledge of intervention received?

‘Yes’ or ‘Probably Yes’: The outcome is subjective, for example, patient-
reported outcome measures.

‘No’ or ‘Probably No’: The outcome is objective, for example, all-cause 
mortality or laboratory tests results using an automated analyser.

	4.5	 If Y/PY/NI to 4.4: Is it likely that assessment of the outcome was 
influenced by knowledge of intervention received?

‘Yes’ or ‘Probably Yes’: The assessment of the outcome was influenced 
by knowledge of the treatment received, for example, strong belief about 
the effectiveness of a treatment or when the treatment provider is also the 
outcome assessor.

‘No’ or ‘Probably No’: The assessment of the outcome was not 
influenced by knowledge of the treatment received.

Bias in selection of the reported result
	5.1	 Were the data that produced this result analysed in accordance with a 

pre-specified analysis plan that was finalised before unblinded outcome 
data were available for analysis?

‘Yes’ or ‘Probably Yes’: The analysis plan was finalised before 
unblinded outcome data were available and the data were analysed 
according to the pre-specified analysis plan.

‘No’ or ‘Probably No’: The data were not analysed according to the 
pre-specified analysis plan.
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	5.2	 Is the numerical result being assessed likely to have been selected, on the 
basis of the results, from multiple eligible outcome measurements (for 
example, scales, definitions, time points) within the outcome domain?

‘Yes’ or ‘Probably Yes’: There are multiple ways of measuring the 
outcome and the study author does not report all the outcome measures 
mentioned in the pre-specified analysis plan.

‘No’ or ‘Probably No’: There is only one way of measuring the outcome, 
the study author reported the outcome measures according to the pre-
specified analysis plan, or the study author reported the preferred 
outcome measure mentioned in the pre-specified systematic review 
protocol.

	5.3	 Is the numerical result being assessed likely to have been selected, on the 
basis of the results, from multiple eligible analyses of the data?

‘Yes’ or ‘Probably Yes’: There are multiple ways of analysing the 
outcome data and the study author did not report all the analyses 
mentioned in the pre-specified analysis plan.

‘No’ or ‘Probably No’: There is only one way of analysing the outcome 
data, the study author reported the outcome data according to the 
pre-specified analysis plan, or the study author reported the preferred 
analysis mentioned in the pre-specified systematic review protocol.

Risk of bias in cross-over and cluster RCTs
The risk of bias in cross-over and cluster RCTs can be assessed using the RoB 2  
tool for cross-over RCTs [23] and the RoB 2 tool for cluster RCTs. [24] These are 
largely based on RoB 2 with additional considerations in relation to the study 
design. Interested systematic reviewers should read the additional guidance 
available from the RoB 2 team. [23,24]

Risk Of Bias In Non-randomised Studies – of Interventions (ROBINS-I)
The ROBINS-I tool has seven domains or aspects of assessment.

•	 Bias due to confounding.
•	 Bias in selection of participants into the study.
•	 Bias in classification of interventions.
•	 Bias due to deviations from intended interventions.
•	 Bias due to missing data.
•	 Bias in measurement of outcomes.
•	 Bias in selection of the reported result.

Of these, the last four domains are conceptually similar to those of RoB 2. There 
are other similarities too between ROBINS-I and RoB 2. Similar to RoB 2, 
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ROBINS-I has signalling questions for each domain which help in the classifica-
tion of risk of bias of that domain. [17,18] While the risk of bias for each domain 
is different for ROBINS-I (the risk of bias is classified as ‘Low risk of bias’, ‘Moder-
ate risk of bias’, ‘Serious risk of bias’, ‘Critical risk of bias’ or ‘No information’), the 
choices for the signalling questions are the same as for RoB 2, except for signal-
ling question 1.1 which does not have ‘No information’ as one of the choices. As 
for RoB 2, the answers ‘Yes’ and ‘Probably Yes’ for the signalling questions are 
treated in the same way; the answers ‘No’ and ‘Probably No’ are treated in the 
same way.

The assessment of the first three domains in ROBINS-I are at the study level, 
while the remaining domains are assessed at the outcome level. The overall risk 
of bias for the outcome can be calculated from the worst risk of bias classifica-
tions among the domain classifications. For example, if at least one of the 
domains for the outcome was classified as ‘Critical risk of bias’, the overall risk 
of bias classification for the outcome is ‘Critical risk of bias’; if the worst risk of 
bias for an outcome was ‘Moderate risk of bias’, then the overall risk of bias clas-
sification for the outcome is ‘Moderate risk of bias’. When it is not possible to 
classify the risk of bias between ‘Serious risk of bias’ and ‘Critical risk of bias’ 
because of the classification of ‘No information’ for one of the domains, then the 
classification of the overall risk of bias for the outcome can be ‘No information’.

Mechanisms of how each aspect leads to risk of bias and detailed guidance 
for the risk of bias classifications are available at [17]. We provide a short descrip-
tion of some practical guidance on how to answer the signalling questions ‘Yes’ 
(or ‘Probably Yes’) and ‘No’ (or ‘Probably No’) in this chapter for the same reasons 
as described under RoB 2.

The algorithm to calculate the risk of bias for each domain from signalling 
questions is available from [17,18]. Automated calculation of the risk of bias is 
also possible if you used the EQUAL-SR software for data extraction.

Bias due to confounding
Confounding in the context of non-randomised studies of intervention arises 
when one or more important prognostic factors that determine the outcome also 
predict the treatment that an individual receives. [17] Some confounders do not 
vary over time, for example, birth sex, while others may vary over time, for 
example, comorbidities which are related to an outcome, say, all-cause mortal-
ity. In sustained treatments, sometimes, changes between treatments (‘switches’) 
are possible, for example, switches between two anti-diabetic agents are possi
ble in people with type 2 diabetes, and this might be related to the change in 
comorbidities. When changes in the confounders determine the changes in 
treatment, this is called ‘time-varying confounding’. To adjust for ‘time-varying 
confounding’, you need to use special statistical methods such as inverse 
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probability weighting, or marginal structural models are required. [17] Descrip-
tion of such advanced models is beyond the scope of this book.

	1.1	 Is there potential for confounding of the effect of intervention in this 
study?

‘Yes’ or ‘Probably Yes’: There is potential for confounding.
‘No’ or ‘Probably No’: There is no potential for confounding. This 

classification is rare as it is unlikely that all confounders are known and 
that these are distributed equally in the absence of randomisation.

	1.2	 If Y/PY to 1.1: Was the analysis based on splitting participants’ follow-up 
time according to intervention received?

‘Yes’ or ‘Probably Yes’: Participants can switch between the treatments. 
For example, in a chronic condition, the participants may be able to 
switch between two painkillers.

‘No’ or ‘Probably No’: The treatment is one-off, such as surgery.
	1.3	 If Y/PY to 1.1: Were intervention discontinuations or switches likely to be 

related to factors that are prognostic for the outcome?
‘Yes’ or ‘Probably Yes’: Change in confounders determines the 

treatment.
‘No’ or ‘Probably No’: Change in confounders do not determine the 

treatment.
	1.4	 If Y/PY to 1.1: Did the authors use an appropriate analysis method that 

controlled for all the important confounding domains?
‘Yes’ or ‘Probably Yes’: Study authors used an appropriate analysis such 

as stratification, regression, matching, standardisation and inverse 
probability weighting for controlling the important confounding 
domains.

‘No’ or ‘Probably No’: An appropriate analysis was not used.
	1.5	 If Y/PY to 1.1 and 1.4: Were confounding domains that were controlled 

for measured validly and reliably by the variables available in this study?
‘Yes’ or ‘Probably Yes’: Valid and reliable measures of the confounding 

variable were used for confounding.
‘No’ or ‘Probably No’: Valid and reliable measures of the confounding 

variable were not used for confounding, for example, the measures 
chosen by the study authors were subjective.

1.6		 If Y/PY to 1.1: Did the authors control for any postintervention variables 
that could have been affected by the intervention?

‘Yes’ or ‘Probably Yes’: The authors controlled for postintervention 
variables that could have been affected by the treatment.

‘No’ or ‘Probably No’: The authors did not control for postintervention 
variables that could have been affected by the treatment.
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	1.7	 If Y/PY to 1.1: Did the authors use an appropriate analysis method that 
controlled for all the important confounding domains and for time-
varying confounding?

‘Yes’ or ‘Probably Yes’: If switches were related to time-varying 
confounders, an appropriate method such as inverse probability 
weighting was used to control for the confounders.

‘No’ or ‘Probably No’: An inappropriate analysis was used to control for 
the confounders.

1.8		 If Y/PY to 1.1 and 1.7: Were confounding domains that were controlled 
for measured validly and reliably by the variables available in this study?

Same as for signalling question 1.5.

Bias in selection of participants into the study
Bias in selection of participants into the study relates to whether some eligible 
participants were selectively excluded from the study prior to study recruitment 
because of the method of identifying participants for inclusion into the study. For 
example, some eligible participants may be excluded from the study because the 
study included only prevalent users of the treatment, which would have excluded 
participants who stopped the treatment because of side effects. [17]

Some researchers get confused between bias in selection of participants into 
the study and generalisability. When some participants are excluded from the 
study because they do not meet the eligibility criteria (the exclusions were before 
the treatment was started), this is an issue with generalisability of the findings—
that is, the findings cannot be generalised to patients who are similar to the 
excluded participants—rather than a bias in selection of participants into the 
study. Others get confused between bias in selection of participants into the 
study and bias due to missing data. When the initial follow-up of participants is 
missing, this relates to bias in the selection of participants. For example, this can 
be due to only prevalent users being identified or the exclusion of those who 
developed the outcomes soon after the treatment was started. When the later 
follow-up is missing, for example, due to loss to follow-up or death, this results in 
bias due to missing data.

	2.1	 Was selection of participants into the study (or into the analysis) based on 
participant characteristics observed after the start of intervention?

‘Yes’ or ‘Probably Yes’: Some participants are excluded from the study 
(and effectively from the analysis) based on participant characteristics 
observed after the start of intervention.

‘No’ or ‘Probably No’: Participants are not excluded from the study 
based on participant characteristics observed after the start of 
intervention.
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	2.2	 If Y/PY to 2.1: Were the postintervention variables that influenced 
selection likely to be associated with intervention?

‘Yes’ or ‘Probably Yes’: The postintervention variables that influenced 
selection are likely to be associated with the treatment.

‘No’ or ‘Probably No’: The postintervention variables that influenced 
selection are not associated with the treatment.

	2.3	 If Y/PY to 2.1 and 2.2: Were the postintervention variables that 
influenced selection likely to be influenced by the outcome or a cause of 
the outcome?

‘Yes’ or ‘Probably Yes’: The postintervention variables that influenced 
selection can lead to the outcome or can result from the outcome.

‘No’ or ‘Probably No’: The postintervention variables that influenced 
selection are unrelated to the outcome.

	2.4	 Do start of follow-up and start of intervention coincide for most 
participants?

‘Yes’ or ‘Probably Yes’: Participants were included and followed up 
from the start of the treatment.

‘No’ or ‘Probably No’: Participants who developed the outcome soon 
after the treatment was started were excluded from the analysis.

	2.5	 If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were adjustment techniques used 
that are likely to correct for the presence of selection biases?

‘Yes’ or ‘Probably Yes’: Inverse probability weighting methods may 
correct for selection biases.

‘No’ or ‘Probably No’: Appropriate methods to correct for the presence 
of selection biases were not used.

Bias in classification of interventions
While the intervention and comparator are classified correctly in randomised 
controlled trials and prospective cohort studies as the treatment status of the 
participants are recorded at the time of initiation of the treatment, misclassifica-
tion of interventions can happen in retrospective studies. The misclassification 
may or may not be related to the outcome. For example, knowledge of whether a 
participant developed the outcome at the time of recording the treatment status 
(i.e., whether a participant received the intervention or comparator) can result 
in differential misclassification.

	3.1	 Were intervention groups clearly defined?
‘Yes’ or ‘Probably Yes’: The treatment groups are clearly defined to 

avoid confusion as to whether a participant received the intervention or 
the comparator.

‘No’ or ‘Probably No’: The treatment groups are not clearly defined.
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	3.2	 Was the information used to define intervention groups recorded at the 
start of the intervention?

‘Yes’ or ‘Probably Yes’: The information regarding whether a 
participant received the intervention or comparator was recorded at the 
start of the treatment.

‘No’ or ‘Probably No’: The information regarding whether a participant 
received the intervention or comparator was not recorded at the start of 
the treatment.

	3.3	 Could classification of intervention status have been affected by 
knowledge of the outcome or risk of the outcome?

‘Yes’ or ‘Probably Yes’: The outcome status was available at the time of 
classification of the treatment status of a participant.

‘No’ or ‘Probably No’: The information regarding whether a participant 
received the intervention or comparator was recorded at the start of the 
treatment or the treatment status was classified without the knowledge of 
the outcome status of the participant.

Bias due to deviations from intended interventions

Intention-to-treat effect
	4.1	 Were there deviations from the intended intervention beyond what would 

be expected in usual practice?
‘Yes’ or ‘Probably Yes’: There were deviations in the planned 

treatments beyond usual clinical practice.
‘No’ or ‘Probably No’: There were no deviations in the planned 

treatments, or the deviations were those expected in usual clinical 
practice, for example, cessation of treatment for toxicity.

	4.2	 If Y/PY to 4.1: Were these deviations from intended intervention 
unbalanced between groups and likely to have affected the outcome?

‘Yes’ or ‘Probably Yes’: The deviations were not balanced between the 
groups and would have affected the outcome.

‘No’ or ‘Probably No’: The deviations would not have affected the 
outcome, or the deviations were balanced between the groups.

Per-protocol effect
	4.3	 Were important co-interventions balanced across intervention groups?

‘Yes’ or ‘Probably Yes’: Co-interventions would not have affected the 
outcome, or the co-interventions were balanced between the groups.

‘No’ or ‘Probably No’: Co-interventions were not balanced between the 
groups and would have affected the outcome.
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	4.4	 Was the intervention implemented successfully for most participants? 
(This usually refers to one-off treatments implemented by healthcare 
professionals.)

‘Yes’ or ‘Probably Yes’: The intervention was implemented successfully 
by healthcare professionals for most participants.

‘No’ or ‘Probably No’: The intervention was not implemented 
successfully by healthcare professionals for most participants.

	4.5	 Did study participants adhere to the assigned intervention regimen? 
(This usually refers to sustained treatments by the study participants.)

‘Yes’ or ‘Probably Yes’: The study participants adhered to the assigned 
treatment.

‘No’ or ‘Probably No’: The study participants did not adhere to the 
assigned treatment, for example, stopped treatment, crossed-over, or took 
another treatment not being compared.

	4.6	 If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to estimate 
the effect of starting and adhering to the intervention?

‘Yes’ or ‘Probably Yes’: An appropriate analysis such as inverse probability 
weighting method or instrumental variable method was performed.

‘No’ or ‘Probably No’: An appropriate analysis was not performed.

Bias due to missing data
	5.1	 Were outcome data available for all, or nearly all, participants?

‘Yes’ or ‘Probably Yes’: Outcome data were available for all or nearly all 
participants. We recommend similar strategy as for RoB 2, that is, use 
sensitivity analysis to answer this question for binary outcomes.

‘No’ or ‘Probably No’: Outcome data were not available for all or nearly 
all participants.

	5.2	 Were participants excluded due to missing data on intervention status?
‘Yes’ or ‘Probably Yes’: Participants were excluded because the 

treatment status was missing.
‘No’ or ‘Probably No’: Treatment status was available for all 

participants.
	5.3	 Were participants excluded due to missing data on other variables needed 

for the analysis?
‘Yes’ or ‘Probably Yes’: Participants were excluded because data on the 

confounders were missing.
‘No’ or ‘Probably No’: Participants were not excluded because data on 

the confounders were missing.
	5.4	 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the proportion of participants 

and reasons for missing data similar across interventions?
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‘Yes’ or ‘Probably Yes’: Similar proportions of participants were 
excluded from both the treatment groups and the reasons for exclusion 
are similar in the two groups.

‘No’ or ‘Probably No’: The proportion of participants missing was 
higher in one of the treatment groups or the reasons for being missing 
were different between the two groups.

	5.5	 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there evidence that results were 
robust to the presence of missing data?

‘Yes’ or ‘Probably Yes’: A sensitivity analysis shows that the results are 
robust to different assumptions of treatments, confounders, or outcomes 
of participants with missing data.

‘No’ or ‘Probably No’: No sensitivity analysis was performed, or the 
sensitivity analysis shows that the results changed depending upon 
different assumptions of treatments, confounders or outcomes of 
participants with missing data.

Bias in measurement of outcomes
	6.1	 Could the outcome measure have been influenced by knowledge of the 

intervention received?
‘Yes’ or ‘Probably Yes’: Subjective outcomes such as HRQoL or pain.
‘No’ or ‘Probably No’: Objective outcomes such as all-cause mortality or 

laboratory test results using an automated analyser.
	6.2	 Were outcome assessors aware of the intervention received by study 

participants?
‘Yes’ or ‘Probably Yes’: Blinding of outcome assessors was not achieved.
‘No’ or ‘Probably No’: Blinding of outcome assessors was achieved.
In participant-reported outcome measures, the outcome assessor is the 

participant, even if a researcher records the outcome after interviewing 
the participant.

	6.3	 Were the methods of outcome assessment comparable across intervention 
groups?

‘Yes’ or ‘Probably Yes’: The follow-up was similar, similar definitions 
and methods were used to measure the outcome in both the treatment 
groups.

‘No’ or ‘Probably No’: The follow-up was not similar in the treatment 
groups or different definitions or methods were used to measure the 
outcome in the two treatment groups.

	6.4	 Were any systematic errors in measurement of the outcome related to 
intervention received?

‘Yes’ or ‘Probably Yes’: There were systematic errors in measurement of 
the outcome, and this was related to the intervention.
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‘No’ or ‘Probably No’: There were no systematic errors in measurement 
of the outcome, or the systematic errors were not related to the 
intervention.

Bias in selection of the reported result
	7.1	 Is the reported effect estimate likely to be selected, on the basis of the 

results, from multiple outcome measurements within the outcome 
domain?

‘Yes’ or ‘Probably Yes’: There are multiple ways of measuring the 
outcome and the study author did not report all the outcome measures 
mentioned in the pre-specified analysis plan.

‘No’ or ‘Probably No’: There is only one way of measuring the outcome, 
the study author reported the outcome measures according to the pre-
specified analysis plan, or the study author reported the preferred outcome 
measure mentioned in the pre-specified systematic review protocol.

	7.2	 Is the reported effect estimate likely to be selected, on the basis of the 
results, from multiple analyses of the intervention–outcome relationship?

‘Yes’ or ‘Probably Yes’: There are multiple ways of analysing the 
relationship between the treatment and the outcome, and the study 
author did not report all the analyses mentioned in the pre-specified 
analysis plan.

‘No’ or ‘Probably No’: There is only one way of analysing the 
relationship between the treatment and the outcome, the study author 
reported the outcome data according to the pre-specified analysis plan, or 
the study author reported the preferred analysis mentioned in the 
pre-specified systematic review protocol.

	7.3	 Is the reported effect estimate likely to be selected, on the basis of the 
results, from different subgroups?

‘Yes’ or ‘Probably Yes’: The study author did not report all the subgroup 
analyses mentioned in the pre-specified analysis plan.

‘No’ or ‘Probably No’: The study author reports all the subgroup 
analyses mentioned in the pre-specified analysis plan.

Conflicts of interest

Explanation of related terms
Before we explain what conflict of interest is, we need to understand several 
terms.

Quality assurance: planned and systematic actions to ensure that the trial is 
conducted and the data are collected, recorded and reported in compliance with 
good clinical practice (GCP) and relevant regulatory requirements. [25] An 
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example of quality assurance is source data verification in 20% of case report 
forms, that is, comparing 20% of trial participants’ records in the trial database 
versus original medical records or certified copies.

Quality control systems: operational techniques and activities performed 
within the quality assurance system to verify that the requirements for quality of 
the trial-related activities have been fulfilled. In the example for quality assur-
ance, an example of a quality control system might be to collect the number of 
trial participants and the number of trial participants in whom source data veri-
fication was performed (in a reliable way) to ensure that source data verification 
has been performed in 20% of case report forms.

Sponsor: an individual, company, institution or organisation which takes 
responsibility for the initiation, management and/or financing of a clinical trial. 
Key responsibilities include implementing and maintaining quality assurance. [25]

Funder: the funder of a trial provides the funding to perform a trial. The 
same individual, company, institution or organisation can be the funder and 
sponsor (this is quite common in industry-funded trials), but the funder and 
sponsor may also be different (this is quite common in government or charity-
funded trials, where the funder is the government or charity and the sponsor is 
the institution to which the lead researcher belongs).

What is a conflict of interest?
Having understood the similarities and differences between the sponsor and 
funder, the next step is to understand what a conflict of interest is. From a clini-
cal trial perspective, a conflict of interest can be considered as a risk of influence 
by an interest other than conducting an unbiased investigation. For example, a 
funder or a researcher involved in how a trial is designed, conducted or reported 
stands to gain financially, depending on the published results of the trial. [26]

Why is it necessary to extract data on conflicts of interest?
There is currently evidence that sponsorship of drug and device studies by the 
manufacturer leads to more favourable results and conclusions than sponsorship 
by other sources, which cannot be explained by the standard risk of bias assess-
ments. [27] Therefore, it is useful to explore whether the results in trials spon-
sored by the drug and device studies are different compared to those from trials 
sponsored by other sources.

How do you deal with multi-arm studies?
An issue closely related to what data should be extracted is how one deals with 
studies that include more treatment arms than those being compared. In such 
situations, you can include only the arms relevant for the review. Sometimes, 
you may find that multiple arms are eligible for a single comparison in the review. 
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For example, in a comparison of platelet inhibitors versus no treatment for pre-
venting heart attacks in healthy population, you may find a trial that compares 
aspirin versus clopidogrel versus no treatment in healthy population. In this situ-
ation, you must extract data from all the arms in the trial as they are all relevant 
for the systematic review. Sometimes you may find factorial trials in which the 
intervention is compared with the comparator in the presence or absence of a co-
intervention, for example, in a trial of ‘aspirin’ versus ‘no treatment’ with and 
without lifestyle advice. In such situations, we recommend extracting data for 
the comparison of ‘aspirin’ versus ‘no treatment’ with lifestyle advice and the 
comparison of ‘aspirin’ versus ‘no treatment’ without lifestyle advice separately.

How do you deal with studies that do not  
report the outcome results?
When the studies do not report any outcome results, the minimum information 
required are details on the participants, intervention, comparator, outcomes 
measured but not reported adequately to perform a meta-analysis, risk of bias 
assessment, and the number of participants included in the intervention and com-
parator groups when available, or at least the total number of participants in the 
study (when the number of participants included in each group is not available).

CREATE A DATA EXTRACTION FORM

We recommend creating a data extraction form to allow the systematic collec-
tion of data from the studies. Various formats of data extraction forms are avail-
able. [28] The advantages and disadvantages of different formats of data extrac-
tion forms are discussed in detail by Elamin et  al. [28] Currently, electronic 
forms using spreadsheet software are the most popular format for extracting 
data in systematic reviews. [29] This is probably because of the almost universal 
access to spreadsheet software at no extra costs, familiarity with the use of 
spreadsheets, no requirement for internet access, and the relative ease of cus-
tomising the form without the requirement for a specialist programmer. These 
advantages probably outweigh the disadvantages of a spreadsheet-based data 
extraction form for all but very large and complex reviews.

One row per study or multiple rows per study
In the context of a spreadsheet-based data extraction form, an additional decision 
to be made is whether to use one row per study or multiple rows per study. In a 
simple review with only a single comparison and very few outcomes which are 
well-defined, probably a single row per study approach is sufficient. This allows 
the compilation of data for comparisons between two reviewers (please see 
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section ‘Resolve differences’) and analysis of data with minimal programming 
skills. However, the number of columns becomes unmanageable with the current 
risk of bias tools where most of the domains are at the outcome level (although it 
is likely that there is a considerable overlap of answers among the outcomes 
within the study). Therefore, a single outcome per row (that is, multiple rows per 
study) may be preferable for moderate size systematic reviews with multiple out-
comes. However, this approach needs more programming skills to compare data 
since the studies from the two data extractors are not in the same row.

EQUAL-SR software
EQUAL-SR software (available from https://sites​.google​.com​/view​/equal​-group​/
home) creates an Excel-based data extraction form which can be customised to a 
review quickly. In the resulting data extraction form, each outcome has to be 
extracted in a row. However, once the data extraction is completed, the algorithm 
allows comparison of data between the reviewers (please see section ‘Resolve 
differences’).

PILOT THE DATA EXTRACTION FORM

We recommend that the data extraction form is piloted in two or three studies to 
see if the required data can be adequately captured.

EXTRACT DATA

We have described the data that should be extracted in the section ‘What data 
should be extracted?’ The data are collected in the pre-piloted data extraction 
form. If per-protocol effect is of relevance to patients, then per-protocol effect 
should be extracted in the same manner as for intention-to-treat effect. The 
number of participants included in the analysis will be different when the per-
protocol effects are calculated; this may lead to differences in the data extracted 
for per-protocol effect versus intention-to-treat effect.

RESOLVE DIFFERENCES

How many reviewers should extract the data?
Data extraction should be performed by at least two people independently, as 
this appears to decrease the errors compared to single data extraction or data 
extraction by a single reviewer verified by a second reviewer. [30] However, if 

https://sites.google.com/view/equal-group/home
https://sites.google.com/view/equal-group/home
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resources are limited, it is probably more useful to ensure that double data 
extraction is performed for at least the data critical for making the conclusions, 
for example, the primary outcome data compared to participant characteristics, 
intervention details or other less important outcomes. [30]

Resolving differences between the reviewers
As for study selection, the differences in data extractions should be resolved 
between the reviewers by discussion between the reviewers and arbitration by a 
third (senior) reviewer. If the differences persist, we recommend that you record 
the differences and perform a sensitivity analysis. In other words, perform two 
analyses, one using the data (pertaining to the unresolved differences) from the 
first reviewer and another using the corresponding data (pertaining to the unre-
solved differences) from the second reviewer to assess the impact of the unre-
solved differences in data.

Comparing data in spreadsheets
If you have used a spreadsheet-based data extraction form where you have 
extracted one row per study, you can compare the data from the two reviewers 
and resolve the differences efficiently using formulae. This is best explained by an 
example. Let us say that the data extracted by the first reviewer are in DataExtrac-
tionForm_First sheet and the data extracted by the second reviewer are in DataEx-
tractionForm_Second sheet of a Microsoft Excel file. Assuming that the data 
extraction forms for the two reviewers are identical (a reasonable assumption), 
the studies are extracted as one row per study, and the data from different studies 
are extracted in the corresponding rows by the two reviewers (that is, data from 
study S001 is extracted in the second row, study S002 is extracted in the third row, 
and so on by both the reviewers), you can create another sheet, say DataExtrac-
tionForm_Comparison to compare the data automatically using simple formulae. 
Let us say that the cells A1 to Z1 are column headings and the data have been 
extracted in cells A2 to Z11 by the two reviewers. This means that there are 10 
rows of data (that is, data have been extracted from 10 studies) and 26 columns of 
data (data related to 26 fields have been extracted from each study). You can insert 
the formula DataExtractionForm_First!A2 = DataExtractionForm_Second!A2  in 
cell A2 of the DataExtractionForm_Comparison sheet to compare the data in cells 
A2 of the two forms. If the data in the two forms DataExtractionForm_First and 
DataExtractionForm_Second) are identical, the value ‘TRUE’ is shown in cell A2 
of the DataExtractionForm_Comparison sheet. Otherwise, the value ‘FALSE’ is 
shown in this cell. This formula can be copied and pasted across the entire range to 
be compared (that is, cells A2 to Z11) of the DataExtractionForm_Comparison 
sheet. This will allow the comparison of data from each cell in DataExtraction-
Form_First with the corresponding cell in DataExtractionForm_Second. There is 
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no need to change the formula in each cell as Microsoft Excel and Google Sheets 
do this automatically. However, you should note that the comparison is based on 
the two cells being exactly the same. Even minor differences, such as an extra 
space or punctuation, can be identified as ‘FALSE’. More complex formulae are 
needed to ignore extra spaces or punctuations.

More processing is required to compare the data from two reviewers when 
data are extracted as multiple rows per study. If you use the EQUAL-SR software 
to generate a Microsoft Excel-based data extraction form, each study can have 
multiple rows corresponding to one row per outcome. Provided that the same 
study IDs are used by the two reviewers (which can be achieved by harmonisa-
tion of study names prior to uploading into EQUAL-SR software), the differences 
in data extraction between the two reviewers are provided in a table. These dif-
ferences should be resolved before data analysis.

SOME PRACTICAL GUIDANCE ON CONTACTING AUTHORS

While the major focus of this chapter has been about extracting data from 
reports, contacting authors is currently recommended to obtain missing data or 
clarify unclear data. [31] There is paucity of high-quality research in how best to 
contact authors. Some issues to consider and practical recommendations are 
included below.

Email versus surface mail (printed and posted letters)
A methodological review on methods to obtain unpublished data from study 
authors found that response rates were higher and quicker with emails than sur-
face mails. [7] Given the resources required to send out printed letters, we rec-
ommend that emails be used as the first contact option. Since repeated use of the 
same method of contacting study authors did not increase the response rates, [7] 
contacting study authors by surface mail can be an option if there is no response, 
depending on the resources and time available to complete the systematic 
review.

Single contact versus active follow-up
There is currently no evidence that active follow-up of non-responding study 
authors results in better response rates than a single contact. [7] However, we 
recommend an active follow-up with at least one more attempt when the study 
results are likely to change the conclusions of the systematic review conclusions, 
for example, a low risk of bias study which constitutes a considerable proportion 
of the participants included in the systematic review with missing information 
on a critical outcome.
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How long should one wait for a response?
The mean time for response from the study authors to emails was about three 
days and for surface letters was about one month. [7] We suggest waiting at least 
two weeks for emails and six weeks for surface letters to allow for some variabil-
ity in response. When the study authors have an out of office reply or have for-
warded the response to another researcher, it is reasonable to wait some more 
time, but unless the study results are likely to change the conclusions of the sys-
tematic review conclusions, you should carry on with the analysis.

SUMMARY

In this chapter, we have provided guidance on extracting data for a systematic 
review.

PRACTICE QUESTIONS

1.	 Classify the following as different types of outcomes (binary, 
continuous, ordinal, count, time-to-event outcomes).
a.	 Number of patients who died within one year.
b.	 Number of tonsillitis episodes in six months.

2.	 Extract the data in the appropriate format for the specified binary 
outcomes from the following publications.
a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29079379 (deaths, serious adverse 

events, any adverse events all at maximal follow-up available).
b.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/28898281 (deaths, serious adverse 

events, any adverse events all at maximal follow-up available).
3.	 Extract the data in the appropriate format for the specified continuous 

outcomes from the following publications.
a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29419692 (length of hospital stay, 

visual analogue scale (VAS) scores at 12 months, health-related 
quality of life (HRQoL) using a validated scale at 12 months).

b.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29079379 (HRQoL, change in 
HBA1C%, change in plasma fasting glucose, all at 24 weeks).

4.	 Extract the data in the appropriate format for the specified count data 
outcomes from the following publication.
a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29183844 (total number of 

adverse events, total number of serious adverse events, total 
number of hypoglycaemic episodes).

http://www.ncbi.nlm.nih.gov/pubmed/29079379
http://www.ncbi.nlm.nih.gov/pubmed/28898281
http://www.ncbi.nlm.nih.gov/pubmed/29419692
http://www.ncbi.nlm.nih.gov/pubmed/29079379
http://www.ncbi.nlm.nih.gov/pubmed/29183844
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5.	 Extract the data in the appropriate format for the specified time-to-
event outcomes from the following publication.
a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29367198 (time-to-death, 

time-to-any postoperative pulmonary complication).
6.	 Assess the risk of bias for the specified outcome in the following two 

trials. Both the effect of starting the treatment and the effect of 
adhering to the treatment are of interest. State the sections in the 
text that helped make this judgement and give the main reason for 
your judgement.
a.	 https://pubmed​.ncbi​.nlm​.nih​.gov​/30988825/ (HRQoL).
b.	 https://pubmed​.ncbi​.nlm​.nih​.gov​/30912414/ (overall survival).

Answers to the practice questions can be found in the Appendix.
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	 6	​Analyse the data

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Perform a meta-analysis of the data comparing an intervention versus 
comparator

•	 Summarise data when meta-analysis is not appropriate or possible

OVERVIEW

In systematic reviews of intervention, meta-analysis can be performed when 
there are at least two studies with reasonably similar participants, interven-
tion, comparator, and they report one or more similar outcomes.

It is extremely rare for the different studies in a systematic review to have 
identical criteria for inclusion of participants and for the interventions and com-
parators to be performed or delivered identically. Therefore, some differences 
in these aspects can be expected in the different studies. Whether these differ-
ences are minor enough to consider them reasonably similar or sufficiently 
major for them to be considered different is a clinical decision and not a statis-
tical decision (unless advanced statistical methods are used).

Effect measure is a measure used to indicate whether the intervention is ben-
eficial or harmful compared to the comparator for the specified outcome. The 
effect measures used, and the meta-analysis methods, depend upon the type of 
outcome data, that is, binary outcomes, continuous outcomes, ordinal outcomes, 
count outcomes or time-to-event outcomes. The major effect measures used in 
the meta-analysis are risk ratio, odds ratio and risk difference for binary out-
comes, mean difference or standardised mean difference for continuous out-
comes, rate ratio (and less commonly rate differences) for count outcomes, and 
hazard ratio for time-to-event outcomes. From a meta-analysis perspective, ordi-
nal outcomes are converted to binary outcomes or treated as continuous out-
comes depending upon the number of levels. Treatment effect is a related term 
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and indicates whether the intervention is beneficial or harmful compared to the 
comparator for an outcome using the appropriate effect measure.

The treatment effects from different studies can be meta-analysed using 
different assumptions about what the studies estimate (‘fixed-effect model’ 
and ‘random-effects model’). The meta-analysis results are usually presented 
graphically using ‘forest plots’.

Differences in the treatment effects between the studies can be explored 
by subgroup analysis and metaregression. Any assumptions made in the 
extraction and analysis should be tested by sensitivity analysis. Reporting 
biases should also be explored.

When formal meta-analysis of treatment effects is not possible or not 
appropriate, the information can be summarised using alternative summary 
measures, such as median and quartiles.

WHAT IS META-ANALYSIS?

You may recollect from Chapter 2 that once the research question is determined, 
the next steps are to identify suitable methods for study selection, data extrac-
tion, analysis and reporting, and to complete protocol registration. In the previ-
ous chapter, we described the suitable methods for data extraction.

The next step is to identify the suitable methods for meta-analysis and learn 
how meta-analysis works in practice.

But what is meta-analysis? As mentioned in Chapter 2, meta-analysis is the 
use of statistical techniques to combine the results of included studies.

WHAT IS THE ADVANTAGE IN PERFORMING META-ANALYSIS?

By combining information from all relevant studies, meta-analysis can provide 
more precise estimates of the effects of healthcare than those derived from the indi-
vidual studies included within a review. [1] By more precise estimates, we mean 
narrower CI, a concept discussed in Chapter 5. By providing more precise estimates, 
we get a narrower range within which the population average lies. This decreases 
the uncertainty in the effectiveness of an intervention versus comparator.

OVERVIEW OF THE STEPS IN META-ANALYSIS

An overview of the steps in meta-analysis is shown in Figure  6.1. Each of the 
steps is discussed in detail next.
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EFFECT MEASURE AND TREATMENT EFFECT

Before we describe the steps in meta-analysis, it is useful to understand some 
related terms.

Effect measure is a measure used to indicate whether the intervention is ben-
eficial or harmful compared to the comparator for the specified outcome. The 
effect measures used, and the meta-analysis methods, depend upon the type of 

Decide whether meta-
analysis is appropriate 

Prepare the data in a
suitable format for meta-

analysis 

Decide study designs to
include in a meta-analysis 

Perform meta-analysis 

Perform subgroup analysis
and metaregression 

Perform sensitivity analysis

Explore reporting bias

Decide the effect measure,
model and method to
perform meta-analysis

Figure 6.1 ​ Overview of steps in meta-analysis
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outcome data, that is, binary outcomes, continuous outcomes, ordinal outcomes, 
count outcomes and time-to-event outcomes. The major effect measures used in 
the meta-analysis are risk ratio, odds ratio and risk difference for binary out-
comes, mean difference or standardised mean difference for continuous out-
comes, rate ratio (and less commonly rate difference) for count outcomes, and 
hazard ratio for time-to-event outcomes. From a meta-analysis perspective, ordi-
nal outcomes are converted to binary outcomes or treated as continuous out-
comes depending upon the number of levels.

Treatment effect is a related term and indicates whether the intervention is 
beneficial or harmful compared to the comparator for an outcome using the 
appropriate effect measure.

DECIDE WHETHER META-ANALYSIS IS APPROPRIATE

Before performing meta-analysis, it is necessary to decide whether meta-analysis 
is appropriate. Meta-analysis is appropriate only when there are at least two 
studies with reasonably similar participants, intervention and comparator, and 
which report one or more similar outcomes. But what do we mean by similar in 
this context?

It is extremely rare for the different studies in a systematic review to have 
identical criteria for inclusion of participants and for the interventions and com-
parators to be performed or delivered identically. Therefore, some differences in 
these aspects can be expected in the different studies. Whether these differences 
are minor enough to consider them reasonably similar or sufficiently major for 
them to be considered different is a clinical decision and not a statistical decision 
(unless advanced methods such as hierarchical meta-analysis [2] beyond the 
scope of this book are used).

Example 7
For example, let us consider the research question ‘Is eating unprocessed fruits 
better than eating ultra-processed food in decreasing heart attack-related deaths in 
people at high risk of heart attack?’.

The PICO in this research question are ‘people at high risk of heart attack’, ‘eating 
unprocessed fruits’, ‘eating ultra-processed food’ and ‘heart attack’, respectively. Let 
us say we find several studies addressing this research question, some of which 
used ‘apples’ as the intervention and some ‘oranges’, and compared these with some 
ultra-processed food. To answer this research question, it is appropriate to combine 
the apples and oranges (as interventions) in the same meta-analysis. On the other 
hand, if the systematic review is performed to answer the research question, ‘Which 
unprocessed fruit is better than eating ultra-processed food in decreasing heart 
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attack-related deaths in people at high risk of heart attack?’, it is inappropriate to 
combine the apples and oranges (as interventions) in the same meta-analysis. 
While it is obvious to everyone that apples and oranges are two different fruits, a 
difference between interventions may not be obvious in many situations.

Example 8
Let us say that a researcher wants to answer the research question ‘Are regular 
platelet inhibitors beneficial in the elderly population without previous heart 
attacks or stroke in terms of decreasing all-cause mortality?’ through a systematic 
review. The PICO in this research question are ‘elderly population without previ-
ous heart attacks or stroke’, ‘platelet inhibitors’, ‘no intervention’ (although not 
explicitly stated in the research question) and ‘all-cause mortality’, respectively. 
Let us say that the review authors found 15 studies of which six used aspirin 
75 mg daily, five used clopidogrel 75 mg daily, and four used aspirin 75 mg and 
clopidogrel 75 mg in combination daily. Can you combine the three sets of stud-
ies in a single meta-analysis? It is reasonable to look for previous mechanistic, 
preclinical and clinical studies to make this decision. For example, if it is known 
that aspirin 75 mg daily but not clopidogrel 75 mg daily can cause major gastro-
intestinal bleeding (resulting in increased mortality), it will be unreasonable to 
combine the studies using aspirin 75 mg daily, clopidogrel 75 mg daily and the 
combination in a single meta-analysis. However, it is reasonable to perform a 
meta-analysis of studies using aspirin 75 mg daily, another one of studies using 
clopidogrel 75 mg daily, and one more of studies using the combination. There-
fore, the decision about whether the differences in PICO are large is a clinical 
decision (supported by previous research when available) and not a statistical 
decision. Advanced methods such as hierarchical meta-analysis [2] to deal with 
variations in the interventions or comparators (by comparing the model fit with 
different assumptions and allowing you to make the decision whether it is rea-
sonable to combine the variations) are beyond the scope of this book. However, it 
should be noted that even if you used hierarchical meta-analysis to make this 
decision, it can only provide information on whether the variations have the 
same or different effects for that outcome.

There are other situations when meta-analysis is not appropriate. When con-
tinuous outcomes are not normally distributed, it is not appropriate to perform a 
meta-analysis unless the data can be ‘transformed’ to normal distributions by 
some mathematical functions. However, it should be noted that such ‘transforma-
tions’ to normal distributions are possible only for some data. Furthermore, since 
only the summary results rather than individual participant data are available 
from the studies, you have to rely on the study authors to have used the appropri-
ate transformations. Furthermore, to perform the meta-analysis of the trans-
formed data, all the study authors should have used the same transformation. 
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This is done rarely. Therefore, meta-analysis of non-normally distributed contin-
uous data is usually not appropriate (except when all the study authors have used 
the same appropriate transformation).

Why is meta-analysis not appropriate in other situations?
Since meta-analysis involves statistical techniques to combine the results of 
included studies, there must be at least two studies to combine. Therefore, it is 
not appropriate or possible to perform a meta-analysis of a single study.

The main reason for meta-analysis is to provide more precise estimates of the 
treatment effects. However, if there are large differences in one or more of PICO, 
which leads to different results in different studies, and the data are combined, 
the resulting treatment effect is invariably different from that in the studies. We 
will not know whether the results obtained from the meta-analysis represent the 
‘intervention’ as described in the first study, the ‘intervention’ as described in the 
second study, the ‘intervention’ as described in either study, or the ‘intervention’ 
as described in neither study (for example, average of the doses used in the first 
and second studies). A similar principle applies to large differences in other 
aspects of PICO. Therefore, it is meaningless to combine studies which have 
large differences in one or more of PICO, particularly when the results are differ
ent in different studies.

There are currently no appropriate meta-analysis methods to analyse non-
normally distributed continuous data. Therefore, when you perform a meta-
analysis of continuous outcomes, the implicit assumption is that the data are nor-
mally distributed. However, the data (or transformed data) may not be normally 
distributed. If you perform a meta-analysis in such a situation, the results obtained 
will not be correct. Therefore, meta-analysis should be avoided in such situations. 
The distribution (whether it is normal or non-normal) may not be reported in the 
study. However, if the majority of the studies report the medians rather than the 
means, this gives a clue that the data are non-normally distributed.

Study-level versus outcome-level decision to perform meta-analysis
The decision to meta-analyse the studies can be at the study level or outcome 
level. For example, if there is only one study in the systematic review or if the 
decision not to perform meta-analysis is because of large differences in the par-
ticipants, intervention or comparator, the decision (not to meta-analyse) is made 
at the study level. On the other hand, if the decision not to perform meta-analysis 
is because of differences in an outcome across studies with reasonably similar 
participants, intervention and comparator or because an outcome is non-
normally distributed, the decision (not to meta-analyse) is at the outcome level. 
For example, there may be differences in the way adverse events were described 
in the different studies, making meta-analysis inappropriate for the outcome 
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‘adverse events’, but the studies may have used the same definition of cure of the 
disease, making meta-analysis appropriate for the outcome ‘cure of the disease’. 
Another example is where a meta-analysis of intensive care unit stay after major 
surgery may not be appropriate because it was non-normally distributed but the 
meta-analysis of the length of hospital stay may be appropriate as the length of 
hospital stay was normally distributed.

PREPARE THE DATA IN A SUITABLE FORMAT FOR META-ANALYSIS

The data that were extracted in Chapter  5 may have to be processed further 
before meta-analysis can be performed.

If the data were extracted in the preferred format for binary outcomes and 
continuous outcomes for RCTs, there is no further processing necessary; the data 
extracted can be used directly in meta-analysis. However, some processing of 
data is required before meta-analysis in the following situations.

1.	 Preferred data were not available for binary and continuous outcomes in 
RCTs.

2.	 Data were extracted in the preferred format for count outcomes in RCTs.
3.	 Data were extracted in the preferred or non-preferred format for time-to-

event outcomes.
4.	 Data were extracted in the preferred format for non-randomised trials for 

any type of outcome.

The descriptions below are of how to prepare the data in a suitable format that is 
accepted by most software. Some of these may not be necessary in some statisti-
cal software. Since all of the necessary processing can be done by EQUAL-SR 
software (available from https://sites​.google​.com​/view​/equal​-group​/home), we 
have only provided details of simple formulae and refer the reader to the source 
for advanced methods. The details of how to process the data to a format suitable 
for meta-analysis using EQUAL-SR software is available from instructions in the 
software.

Binary outcomes

Preferred data were not available for RCTs
When the number of participants with outcome in each group is missing, it 
can be calculated from the percentage of participants with outcome in each 
group and the number of participants in each group using the relationship in 
Equation 1.

https://sites.google.com/view/equal-group/home
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Equation 1  Number of participants from percentage

= ×

number of participants with outcome
percentage of participants with outcome number of participants

This has to be done for each group.

Continuous outcomes

Preferred data were not available for RCTs

Mean is missing
When mean is missing and median is available, the median is accepted as the 
mean without needing any further processing. This is because median and mean 
are identical in normal distributions, theoretically. [3] In practice, some minor dif-
ferences can be expected. However, these differences are generally not considered 
too large. As meta-analysis of continuous outcomes is appropriate only when the 
data are normally distributed, the question of median not being representative of 
the mean does not arise in the context of meta-analysis of continuous outcomes.

Standard deviation is missing
When standard deviation is missing, it can be calculated from various other 
measures available from the reports.

Standard error in each group
Standard deviation in each group can be calculated from the standard error in 
each group using the relationship in Equation 2. [4]

Equation 2  Standard deviation from standard error

= ×standard deviation standard error number of participants0.5

Lower and upper 95% CI in each group
Standard deviation in each group can be calculated from the lower and upper 
95% CI in each group using the relationship in Equation 3. [4] While this relation-
ship is correct for sample sizes above 100 participants (in each group), for sample 
sizes below 60 participants, 3.92 in Equation 3 should be replaced with a different 
number involving calculation of t-statistic from sample size. For sample sizes 
between 60 and 100, unless information is available from the study regarding the 
method used for calculating the CI (which is usually not available from the stud-
ies), methods used for sample sizes below 60 participants should be used.
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Equation 3  Standard deviation from 95% CI

=
−

×Standard deviation
upper CI lower CI

number of participants
3.92

0.5

Lower quartile, upper quartiles and range in each group
Standard deviation in each group can also be calculated from the lower quartile, 
upper quartile, range and number of participants using the complex relationship 
available from Wan et al. [5] Wan et al. also provide the formulae to use when 
only the lower and upper quartiles are available or when only the range is avail-
able. They have also provided an Excel-based calculator to calculate the stan-
dard deviation from these measures. [5]

p-value of the comparison
Standard deviation can be calculated from the means in each group and p-value 
of the comparison. [4] Several steps are necessary to perform the calculations: 
reviewers wanting to create their own Excel calculator can read the detailed 
instructions available from Higgins et al. [4]

Please note that this is the standard deviation for each of the groups. The 
standard deviation is identical for the two groups as the calculations are based 
on the assumption that the standard deviation is identical for the two groups. [4]

Calculations of standard deviation using EQUAL-SR software
All these methods are available from EQUAL-SR software. For details of how to 
prepare the data in a suitable format for EQUAL-SR software, please see the 
software.

None of the above measures are available
When none of the above measures are available from the reports, the options are 
as follows. [4]

1.	 Exclude the study from meta-analysis.
2.	 Impute the standard deviation from studies in the same meta-analysis.
3.	 Impute the standard deviation from studies in a different meta-analysis.

From a practical perspective, excluding the study from meta-analysis solely for 
the reason of missing standard deviation means that we are excluding some 
available information. Therefore, we recommend against this. It is easier to 
impute the standard deviation from studies in the same meta-analysis as there is 
no need to search for additional information or to decide the appropriateness of 
the standard deviation from a different meta-analysis. When multiple standard 
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deviations are available – for example, there are multiple other studies available 
in the meta-analysis which have different standard deviations – there are vari
ous options available. [4] We recommend using the highest standard deviation 
from the remaining studies, since that approach will decrease the contribution 
of the study because of the way meta-analysis calculations work. This decrease 
in the contribution of the study with missing standard deviation appears fair, as 
the lack of reporting of important basic information may be an indicator of how 
well the study was conducted. However, when the effect measure used is stan-
dardised mean difference, this results in decrease in treatment effect. [4] There-
fore, the impact of imputing standard deviation should be assessed as discussed 
in the section ‘Perform sensitivity analysis’.

Count outcomes
For count outcomes, you need to calculate the natural logarithm (ln) and its 
standard error from the number of events and total number of participants in 
each group. These can be calculated using the formulae in Equation 4 and Equa-
tion 5 based on the formulae from Higgins et al. [4] In RCTs where the interven-
tion and comparators are followed up in the same way, it is reasonable to assume 
that follow-up is the same in both groups; therefore, ln rate ratio can be calcu-
lated even when the mean follow-up is missing by using a simpler formula, 
shown in Equation 6.

EQUATION 4  ln rate ratio

ln rate ratio 

=natural logarithm

number  of  eventsInt
number  of  participantsInt ×mean follow upInt( )

number  of  eventsCom
number  of  participantsCom×mean follow upCom( )

⎛

⎝

⎜
⎜
⎜⎜

⎞

⎠

⎟
⎟
⎟⎟

EQUATION 5  Standard error of ln rate ratio

standard error  of  ln rate ratio=
1

number  of  eventsInt
+

1
number  of  eventsCom

⎛

⎝
⎜

⎞

⎠
⎟

0.5

EQUATION 6  ln rate ratio (RCTs)

ln rate ratio=natural logarithm

number  of  eventsInt
number  of  participantsInt

number  of  eventsCom
number  of  participantsCom

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
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In Equations 4, 5 and 6, the suffixes ‘Int’ and ‘Com’ indicate intervention and 
comparator.

Time-to-event outcomes
For time-to-event outcomes, you need ln hazard ratio and its standard error for 
performing the meta-analysis.

Preferred data in RCTs
When hazard ratio and its 95% CI are reported, ln hazard ratio and its standard 
error can be calculated using the formulae in Equations 7 and 8. [6]

Equation 7  In hazard ratio from hazard ratio

ln hazard ratio = natural logarithm (hazard ratio)

Equation 8  �Standard error of ln hazard ratio from 95% CI of 
hazard ratio

standard error of ln hazard ratio
ln Upper CI ln lower CI   

3.92
( ) ( )

=
−

Preferred data were not available for RCTs
When the 95% CI of the hazard ratio are not reported in the study, the standard 
error of ln hazard ratio can be calculated from the total number of events in both 
groups, using the formula in Equation 9, based on the formulae by Parmar et al. 
(6) and Tierney et al. [7]

Equation 9  �Standard error of ln hazard ratio from total number of 
events in both groups

standard error  of  ln hazard ratio 

=
number  of  participantsInt +number  of  participantsCom

total number  of  observed events×number  of  participantsInt
×number  of  participantsCom

⎛

⎝
⎜

⎞

⎠
⎟

0.5

When the hazard ratio and its 95% CI are not reported but the total number 
of events in both groups, log-rank p-value, and information on whether the 
proportion without the event was higher in the intervention or comparator 
(ignoring the statistical significance) are available, it is possible to estimate the 
hazard ratio and its standard error using complex calculations available from 
Tierney et al. [7]
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Non-randomised studies
Whether the treatment effects are adjusted or unadjusted, they need to be pro
cessed further.

Ratios
The common effect measures which are ratios include odds ratio, risk ratio, rate 
ratio, hazard ratio. Any ratios and 95% CI have to be converted to their corre-
sponding natural logarithms and standard error by the formulae in Equations 10 
and 11, based on the formulae from Higgins et al. [4]

Equation 10  �ln odds, risk, rate or hazard ratio from odds, risk, rate 
or hazard ratio

( )=ln odds risk rate or hazard ratio natural logarithm odds risk rate or hazard ratio, , , , , ,

Equation 11  �Standard error of ln odds, risk, rate or hazard ratio 
from 95% CI of ln odds, risk, rate or hazard ratio

standard error of ln odds risk rate or hazard ratio
ln Upper CI ln lower CI

, , ,
   

3.92
( ) ( )

=
−

You might notice the similarity between Equation 10 and Equation 7 and that 
between Equation 11 and Equation 8. This is because of the way 95% CI are cal-
culated for ratios.

Differences
The common effect measures which are differences include mean difference and 
standardised mean difference. The 95% CI have to be converted to standard error 
before meta-analysis. This can be done using the formula in Equation 12. [4]

Equation 12  �Standard error of mean or standardised mean difference 
from 95% CI of mean or standardised mean difference

=
−

standard error of mean or standaridsed mean difference
upper CI lower CI

 
3.92

Note that there is no logarithmic transformation of the CI for differences as there 
is for ratios.

Conversion of risk ratios to odds ratios
Sometimes, for binary outcomes, some studies may report odds ratios and others 
risk ratios. The majority of adjusted treatment effects are likely to be odds ratios, 
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as logistic regression is the method usually used for adjusting for confounders. 
Therefore, only the occasional risk ratios may need conversion to odds ratios. 
This can be done using the relationship between odds ratio, proportion of par-
ticipants with the event in the comparator, and risk ratio. [8]

Additional processing of continuous outcomes with different units or 
different scales when cross-walking information is available
Regardless of the data extracted for continuous outcomes, additional work is 
required for processing of continuous outcomes in which different studies use 
different units to report the outcome and a conversion factor between units is 
available.

For example, in a comparison of two surgical treatments, the operation time 
was reported in minutes in some studies while other studies reported the opera-
tion time in hours. Prior to meta-analysis, the units should be converted to the 
same units (either minutes or hours). Both the mean and standard deviation 
should be converted using the same conversion factor.

Table 6.1 shows hypothetical data on operation time after the intervention 
and comparator reported in minutes or hours.

Table 6.2 shows the data after processing so that all the data are in minutes. 
There is no change in the data for Study_1 as Study_1 reported the data in min-
utes; however, the data for Study_2 is changed by multiplying the mean and 
standard deviation in each group by 60.

You can also convert both the studies to hours by dividing the means and 
standard deviations of Study_1 by 60 if it is desirable to report the operation time 
in hours in systematic reviews. In such a scenario, you should convert only the 
means and standard deviations of Study_1, since Study_2 already reports the 
operation time in hours.

‘Mapping’ and ‘cross-walking’ are terms used to convert different measurement 
scales into a single scale. [9,10] When cross-walk tables are available, you can use 
the conversion factors to convert the means and standard deviations of each 
group from one scale to another.

Additional processing of continuous outcomes with different scales
Regardless of the data extracted for continuous outcomes, additional work is 
required for processing of continuous outcomes in which multiple scales are 
used to measure an outcome domain. For example, anxiety can be measured in 
different ways. The Spence Children’s Anxiety Scale: Parent Version [11] and 
Parent Global Impressions-2 anxiety subscale [12] are two scales used for 
measuring a child’s anxiety by a parent. For the Spence Children’s Anxiety 
Scale: Parent Version, lower scores indicate lesser anxiety [11] while for the 
Parent Global Impressions-2 anxiety subscale, lower scores indicate greater 
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anxiety. [12] As will be mentioned in the section ‘Effect measure’, standardised 
mean difference can be used to combine multiple scales of a continuous out-
come. However, for performing a meta-analysis, the scales should all be in the 
‘same direction’. In other words, in all studies lower scores indicate better health 
of participants, or in all studies higher scores indicate better health of partici-
pants. There is no definitive rule around what lower scores should indicate and 
what higher scores should indicate, but we recommend that the review authors 
analyse and report the results in a way that is intuitive to interpret. For example, 
it is intuitive to interpret if lower scores of a measure of anxiety indicate better 
health of participants. For the Spence Children’s Anxiety Scale: Parent Version, 
this is already the case; however, for the Parent Global Impressions-2 anxiety 
subscale, this is not the case. To convert the Parent Global Impressions-2 anxiety 
subscale to the ‘same direction’ as the Spence Children’s Anxiety Scale: Parent 
Version (that is, lower scores indicate lesser anxiety), you have to multiply only 
the means of Parent Global Impressions-2 anxiety subscale by ‘−1’ in each group. 
Note that the standard deviations should not be multiplied by ‘−1’.

Table 6.3 shows hypothetical data on change in anxiety after the intervention 
and comparator measured using the Spence Children’s Anxiety Scale: Parent 
Version and the Parent Global Impressions-2 anxiety subscale, as extracted.

Table 6.4 shows the data after processing so that lower scores indicate better 
outcomes for participants for all scales in the analysis. Note that only the means 
of Study_2 are multiplied by ‘−1’. This is because Study_1 already uses a scale in 
which lower scores indicate better health of participants, while Study_2 uses a 
scale in which higher scores indicate better health of participants.

Additional processing for multi-arm studies
When you find studies with more than two arms and all studies are eligible for 
inclusion in the same meta-analysis, additional processing is necessary for all 
types of outcomes regardless of whether the information is from RCTs or from 
non-randomised studies.

Binary outcomes
The processing for binary outcomes is best explained by an example. Let us say 
for the systematic review in Example 8, you find a three-armed study which 
compares aspirin 75 mg, clopidogrel 75 mg, and no treatment. Let us say that 
100 participants are included in each group of whom 20 in the aspirin group, 
18  in the clopidogrel group and 16  in the ‘no treatment’ group died after 
10  years. Since aspirin and clopidogrel are both platelet inhibitors, both the 
interventions are eligible for inclusion in the meta-analysis of platelet inhibi-
tors. However, if you include aspirin 75 mg (100 participants) versus no treat-
ment (100 participants) and clopidogrel 75  mg (100 participants) versus no 
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treatment (100 participants) in the same meta-analysis, there will be 400 par-
ticipants included in the meta-analysis under this study, which is clearly wrong. 
On the other hand, if you include only aspirin 75 mg (100 participants) versus 
no treatment (100 participants) or clopidogrel 75 mg (100 participants) versus 
no treatment (100 participants) in the meta-analysis, there will be only 200 
participants included in the meta-analysis under this study, which is also clearly 
wrong. Furthermore, you have to choose whether to include aspirin versus no 
treatment or clopidogrel versus no treatment in the analysis arbitrarily or based 
on better treatment effect, which again will lead to wrong results of the treat-
ment effect of platelet inhibitors across studies. Therefore, neither of these 
options (including some participants twice in the same meta-analysis or exclud-
ing some participants from the meta-analysis) is acceptable. One acceptable 
option is to combine the results of both aspirin 75 mg and clopidogrel 75 mg (38 
deaths in 200 participants) and compare this with no treatment (16 deaths in 
100 participants). This approach is easier to implement than the second accept-
able option (described next) and is appropriate if aspirin 75  mg and clopido-
grel 75 mg have similar effects on the outcome. The second acceptable option is 
to split the ‘no treatment’ into roughly equal parts and include each part in a 
comparison—aspirin 75  mg (20 deaths in 100 participants) versus no treat-
ment (8 deaths in 50 participants) and clopidogrel 75  mg (18 deaths in 100 
participants) versus no treatment (8 deaths in 50 participants)—and include 
both comparisons in the same meta-analysis. This approach does not assume 
that aspirin 75 mg and clopidogrel 75 mg have similar effects. In the example 
provided, the ‘no treatment’ group has an even number of participants, the 
number of deaths were also even, and these had to be split into two equal halves. 
But what do you do when either the number of participants with events or the 
total number of participants cannot be split equally? Most statistical software 
allows fractions to be included in the number of participants with events or 
total number of participants. Therefore, the same approach (split the partici-
pants into roughly equal groups) can be followed when the number of partici-
pants cannot be split equally between the comparisons. However, some soft-
ware may not allow fractions to be entered in the number of participants with 
events or total number of participants. In such cases, you can assign the remain-
ing participants, after splitting the participants into equal parts, to one or more 
of the comparisons arbitrarily.

Continuous outcomes
For continuous outcomes, when two (or more) groups are combined, you have to 
calculate the weighted average and the combined standard deviations using the 
formula available from Higgins et al. [4] When you split the intervention or com-
parator group into roughly equal parts, the mean is the same. However, the 
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standard deviation in each of the roughly equal parts may require statistical soft-
ware that can use iterative methods to calculate values. EQUAL-SR software has 
this functionality.

Count outcomes
A similar approach as for binary outcomes can be followed.

Time-to-event outcomes
For time-to-event outcomes, usually the hazard ratio and 95% CI are available 
for each of the arms versus the comparator group. But it is likely that the 95% CI 
of the hazard ratios for each comparison are calculated based on all the partici-
pants in the comparator group. This means that a form of double-counting par-
ticipants described above (and considered inappropriate) is likely if you calcu-
late the standard error from the 95% CI. Combining the two intervention groups 
effectively means that you will need to perform a meta-analysis which will suffer 
from the problem of double-counting participants. Therefore, splitting the 
groups appears to be the more appropriate option. For splitting the comparator 
group, you need the hazard ratio (when reported for each comparison) and the 
number of participants with events in each group. The natural logarithm of the 
hazard ratio can be calculated from the reported hazard ratio of each interven-
tion group versus comparator group using the formula in Equation 7. However, 
the standard error of the natural logarithm of hazard ratio of each intervention 
group versus comparator group has to be calculated by first splitting the events 
and number of participants in the comparator group into roughly equal parts 
and then using the formula in Equation 9. When the hazard ratio for each com-
parison or the number of participants with events in each group is not available 
but Kaplan-Meier curves are available, you use the methods described by Parmar 
et al. and Tierney et al. for calculating the ln hazard ratio and its standard error 
[6,7] with a modification of the number of participants in the group to be split: 
the number of participants in the group to be split should be split into roughly 
equal parts.

DECIDE STUDY DESIGNS TO INCLUDE IN A META-ANALYSIS

Once the data are prepared in a suitable format for meta-analysis, you need to 
decide the study designs to include. Advanced methods for analysis are required 
to combine evidence from RCTs and non-randomised studies in a single meta-
analysis. [13] Therefore, we recommend that meta-analysis of RCTs and non-
randomised studies are performed separately (one meta-analysis including only 
RCTs and another including non-randomised studies).
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DECIDE THE EFFECT MEASURE, MODEL AND  
METHOD TO PERFORM META-ANALYSIS

Effect measure
The next step in the analysis is to decide the effect measure. We described in the 
section ‘Effect measure and treatment effect’ that effect measure is a measure 
used to indicate whether the intervention is beneficial or harmful compared to 
the comparator for the specified outcome. A summary of the common effect 
measures and what they mean is shown in Table 6.5.

Table 6.5  ​Effect measures

Type of 
outcome Effect measure Meaning

Binary Odds ratio What are the odds1 of a participant who received an 
intervention developing an outcome compared to another 
receiving the comparator?

Binary Risk ratio What is the risk2 (probability) of a participant who 
received an intervention developing an outcome 
compared to another receiving the comparator?

Binary Risk difference What is the difference in the risk (probability) of a 
participant who received an intervention developing an 
outcome compared to another receiving the comparator?

Continuous Mean difference What is the difference in the outcome between a 
participant who received an intervention developing an 
outcome compared to another receiving the comparator?

Continuous Standardised 
mean difference

This is simply a measure of how well an intervention 
works versus the comparator. This is difficult to interpret 
and, therefore, is converted to another measure, such as 
mean difference, to be meaningful.

Count Rate ratio What is the rate3 of a participant who received an 
intervention developing an outcome compared to another 
receiving the comparator?

Count Rate difference What is the difference in the rate of a participant who 
received an intervention developing an outcome 
compared to another receiving the comparator?

Time-to-event 
outcome

Hazard ratio What is the hazard4 of a participant who received an 
intervention developing an outcome compared to another 
receiving the comparator?

Notes:
1.  Odds: probability that a particular event will occur against the probability it will not occur. [8]
2.  Risk: probability that an event will occur. [8]
3.  Rate: probability that an event will occur per unit time.
4.  Hazard: probability that an event will occur at a certain instant having not occurred prior to the event. [14]
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Why are there so many effect measures and which one should you use? Since 
the different types of outcomes measure different things, it is reasonable to have 
different ways of measuring what happened to the outcome in a participant 
when they received an intervention or comparator. However, there are multiple 
effect measures for binary, continuous and count outcomes, so further explana-
tions are necessary to understand why there are so many effect measures and 
which effect measures you should use.

Binary outcomes
There are multiple effect measures for binary outcomes because of issues 
around consistency across studies, the ease of interpretation and the mathe-
matical properties of the effect measures. [15] In general, relative measures 
(ratios such as risk ratio or odds ratio) are more consistent across studies, [16] 
but more difficult to interpret than absolute measures (differences such as risk 
difference). [15] Even among relative measures, there is lack of consensus 
around whether odds ratios or risk ratios are better because of the mathemati-
cal properties of the two measures and the difficulty in interpreting odds ratios 
compared to risk ratios. [15] When the events are rare, say less than 1%, logis-
tic regression is one of the methods that provides the least biased estimate of 
the treatment effect. [15] Logistic regression provides odds ratios. While risk 
ratios can be calculated using other types of regression, [17] these are not used 
routinely.

As a practical guidance, we recommend that either risk ratio or odds ratio is 
chosen when only RCTs are included in the systematic review, and then re-
expressed as absolute differences to allow easier interpretation. However, if the 
events are rare, we recommend logistic regression. Since logistic regression 
provides odds ratios for rare outcomes, you might consider using odds ratios for 
all the outcomes when one or more outcomes are rare, to allow uniform 
reporting.

When the systematic review includes non-randomised studies, odds ratios 
are the commonly reported measures. Therefore, we recommend using odds 
ratios as the effect measure and re-expressing the results as absolute differences 
to allow easier interpretation.

Continuous outcomes
For continuous outcomes, mean difference allows meta-analysis of change 
from baseline and final scores in the same meta-analysis [15] and is easier to 
interpret. Therefore, it is the preferred effect measure when the different stud-
ies use the same measurement scales or units or can be converted to the same 
measurement scales or units. However, when the studies use different 
measurement scales (and it is not possible to convert one scale to another, 
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which is usually the case), the effect measure used should be standardised 
mean difference. [15]

Count outcomes
There are no studies comparing the properties of rate ratio versus rate difference 
for count outcomes. We recommend rate ratio as the preferred measure for count 
outcomes, as rate ratio is the measure available by Poisson regression used to 
analyse count outcomes, and similar considerations for binary outcomes may 
also be applicable for count outcomes.

A summary of which effect measures to use for different types of outcomes is 
available in Figure 6.2.

Conversion between effect measures across different types of outcomes
Sometimes, you may find that the same outcome is reported as a binary outcome 
in some studies and continuous outcome in others. There are approximate ways 
of converting between different effect measures even across different types of 
outcomes. Odds ratios can be converted to standardised mean difference using 
the relationship described by Chinn. [18] Therefore, to combine binary and con-
tinuous outcomes, you can use this approach.

Hazard ratios can be converted to risk ratios using the relationship described 
by VanderWeele. [19] Odds ratios can also be converted to risk ratios as described 
by Sinclair et al. [8] Therefore, to combine binary and time-to-event outcomes, 
you can use this approach.

Binary outcomes

Randomised controlled
trials: risk ratio or odds

ratio 

Non-randomised
studies: odds ratio 

Continuous outcomes

Same scale: mean
difference 

Count outcomes

Rate ratio 

Time-to-event
outcomes 

Hazard ratio 

Randomised controlled
trials with rare events
(for at least one binary
outcome): odds ratio

Same units or can be
converted to same

units: mean difference

Different scales:
standardised mean

difference

Figure 6.2 ​ Algorithm for the choice of effect measures to use for different types of 
outcomes
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Model
Having learnt how to choose the effect measure for the different outcomes, the 
next decision is whether to use the fixed-effect model or random-effects model 
for meta-analysis.

What do we mean by fixed-effect or random-effects model? It is easier to 
explain the concept with the analogy of a coin toss.

Fixed-effect model
Let us say that you perform 25 experiments of 10 coin-tosses (in each experi-
ment). The probability of obtaining 1 head, 2 heads, 3 heads, and so on, in each 
of the experiments using a fair coin (a coin in which the probability of obtaining 
heads and tails is equal—you can expect 5 heads and 5 tails in 10 coin-tosses) 
using the concept of distributions is shown in Figure 6.3. However, you can see 
that even though you expect 5 heads in 10 coin-tosses, this happens in only about 
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Figure 6.3 ​ Probability of obtaining heads in a fair coin-toss experiment
The probability of obtaining heads in experiments of 10 coin-tosses involving a fair coin is 
shown.
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25% of the experiments. In the remaining experiments, you can get a number 
other than 5 heads. Thus, even though the underlying probability of heads is 0.5 
(with an expected number of heads being 5), some experiments can give a value 
different from 5 because of chance.

Consider that each experiment is equivalent to a clinical study, each coin toss 
is equivalent to a participant, and ‘heads’ is equivalent to an event. Applying sim-
ilar principles as the coin-toss experiment to a clinical study, if the underlying 
probability of an event in a participant is 0.5 and the clinical study was con-
ducted without bias, you can expect 5 of 10 participants to develop the event. 
However, you can have clinical studies in which a number different from 5 par-
ticipants (of 10 participants) develop the event by chance, even in the absence of 
bias. While the analogy shows the probability of an event in a single group, simi-
lar principles apply for differences in an outcome between the intervention and 
comparator (that is, treatment effects) in clinical studies.

The fixed-effect model assumes that there is a single underlying treatment 
effect; any differences observed between the different studies is simply by chance. 
A graphical representation of the fixed-effect model is shown in Figure 6.4. The 
meta-analysis results represent the single treatment effect that the different stud-
ies estimate.

Random-effects model
Let us consider the same scenario (25 experiments of 10 coin-tosses each) but let 
us toss three different coins. One is a fair coin as earlier, but the other two are 
biased coins (the probability of obtaining heads and tails is not equal). Let us say 
that the underlying probabilities of obtaining heads in these biased coins were 
0.4 and 0.6. The probability of obtaining 1 head, 2 heads, 3 heads, and so on, in 
each of the experiments involving the three different coins with underlying 
probabilities of 0.4, 0.5 and 0.6 using the concept of distributions is shown in 
Figure 6.5. As in Figure 6.3, you can see that even though you expect 4, 5 and 
6 heads in 10 coin-tosses (involving the three different coins), this happens in 
only about 25% of the experiments. In the remaining experiments, you can get a 
number other than the expected number of heads.

Using the same analogy as before, each experiment is equivalent to a clinical 
study, each coin toss equivalent to a participant, and ‘heads’ equivalent to an 
event. Applying similar principles as the coin-toss experiment to a clinical study 
and extrapolating the concept to treatment effects, if the underlying risk differ-
ence was 0.4, 0.5, 0.6 (which may be due to differences in one or more of partici-
pants, intervention, comparator, outcomes or study design) and the clinical 
study was conducted without bias, you could expect to see a difference in the 
number of participants who develop the event of 4, 5 and 6  in 10 participants 
receiving the intervention rather than the comparator.
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The random-effects model assumes that the observed treatment differences in 
the studies are because the different studies are estimating different treatment 
differences and that these treatment differences follow a normal distribution. A 
graphical representation of the random-effects model is shown in Figure 6.6. The 
meta-analysis results represent the average of the treatment effects.

Which model should you choose?
There is no universally agreed way of deciding which model you should choose. [15]

Invariably, there are some differences in the PICO between studies. These dif-
ferences in PICO may lead to differences in treatment effect between the studies. 
Differences in treatment effects between studies may also arise due to differences 

1 2 3 4 5

Underlying risk difference

Observed treatment
effect in Study_3
(underlying effect = 0.5)

Observed treatment
effect in Study_2
(underlying effect = 0.5)

Observed treatment
effect in Study_1
(underlying effect = 0.5)

Underlying risk
difference = 0.5

Difference in number of events
6 7 8 9 10

Figure 6.4 ​ Fixed-effect model
Each bar represents some clinical studies. The difference in number of events if 10 
participants received the intervention rather than the comparator when the underlying 
risk difference is 0.5 is shown. The meta-analysis results represent the single treatment 
effect that the different studies estimate.
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in risk of bias or other variations in study design. It is not appropriate to ignore 
these differences. In the absence of differences in treatment effects between the 
studies, the results of the random-effects model are like those obtained by the 
fixed-effect model. In the presence of differences in treatment effects between the 
studies, the random-effects model is usually conservative (that is, it results in 
wider CI). All these points favour using the random-effects model. On the other 
hand, because of the way the studies are combined to provide a single meta-
analysis result (for an outcome), the random-effects model gives greater weight to 
smaller studies compared to the fixed-effect model: this can be problematic if 
smaller studies are at higher risk of bias than larger studies and have greater 
treatment effects (‘small-study effects’). [20]

A pragmatic approach could be using the random-effects model as the default 
model for meta-analysis of studies comparing two treatments along with a 

0.25

0.20

0.15

0.10

0.05

0.00

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6
Number of heads

Underlying probability
Underlying
probability = 0.4
Underlying
probability = 0.5
Underlying
probability = 0.6

Pr
ob

ab
ili

ty

7 8 9 10 1 2 3 4 5 6 7 8 9 10

Figure 6.5 ​ Probability of obtaining heads in three different types of coins
The probability of obtaining heads in experiments of ten coin-tosses involving three 
different coins with different underlying probabilities of obtaining heads is shown.
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sensitivity analysis checking whether the results change with the fixed-effect 
model. You can also check whether there are small-study effects using the fun-
nel plot asymmetry (please see later section ‘Explore reporting bias’). In the 
presence of small-study effects, you can perform a sensitivity analysis excluding 
small studies at high risk of bias to check whether the meta-analysis results 
change considerably.

Method
There are many methods for combining the studies. A detailed discussion of the 
advantages and disadvantages of the different methods is beyond the scope of 
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0.15

0.10

0.05

0.00

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6
Di�erence in number of events

Underlying risk di�erence
Underlying
risk di�erence = 0.4
Underlying
risk di�erence = 0.5
Underlying
risk di�erence = 0.6

7 8 9 10 1 2 3 4 5 6 7 8 9 10

Observed treatment
effect in Study_2
(underlying effect = 0.5)

Observed treatment
effect in Study_3
(underlying effect = 0.6)

Observed treatment
effect in Study_1
(underlying effect = 0.4)

Figure 6.6 ​ Random-effects model
Each bar represents some clinical studies. The difference in number of events if 
10 participants received the intervention rather than the comparator when the underlying 
risk differences 0.4, 0.5 or 0.6 is shown. If the studies are conducted without bias, each 
study has a different underlying treatment effect; the treatment effects that the studies 
estimate follow a normal distribution. The meta-analysis results represent the average of 
the treatment effects.
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this book. Therefore, we limit our discussion to practical guidance of the meth-
ods you should use for combining the studies.

Binary outcomes
For binary outcomes, the Mantel-Haenszel method (MH) can be used as default, 
but if data are sparse (zero event in one or more trials), the Generalised Linear 
Mixed Model (GLMM) can be used. [21,22]

Other types of outcomes
For continuous, count and time-to-events outcomes, the inverse variance 
method is used.

PERFORM META-ANALYSIS

The key aspects in the analysis of data are deciding whether to perform a meta-
analysis, preparing the data in a format suitable for meta-analysis, and deciding 
the measure, model and method for meta-analysis, and the study designs to 
include in the meta-analysis. Once these key decisions are made, the actual step 
of performing the meta-analysis, that is, combining the treatment effects from 
the different studies to obtain the treatment effect across studies, is fairly 
straightforward. If per-protocol effect is of importance to patients, these should 
be meta-analysed separately from the intention-to-treat effects (one meta-
analysis for intention-to-treat effect and another for per-protocol effect).

We recommend statistical software to perform the meta-analysis, although it 
is technically feasible to perform it manually or using spreadsheets.

The data formats vary between software packages, but if the data is prepared 
in the formats described in the section ‘Prepare the data in a suitable format for 
meta-analysis’, it should be possible to perform the meta-analysis using major 
software. The guidance for different software is different. The method of per-
forming meta-analysis using the R-based EQUAL-SR software is available from 
https://sites​.google​.com​/view​/equal​-group​/home.

When the meta-analysis is performed, the results of meta-analysis from most 
software are available in two formats: treatment effect across studies and forest 
plots.

Meta-analytical treatment effect
The results are available as the ‘summary effect estimate’ or simply ‘summary 
estimate’ which represents the mean treatment effect (across studies) and the 
95% CI which provide information on the 95% probability that the mean treat-
ment effect lies within those intervals. Since we are estimating the treatment 

https://sites.google.com/view/equal-group/home
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effect across studies based on the treatment effects from individual studies, the 
meta-analysis results from an intervention review can be referred to as sum-
mary effect estimates and 95% CI.

Some software, such as R, also provides the 95% prediction intervals, which 
give a measure of the differences in treatment effect. [15]

Forest plots
Forest plots are graphical representations of the meta-analysis results. They 
show the treatment effects of individual studies and the treatment effects across 
studies (which are provided as default by most statistical software). In general, 
only one outcome is presented in each forest plot. While it is possible to present 
multiple outcomes in forest plots, different effect measures and scales for differ
ent types of outcomes mean that only one outcome is presented in each forest 
plot. An example of a forest plot (based on hypothetical data) is shown in 
Figure 6.7.

What the different aspects of the forest plot represent, and the interpretation 
of forest plots will be described in Chapter 7.

PERFORM SUBGROUP ANALYSIS AND METAREGRESSION

Heterogeneity
In the context of intervention reviews, ‘statistical heterogeneity’ or simply ‘het-
erogeneity’ is a term used to describe differences in treatment effects observed 
between the studies. [15] These differences in treatment effect between studies 
may arise because of differences in PICO (clinical diversity or clinical hetero
geneity) and the study design (methodological diversity or methodological het-
erogeneity). [15] Subgroup analysis and metaregression can help us determine 
whether the differences in treatment effects are due to differences in PICO or 
study design.

An overview of the steps required to perform subgroup analysis and meta
regression is provided in Figure 6.8.

The first step in both subgroup analysis and metaregression is to identify 
characteristics (PICO or study design) that could potentially affect the treatment 
effects. The next step is to split the characteristics into categorical data and 
quantitative data. Subgroup analysis is possible only for categorical data or 
quantitative data that can be converted to categorical data. For example, age of 
the participants is quantitative data but can be converted to categorical data by 
splitting the age into different categories, for example 18  years or less, 19 to 
64 years and 65 years or above. Metaregression is possible for both categorical 
and quantitative characteristics.
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Split these characteristics into
categorical data and quantitative data 

Categorical data

Subgroup analysis

Categorical or quantitative data

Metaregression

Identify characteristics that could
potentially affect how well an

intervention works compared with
a comparator

For each subgroup analysis,
categorise studies (or subset of

participants in studies) into mutually
exclusive categories

For each study (or subset of
participants in the study), indicate the
mutually exclusive category or value

of a characteristic (multiple
characteristics can be included in

a single analysis)

Figure 6.8 ​ Overview of subgroup analysis and metaregression
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Subgroup analysis
Subgroup analysis provides the meta-analytical treatment effects of a subset of 
studies which are similar in terms of a particular characteristic. Usually, in a 
systematic review, multiple subgroup analysis is planned. This is usually based 
on PICO (depending on the focus of the research question) and study design. In 
Example 8, you might want to consider subgroup analyses based on different 
definitions of elderly population, birth sex and different platelet inhibitors. You 
might also want to consider subgroup analyses based on the risk of bias in the 
studies. Therefore, multiple subgroup analyses are possible in a systematic 
review. A study may be similar to another study in one characteristic and there-
fore be included in the same subgroup as the second study for the first character-
istic, but may be different in another characteristic and therefore belong to a dif
ferent subgroup as the second study in the second characteristic. For subgroup 
analysis, it is important to ensure that the categories are mutually exclusive, that 
is, a study can belong to only one subgroup. Occasionally, you might find a study 
that reports outcome data for different subgroups separately, that is, the study 
authors report outcome data on a subset of participants with a certain character-
istic, for example birth sex. In such situations, the study can be split into two, one 
for males and one for females, and can be included in the two subgroups. It is 
important not to include the same data in two or more subgroups.

There is no guidance available on the number of studies required to perform 
subgroup analysis. A pragmatic approach will be to perform subgroup analysis 
when there are at least two studies in each of the categories to allow some esti-
mation of whether the treatment effects are similar within each category but dif
ferent between the categories.

When the subgroup analysis is performed, you usually obtain the treatment 
effect across the subset of studies in each subgroup and the treatment effect of all 
the studies. Usually, you also get a p-value of whether the treatment effect is dif
ferent in the different subgroups.

Metaregression
Metaregression provides information of whether the treatment effects are 
affected by a characteristic (which could be categorical or quantitative). For 
quantitative characteristics, the mean value of a normally distributed character-
istic and median value of a non-normally distributed characteristic are usually 
recorded. In Example 8, you might want to consider metaregression based on the 
average age of the participants included in the study. While a subgroup analysis 
is not possible (unless the average age can be grouped into categories), the influ-
ence of average age of the participants on the treatment effects can be found 
using metaregression. Theoretically, multiple characteristics that could explain 
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the treatment effects could be included in the same metaregression, but in prac-
tice, there are usually insufficient studies to perform this. Therefore, usually a 
single factor at a time is included. Metaregression involving less than 10 studies 
may be misleading. [15]

The data preparation for each software package varies, but in general, along 
with the usual data required for meta-analysis (in a suitable format), each char-
acteristic is recorded in one column, and you would specify the category or value 
of the characteristic for each study (or subset of participants in a study for whom 
outcome data are available separately) in the column corresponding to a 
characteristic.

When metaregression is performed, a measure of the influence of a charac-
teristic on the treatment effects is obtained along with a p-value to indicate 
whether the influence of the characteristic on the treatment effects was statisti-
cally significant. You might also get a p-value for the omnibus test which indi-
cates whether at least one of the characteristics influences the treatment effects.

PERFORM SENSITIVITY ANALYSIS

What is sensitivity analysis?
Sensitivity analysis is simply checking whether the results of meta-analysis are 
altered considerably based on some assumptions made.

Common sensitivity analyses in systematic reviews of intervention
We suggest some common types of sensitivity analyses that review authors can 
plan in advance.

1.	 Random-effects meta-analysis versus fixed-effect meta-analysis.
2.	 For binary outcomes, you can assess the impact of missing data by making 

different assumptions about the missing data. [23]
3.	 For continuous outcomes, all calculations and imputations other than the 

calculations of standard deviation from standard error involve some 
assumptions. Therefore, it is important to assess the impact of such 
assumptions by performing a sensitivity analysis.

4.	 Different correlation coefficients: when you do not find the adjusted 
analyses but have to adjust the data for clustering or cross-over or similar 
scenarios, various correlation coefficients may be used to adjust the 
analysis. It is necessary to check whether the results of meta-analysis are 
altered considerably based on the correlation coefficient used.

5.	 In non-randomised studies, you can assess the impact of confounding on 
the treatment effect by comparing the adjusted versus unadjusted analyses.
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Practical implementation of sensitivity analysis
From a practical perspective, one repeats the meta-analysis under different 
scenarios. The best way to perform this software will depend on the software. In 
EQUAL-SR software, random-effects versus fixed-effect meta-analysis and sensi-
tivity analyses based on missing data for binary outcomes, and excluding studies 
based on calculation or imputation of standard deviation (other than calculation 
from standard error), are done routinely as part of meta-analysis. A separate 
function is available to test the impact of using different correlation coefficients 
in studies that do not provide the treatment effects adjusted for clustering or 
cross-over. The remaining sensitivity analyses are carried out by performing 
additional analyses with altered data.

Output from sensitivity analyses
The output simply gives you the altered treatment effects across studies using 
different assumptions.

EXPLORE REPORTING BIAS

What is reporting bias?
Reporting bias arises when reporting of studies or outcomes within studies is 
based on the results. [24–30] When some studies or outcomes are not available 
for meta-analysis because the results are not in favour of an intervention, the 
meta-analysis will not include all the results about an intervention versus com-
parator and this can lead to meta-analysis resulting in incorrect summary esti-
mates and 95% CI. In other words, you can no longer trust the results.

Various types of reporting bias have been proposed. The most commonly recog-
nised among them are publication bias, selective reporting bias and language bias.

Publication bias is considered to be the publication or non-publication of 
research findings, depending on the nature and direction of the results. [29] Selec-
tive reporting bias can be considered as the selective reporting of some outcomes 
or analyses but not others, depending on the nature and direction of the results. 
[29] Language bias can be considered as the publication of research findings in a 
particular language, depending on the nature and direction of the results. [29]

There is considerable evidence for the existence of publication bias and selec-
tive reporting bias. [24–28] There is some uncertainty around whether language 
bias exists because of inconsistent empirical evidence. [31,32]

How do you assess reporting bias?
There are various ways to assess reporting bias. Each has its own advantages and 
disadvantages. We describe only the ones that are commonly used and can be 
practically implemented with reasonable resources.
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Searching trial registries
Since registration in a public trials registry became a prerequisite for publica-
tion in the International Committee Journal of Medical Editors (ICJME) for 
trials that commenced recruitment on or after 1 July 2005, [33] you can expect 
most RCTs in the last decade to be registered in a public trials registry. In Chap-
ter 4, we recommended that trial registries are searched routinely. We also rec-
ommended that studies are not excluded solely on the basis of reporting of out-
comes. Therefore, at the end of the study selection and data extraction, you can 
expect to have a list of studies that were conducted on the participants, inter-
vention and comparator relevant to the research question but did not report the 
outcomes. The publicly available registration entry usually has the outcomes 
listed. This allows the assessment of whether the outcomes were measured in a 
study, allowing you to assess whether the predefined outcomes have been 
reported and seek further information from the study authors if they were not 
available in the report. However, you need to check the initial document sub-
mitted for protocol registration prior to participant enrolment to be sure that an 
outcome was not measured, as the study authors may have updated the out-
comes after results from some participants became available or could be easily 
predicted.

The disadvantage of this approach is that trial registration is not mandatory 
for non-randomised studies and protocols of non-randomised studies may not be 
available. Therefore, it is difficult to assess whether there were reporting biases 
using this approach.

Searching protocols published in journals
Protocols published in journals may contain more details on the background and 
methods, including details about outcomes. These are likely to have been identi-
fied by the formal searches. However, the same disadvantages as searching trial 
registries to assess reporting bias exist; in addition, journal publications may not 
contain the date of enrolment for the participants, making it difficult to assess 
whether the outcomes were chosen after observing them or could be predicted 
from other outcomes in some trial participants.

Searching methods sections in the publication of trial reports
Unless the study authors clearly list the deviations from the protocol, it is diffi-
cult to assess whether outcomes were not reported because of the nature of the 
results. Therefore, you cannot rule out that the outcomes changed from the orig-
inal plan. However, when the authors do not report the outcomes mentioned in 
the methods, or report them in a manner that cannot be included in the meta-
analysis, you can suspect reporting bias strongly.
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Funnel plot asymmetry
This involves plotting treatment effects against sample size or a measure of vari-
ability in the study. [34–36] Along with visualisation of the funnel plot, various 
methods are available to test funnel plot asymmetry. [37] For binary outcomes, 
when the between-study variance (a measure of the variability of treatment 
effects between studies) is less than 0.1, the Harbord test is recommended; [37] 
otherwise the Thompson test after arcsine transformation can be used. Egger’s 
test can be used for other outcomes.

Tests for funnel plot asymmetry provide p-values to indicate whether there 
was statistically significant funnel plot asymmetry and are generally recom-
mended only if there are 10 or more trials included in the meta-analysis. [37]

Small-study effects
The main ways of assessing small-study effects are by funnel plot asymmetry 
and by comparing the results of the random-effects model versus the fixed-effect 
model, both of which have been discussed previously.

Risk of Bias due to Missing Evidence in a meta-analysis (ROB-ME) tool
You can use the ROB-ME tool to assess the risk of bias due to reporting bias. 
[38,39] This tool relies on searching trial registries, protocols and methods sec-
tions in reports, but also on the interpretation of funnel plots and identification 
of small-study effects. Therefore, we have provided further details of the ROB-
ME tool in Chapter 7.

DEALING WITH SITUATIONS WHEN  
META-ANALYSIS IS NOT POSSIBLE

Earlier in the chapter, we mentioned that meta-analysis requires a minimum of 
two studies with reasonably similar participants, intervention and comparator, 
and which report one or more similar outcomes. What if meta-analysis is not 
appropriate or possible for one or more reasons? We discuss the different situa-
tions and provide some practical guidance on the use of forest plots in these sce-
narios. Throughout this guidance, when we refer to forest plots, we mean one 
forest plot for each outcome in the study.

Only one study meets the inclusion criteria for the systematic review
When only one study meets the inclusion criteria for the systematic review, we 
recommend that you prepare and re-analyse the data using similar effect 
measures as those you would use if meta-analysis was performed, for example, 
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present the treatment effect of the intervention versus comparator of a continu-
ous outcome as mean difference and 95% CI. While some methodologists recom-
mend against presenting forest plots when there is only one study, representing 
the information visually can help with the interpretation even for a single study. 
Of course, you should not include treatment effects across studies in such forest 
plots, as the estimate is only from a single study.

Multiple studies are included in the systematic  
review, but meta-analysis is not possible
When multiple studies are included in the systematic review, meta-analysis may 
not be possible for the following reasons.

•	 The differences in PICO are considered too large to perform a meta-analysis.
•	 Multiple studies are available for reasonably similar PICO, but data are not 

available in a format suitable for meta-analysis.

When multiple studies are included in the systematic review, but meta-analysis 
is not appropriate because of large differences in one or more of PICO, and 
numerical data are available, each subset of studies with similar PICO can be 
combined in a meta-analysis (as described in the earlier example about com-
bining different platelet inhibitors). This will result in multiple meta-analyses 
for each outcome. Each comparison (resulting from the large differences in one 
or more of PICO) can be presented either in separate forest plots or the same 
forest plot. The advantage of presenting all the data across the different com-
parisons (whether these are meta-analyses or single study comparisons or a 
combination of meta-analyses and single study comparisons) in the same for-
est plot is that the reader can understand the effects of each study and sum-
mary effects from each subset of studies included in the comparison from a 
single plot. In practical terms, while it is not a subgroup analysis, the software 
is ‘tricked’ into considering the different subsets of studies as different sub-
groups. However, by default, most software also presents the treatment effect 
(combining all the studies) which is inappropriate because of the large differ-
ences in one or more of PICO. This can be removed from the forest plot by 
selecting an option that does not display the summary estimates. You should 
also provide a label as appropriate. For example, if the large differences are in 
participants or doses or route of administration or outcomes, you can continue 
to use the specific intervention and comparator as labels in the forest plot. 
However, if the large differences are because of different treatments, then a 
generic name such as ‘intervention’ or ‘comparator’ should be used. When pre-
senting multiple comparisons in the same forest plot, we recommend the fol-
lowing order.
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1.	 All comparisons in a certain type of participants are presented first, 
another type of participants is presented next, and so on.

2.	 All comparisons within a certain type of participants where intervention is 
the same but the comparators are different are presented next to each 
other.

3.	 Risk of bias in the studies.

In Example 8, let us hypothetically say that among the 15 studies that the review 
authors found, eight studies included only elderly people at high risk of develop-
ing heart attack or stroke, for example because of smoking, hypertension, diabe-
tes and imbalance in lipid profile, and the remaining seven studies included only 
elderly people at low risk of developing heart attack or stroke. It is reasonable to 
expect the beneficial effect of platelet inhibitors to be different in people with 
different risk of developing heart attack or stroke. In this situation, you would 
report the comparisons in the following order.

1.	 High-risk population
	 a.	 Aspirin 75 mg daily
	 b.	 Clopidogrel 75 mg daily
	 c.	 Combination of aspirin 75 mg and clopidogrel 75 mg daily
2.	 Low-risk population
	 a.	 Aspirin 75 mg daily
	 b.	 Clopidogrel 75 mg daily
	 c.	 Combination of aspirin 75 mg and clopidogrel 75 mg daily

Of course, the order of presentation can be different. For example, the combi-
nation can be presented first, and the individual drugs presented next. Any 
logical order can be followed, provided the order is consistent across the differ
ent categories of participants. If there were no studies in a particular compari-
son, say that there were no studies in the combination of aspirin 75 mg daily 
and clopidogrel 75  mg daily in the low-risk population, this category can be 
omitted.

When meta-analysis is appropriate for one or more comparisons, but continu-
ous outcome data are not available in the format required for meta-analysis, we 
recommend the following.

Medians are available
This is usually because study authors consider the distribution of the continuous 
outcome as non-normal. Nevertheless, some study authors may report the mean 
and standard deviation in each group, sufficient to perform the meta-analysis. If 
there is strong evidence that a continuous outcome is non-normally distributed, 
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it is inappropriate to perform a meta-analysis even when sufficient data are avail-
able from some studies.

Therefore, when only medians are available, or when a mixture of medians and 
means is available and the data are non-normally distributed, the review authors 
should tabulate the medians (and means, if only means were reported in some 
studies) as a minimum. In terms of the order of comparisons in a table, the same 
principles as described for the order of comparisons in forest plots can be followed.

In Example 8, let us hypothetically say that, of the eight studies in the high-
risk population, the risk of bias in studies that used aspirin 75 mg daily as the 
platelet inhibitor was ‘low risk’ in one study (study_1), ‘some concerns’ in two 
studies (study_2 and study_3), and ‘high risk’ in one study (study_4); the risk of 
bias in studies that used clopidogrel 75 mg daily as the platelet inhibitor was ‘low 
risk’ in two studies (study_5 and study_6), and ‘high risk’ in one study (study_7); 
and the risk of bias in the only study that used the combination (study_8) was 
‘low risk’. Let us also say that of the seven studies in the low-risk population, the 
risk of bias in studies that used aspirin 75 mg daily as the platelet inhibitor was 
‘low risk’ in three studies (study_9, study_10 and study_11) and ‘high risk’ in two 
studies (study_12 and study_13); the risk of bias in studies that used clopidogrel 
75 mg daily as the platelet inhibitor was ‘low risk’ in both studies in this category 
(study_14 and study_15); and there were no studies that used the combination of 
drugs in the low-risk population.

The order in the table will be as follows.

1.	 High-risk population
	 a.	 Aspirin 75 mg daily
	 i.	 Low risk
	 •	 study_1
	 ii.	 Some concerns
	 •	 study_2
	 •	 study_3
	 iii.	 High risk
	 •	 study_4
	 b.	 Clopidogrel 75 mg daily
	 i.	 Low risk
	 •	 study_5
	 •	 study_6
	 ii.	 High risk
	 •	 study_7
	 c.	 Combination of aspirin 75 mg and clopidogrel 75 mg daily
	 i.	 Low risk
	 •	 study_8
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2.	 Low-risk population
	 a.	 Aspirin 75 mg daily
	 i.	 Low risk
	 •	 study_9
	 •	 study_10
	 •	 study_11
	 ii.	 High risk
	 •	 study_12
	 •	 study_13
	 b.	 Clopidogrel 75 mg daily
	 i.	 Low risk
	 •	 study_14
	 •	 study_15

In addition, you might use a box-whisker plot to visualise the data. [40]

p-values are available
The p-values from each study in the comparison should be summarised in a table 
as a minimum. When medians are available, the p-values can be provided along-
side the median (and means, if only means were reported in some studies). 
Otherwise, they can be provided alongside a narrative description of the differ-
ence between intervention and comparator provided by the primary study 
author. The order in the table will be guided by the same principles as under the 
section ‘Medians are available’.

Vote counting method and sign test
In addition to presenting the information on median and p-values in a table and 
box-whisker plot to summarise the medians, we recommend that the authors 
perform the vote counting method to determine the number of studies in which 
the treatment effect was in favour of the intervention and the number of studies 
in which the treatment effect was in favour of the comparator. p-values should 
not be considered in deciding whether the direction of effect was in favour of 
intervention or comparator. [40] Let us say that shorter lengths of intensive care 
unit stay indicate quicker recovery of patient. If the median length of intensive 
care unit stay was two days in the intervention group and one day in the com-
parator group but the difference was not statistically significant in a study, this 
study should still be counted as favouring the ‘comparator’.

We recommend that the vote counting method be accompanied by a sign test. 
The sign test is used to test whether there was any evidence of treatment effect. 
[40] You can also provide the proportion of studies that favoured the interven-
tion versus comparator, along with the CI.
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The vote counting method may be accompanied by a harvest plot to indicate 
the direction of effect in each study. [40] We recommend that the harvest plot 
has information on the risk of bias (shown, for example, by different colours) to 
provide additional information on the relationship between the risk of bias and 
the direction of effect.

Vote counting, sign test and harvest plot are available in EQUAL-SR software.

SUMMARY

In this chapter, we have provided guidance on performing meta-analysis in a 
systematic review using appropriate effect measures and provided alternatives 
when meta-analysis is either inappropriate or not possible.

PRACTICE QUESTIONS

1.	 Two researchers want to compare the effect of two forms of surgeries 
(surgery_1 versus surgery_2) on short-term mortality, long-term 
mortality, length of hospital stay, and the number of complications 
during the immediate post-operative period and 30 days following 
surgery in patients with periampullary cancer. They have identified 
the data in Tables 6.6–6.9 from the studies.
a.	 Short-term mortality
b.	 Long-term mortality
c.	 Length of hospital stay
d.	 Number of complications

	 Perform a meta-analysis of the four outcomes using appropriate 
effect measures, models and methods.

2.	 In the same study as Question 1, the study authors also recorded 
whether the origin of the periampullary cancer originated from the 
pancreas or from the ampulla. Table 6.10 shows which type of cancer 
different studies included.

	 Perform a subgroup analysis and metaregression to find if the 
treatment effect (that is, the effect of surgery_1 versus surgery_2) 
was different in the different cancer types.

3.	 Perform a sensitivity analysis excluding the studies in which either 
the mean or the standard deviation or both were imputed from other 
measures or other studies.
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Table 6.6  ​Data on short-term mortality

Study

Number of 
patients with 

events in 
surgery_1 group

Total number of 
patients in 

surgery_1 group

Number of 
patients with 

events in 
surgery_2 group

Total number of 
patients in 

surgery_2 group

Study 1 1 261 2 258

Study 2 2 123 0 132

Study 3 2 248 1 254

Study 4 2 170 0 180

Study 5 3 181 1 178

Study 6 0 260 5 257

Study 7 2 129 2 139

Study 8 0 102 0 107

Study 9 0 86 5 89

Study 10 0 172 4 179

Study 11 0 298 1 292

Study 12 0 209 4 202

Table 6.7  ​Data on long-term mortality

Study ln hazard ratio (HR) Standard error of ln HR

Study 1 2.742 1.463

Study 3 2.861 1.364

Study 6 0.990 0.528

Study 7 2.185 0.151

Study 9 2.576 1.648

4.	 What is reporting bias and why is it important?
5.	 Create funnel plots and perform tests for funnel plot asymmetry for 

each of the outcomes in Question 1. If it is inappropriate to create 
funnel plots or perform tests for funnel plot asymmetry for some 
outcomes, state the reason.

Answers to the practice questions can be found in the Appendix.



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE216

Table 6.8  ​Data on length of hospital stay (days)

Study

Mean 
hospital 
stay in 

surgery_1 
group

Standard 
deviation 
of hospital 

stay in 
surgery_1 

group

Total 
number of 
patients in 
surgery_1 

group

Mean 
hospital 
stay in 

surgery_2 
group

Standard 
deviation 
of hospital 

stay in 
surgery_2 

group

Total 
number of 
patients in 
surgery_2 

group

Study 1 12.3 11.8 261 15.8 13.5 258

Study 2 15.1 7 123 16 11.5 132

Study 3 12.2 15.4 248 12.1 13.9 254

Study 4 14.3 13.8 170 10.2 8.9 180

Study 5* 17.7 – 181 16.5 – 178

Study 6 16.5 10.3 260 11.6 9.7 257

Study 7† 15.4 15.6 129 9.3 12.6 139

Study 8* 17.2 – 102 12.8 – 107

Study 9 15.6 10.7 86 16.1 14.7 89

Study 10† 12.5 15.4 172 10.6 15.9 179

Study 11 11.2 8 298 13 13.4 292

Study 12 12.4 8.7 209 16.8 15.8 202

Notes:
* Standard deviation could not be imputed from any information available from the reports.
† Mean and standard deviation imputed from median and p-value.

Table 6.9  ​Data on number of complications

Study ln hazard ratio (HR) Standard error of ln HR

Study 1 −0.717 1.331

Study 3 2.929 0.939

Study 5 −1.820 1.705

Study 6 1.867 1.563

Study 8 2.756 0.308

Study 9 −1.851 0.072

Study 11 −1.546 0.208
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	 7	​Interpret the results

LEARNING OBJECTIVE

After studying this chapter, you should be able to:

•	 Interpret the results of meta-analysis

OVERVIEW

In systematic reviews of intervention, statistical interpretation of the results of 
the meta-analysis is largely based on risk of bias in the studies and the meta-
analytical summary estimates and the 95% CI; although other levels of CI can 
be used, they rarely are. If the 95% CI do not include ‘null’ treatment effect, 
there is only a 5% probability that these intervals excluded the ‘null’ treatment 
effect by chance if the average treatment effect in the population (from which 
the trial participants were selected) was null (in the absence of bias). The inter-
pretation of results is greatly enhanced using forest plots.

From an assessment of the risk of bias in the studies, an assessment should 
be made about whether any observed differences in the outcome between the 
intervention and comparator could be explained by other factors, such as sys-
tematic differences in the participants, how often they made planned clinic 
visits, received planned additional tests or interventions, how the outcome was 
measured in the two groups, and whether some participants who developed 
‘undesirable outcomes’ were excluded from the analysis. Estimates are avail-
able about the deviations from the true average population treatment effect 
that each of the biases causes, although there is uncertainty around these devi-
ations. Methods to adjust the treatment effects for these biases are available 
but are not routinely used.

Additional statistical measures such as I2, which provides a measure of the 
statistical heterogeneity (differences in the results across the studies), can help 
with the interpretation. Meta-analytical treatment effect estimates in the pres-
ence of considerable statistical heterogeneity have no clinical application. 
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Subgroup analysis and metaregression might help but can lead to spurious 
conclusions. The Instrument to assess the Credibility of Effect Modification 
Analyses (ICEMAN) tool can help in deciding whether you should use the over-
all meta-analysis results or subgroup meta-analysis results for clinical interpre-
tation of results. Statistical heterogeneity which cannot be explained by clinical 
differences in PICO, methodological differences in the study design, or risk of 
bias decreases the confidence in results.

Sensitivity analyses can help with testing whether any assumptions 
made while performing the meta-analysis are ‘robust’ or ‘sensitive’ to the 
assumptions.

Reporting biases should be considered while interpreting the results. The 
ROB-ME tool can help with the assessment of reporting biases.

Interpretation of conflicts of interest is likely to be guided by the Tool for 
Addressing Conflicts of Interest in Trials (TACIT) tool when it becomes available. 
Fraud in clinical trials continues to be an unresolved challenge with no clear 
methods for its detection, or guidance, available.

Summary estimates and CI alone do not provide information on whether 
this difference is clinically important, particularly in the context of continuous 
outcomes, where the observed differences may not be important. The interpre-
tation of continuous outcomes should be made in the context of ‘minimal 
important differences’ in the outcomes. Other aspects, such as clinical applica-
bility and number of participants included in the studies, should be considered 
while deciding whether the intervention improves outcomes compared to the 
comparator.

Confidence in the results can be estimated using GRADE (Grading of Recom-
mendations, Assessment, Development and Evaluations) methodology which 
can help with arriving at conclusions.

INTRODUCTION

You may recollect from Chapter 2 that once the research question is determined, 
the next steps are to identify suitable methods for study selection, data extrac-
tion, analysis and reporting, and to complete protocol registration. In the previ-
ous chapter, we described the suitable methods for data analysis.

The next step is to describe the suitable methods for interpretation of the 
results of meta-analysis.
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WHY SHOULD YOU USE SUITABLE  
METHODS FOR INTERPRETATION?

At the risk of stating the obvious, unless suitable methods for interpretation are 
used in a meta-analysis, you might arrive at wrong conclusions, which can have 
knock-on effects resulting in incorrect clinical practice guidelines, unnecessary 
or harmful treatments for patients and unnecessary costs to the healthcare 
funder. Therefore, you should use suitable methods for interpretation of the 
analysis results.

OVERVIEW

An overview of the process in interpreting the results is shown in Figure 7.1.

STATISTICAL INTERPRETATION OF  
THE MAIN RESULTS OF META-ANALYSIS

While the main reason for meta-analysis (as compared to a systematic review 
without meta-analysis) is to obtain more precise information about the treat-
ment effect, meta-analysis and the resulting forest plots provide a lot more infor-
mation to help decide whether an intervention improves an outcome compared 
to a comparator. Therefore, we provide an interpretation of what the results of 
the meta-analysis mean from a statistical perspective and what the results mean 
from a clinical perspective for all the information available from the meta-
analysis. Since all the information is available from the forest plots (depending 
on which software you used and what options you chose to perform the meta-
analysis), we start with the information found in forest plots.

What does the forest plot show?
The information found in the forest plot varies in different software, models and 
methods used for meta-analysis. Figure 7.2 shows the information found in a for-
est plot created by EQUAL-SR software (available from https://sites​.google​.com​
/view​/equal​-group​/home).

Treatment effect across studies
A summary estimate represents the mean treatment effect across studies. The 
interpretation of 95% CI is provided in the section ‘Line of no effect’. The treat-
ment effect across studies is represented as a diamond in the forest plot.

https://sites.google.com/view/equal-group/home
https://sites.google.com/view/equal-group/home
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Figure  7.3 shows the summary estimates and 95% CI of treatment effects 
obtained in fixed-effect and random-effects models. The summary estimate is 
represented by the peak of the diamond and the 95% CI are represented by the 
left and right edges of the diamond. The width of the diamond represents 
the  width of the 95% CI. Narrow CI means that there is less uncertainty about the 
mean treatment effect across studies (‘precise estimates’) and wide CI mean that 
there is greater uncertainty about the mean treatment effect across studies 
(‘imprecise estimates’). Further interpretation of the treatment effect across stud-
ies is provided in the section ‘Line of no effect’.

Statistical interpretation of
the main results

Interpretation of  the subgroup
analyses and metaregression 

Interpretation of  the
sensitivity analyses 

Interpretation of  the reporting
biases 

Interpretation of  conflicts of
interest 

Clinical interpretation of
results 

Arriving at conclusions

Figure 7.1 ​ Overview of interpreting the results
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Prediction intervals
When the number of studies in a meta-analysis is large, the CI of a random-effects 
model may be narrower than expected based on the heterogeneity. [1] Use of predic-
tion intervals (which take into account the variability in the treatment effects across 
studies) rather than CI may overcome this problem, although they can be spuriously 
narrow or wide when there are few studies included in the meta-analysis. [2] There-
fore, they are recommended if the meta-analysis includes 10 or more studies. [2]

In the forest plot, prediction intervals are represented as a red bar below the 
treatment effect across the studies, with the left and right edges of the bar repre-
senting the lower and upper prediction intervals (Figure 7.3).

Treatment effects in each study
Point estimate represents the treatment effect observed in the study. The inter-
pretation of 95% CI is provided in the section ‘Line of no effect’.

In the forest plot, the treatment effect in each study is represented by a hori-
zontal line (Figures 7.2 and 7.3). The blue rectangle within the line indicates the 
point estimate while the edges of the line indicate the lower and upper 95% CI 
(Figure 7.3). Further interpretation of the treatment effects in each study is pro-
vided in the section ‘Line of no effect’.

Line of no effect
The line of no effect indicates the value when the effects of the intervention and 
the comparator on an outcome are identical. If the intervention and comparator 
have the same effect on an outcome, the treatment effect is null (the meaning of 
null is zero [3]).

The line of no effect is indicated by a solid vertical line in the middle of the 
graphical part of the forest plot (Figure 7.2 and Figure 7.4). You might notice in 
Figure 7.4 that the line of no effect corresponds to 1 for the outcome on the left 
and to 0 for the outcome on the right. This is because the outcome on the left 
used ‘ratio’ as effect measure and the outcome on the right used ‘difference’ as 
the effect measure. For all ratios, the line of no effect (that is, the line represent-
ing a treatment effect of null) is 1; for all differences, the line of no effect is 0. 
This is because of the way that these effect measures are calculated.

The line of no effect should not be confused with other dotted and dashed 
vertical lines in the plot which represent the summary estimates of the random-
effects model and fixed-effect model, respectively.

The line of no effect is very helpful in interpreting whether there is a differ-
ence in the effect of the intervention versus comparator on the outcome. In this 
context, the interpretation of 95% CI of treatment differences between the inter-
vention and comparator is no different from that of 95% CI of a single group 
described in Chapter 5: 95% CI of treatment difference mean that there is only a 
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5% probability that the intervals exclude the average population treatment differ-
ence. If the 95% CI do not include the ‘null’ treatment effect, there is only a 5% 
probability that these intervals excluded the ‘null’ treatment effect by chance if 
the average treatment effect in the population (from which the trial participants 
were selected) was null (in the absence of bias). This is equivalent to rejecting the 
null hypothesis with a p-value of less than 0.05, commonly referred to as ‘statisti-
cally significant difference’ or in this context, ‘statistically significant treatment 
effect’. If the diamond representing the random-effects or the fixed-effect model 
lies entirely to one side of the line of no effect—in other words, there is no cross-
ing of paths between the diamond representing the summary estimate and 95% 
CI and the line of no effect—this means that the 95% CI do not include ‘null’ treat-
ment effect; that is, there is a statistically significant treatment effect.

In Figure 7.4, for the outcome on the left, the diamonds of both the random-
effects and fixed-effect models cross the line of no effect, indicating that there is 
no statistically significant treatment effect (across studies) for either model. For 
the outcome on the right, the diamond of the random-effects model crosses the 
line of no effect, indicating that there is no statistically significant treatment 
effect (across studies) for the random-effects model. However, the diamond of the 
fixed-effect model lies entirely to the left of the line of no effect (it does not cross 
the line of no effect), indicating that there is a statistically significant treatment 
effect (across studies) for the fixed-effect model. Whether this means that the 
intervention is better or the comparator is better for the outcome depends on the 
context and can be found in the graph labels on either side of the line of no effect.

In addition to allowing easy visualisation of whether the treatment effect (across 
studies) is statistically significant or not, the line of no effect can help with visuali-
sation of whether the treatment effect in each study is statistically significant. In 
this context, the meaning of 95% CI of treatment effects in each study is the same as 
that of treatment effects across studies. If the horizontal line representing the point 
estimate and 95% CI of a study crosses the line of no effect, this indicates that the 
treatment effect was not statistically significant in that study; if the horizontal line 
lies entirely to the left or entirely to the right of the line of no effect, this indicates 
that the treatment effect was statistically significant in that study. As for the treat-
ment effect across studies, if the 95% CI of the treatment effect include 1 for ratios 
or 0 for differences, there is no statistically significant treatment effect; if the 95% 
CI do not include 1 for ratios and 0 for differences, there is a statistically significant 
treatment effect. Whether this means that the intervention is better or the compar-
ator is better for the outcome can be found in the graph labels on either side of the 
line of no effect (as for treatment effect across studies).

In Figure 7.4, for the outcome on the left, none of the studies cross the line of 
no effect, indicating that the treatment effect was not statistically significant in 
any study. For the outcome on the right, the studies represented by the first and 
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third lines cross the line of no effect (it is not clear whether the third line crosses 
the line of no effect in Figure 7.4, but the treatment effect of the study in text 
format, not shown in Figure 7.4, indicated that 0 was included in the 95% CI), 
the studies represented by the second line and last line are entirely to the left of 
the line of no effect, and the study represented by the fourth line is entirely to the 
right of the line of no effect. This means that there were no statistically signifi-
cant treatment differences for the first and third studies; there were statistically 
significant treatment differences favouring ‘standard’ (short form for ‘Standard 
treatment’, the comparator) for the second and last studies, while there was a 
statistically significant treatment difference favouring ‘novel’ (short form for 
‘Novel treatment’, the intervention) for the fourth study.

You might notice in Figure 7.4 that the graph labels for the outcome on the left 
and those for the outcome on the right are reversed: for the outcome on the left, 
‘Favours Novel’ is to the left of the line of no effect and ‘Favours Standard’ is to the 
right of the line of no effect; for the outcome on the right, ‘Favours Novel’ is to the 
right and ‘Favours Standard’ is to the left of the line of no effect. This is because 
fewer participants developing the event indicated better health for the outcome on 
the left, while higher values indicated better health for the outcome on the right. In 
EQUAL-SR software, whether ‘Favours intervention’ or ‘Favours comparator’ is 
decided automatically from the information that is provided as part of the data for 
analysis: you have to indicate whether more events or higher values are better or 
worse for participants as part of the uploaded data. However, in most other soft-
ware, this has to be decided manually. An algorithm to decide whether the ‘Favours 
intervention’ should be on the left or right of the line of no effect is provided in 
Figure 7.5 to allow reviewers using other software to perform the meta-analysis.

The forest plot also helps in the interpretation of the heterogeneity and clini-
cal importance of the treatment effects. These are covered in the sections ‘Het-
erogeneity’ and ‘Clinical interpretation of results’.

p-value
The p-value indicates whether the treatment effect across studies is statistically 
significant. A p-value is obtained for the random-effects model and another for 
the fixed-effect model (Figure 7.2). Generally, a p-value of less than 0.05 is consid-
ered statistically significant. However, we recommend against using p-value to 
arrive at conclusions about whether an intervention is effective against the com-
parator. Please see section ‘Clinical interpretation of results’ for further details.

Heterogeneity
You might recall that ‘statistical heterogeneity’ or simply ‘heterogeneity’ is a term 
used to describe differences in treatment effects observed between the studies. 
[2] In Chapter 6, in the coin-toss experiment analogy for the fixed-effect model, 
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we noted that some differences in results of multiple experiments may be 
expected by chance, even when the same coin is used. Therefore, it is reasonable 
to expect that there are some differences in the treatment effects observed 
between the studies. The question is when we can say that the observed differ-
ences in the treatment effects are due to chance. This is what the different 
measures of heterogeneity attempt to answer.

Different measures of heterogeneity are provided in the forest plot (Figure 7.2). 
These include I2 and Chi2 tests for heterogeneity, and between-study variance (Tau2).

I2

I2 is the percentage of variability between treatment effects in the studies that 
cannot be explained by chance. [4] Using threshold values for interpretation of I2 
can be misleading and the following rough guide for interpretation of I2 has been 
suggested. [2]

•	 0% to 40%: may not be important.
•	 30% to 60%: may represent moderate heterogeneity.
•	 50% to 90%: may represent substantial heterogeneity.
•	 75% to 100%: may represent considerable heterogeneity.

Other factors, such as the Chi2 test of heterogeneity and overlap of CI (please see 
below) should be considered while interpreting I2. You can also use CI of I2 to 

More events or
higher values of  an

outcome

Better for
participants 

‘Favours comparator’
is on the left of line

of no effect

‘Favours comparator’
is on the right of line

of no effect

 

Worse for
participants 

 

‘Favours
intervention’ is on

the right of line of no
effect

‘Favours
intervention’ is on

the left of line of no
effect

Figure 7.5 ​ Graph labels
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interpret heterogeneity. However, this might not be reliable when there are few 
studies in the meta-analysis. [2]

Chi2 test of heterogeneity
The Chi2 test of heterogeneity is a test to find out whether the differences in 
treatment effects between studies can be explained by chance. [2] A p-value is 
provided for the Chi2 test of heterogeneity. A p-value of less than 0.10 is consid-
ered to indicate statistically significant heterogeneity. However, when there are 
few studies, the Chi2 test of heterogeneity can miss heterogeneity. [2]

Between-study variance
This is a measure of the variability between the treatment effects across studies. 
If the Tau2 95% CI do not include 0, this can indicate the presence of heterogene-
ity. The forest plot only contains the point estimate of the Tau2. The Tau2 is not 
usually used to interpret heterogeneity in meta-analysis involving two treat-
ments, only because of the presence of other widely accepted measures for esti-
mating heterogeneity.

Overlap of 95% CI
In addition to these measures, the point estimates and 95% CI of each study 
also help with the interpretation of heterogeneity. When there is overlap of 
95% CI, this indicates that heterogeneity is low or absent; when there is no 
overlap of 95% CI (and this has to be the case for just one study’s 95% CI not 
overlapping with the 95% CI of any other study in the meta-analysis), this indi-
cates the presence of heterogeneity. For example, in Figure 7.4, for the outcome 
on the left, there is overlap between the horizontal lines representing the stud-
ies; for the outcome on the right, there is overlap between the horizontal lines 
representing the first and third studies, but no overlap in the lines representing 
the remaining studies. When there is no overlap in the 95% CI and the point 
estimates from the studies are on the same side of the line of no effect, it is 
called ‘heterogeneity in the magnitude of effect’. This means that the treat-
ment effects from the studies are favouring either the intervention or the com-
parator. When there is no overlap in the 95% CI and the point estimates from 
the studies are on the opposite side of the line of no effect, it is called ‘heteroge-
neity in the direction of effect’. This means that the treatment effects from the 
studies are pointing to treatment effect in opposite directions, that is, some are 
favouring intervention and others the comparator. For the outcome on the 
right in Figure  7.4, there is no overlap of the 95% CI for the second and last 
studies, but the point estimates are on the same side of the line of no effect 
favouring standard treatment; therefore, the heterogeneity between these two 
studies is ‘heterogeneity in magnitude of effect’. On the other hand, there is no 
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overlap of the 95% CI for the second (or last) study and fourth study and the 
point estimates are on opposite sides of the line of no effect. So, for the second 
(or last) study, the point estimates favour standard treatment, while for the 
fourth study, the point estimate favours novel treatment. Therefore, the het-
erogeneity between the second (or last) study and fourth study is ‘heterogene-
ity in direction of effect’. For the outcome on the left in Figure 7.4, the point 
estimates of lines representing the third, fourth and sixth studies are on the 
left of the line of no effect while those representing the first, second, fifth and 
last studies are on the right of the line of no effect. However, there is overlap of 
CI between the studies. Therefore, you cannot interpret this as presence of het-
erogeneity even though the point estimates lie on either side of the line of no 
effect.

How do you deal with heterogeneity?
An overview of how to deal with heterogeneity is provided in Figure 7.6. The first 
thing to do is to check the data for errors. A list of common errors that I have 
encountered in the past is shown in Figure 7.6.

If heterogeneity persists after correcting any errors (this may include seeking 
clarifications from study authors), check whether the heterogeneity can be 
explained by subgroup analysis and metaregression. Meta-analytical treatment 
effect estimates in the presence of considerable statistical heterogeneity have no 
clinical application, as it is difficult to know which of PICO the treatment effect 
represents. Therefore, when subgroup analysis resolves the statistical hetero
geneity, you can consider using the subgroup results for interpretation and 
present only subgroup results for categorical moderators. However, you must be 
cautious about performing too many subgroup analyses as this can lead to spuri-
ous conclusions. Please see section ‘Interpretation of the subgroup analyses and 
metaregression’ for further limitations of subgroup analyses. Furthermore, if 
you perform more than one subgroup analysis and present subgroup results for 
more than one subgroup analysis, the patient and healthcare professional 
involved in shared decision making will not know which subgroup analysis 
results should be used for deciding the treatment.

Statistical heterogeneity which cannot be explained by clinical differences in 
PICO or methodological differences in the study design or risk of bias decreases 
the confidence in results (please see section ‘Certainty of evidence’). In this case, 
you should consider not performing the meta-analysis and take this unexplained 
heterogeneity into account while arriving at conclusions.

Other aspects available from forest plots
There are other aspects available from forest plots. These include the name of the 
outcome, data in a format used for meta-analysis, effect measure, method, and 
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Figure 7.6 ​ Dealing with heterogeneity
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models used for meta-analysis. These are self-explanatory. Some abbreviations are 
used for the method. MH indicates the Mantel-Haenszel method, GLMM indicates 
the Generalised Linear Mixed Model, and IV indicates the inverse variance method.

Statistical interpretation of treatment effects
In systematic reviews of intervention, statistical interpretation of the results of 
the meta-analysis is largely based on risk of bias in the studies and the meta-
analytical summary estimates and the 95% CI. Although other levels of CI can be 
used, they rarely are.

In the section ‘Line of no effect’, we stated that if the 95% CI do not include 
‘null’ treatment effect, there is only a 5% probability that these intervals excluded 
the ‘null’ treatment effect by chance if the average treatment effect in the popu-
lation (from which the trial participants were selected) was null (in the absence 
of bias). What do you do in the presence of bias?

In Chapter 5, we described the use of RoB 2 [5,6] and ROBINS-I [7,8] for the 
assessment of the risk of bias in RCTs and non-randomised studies respectively. 
From this, an assessment should be made about whether any observed differ-
ences in the outcome between the intervention and comparator could be 
explained by other factors, such as systematic differences in the participants, 
how often they made planned clinic visits, received planned additional tests or 
interventions, how the outcome was measured in the two groups, and whether 
some participants who developed ‘undesirable outcomes’ were excluded from 
the analysis. Estimates are available for the deviations from the true average 
population treatment effect that each of the biases causes, [9,10] although there 
is uncertainty around these deviations as different studies provide different esti-
mates. [9,10] Methods to adjust the treatment effects for these biases are avail-
able, [11–13] but are not routinely used.

INTERPRETATION OF THE SUBGROUP  
ANALYSES AND METAREGRESSION

The ICEMAN tool can help with the interpretation of subgroup analyses and 
metaregression. [14] In particular, this tool can help with deciding whether you 
should use the overall meta-analysis results or subgroup meta-analysis results 
for clinical interpretation of results.

This tool consists of eight questions for meta-analysis. The tool allows assess-
ment of subgroup analysis performed by other systematic reviewers. Therefore, 
some of the options include ‘unclear’, which are not relevant if you used the tool to 
decide whether you should use the subgroup meta-analysis results or overall results. 
These are also not relevant if one is using the tool to decide whether subgroup 
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estimates or overall estimates should be used for clinical interpretation. Therefore, 
the question options and guidance here relate to the use of the tool for your own 
systematic review. For detailed guidance and a complete list of options available for 
each question, please refer to the manual available from Schandelmaier et al. [14]

1.	 Is the effect modification based on comparison within rather than between 
RCTs?

Except in factorial trials, where separate data are available for partici-
pants with and without the potential ‘effect modifiers’ or ‘moderators’, as 
mentioned in Chapter  6, the subgroup analyses are usually done at the 
‘study level’ (all participants in a study are included in a subgroup) rather 
than ‘within-study’ level (that is, a subset of participants in a study included 
in different subgroups). However, the studies do not differ only by the char-
acteristic for which the subgroup analysis is carried out. There are other 
confounders that can decrease the confidence in the results. [14]

	 a.	 ‘Completely between’: subgroup analysis performed using only 
study-level data.

	 b.	 ‘Mostly between’: subgroup analysis performed using mostly study-
level data with occasional within-study-level data.

	 c.	 ‘Mostly within’: subgroup analysis performed using mostly within-
study-level data or individual participant data.

	 d.	 ‘Completely within’: based on individual participant data (unlikely as 
the methods described in this book are for aggregate data).

2.	 If two or more within-trial comparisons are available, is the effect 
modification similar from trial to trial?

This involves calculating the ratio of the treatment effects in each study 
with ‘within-study’ data and assessing the consistency of this ratio. EQUAL-
SR software can help with this assessment.

	 a.	 ‘Definitely not similar’: ratio of the treatment effects is in different 
directions for each study with ‘within-study’ data (very much similar 
to the concept of ‘heterogeneity in the direction of effect’ discussed in 
the section ‘Overlap of 95% CI’).

	 b.	 ‘Mostly similar’: ratio of the treatment effects is in the same direction 
for each study with ‘within-study’ data but differs by magnitude (very 
similar to the concept of ‘heterogeneity in the magnitude of effect’ 
discussed in the section ‘Overlap of 95% CI’).

	 c.	 ‘Definitely similar’: ratio of the treatment effects is in the same 
direction for each study with similar magnitudes.

3.	 For between-RCT comparisons, is the number of studies large?
This involves a different response for subgroups and metaregression.
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	 a.	 ‘Very small’: 1 or 2 in the smallest subgroup; 5 or fewer studies in 
metaregression (we generally recommend at least 2 studies in each 
subgroup and 10 studies in metaregression to perform a subgroup 
analysis or metaregression).

	 b.	 ‘Rather small or unclear’: 3 or 4 in the smallest subgroup; 6 to 10 
studies in metaregression.

	 c.	 ‘Rather large’: 5 to 9 in the smallest subgroup; 11 to 15 studies in 
metaregression.

	 d.	 ‘Large’: 10 or more in the smallest subgroup; more than 15 in 
metaregression.

4.	 Was the direction of effect modification correctly hypothesised a priori?
Generally, you would be able to predict which subgroups are likely to 

benefit if there is biological plausibility. This is usually explained in the 
rationale for performing subgroup analysis.

	 a.	 ‘Definitely no’: Clearly post hoc (that is, an unplanned subgroup 
analysis performed after reviewing the data), results inconsistent with 
expected direction, or biologically very implausible.

	 b.	 ‘Definitely yes’: Results consistent with expected direction of effect 
modification.

5.	 Does a test for interaction suggest that chance is an unlikely explanation of 
the apparent effect modification?

	 a.	 ‘Chance a very likely explanation’: Test for subgroup differences or 
metaregression p-value > 0.05

	 b.	 ‘Chance a likely explanation’: Test for subgroup differences or 
metaregression p-value > 0.01 up to 0.05

	 c.	 ‘Chance may not explain’: Test for subgroup differences or 
metaregression p-value > 0.005 up to 0.01

	 d.	 ‘Chance an unlikely explanation’: Test for subgroup differences or 
metaregression p-value 0.005 or less.

6.	 Did the authors test only a small number of effect modifiers or consider the 
number in their statistical analysis?

When you perform a lot of statistical tests, you can get statistically sig-
nificant results by chance. You have to adjust the p-value for this multiple 
testing. EQUAL-SR software can help with adjustment of multiple testing.

	 a.	 ‘Definitely no’: Explicitly exploratory analysis or more than 10 effect 
modifiers tested, and multiplicity not considered in analysis.

	 b.	 ‘Probably no’: 4 to 10 effect modifiers tested, and multiplicity not 
considered in analysis.

	 c.	 ‘Definitely yes’: 3 or fewer effect modifiers tested, or multiplicity 
considered in analysis.
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7.	 Did the authors use a random-effects model?
	 a.	 ‘Definitely no’: Only fixed-effect model used.
	 b.	 ‘Definitely yes’: Random-effects model used.
8.	 If the effect modifier is a continuous variable, were arbitrary cut points 

avoided?
We recommend metaregression rather than arbitrarily dividing continu-

ous type moderators into categories; alternatively, you can divide continu-
ous type data into categories at the protocol stage, with clear rationale for 
categorising the data.

	 a.	 ‘Definitely no’: Analysis based on exploratory cut point(s), for example, 
choosing the cut-off point to obtain the best p-value.

	 b.	 ‘Definitely yes’: Metaregression.

Rough guidance for interpretation is provided below. For detailed guidance, 
please refer to the manual available from Schandelmaier et al. [14] Please note 
that this is a simplified version for assessing the credibility of the subgroup 
analysis in your own systematic review.

•	 Very low credibility: all responses with reduced credibility.
•	 Low credibility: Two or more responses with reduced credibility.
•	 Moderate credibility: One response with reduced credibility.
•	 High credibility: No response with reduced credibility.

Separate estimates (of subgroups) are used for clinical interpretation if the cred-
ibility is moderate or high.

INTERPRETATION OF THE SENSITIVITY ANALYSES

Sensitivity analysis is performed at the meta-analysis level. For each meta-
analysis, you assess whether the interpretation of treatment effects of the inter-
vention versus comparator changes with different assumptions in the sensitivity 
analyses. If the interpretation of treatment effects does not change with different 
assumptions, you can conclude that the specific meta-analysis is ‘robust’ to dif
ferent assumptions. On the other hand, if the interpretation of treatment effects 
changes with different assumptions, you can conclude that the specific meta-
analysis is ‘sensitive’ to different assumptions. While the usual focus is on the 
statistical interpretation of treatment effects, it is reasonable to also assess 
whether the clinical interpretation of treatment effects is robust or sensitive to 
different assumptions.
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INTERPRETATION OF THE REPORTING BIASES

You can use the ROB-ME tool to assess the risk of bias due to reporting bias. 
[15,16] However, to be able to assess the risk of bias due to missing evidence in 
meta-analysis, you need to be able to interpret funnel plots and to identify and 
distinguish the reasons for small-study effects. Therefore, we start with the 
interpretation of funnel plots.

Funnel plot asymmetry

What is funnel plot asymmetry?
Essentially, you look for whether the treatment effects from the studies are sym-
metrical on either side of the summary estimate in the funnel plot (‘plane of 
symmetry’).

Interpreting funnel plot asymmetry
There are many causes of funnel plot asymmetry. These include reporting 
biases, small-study effects (which could be due to various reasons including 
reporting biases, poor methodological quality, differences in the type of partici-
pants included in the trials, the way the intervention was implemented and dif-
ferences in comparators), statistical properties of the effect measure used, fraud 
and chance. [17,18] Detection of fraud in clinical trials is currently in its infancy 
and there is no consensus about how to do it. [19] Assessment of poor method-
ological quality is through the assessment of risk of bias. Differences in the type 
of participants, intervention or comparator can be dealt with by subgroup 
analysis. The choice of effect measure is based on other factors described in 
Chapter  6. That leaves you having to interpret whether there is funnel plot 
asymmetry and whether it is due to reporting biases (whether that is because of 
small-study effects or other reasons), small-study effect not due to reporting 
biases, or chance.

Visualisation
This is one of the main ways of interpreting funnel plot asymmetry.

Figure  7.7 shows the funnel plots of six different outcomes: kidney failure, 
heart attacks, relief of symptoms (top row, left to right), symptom score, mobility 
score and overall mortality (bottom row, left to right) based on hypothetical 
data. Of these, a higher number of participants with events, and higher values, 
mean better health of participants for relief of symptoms and mobility score. 
Conversely, a higher number of participants with events, or higher values, mean 
worse health of participants for the remaining outcomes. In Figure  7.7, the 
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unmatched studies are marked by circles or ellipses. We have described the pos-
sibilities in terms of unmatched studies rather than missing studies (the usual 
way of describing funnel plot asymmetry) since, anecdotally, students appear to 
understand something that is present in the plot better than something that is 
missing from the plot.

In the funnel plot for kidney failure, there does not appear to be any asym-
metry since the studies appear to be evenly spread on both sides of the summary 
estimate and broadly around the same levels in the plot.

In the funnel plot for heart attacks, some studies in the left lower quadrant 
appear to be unmatched with similar studies in the right lower quadrant (that is, 
studies are potentially missing from the right lower quadrant). The unmatched 
studies are in the white area of the funnel plot (zone where p-value is 0.10 or 
more). For an outcome where a higher number of participants with events or 
higher values mean worse health, if studies in the white area from the left half of 
the funnel plot are unmatched, this indicates that reporting biases are the likely 
causes of funnel plot asymmetry. The reverse is true for an outcome such as relief 
of symptoms where a higher number of participants with events, or higher val-
ues, mean better health. In this case, if studies in the right half are unmatched 
and the unmatched studies are in the white areas of the funnel plot, reporting 
biases should be suspected as the reason for funnel plot asymmetry.
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Figure 7.7 ​ Funnel plots
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In the funnel plot for symptom score, some studies in the left lower quadrant 
appear to be unmatched with similar studies in the right lower quadrant; the 
unmatched studies are in the grey areas of the funnel plot (indicating p-values 
less than 0.10). For an outcome where a higher number of participants with 
events, or higher values, mean worse health, if studies in the grey areas (particu-
larly further away from the summary estimate) from the left lower quadrant 
(this is the area for small studies in favour of the intervention) are unmatched, 
this indicates that causes of small-study effects other than reporting biases are 
the likely causes of funnel plot asymmetry. The reverse is true for an outcome 
like mobility score where a higher number of participants with events, or higher 
values, mean better health. In this case, if studies in the right lower quadrant are 
unmatched and the unmatched studies are in the grey areas of the funnel plot, 
causes of small-study effects other than reporting biases should be suspected as 
the reason for funnel plot asymmetry.

While the funnel plot for overall mortality is similar to that of relief of symp-
toms (studies in the right half are unmatched and the unmatched studies are in 
the white area), this is not indicative of reporting bias, since the results favour 
the comparator and not the intervention.

Statistical tests for funnel plot asymmetry
A p-value of less than 0.10 can be considered as statistically significant. [17,20] 
You should not solely rely on statistical tests, as they may miss funnel plot asym-
metry, particularly when the number of studies is low. [20] Furthermore, they 
do not help with distinguishing the reasons for funnel plot asymmetry. There-
fore, they should be used in addition to visualisation.

Small-study effects
If the summary estimate of the random-effects model shows greater treatment 
effect (further away from the line of no effect, that is, 1 for ratios and 0 for differ-
ences) in favour of the intervention, small-study effects can be suspected. As 
described in the section ‘Interpreting funnel plot asymmetry’, there are multiple 
reasons for small-study effects. Subgroup analysis to deal with differences in meth-
odological quality or differences in participants, intervention and comparator 
along with visualisation of funnel plots may help with distinguishing the reason for 
funnel plot asymmetry. A suggested algorithm for checking whether reporting 
biases are probably responsible for funnel plot asymmetry is shown in Figure 7.8.

The ROB-ME tool
Having learnt how to interpret funnel plot asymmetry, you can use the ROB-ME 
tool to assess the risk of bias due to reporting bias. [15,16] The ROB-ME tool con-
tains four steps.



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE242

1.	 Step 1. Select and define meta-analyses that will be assessed for risk of bias 
due to missing evidence.

2.	 Step 2. Determine which studies meeting the inclusion criteria for the 
meta-analyses have missing results.

3.	 Step 3. Consider the potential for missing studies across the systematic 
review.

4.	 Step 4. Assess risk of bias due to missing evidence in a meta-analysis 
(complete for each meta-analysis).

Detailed guidance for the use of the tool is available from Page et  al. [15,16] 
Please note that the authors of this tool have used the term ‘non-reporting bias’ 
to indicate reporting biases. The rationale for using the term ‘non-reporting bias’ 
rather than ‘reporting bias’ is sound. Perhaps the term ‘non-reporting bias’ will 
be the term that is preferred in future, but we have used the term ‘reporting bias’ 
as this is the term currently widely used to describe biases resulting from miss-
ing evidence in meta-analysis. We now provide a short description and some 
practical guidance.

Small-study effects  

Subgroup analysis of
important clinical or

methodological diversity
accounts for funnel plot

asymmetry

Reporting biases probably
not responsible for funnel

plot asymmetry

Subgroup analysis of
important clinical or
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funnel plot asymmetry

Unmatched studies
favouring the intervention

are in the white zone of  the
contour enhanced
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Unmatched studies
favouring the intervention
are in the grey zone of  the

contour enhanced
funnel plot 

 

Reporting biases probably
not responsible for funnel

plot asymmetry
 

detected by comparing
random-effects model and
fixed-effect model and/or

funnel plot asymmetry

Figure 7.8 ​ Small-study effects
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Step 1. Select and define meta-analyses that will be assessed for  
risk of bias due to missing evidence
We recommend selecting only the outcomes that are critical to decision making. 
These are usually the primary outcomes in the systematic review. In terms of fur-
ther description, you should note the study designs that were included in a meta-
analysis, the outcome definitions included and the types of analysis included in 
the meta-analysis, for example, intention-to-treat effect versus per-protocol effect, 
final scores versus change scores, adjusted versus unadjusted estimates.

Step 2. Determine which studies meeting the inclusion  
criteria for the meta-analyses have missing results
This involves a classification of studies included in the systematic review into the 
following categories.

•	 A study result is available for inclusion in the meta-analysis.
•	 No study result is available for inclusion in the meta-analysis.

	 This is usually because a protocol prior to the start of the study is 
available in the public domain and the outcome was not measured. 
Outcomes may also not have been measured after the enrolment because 
of legitimate reasons, for example, equipment non-availability.

•	 Unclear whether an eligible study result was generated.
	 This is usually because a protocol prior to the start of the study is not 

available in the public domain.
•	 No study result is available for inclusion in the meta-analysis, likely because 

of the p-value, magnitude or direction of the result generated.
	 This is usually because it is clear from a protocol available publicly that an 

outcome stated in the protocol was not reported, or from the study reports 
from which it is clear the outcome was measured but not reported.

Step 3. Consider the potential for missing studies  
across the systematic review
This involves a systematic review-level assessment and depends on the type of 
systematic review undertaken and how thoroughly searches were performed. 
There are three signalling questions to arrive at the potential for missing studies 
across the systematic review.

	3.1	 Were prospectively registered studies or studies identified for a prospective 
meta-analysis the only type of study eligible for inclusion in the review? 
(Yes/No)

‘Yes’: The systematic review includes only studies whose results were 
not available prior to the start of the systematic review.
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‘No’: The systematic review includes at least one study whose results 
were available prior to the start of the systematic review.

	3.2	 If ‘No’ to 3.1: Would you expect every eligible study to be identifiable 
regardless of its results?

(Not applicable/Yes/Probably Yes/Probably No/No)
‘Yes’ or ‘Probably Yes’: All the studies on the topic are likely to have 

been prospectively registered.
‘No’ or ‘Probably No’: It is unlikely that all non-randomised studies are 

prospectively registered. Therefore, you can answer this question as ‘No’ 
or ‘Probably No’ if the systematic review includes non-randomised 
studies. If the intervention and comparator were available prior to 
July 2005 when registration in a public trials registry became a 
prerequisite for publication in the ICJME, [21] trials may have been 
conducted which were never reported because of their findings. 
Therefore, you can answer this question as ‘No’ or ‘Probably No’ if the 
systematic review includes an intervention and comparator available 
prior to July 2005.

However, even if the intervention or comparator became available 
only after July 2005, you cannot be certain that all RCTs were 
prospectively registered, as an RCT may have been conducted with no 
intention of reporting in the ICJME, and with the intention to perform a 
subsequent prospectively registered trial only if the results of the 
unregistered trial show favourable results.

	3.3	 If ‘Yes’ or ‘Probably Yes’ to 3.2: Were you likely to have found all eligible 
studies regardless of their results? (Not applicable/Yes/Probably Yes/
Probably No/No)

‘Yes’ or ‘Probably Yes’: Relevant trial registers have been searched and 
the search strategy did not include ‘outcomes’ as one of the domains. This 
is likely to be the case if the instructions in Chapter 4 were followed.

‘No’ or ‘Probably No’: Relevant trial registers have not been searched 
or the search strategy included ‘outcomes’ as one of the domains.

Overall, classify Step 3 as ‘Yes’ if 3.1 was classified as ‘No’ and either 3.2 or 3.3 
was classified as ‘No’ or ‘Probably No’. Overall, we expect most systematic 
reviews will have a classification of ‘Yes’. In other words, the potential for miss-
ing studies is present in most systematic reviews.

Step 4. Assess risk of bias due to missing evidence in a  
meta-analysis (complete for each meta-analysis)
This assessment must be completed for each meta-analysis of interest. There are 
eight signalling questions which have different choices.
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	4.1	 Of the studies identified, were there any for which no result was  
available for inclusion in the meta-analysis, likely because of the 
p-value, magnitude or direction of the result generated (refer to  
Step 2)? (Yes/No)

‘Yes’: At least one of the studies was classified as ‘No study result is 
available for inclusion in the meta-analysis, likely because of the p-value, 
magnitude or direction of the result generated’ in Step 2.

‘No’: None of the studies was classified as ‘No study result is available 
for inclusion in the meta-analysis, likely because of the p-value, 
magnitude or direction of the result generated’ in Step 2.

	4.2	 If ‘Yes’ to 4.1: Is it likely that there would be a notable change to the 
summary effect estimate if the omitted results had been included? (Not 
applicable/Yes/Probably Yes/Probably No/No/No information)

‘Yes’ or ‘Probably Yes’: In random-effects meta-analysis, in the 
presence of minimal heterogeneity, the addition of even one study could 
change the results. For fixed-effect meta-analysis, the impact on the 
results depends upon the number of participants not included in the 
meta-analysis relative to the number of participants included in the 
meta-analysis. There are no threshold levels for this ratio. Therefore, we 
suggest the following rough guidance.
•	 For random-effects meta-analysis, if there is minimal heterogeneity 

and intervention shows benefit or lack of harm, if there is even  
one study with missing data, classify this signalling question as 
‘Probably Yes’.

•	 For random-effects meta-analysis, if there are moderate or higher 
levels of heterogeneity, you can add hypothetical data opposite to the 
most favourable results for the intervention (but proportionate to the 
number of participants in the trial with missing data) and check the 
impact of adding such data on the results.
	 Let us say that the most favourable results in favour of an 

intervention for a binary outcome were as follows.
	Number of participants with outcome in intervention 

group = 40.
	 Total number of participants in intervention group = 160.
	 Percentage of participants with outcome in intervention 

group = 40/160 = 25%.
	Number of participants with outcome in comparator 

group = 80.
	 Total number of participants in comparator group = 160.
	 Percentage of participants with outcome in comparator 

group = 80/160 = 50%.
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	 Let us say that in the study with missing data, the number of 
participants in both the intervention group and the comparator 
group was 100. The hypothetical data in the study will be as follows.
	Hypothetical percentage of participants in the intervention 

group = 50% (percentage of participants in the comparator 
group in the study with most favourable outcome in favour of 
the intervention).

	Hypothetical number of participants with outcome in the 
intervention group = 50% of 100 = 50.

	Hypothetical percentage of participants in the comparator 
group = 25% (percentage of participants in the intervention 
group in the study with most favourable outcome in favour of 
the intervention).

	Hypothetical number of participants with outcome in the 
comparator group = 25% of 100 = 25.

	 If the addition of these hypothetical data for the study with missing 
data changes the interpretation of the results, answer this 
signalling question, ‘Probably Yes’.

•	 For fixed-effect meta-analysis, follow the same procedure as for 
random-effects meta-analysis with moderate or higher heterogeneity.

•	 EQUAL-SR software can help with this assessment with automated 
identification of the most favourable study in favour of an intervention 
and automated calculation of the hypothetical results of the study 
with missing data if the number of participants in each group is 
provided; if only the total number of participants in the study with 
missing data is provided it assumes an equal number of participants in 
the intervention and comparator groups.
‘No’ or ‘Probably No’: If the above guidance is followed and there is no 

impact on the results, classify the signalling question as ‘Probably No’.
‘No information’: Sample size is missing for any of the studies with 

missing data.
	4.3	 Of the studies identified, were there any for which it was unclear whether 

an eligible result was generated (refer to Step 2)? (Yes/No)
‘Yes’: At least one of the studies was classified as ‘Unclear whether an 

eligible study result was generated’ in Step 2.
‘No’: None of the studies was classified as ‘Unclear whether an eligible 

study result was generated’ in Step 2.
	4.4	 If ‘Yes’ to 4.3: Is it likely that there would be a notable change to the summary 

effect estimate if the potentially omitted results had been included? (Not 
applicable/Yes/Probably Yes/Probably No/No/No information)

Same as for signalling question 4.2.
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	4.5	 Do circumstances (identified in Step 3) indicate potential for some 
eligible studies not being identified because of the p-value, magnitude or 
direction of the results generated? (Yes/No)

‘Yes’: Classification in Step 3 is ‘Yes’.
‘No’: Classification in Step 3 is ‘No’.

	4.6	 If ‘Yes’ to 4.5: Is it likely that studies not identified had results that were 
eligible for inclusion in the meta-analysis? (Not applicable/Yes/Probably 
Yes/Probably No/No)

‘Yes’ or ‘Probably Yes’: ‘Core outcome sets’ [22] and regulatory 
requirements may provide an indication of whether the outcome is likely 
to have been measured. If core outcome sets have been in existence for a 
long period of time and have been used in trials that reported prior to 
enrolment of the study with missing data, it is likely that the outcome was 
measured in the trial with missing data. For some interventions, you 
would expect some outcomes to be measured routinely. For example, in 
trials of major surgical interventions, you can expect that the major 
complications and all-cause mortality is measured for at least 30 days; for 
trials in intensive care unit interventions, you can expect in-hospital 
mortality was measured; for trials involving two interventions related to 
oncological control in participants with cancer, you can expect all-cause 
mortality to be measured. In situations where there is a reasonable 
expectation that the outcome was measured in the trial but has not been 
reported, answer this signalling question as ‘Probably Yes’.

‘No’ or ‘Probably No’: It is unlikely that the outcome was measured. For 
example, HRQoL assessment is not performed routinely for most 
interventions. In the absence of core outcome sets in existence for a 
considerable period of time prior to the start of the trial, HRQoL may not 
have been measured routinely.

	4.7	 If ‘Yes’ to 4.1, 4.3 or 4.5: Does the pattern of observed study results 
suggest that the meta-analysis is likely to be missing results that were 
systematically different (in terms of p-value, magnitude or direction) 
from those observed? (Not applicable/Yes/Probably Yes/Probably No/No)

‘Yes’ or ‘Probably Yes’: Reporting biases are identified as the probable 
cause for funnel plot asymmetry.

‘No’ or ‘Probably No’: There is no evidence of reporting biases.
	4.8	 If ‘Yes’, ‘Probably Yes’ or ‘No Information’ to 4.2, 4.4, 4.6 or 4.7: Did 

sensitivity analyses suggest that the summary effect estimate was biased 
due to missing results? (Not applicable/Yes/Probably Yes/Probably No/No)

‘Yes’ or ‘Probably Yes’: The role of complex sensitivity analyses such as 
selection models is unclear. However, if they are performed they clearly 
show the results change depending on the assumptions.
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‘No’ or ‘Probably No’: No complex sensitivity analysis is performed or, 
if performed, it shows that the results do not change with assumptions.

Based on the answers to the signalling questions, the risk of bias due to missing 
data may be considered ‘Low’, ‘Some concerns’, or ‘High’ using algorithms avail-
able from Page et al. [15,16] If the answers to the signalling questions are pro-
vided, EQUAL-SR software provides the risk of bias using the algorithm.

INTERPRETATION OF CONFLICTS OF INTEREST

There is currently no consensus on how to incorporate conflicts of interest in 
studies in systematic reviews. Conflicts of interest probably play a significant 
role in reporting biases (which were covered previously). Other study design 
issues are likely to be addressed in the risk of bias (for example, appropriate defi-
nitions and measures of outcomes), and applicability issues concerning whether 
the participants studied are representative of the patients seen in the clinic can 
be handled within the indirectness domain of GRADE, thereby decreasing cer-
tainty of evidence (for further details, please section ‘Certainty of evidence’).

However, when numerical data are not reported and you have to accept the 
study author’s interpretation of results, it can be problematic: Lundh et  al. 
showed that there was more disagreement between the results and conclusions 
(which were more favourable to the sponsor) in industry-sponsored trials than 
non-industry-sponsored trials. [23] Therefore, we recommend a sensitivity 
analysis excluding industry-funded or industry-sponsored trials when using 
non-numerical data for interpretation of results.

TACIT is currently being developed [24,25] and may provide further infor-
mation on incorporating conflicts of interest into the analysis and/or interpreta-
tion of the results of a systematic review.

FRAUD IN CLINICAL TRIALS

A book on systematic review cannot be considered complete if there is no men-
tion of fraud in clinical trials. Systematic reviews rely on clinical trials usually 
performed by others. Some researchers estimate that approximately 25% of clin-
ical trials in some subject areas could have serious flaws or be fraudulent. [19] 
However, exclusion of a genuine trial on the basis that it was flawed can lead to 
wrong conclusions. [19] There is currently no consensus on how to detect flawed 
trials. [19] Therefore, fraud in clinical trials continues to be an unresolved chal-
lenge with no clear methods for its detection or guidance available. Until such 
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methods and guidance are available, if fraud is suspected, you can perform a 
sensitivity analysis to consider the impact of a suspected fraudulent trial on the 
results. You might want to call this ‘unusual pattern of results’ to avoid a genuine 
trial being labelled as fraudulent.

CLINICAL INTERPRETATION OF RESULTS

In order to allow the clinical interpretation of the results, you need to learn three 
additional concepts. These are described next.

Clinically important differences

What are clinically important differences?
From the summary estimate and 95% CI, it is possible to know whether the 
observed apparent differences in the outcome between the intervention and 
comparator are due to chance. However, these estimates and CI do not provide 
information on whether this difference is clinically important.

Generally, a value of 10% or 20% relative decrease or increase are considered 
clinically important differences, although these vary across disease conditions 
and outcomes. A 10% relative decrease in risk means a risk ratio of 0.90. How did 
we arrive at a risk ratio of 0.90 from 10% relative decrease in risk? A 10% relative 
decrease in risk can be written in numerical terms as ‘−0.10’. Since null treat-
ment effect is indicated by 1, we add 1 and ‘−0.10’ to arrive at 0.90. Using the 
same method, 10% relative increase in risk is ‘+0.10’ in numerical terms and 
when added to 1, we arrive at 1.10 for a 10% relative increase.

You might argue that any reduction in all-cause mortality is clinically impor
tant. However, even for all-cause mortality, there is a trade-off as the interven-
tion might cause more complications than the comparator, particularly if the 
comparator was ‘no treatment’. This can impact the patient’s quality of life. 
Besides, a 10% relative decrease in risk translates to an absolute decrease in risk 
of 0.5% when the baseline risk of all-cause mortality is 5%. Therefore, we are 
considering small changes in all-cause mortality as clinically important in most 
instances.

Table  7.1 indicates relative changes and how that translates to clinically 
important treatment effects, expressed as ratios.

However, there is no standard way of finding clinically important differences 
for continuous outcomes. For example, let us say that a new intervention increases 
the HQRoL with a range of 0 to 100 by 2, which was statistically significant in the 
absence of bias. What does that mean to the patient? It is difficult to know. There-
fore, for continuous outcomes, you should use the concept of ‘minimal important 
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difference’. ‘Minimal important difference’ (MID) is the smallest difference in the 
score of the outcome of interest that patients (or their proxies) perceive as an 
important (beneficial or harmful) difference, and that would lead the patient or 
clinician to consider a change in the management. [26] Various methods are 
available to calculate MID: anchor-based methods appear to be the only ones that 
provide an answer to the MID as described above. [27] Other methods may pro-
vide similar [26] or different results. [28] We are not aware of any publicly avail-
able search databases that provide MID; PROMID appears to be a subscription-
based service and claims to be an inventory of more than 7,000 MIDs for more 
than 600 patient-reported outcome measures. [29] Therefore, you have to search 
the medical literature databases for the MID of the measures that you use in the 
systematic review. For example, if you perform a systematic review of interven-
tions for patients with degenerative knee diseases, you can use the systematic 
review by Devji et al. [30] to interpret what different scores mean; if you perform 
a systematic review of interventions for patients with shoulder conditions, you 
can use the systematic review by Hao et al. [31] For many conditions, you may 
have to search for primary studies from medical literature to obtain the MID.

Table 7.2 provides the MIDs reported by Devji et al. [30] and how that trans-
lates to clinically important treatment effects.

How do clinically important differences help with clinical interpretation 
of evidence?
If you accept that clinically important differences may not be ‘null’ differences, you 
need to understand whether the 95% CI include the clinically important decrease 
or clinically important increase. This is best understood with the help of an illustra-
tion. Let us consider the example of the EuroQol five dimensions questionnaire in 
patients with degenerative knee diseases. The MID is 0.15, [30] a clinically impor
tant decrease is ‘−0.15’ and a clinically important increase is ‘+0.15’ (Table 7.2).

Table 7.1  ​Relative change and what it means for clinically 
meaningful treatment effects

Relative change
Clinically meaningful  

increase
Clinically meaningful  

decrease

10% 0.90 1.10

15% 0.85 1.15

20% 0.80 1.20

25% 0.75 1.25

30% 0.70 1.30
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Figure 7.9 shows different eight different scenarios. As in the forest plots, the 
diamonds in Figure 7.9 refer to the treatment effect, with the left and right edges 
of the diamond representing the lower and upper CI of the treatment effect. The 
dotted red lines represent the clinically important decrease or increase.

1.	 Clinically important increase: The 95% CI do not include either clinically 
important decrease or clinically important increase and is entirely to the 
right of clinically important increase. In the absence of bias, you can 
conclude that this is clinically important. Whether this was in favour of 
intervention or comparator depends on context. Since a higher value on the 
EuroQol five dimensions questionnaire indicates better health, the 
intervention is better than the comparator for this outcome, on average. 
However, this has to be interpreted in the context of other aspects which 
we will describe in the section ‘Certainty of evidence’.

2.	 Clinically important decrease: The 95% CI do not include either clinically 
important decrease or clinically important increase and is entirely to the 
left of clinically important decrease. As higher values indicate better health 
(in this example), the intervention is worse than the comparator for this 
outcome, on average. Again, this has to be interpreted in the context of 
other aspects described in the section ‘Certainty of evidence’.

Table 7.2  ​Minimal important differences and what it means for clinically 
meaningful treatment effects

Measure Patient group Outcome MID

Clinically 
meaningful 

decrease 

Clinical 
meaningful 

increase

Western Ontario and 
McMaster University 
Osteoarthritis Index

Patients with 
degenerative knee 
diseases

Pain 12 −12 +12

Western Ontario and 
McMaster University 
Osteoarthritis Index

Patients with 
degenerative knee 
diseases

Function 13 −13 +13

Knee injury and 
Osteoarthritis 
Outcome Score

Patients with 
degenerative knee 
diseases

Pain 12 −12 +12

Knee injury and 
Osteoarthritis 
Outcome Score

Patients with 
degenerative knee 
diseases

Activities of 
daily living

8 −8 +8

EuroQol five 
dimensions 
Questionnaire

Patients with 
degenerative knee 
diseases

HRQoL 0.15 −0.15 +0.15
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3.	 No evidence of clinically important effect: In the next three scenarios in 
Figure 7.9, the 95% CI include either clinically important decrease or 
clinically important increase or both. In ‘No evidence of clinically important 
effect (1)’, the 95% CI include clinically important increase and clinically 
unimportant increase. Therefore, you can conclude that there was no 
evidence of a clinically important treatment effect, although you might notice 
that the diamond is entirely on the right side of the line of no effect indicating 
that there was a statistically significant increase in the score on the EuroQol 
five dimensions questionnaire. However, you cannot rule out a clinically 
important increase, as the 95% CI include the clinically important increase.

4.	 No clinically important effect: In the next three scenarios in Figure 7.9, the 
95% CI are entirely between the clinically important decrease and 
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Figure 7.9 ​ Interpretation of clinically important differences



Interpret the results 253

clinically important increase. This means that the intervention does not 
have any clinically important effect, even though in some of the scenarios, 
there were statistically significant treatment effects. Again, this has to be 
interpreted in the context of other aspects described in the section 
‘Certainty of evidence’.

EQUAL-SR software has a function that can help with interpreting whether 
the differences are clinically important, but this requires a relative change that is 
clinically important for ratios, and MID for continuous outcomes in addition to 
the 95% CI.

Applicability to patients
In the section ‘Line of no effect’, we stated that if the 95% CI do not include the ‘null’ 
treatment effect, there is only a 5% probability that these intervals excluded the 
‘null’ treatment effect by chance if the average treatment effect in the population 
(from which the trial participants were selected) was null (in the absence of bias).

This also means that you cannot make any inference about the treatment 
effect on a population that differs from the types of participants included in the 
trial in important characteristics. As an example, consider a trial comparing 
major surgery versus supportive treatment only for cancer. If the trial included 
only participants likely to withstand major surgery based on the absence of 
comorbidities and limited extent of cancer and showed benefit for surgery, this 
evidence cannot be extrapolated to people with extensive comorbidities and 
extensive spread of cancer. Patients and healthcare professionals appear to intui-
tively understand this concept. However, in drug trials, many patients likely to 
use the treatment are excluded from clinical trials, [32,33] meaning that the 
same level of awareness about applicability issues may be lacking. This has the 
potential for the treatment effect to be different in the real-world population.

Sample size calculations
In Chapter 5, we described a coin-toss experiment where the number of heads 
observed in a 10 coin-toss experiment differs considerably from the expected 
number of heads. This is a phenomenon called random error, where the observed 
values differ from the expected value by chance. Random error can also occur 
when two or more treatments are compared with each other; the observed dif-
ference may be different from the expected difference (‘true difference’) just by 
chance. As a result, you might make false positive conclusions (‘alpha error’ or 
‘Type I error’) or false negative conclusions (‘beta error’ or ‘Type II error’). How-
ever, as you increase the sample size these errors decrease.

The general value of alpha error used in clinical trials is 0.05. This corre-
sponds to the concept of 95% CI, that is, the probability of making a false positive 
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conclusion that there is a treatment effect when in fact there is none, is 5% (in 
the absence of bias). If you want to decrease the probability of making false posi-
tive conclusions, you can study a larger sample, but that would involve increased 
resources (including human resources and time) and delay in applying a poten-
tially effective treatment in the population.

In addition to a possibility of making false conclusions, there is also a possi-
bility that the average population treatment was not ‘null’, but this was not 
observed in the trial which included few participants. In a trial with few partici-
pants, the 95% CI are wide. This is because we use a formula that includes the 
variability of response to an intervention (or comparator) among the partici-
pants and the number of participants to calculate the 95% CI (rather than repeat-
ing the trials several times to find out the intervals within which the treatment 
differences lie 95% of the times, which of course is impossible in the real world). 
The CI become wider with increased variability of response to a treatment 
among participants, and fewer participants. As a result, the 95% CI include the 
‘null’ treatment effect even though the average population treatment was not 
‘null’ because of the inclusion of fewer participants.

Now, we are faced with a conundrum. If we include too few participants, 
there is a possibility of arriving at wrong conclusions, but if we included too 
many participants, this would consume resources and delay a treatment that 
could improve health outcomes. To find just the right number of participants that 
will help limit the wrong conclusions but also does not consume more resources 
than necessary, sample size calculations are carried out. Sample size calcula-
tions provide the minimum number of participants who should be included in a 
trial to limit the wrong conclusions to an acceptable level. If the sample size is 
inadequate (number of participants in the trial is fewer than the minimum num-
ber of participants required to limit the wrong conclusions to an acceptable 
level), you can reach wrong conclusions. This principle also applies to systematic 
reviews.

We have been discussing acceptable limits of wrong conclusions. What are 
these acceptable limits? Generally, an alpha error of 0.05 and a beta error of 0.10 
or 0.20 (which corresponds to a power of 0.90 or 0.80, respectively) are used. 
Lower levels, say an alpha error of 0.01 and a beta error of 0.05, will increase the 
sample size compared to the usual levels used in clinical trials. In addition to the 
alpha and beta errors, the anticipated treatment effect (which should be at least 
the clinically important effect) and a measure of the variability of response to a 
treatment are required to perform the sample size calculations.

Sample size calculations can be performed using statistical software. If you 
provide the clinically important treatment differences, EQUAL-SR software can 
automatically perform sample size calculations for alpha error of 0.05 and beta 
error of 0.10 and 0.20 using the information extracted. For time-to-event 
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outcomes, the proportion of people who developed the outcome is necessary for 
sample size calculations.

Certainty of evidence
Having learnt all the concepts, we are now in a position to make a clinical interpre-
tation of the effect of an intervention versus comparator for the outcome; that is, 
this is an outcome-level assessment rather than overall assessment of all the out-
comes. We recommend that certainty of evidence is assessed for all outcomes and 
analysis that will help in shared decision making. This is most likely to be the pri-
mary outcomes in the systematic review but may contain important secondary 
outcomes. The choice of whether you should use the main analysis results or sub-
group analysis results is described in the section ‘Interpretation of the subgroup 
analyses and metaregression’. If per-protocol effect is of importance to patients in 
shared decision making, you should assess the certainty of evidence for the per-
protocol effect and present those results in addition to the intention-to-treat effect.

The GRADE Working Group developed a series of publications describing 
how to assess the certainty of evidence. [34–42] Please see these for detailed 
information. We provide a broad overview of how to assess the certainty of evi-
dence. For the most up-to-date guidance, please see www​.gradepro​.org​/.

Overall, there are four categories of certainty of evidence with different lev-
els of confidence in the results.

•	 High certainty: You are very confident that the average population 
treatment effect is close to the treatment effect found in the systematic 
review for the outcome.

•	 Moderate certainty: You are moderately confident that the average 
population treatment effect is close to the treatment effect found in the 
systematic review for the outcome, but there is a possibility that the average 
population treatment effect is substantially different from the treatment 
effect found in the systematic review for the outcome.

•	 Low certainty: You have limited confidence in the treatment effect found in 
the systematic review for the outcome. The average population treatment 
effect may be substantially different from the treatment effect found in the 
systematic review for the outcome.

•	 Very low certainty: You have very little confidence in the treatment effect 
found in the systematic review for the outcome. The average population 
treatment effect is likely to be substantially different from the treatment 
effect found in the systematic review for the outcome.

Broadly speaking, you start with the ‘high certainty evidence’ for RCTs. For non-
randomised studies, if ROBINS-I is used for the assessment of risk of bias, then 

http://www.gradepro.org/
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you start with ‘high certainty evidence’; otherwise, you start with ‘low certainty 
evidence’. [43] The certainty of evidence is downgraded based on the observa-
tions on five aspects of the evidence. There are also three aspects based on which 
you can upgrade the certainty of evidence.

Figure  7.10 provides the aspects of the evidence which are considered for 
determining the uncertainty of evidence.

Table 7.3 provides some rough guidance on downgrading and upgrading the 
certainty of evidence. It also provides information on the assessments and analy-
ses that can provide the information.

SUMMARY OF FINDINGS TABLE

GRADE suggests summarising evidence in succinct, transparent and informa-
tive summary of findings tables that show the quality of evidence and the magni-
tude of relative and absolute effects for each important outcome and/or as evi-
dence profiles that provide, in addition, detailed information about the reason 
for the quality of evidence rating.

Summary of findings is a table that provides the relative and absolute effects 
(that is, ratios if appropriate and converting them to differences) along with the 
certainty of evidence for each important outcome. [34] For details of how to 

Risk of bias 

Inconsistency
of results  

Indirectness
of evidence 

Imprecision Publication
bias  

Certainty
of

evidence

Effect of
plausible
residual

confounding

Dose-
response
gradient

Large
magnitude of

effect

Figure 7.10 ​ Aspects taken into account for determining the uncertainty of evidence
Aspects in red downgrade the certainty of evidence; the aspects in green upgrade the 
certainty of evidence.
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create a summary of findings table using GRADEpro software (software devel-
oped by the GRADE Working Group), please refer to www​.gradepro​.org​/.

EQUAL-SR software automatically converts any ratios to differences using 
the information used for meta-analysis, although for time-to-event outcomes 
you need to provide the number of events in the comparator group at the speci-
fied time point of interest from the studies in which this information is available 
directly or can be estimated from other information such as proportion without 
the event. EQUAL-SR software can help with these estimations.

ARRIVING AT CONCLUSIONS

Arriving at conclusions about the effectiveness of an intervention versus com-
parator depends upon following major aspects.

1.	 Whether the treatment effect of an intervention versus comparator is 
clinically important for each outcome.

2.	 Certainty of evidence for each outcome contributing to shared decision 
making.

3.	 Relative importance of the outcome.
4.	 Biological plausibility.

While the first two aspects are covered in the sections ‘Clinically important dif-
ferences’ and ‘Certainty of evidence’, the next two require explanation.

Relative importance of the outcome
You have to review the treatment effect of an intervention versus comparator 
along with certainty of evidence for each outcome. The different possible sce-
narios in relation to the relative importance of outcomes are as follows.

•	 Clinically important benefits without clinically important harms.
•	 Clinically important harms without clinically important benefits.
•	 Clinically important benefits for some outcomes and clinically important 

harms for others.
•	 No clinically important benefits or harms.

Biological plausibility
In RCTs, the likely reason for conducting the trial is because of potential mecha-
nisms by which an intervention improves outcomes. However, in non-randomised 
studies, biological plausibility of the association should be considered before 
arriving at conclusions. This is likely to have been considered as a part of 

http://www.gradepro.org/
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assessing the risk of bias due to confounding, but you might want to reconsider 
this while arriving at conclusions, particularly in light of the information gath-
ered from the other studies and the results of the analysis.

Implications for clinical practice
Figures 7.11, 7.12, 7.13 and 7.14 show how to arrive at implications on clinical 
practice based on the information available on the clinical importance of treat-
ment effect and certainty of evidence of each outcome, and the relative impor-
tance of the outcomes.

When there are clinically important benefits for some outcomes and clini-
cally important harms for other outcomes due to the intervention, sometimes it 
is possible to find systematic reviews of patients’ preferences and values, for 
example, León-García et al., [44] which can help with determining whether the 
intervention improves or decreases the average health of the patients in addition 
to the statement on some patients preferring the intervention and some prefer-
ring the comparator.

Clinically important
benefits without

clinically important
harms

Clinically important
harms without

clinically important
benefits

Clinically important
benefits for some

outcomes and
clinically important
harms for others

No clinically important
benefits or harms

Intervention is likely to 
improve the health on

average

Intervention is likely to
worsen the health on

average

Intervention is likely
to be preferred by some
patients and comparator

likely to be preferred
by other patients

Intervention is likely to
neither improve nor
worsen the health

on average

High or moderate certainty
evidence of clinical effects

available or can be inferred1 
on all important outcomes

necessary for shared 
decision-making2

Figure 7.11 ​ Relative importance of outcomes: high or moderate certainty evidence of 
clinically important effects available on all important outcomes

Notes:
1 Some important outcomes can be inferred from the nature of the intervention and other 
important outcomes. For example, if the intervention was considerably more invasive than 
the comparator and results in increased complications, it is unlikely that the short-term 
HRQoL improves with the intervention.
2 It is unlikely but not impossible that you find a combination of moderate certainty 
evidence with ‘No evidence of clinically important difference’ scenarios in Figure 7.9. 
However, if you do find such scenarios, you should use conclusions suggested in Figure 7.12.
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High or moderate certainty
evidence of clinical effects

available or can be inferred1 on
some but not other important
outcomes necessary for shared

decision-making

Clinically important benefits
without clinically important
harms on outcomes with

high or moderate
certainty evidence

Clinically important harms
without clinically important

benefits on outcomes
with high or moderate

certainty evidence

Clinically important benefits
for some outcomes and

clinically important harms
for other outcomes with high

or moderate certainty
evidence

No clinically important
benefits or harms on

outcomes with high or
moderate certainty evidence

Intervention may improve
the health on average but

information on some
key outcome(s)2 is

necessary

Intervention may worsen
the health on average but

information on some
key outcome(s)2 is

necessary

Intervention may be
preferred by some patients

and comparator may be
preferred by other patients
but information on some

key outcome(s)2 is necessary

Intervention may neither
improve nor worsen the
health on average but

information on some key
outcome(s)2 is necessary

Figure 7.12 ​ Relative importance of outcomes: high or moderate certainty evidence 
available on some but not all important outcomes

Only low certainty evidence
of clinical effects available

on some but not other
important outcomes
necessary for shared

decision-making

Clinically important benefits
without clinically important

harms on outcomes with low
certainty evidence

Clinically important harms
without clinically important
benefits on outcomes with

low certainty evidence

Clinically important benefits
for some outcomes and

clinically important harms for
other outcomes with low

certainty evidence

No clinically important
benefits or harms on
outcomes with low
certainty evidence

Intervention may improve
the health on average but

information on all key
outcomes is necessary

Intervention may worsen
the health on average but

information on all key
outcomes is necessary

Intervention may be preferred
by some patients and

comparator may be preferred
by other patients but
information on all key
outcomes is necessary

Intervention may neither
improve nor worsen the
health on average but
information on all key
outcomes is necessary

Figure 7.13 ​ Relative importance of outcomes: only low certainty evidence available 
on some or all important outcomes

Notes:
1 Some important outcomes can be inferred from the nature of the intervention and other 
important outcomes. For example, if the intervention was considerably more invasive than 
the comparator and results in increased complications, it is unlikely that the short-term 
HRQoL improves with the intervention.
2 You should state the key outcome(s) for which information is necessary.
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When formulating the implications for clinical practice, it is important to 
consider and highlight whether additional expertise or financial resources are 
required to implement the intervention. The implications for clinical practice 
should not be changed solely on the basis of lack of expertise or financial 
resources required to implement the intervention.

Implications for research
Figure 7.15 shows how to arrive at implications for research based on the infor-
mation available on the clinical importance of treatment effect and certainty of 
evidence of each outcome, and the relative importance of the outcomes.

CLINICAL GUIDELINE RECOMMENDATIONS

One of the primary motives for completing a systematic review might be to 
develop clinical recommendations. The GRADE methodology can be used to 
determine the strength of the recommendation. [45] Certainty of evidence is 
one of the four domains that determine the strength of the recommendation, the 
other three domains being balance between desirable and undesirable outcomes 
(which is a similar concept to relative importance of outcomes), confidence in 
values and preferences and variability, and resource use. The confidence in 

Only very low certainty
evidence is available for
all important outcomes
necessary for shared

decision-making1

Clinically important
benefits without clinically

important harms

Clinically important
harms without clinically

important benefits

Clinically important
benefits for some

outcomes and clinically
important harms for

others

No clinically important
benefits or harms

There is only very low
certainty evidence about

the effect of the
intervention on the health

of patients/people

There is only very low
certainty evidence about

the effect of the
intervention on the health

of patients/people

There is only very low
certainty evidence about

the effect of the
intervention on the health

of patients/people

There is only very low
certainty evidence about

the effect of the
intervention on the health

of patients/people

Figure 7.14 ​ Relative importance of outcomes: only very low certainty evidence 
available on all important outcomes

Note:
1 When there is only very low certainty evidence available for all the important outcomes 
necessary for shared decision making, the conclusion is ‘There is only very low certainty 
evidence about the effect of the intervention on the health of patients/people’.
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values and preferences and variability involves additional systematic reviews 
similar to that of León-García et  al. [44] Resource use involves availability of 
expertise (if applicable) and cost-effectiveness analysis which is beyond the 
scope of this book.

SUMMARY

In this chapter, we have provided guidance on how to interpret the results of 
meta-analysis.
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6.	 For the answer to Question 5, assess the certainty of evidence, stating 
any reasons for downgrading or upgrading. For this question consider 
that the studies were all RCTs at moderate risk of bias which could 
affect the estimates and that there were no concerns about 
applicability to patients. There was no evidence of reporting bias. 
Sample size calculations were not available.

Answers to the practice questions can be found in the Appendix.
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	 8	​Report the findings

LEARNING OBJECTIVES

After studying this chapter, you should be able to:

•	 Report the findings of the systematic review
•	 Complete the protocol of a systematic review

OVERVIEW

The reporting of the systematic review should follow the PRISMA guidance.
There are multiple extensions for PRISMA covering different aspects. These 

extensions should be used in conjunction with the PRISMA statement and are 
not standalone statements. PRISMA-S (PRISMA literature search extension) 
should be used routinely in all systematic reviews. When no meta-analysis is 
performed in intervention reviews, the Synthesis Without Meta-analysis (SWiM) 
guideline should be used in conjunction with PRISMA.

The remaining extensions depend on the focus or type of the systematic 
review. For systematic reviews focusing on interventions in disadvantaged 
populations or aimed at reducing social gradients across populations, PRISMA-
Equity extension (PRISMA-E 2012) should be used. When systematic reviews 
focusing on harms of an intervention are performed, PRISMA-harms should be 
used. For systematic reviews focusing on acupuncture, use the PRISMA exten-
sion for acupuncture (PRISMA-A).

When performing scoping reviews, use the PRISMA extension for scoping 
reviews (PRISMA-ScR). In terms of intervention reviews, when a network meta-
analysis is performed, PRISMA-NMA should be used. For individual participant 
data meta-analyses, use PRISMA-IPD.

The general structure of reporting includes a title, abstract, rationale for the 
review, objectives of the review, methods of the review (including study eligi-
bility, study selection, data extraction, data analysis, interpretation of data), 
results of the review including results of the search, study characteristics, effect 
estimates, subgroup analysis, sensitivity analysis, reporting bias, discussion 
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around the clinical context of the results, reliability of the results, and implica-
tions of the results for practice and research.

The protocol registration should be completed prior to commencement of a 
systematic review.

INTRODUCTION

You may recollect from Chapter  2 that once the research question is deter-
mined, the next steps are to identify suitable methods for study selection, data 
extraction, analysis and reporting, and to complete protocol registration. In 
the previous chapter, we described the suitable methods for interpretation of 
the review.

The next step is to describe the suitable methods for reporting a systematic 
review.

WHY SHOULD YOU USE SUITABLE METHODS FOR  
REPORTING A SYSTEMATIC REVIEW?

One of the key characteristics of a systematic review is that it has an explicit, 
reproducible methodology. [1] This means that some other researcher should be 
able to arrive at the same findings if they performed the same steps used in per-
forming the systematic review. This is only possible if the reporting is adequate.

REPORTING GUIDELINES FOR SYSTEMATIC REVIEW

The reporting of the systematic review should follow the PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta-Analyses) guidance. [2,3]

There are multiple extensions for PRISMA covering different aspects. These 
extensions should be used in conjunction with the PRISMA statement. PRISMA-S 
(PRISMA literature search extension) [4] should be used routinely in all system-
atic reviews. When no meta-analysis is performed in intervention reviews, the 
Synthesis Without Meta-analysis (SWiM) guideline [5] should be used in con-
junction with PRISMA.

The remaining extensions depend on the focus or type of the systematic 
review. For systematic reviews focusing on interventions in disadvantaged pop-
ulations or aimed at reducing social gradients across populations, the PRISMA-
Equity extension (PRISMA-E 2012) should be used. [6,7] When systematic 
reviews focusing on harms of an intervention are performed, the PRISMA-harms 
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checklist should be used. [8] For systematic reviews focusing on acupuncture, 
use the PRISMA extension for acupuncture (PRISMA-A). [9]

When performing scoping reviews, use the PRISMA extension for scoping 
reviews (PRISMA-ScR). [10] In terms of intervention reviews, when a network 
meta-analysis (NMA) is performed, the PRISMA-NMA extension should be used. 
[11] For individual participant data meta-analyses (IPD), use the PRISMA-IPD 
extension. [12]

GENERAL STRUCTURE FOR REPORTING SYSTEMATIC REVIEW

The general structure of reporting includes a title, abstract, rationale for the 
review, objectives of the review, methods of the review (including study eligibil-
ity, study selection, data extraction, data analysis, interpretation of data), results 
of the review including results of the search, study characteristics, effect esti-
mates, subgroup analysis, sensitivity analysis, reporting bias, discussion around 
the clinical context of the results, reliability of the results, and implications of 
the results for practice and research.

This general structure of reporting a systematic review can be linked to the gen-
eral structure of reporting in a journal: title, abstract, main text which contains the 
background (or introduction), methods, results, discussion and conclusions, and ref-
erences. In this chapter, we provide guidance for reporting in which tables and fig-
ures are interspersed with text. You might notice that we indicate tables and figures 
coming before the related text. This is because the information for the text comes 
from these tables and figures. However, while reporting, you will start with the text 
and provide links to the table and figures from the text. Some journal submissions 
will require the researcher to provide the tables and figures separately from the text. 
If that is the case, then you need to move the tables and figures.

Most of these items have been covered in previous chapters. Where this is the 
case, details of where they can be found in previous chapters have been pro-
vided. When these have not been covered in previous chapters, the details of 
how to report these items are provided.

We have focused on items related to a systematic review of interventions. For 
detailed guidance and explanations on why some information is required, please 
refer to the PRISMA statement, its extensions, or additional guidance used in 
special circumstances. [2–12]

Title
The title should provide key information about the objectives and identify the 
research as a systematic review. [2,3] It can include other information related to 
methods, for example, if meta-analysis has also been performed. [2,3]
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For example, for the research objective ‘To assess the benefits and harms of 
laparoscopic distal pancreatectomy versus open distal pancreatectomy for people 
undergoing distal pancreatectomy for pancreatic ductal adenocarcinoma of the 
body or tail of the pancreas, or both’, the suggested title will be ‘Laparoscopic dis-
tal pancreatectomy versus open distal pancreatectomy for people undergoing distal 
pancreatectomy for pancreatic ductal adenocarcinoma: a systematic review’.

If the systematic review included only RCTs and included a meta-analysis, 
the title could be ‘Laparoscopic distal pancreatectomy versus open distal pancre-
atectomy for people undergoing distal pancreatectomy for pancreatic ductal adeno-
carcinoma: a systematic review and meta-analysis of randomised controlled trials’.

If the systematic review is an update of a previous systematic review, you 
should consider including this information in the title. [2,3,13] For example, if the 
above systematic review was an update of a previous systematic review, the title 
could be ‘Laparoscopic distal pancreatectomy versus open distal pancreatectomy for 
people undergoing distal pancreatectomy for pancreatic ductal adenocarcinoma: an 
updated systematic review and meta-analysis of randomised controlled trials’.

Abstract
The abstract of a systematic review should aim to contain the information pro-
vided in Table 8.1. [2,3] However, because of word count restrictions, it may not 
always be possible to include some aspects. As a minimum, we recommend 
reporting the results of major outcomes regardless of statistical significance or 
clinically important differences.

Main text

Background
The background section includes the rationale for the review and objectives of the 
review sections of the general structure of reporting a review. Table 8.2 provides 
the information that should be included in the background section of the main text.

Table 8.3 provides some common sources of information that can help with 
finding the information on the number of new cases per year or existing cases of 
a disease, health condition or the number of procedures performed in a year.

Of course, PubMed is a good source of such information. You can combine the 
‘population’ domain of the formal search strategy with filters for incidence and 
prevalence available from the ‘Epidemiological studies: Filters’ subsection of the 
InterTASC Information Specialists’ Sub-group Search Filter Resource. [14]

Methods
The methods section includes the study eligibility, study selection, data extrac-
tion, data analysis and interpretation of data sections of the general structure of 
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Table 8.1  ​Information to be included in the abstract

Identification as systematic review

Main objective

Major inclusion and exclusion criteria

Searches
•	 Databases and trial registers searched
•	 Date of last search

Methods used to assess risk of bias

Method used for analysis

Number of included studies and participants

Key information on studies
•	 Risk of bias
•	 Other important relevant characteristics, for example, study design, type of participants, 

variations in interventions, comparators, outcomes

Results for main outcomes
This should be done regardless of statistical significance or clinically important differences
•	 Number of studies and participants included in the analysis
•	 Summary estimate and CI
•	 Interpretation of the summary estimate and CI
•	 Certainty of evidence

Overall interpretation and important implications

Primary source of funding for the review

Register name and registration number

Table 8.2  ​Information to be included in the main text (background)

•	 Population (disease, health condition, procedure)
	 Definition or description of the disease, health condition, or procedure (please see 

Chapter 3)
–	 This is particularly important if there are many ways of defining a disease, health 

condition or a procedure
	 Magnitude of the disease or health condition

–	Example: number of new cases per year, number of existing cases (for chronic conditions), 
number of procedures (if the population is participants undergoing procedures)

	 Impact on people suffering from the health condition
–	Example: decreased longevity of life, decreased quality of life due to symptoms related 

to the health condition or its treatment, loss of productivity due to symptoms related to 
the health condition or its treatment, economic loss due to symptoms related to the 
health condition or its treatment

	 Mechanism of the impact on people
–	This can help the readers of the review understand how the disease, health condition or 

procedure causes ill-health in people and help them understand how the intervention 
and comparator (if active treatment) work

	 Current standard treatment
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Table 8.3  ​Common sources of epidemiological information

•	 Cancers
	 https://gco​.iarc​.fr​/en

•	 Benign diseases and operations
	 www​.cdc​.gov​/nchs/
	 https://digital​.nhs​.uk​/data​-and​-information​/data​-tools​-and​-services​/data​-services​

/hospital​-episode​-statistics
	 www​.odt​.nhs​.uk​/statistics​-and​-reports​/annual​-activity​-report/
	 www​.srtr​.org/

•	 Intervention
	 What is the proposed mechanism of action (why do people think that the intervention will 

work)?
	 Any evidence that it works in a different disease, health condition, or procedure

–	Example: in a review of routine antibiotics for a surgical procedure, you can include 
information about its effectiveness in a different surgical procedure

	 What are the known side effects due to the intervention?
•	 Comparator

	 Same details as intervention if the comparator is an active treatment
	 If the comparator is no treatment, why is no treatment being chosen as the comparator (for 

example, this might be the standard treatment)?
•	 Why is this research important?

	 Please see Chapter 3, section ‘Choosing a research question of importance to stakeholders’
•	 Research objectives

	 Please see Chapter 3, section ‘From “research question” to “objectives” ’

reporting a review. Table 8.4 provides the information that should be included in 
the methods section of the main text. These have been described in detail in the 
previous chapters of this book.

Results
The results section includes the results of the search, study characteristics, effect 
estimates, subgroup analysis, sensitivity analysis and reporting bias sections of 
the general structure of reporting a review. Table 8.5 provides the information 
that should be included in the results section of the main text. The table is self-
explanatory. The chapter numbers in brackets indicate how or where the infor-
mation can be found.

Discussion and conclusions
The discussion and conclusions section includes the discussion around the clini-
cal context of the results, reliability of the results, and implications of the results 
for practice and research sections of the general structure of reporting a review. 
Table 8.6 provides the information that should be included in the discussion and 
conclusion section of the main text. The table is self-explanatory. The chapter 
numbers in brackets indicate where the information can be found.

https://gco.iarc.fr/en
http://www.cdc.gov/nchs/
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
http://www.odt.nhs.uk/statistics-and-reports/annual-activity-report/
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Table 8.4  ​Information to be included in the main text (methods)

•	 Selection criteria
	 Please see Chapter 3, section ‘From “objectives” to “eligibility criteria” ’

•	 Outcomes
	 Please see Chapter 3, section ‘From “objectives” to “outcomes” ’

•	 Identification of studies
	 Please see Chapter 4, section ‘Study selection process’

•	 Risk of bias
	 Please see Chapter 5, section ‘Risk of bias’

•	 Data extraction
	 Please see Chapter 5, section ‘What data should be extracted?’

•	 Data analysis
	 Please see Chapter 6

•	 Reporting bias
	 Please see Chapter 6, section ‘Explore reporting bias’

•	 Certainty of evidence
	 Please see Chapter 7, section ‘Certainty of evidence’

Table 8.5  ​Information to be included in the main text (results)

•	 Search results
	 Text (Chapter 4)

–	Number of records retrieved from each database
–	De-duplication of searches (including any software used for de-duplication)
–	Number of records excluded by screening titles and abstracts
–	Number of records excluded by review of full text and summary of reasons
–	Number of records included in the systematic review
–	Number of records of ongoing studies

	 PRISMA flow diagram
–	Information in text format is provided as a flow diagram
–	Template for flow diagram is available from www​.prisma​-statement​.org/

•	 Characteristics of included studies (Chapter 5)
	 Table containing the following information1

–	Study design (if different study designs are included)
–	Inclusion and exclusion criteria of trial participants
–	Major participant characteristics

	 PROGRESS-PLUS framework for identifying disadvantaged people (Chapter 3)
	 Other potential effect modifiers

–	Intervention
–	Comparator
–	Number of participants in each group
–	Outcomes reported

	 Text summarising the information in the ‘Characteristics of included studies’ table
–	Total number of studies and participants
–	Number of arms (if the study is multi-armed)
–	Number of studies and participants in each study design (if different study designs are 

included)
–	Number of studies and participants in each comparison (if the systematic review has a 

broad focus)
–	Summary details about participants

http://www.prisma-statement.org/
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•	 Risk of bias2 (Chapter 5)
	 Risk of bias table

–	Classification of risk of bias for each domain and overall classification of risk of bias in 
each study for each outcome

	 Risk of bias summary (graph)
–	Proportion of studies at different risks of bias for each domain for each outcome

	 Risk of bias summary (text)
–	Proportion of studies at different risks of bias for each domain for each outcome, that is, 

the same information as risk of bias summary (graph) but in text format with details of 
which studies are included in each category

•	 Treatment effect for each analysis (table) (Chapter 6)
	 Number of studies and number of participants included in the meta-analysis
	 Method
	 Model
	 Treatment effect (summary estimates with 95% CI)

•	 Treatment effect for each analysis (forest plots) (Chapter 6)
•	 Treatment effect for each outcome (for each comparison if the review has broad focus) (text) 

(Chapters 6 and 7)
	 Number of studies and number of participants included in the outcome
	 Number of studies and number of participants included in the meta-analysis (if meta-

analysis was performed)
	 Treatment effect
	 Heterogeneity
	 Reason for exclusion of any studies (if excluded from the meta-analysis)
	 Reason for not performing the meta-analysis (if not performed)

•	 Subgroup analysis and metaregression3 (Chapters 6 and 7)
	 Forest plots
	 Text

–	Test for subgroup differences
–	Metaregression results

•	 Sensitivity analysis3 (Chapters 6 and 7)
	 Any alteration in results because of assumptions (are the results robust or sensitive to 

assumptions?)
	 Any forest plots

•	 Reporting bias3 (Chapters 6 and 7)
	 Funnel plots
	 Tables helping with ROB-ME assessments
	 Text

–	Test for funnel plot asymmetry
–	Risk of reporting bias

•	 Certainty of evidence (Chapter 7)
	 Summary of findings table
	 Text4

Notes:
1 Depending upon the amount of information, you might consider separate tables for description of trial 
participants, intervention versus comparator, and outcomes. For example, if there was variation of 
participants, you might consider a table that contains information on whether different types of participants 
were included in the trial; if there was variation in intervention and comparator, you might provide a table 
that provides detailed description of the intervention and comparator; if there was variation in the outcome 
definition or scales, you might provide a separate table for the outcomes with varied definitions or scales.
2 Outcomes with the same studies included and similar risk of bias in the different domains can be 
combined to avoid repeating the same information multiple times.
3 This can be included under each outcome or can be provided as a different section depending on 
whether the results are similar or different for the outcomes.
4 Certainty of evidence is included under each outcome along with the text description of treatment effect 
for each outcome.
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Table 8.6  ​Information to be included in the main text (discussion and conclusion)

•	 Summary of main results (Chapter 6)
	 This is a synopsis of the results highlighting the major findings

•	 Interpretation of the results
	 This is the section where you discuss what the results mean. You might want to consider 

the following:
–	Interpretation of results (Chapter 7)
–	Alternative interpretations of results: this is guided by the assumptions made and what 

if those assumptions were not true
–	How does the evidence from the results of the systematic review and external evidence 

support your assumptions rather than the assumptions under alternative interpretations 
of results?

–	If the alternative interpretation of results has a high probability of being true, what is 
needed to support or refute the alternate interpretation? This can also help with being 
more precise about the implications of research.

•	 Reliability of the results
	 Strengths and weaknesses of the review process

–	Strengths
	 Efforts made to identify most studies on the topic by searching multiple databases, 

trial registers
	 Two researchers identifying studies and extracting data to minimise errors
	 Appropriateness of the methods used for analysis

–	Weaknesses
	 Any deviation from the planned protocol including the reasons for the deviation and 

the implications on the conclusions
	 Summarise the reasons for downgrading or upgrading the certainty of evidence (Chapter 7)
	 Comment on bias within the studies and reporting bias (although these are part of 

certainty of evidence) (Chapter 7)
	 If the results are unreliable, what additional information or changes to study design are 

necessary to make the results more reliable? Again, this can help with being more precise 
about the implications of research.

•	 Applicability of results
	 Applicability to patients (Chapter 7)
	 Is the intervention available globally?
	 Is there any special expertise or setting required to implement the intervention?
	 Could costs of the intervention or lack of resources be a factor in implementing the 

intervention?
•	 How the findings of this study compare to those of other studies, recommendations or 

policies on the topic
	 Are the findings, recommendations or policies similar or different?
	 If the findings, recommendations or policies on the topic are different, what could be the 

potential reasons for the differences, for example, newer studies, different methodology, 
different interpretation of results?

•	 Conclusions (Chapter 7)
	 Implications for clinical practice
	 Implications for research

–	If applicable, provide the guidance for further research using the PICO framework and 
study design
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References
The citations used for any section of the report should be provided.

Additional information to be provided for reporting systematic reviews
In addition to the information above, you also need to provide information relat-
ing to the registration. This includes the registration number, link to a publicly 
available protocol, link to any information such as the data and code used for 
meta-analysis which are publicly available. [2,3] Some repositories that are pub-
licly available and free for use by the researchers and public include Open Sci-
ence Framework (https://osf​.io​/) and zenodo (https://zenodo​.org​/). Research-
ers can upload their protocol, data and codes in these repositories free and link 
them to the review, to allow replicability of findings by others.

REGISTRATION OF PROTOCOL

In the steps in performing a systematic review outlined in Chapter 2, registration 
of protocol is done after identifying methods for selecting studies, data extrac-
tion, analysis and reporting. Now that we have learnt the best methods for these, 
we can register the protocol.

What is a protocol?
In the context of systematic reviews and meta-analyses, the protocol is a docu-
ment that presents an explicit plan for the review. [13]

What details should a protocol contain?
The protocol details the rationale and methodological and analytical approach 
of the review prior to performing the systematic review and meta-analysis. [13] 
PRISMA for systematic reviews protocol (PRISMA-P) should be followed for the 
protocol. [13,15] Broadly speaking, the sections covered in the background and 
methods are included in a protocol. Of course, in the protocol you detail how you 
will do things rather than how you did things.

What does registration of protocol mean?
Protocol registration means recording the protocol in a database such as PROS-
PERO (www​.crd​.york​.ac​.uk​/prospero​/). The PROSPERO registration involves 
answering questions related to the background and methods sections of the sys-
tematic review. If it is not possible to register the systematic review in PROSPERO, 
for example because the systematic review has no direct implications on the 
healthcare of the individual, you can consider making the protocol publicly 

https://osf.io/
https://zenodo.org/
http://www.crd.york.ac.uk/prospero/
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available via open access journals, Open Science Framework (https://osf​.io​/), 
zenodo (https://zenodo​.org​/), or similar repositories that can be accessed 
publicly.

When should the protocol registration be completed?
We have provided a description of the details about selecting studies, extracting 
data, analysing data, interpreting data and reporting the findings to make you 
aware of the methods to be used in the protocol. This does not mean that the 
registration of protocol is done after completing all the steps. The protocol should 
be registered prior to starting the systematic review; once the search strategy 
has been designed, the protocol should be registered.

SUBSEQUENT STEPS IN CONDUCTING THE SYSTEMATIC REVIEW

These have been covered in detail in Chapters 4, 5, 6 and 7.

SUMMARY

In this chapter, we have provided guidance on how to report a standard sys-
tematic review of intervention and complete a protocol.

Is this the end or the beginning?
This brings us to the end of this book. We hope that this is the beginning of your 
quest for knowledge.
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Appendix
Answers to practice questions

Chapter 1: Introduction to study designs and  
randomised controlled trials

1.	 A case-control study is an observational study. Therefore, the correct 
answer is ‘False’.

2.	 A cohort study is an observational study in which the researcher takes a 
passive role in making measurements on the study subjects. Therefore, the 
correct answer is ‘True’.

3.	 An RCT is an experimental study. Therefore, the correct answer is ‘True’.
4.	 Cohort studies can be prospective or retrospective or could be a 

combination of both. Therefore, the correct answer is ‘True’.
5.	 In an RCT, the researcher applies an intervention and examines its effect. 

Therefore, RCTs are always prospective and the correct answer is ‘True’.

Chapter 2: Introduction to systematic reviews
1.	 Qualitative systematic reviews are systematic reviews of qualitative data 

and are mostly of narrative type. Therefore, the correct answer is ‘False’.
2.	 Meta-analysis without performing a systematic review usually results in 

combining a biased selection of studies to provide a biased result. 
Therefore, the correct answer is ‘False’.

Chapter 3: Determine the research question
1.
	 a.	 Population: people with type II diabetes mellitus
	 b.	 Intervention: exercise in addition to dietary advice
	 c.	 Comparator: dietary advice
	 d.	 Outcome(s): stroke
2.
	 a.	 Population: people with heart attack
	 b.	 Intervention: heart bypass surgery
	 c.	 Comparator: coronary stent
	 d.	 Outcome(s): longevity of life
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Chapter 4: Select the studies
1.	 Please check your answers with the search available at www​

.cochranelibrary​.com​/cdsr​/doi​/10​.1002​/14651858​.CD006338​.pub3​/full

Chapter 5: Extract the data
1.	
	 a.	 Number of patients who died within one year: binary outcome 

(occasionally can be treated as time-to-event outcome)
	 b.	 Number of tonsillitis episodes in six months: count outcome
2.	
	 a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29079379 (deaths, serious adverse 

events, any adverse events all at maximal follow-up available).
	 i.	 Intervention = omarigliptin
	 ii.	 Comparator = placebo

The extracted data are shown in Table A.1.
	 b​.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/28898281 (deaths, serious adverse 

events, any adverse events all at maximal follow-up available).
	 i.	 Intervention = tenofovir disoproxil fumarate (TDF) prophylaxis
	 ii.	 Comparator = observation

The extracted data are shown in Table A.2.
3.	
	 a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29419692 (length of hospital stay, 

VAS scores at 12 months, HRQoL using a validated scale at 12 months).
	 i.	 Intervention = non-operative group
	 ii.	 Comparator = operative group

The extracted data are shown in Table A.3.

Table A.1  ​Extracted data on binary outcomes (publication 1)

Study name Outcome

Number of 
participants 

with outcome 
(intervention)

Total number 
of participants 
(intervention)

Number of 
participants 

with outcome 
(comparator)

Total 
number of 

participants 
(comparator)

Home 2018 Death 0 165 1 164

Home 2018 Serious 
adverse events

5 165 8 164

Home 2018 Any adverse 
events

90 165 99 164

The above information is from Table 3 (Phase A + B). Please note that footnote c of Table 3 indicates that 
there is one death even though it states 0 vs 0 in the table.

http://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006338.pub3/full
http://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006338.pub3/full
http://www.ncbi.nlm.nih.gov/pubmed/29079379
http://www.ncbi.nlm.nih.gov/pubmed/28898281
http://www.ncbi.nlm.nih.gov/pubmed/29419692
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	 b.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29079379 (HRQoL, change in 
HBA1C%, change in plasma fasting glucose, all at 24 weeks).

	 i.	 Intervention = omarigliptin
	 ii.	 Comparator = placebo

The extracted data are shown in Table A.4.
4.	
	 a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29183844 (total number of adverse 

events, total number of serious adverse events, and number of 
hypoglycaemic episodes).

	 i.	 Intervention = Insulin Degludec/Insulin Aspart
	 ii.	 Comparator = Biphasic Insulin Aspart 30

The extracted data are shown in Table A.6.
5.	
	 a.	 www​.ncbi​.nlm​.nih​.gov​/pubmed​/29367198 (time-to-death, time-to-

any postoperative pulmonary complication).
	 i.	 Intervention = physiotherapy education and breathing exercise 

training session
	 ii.	 Comparator = information booklet

The extracted data are shown in Table A.7.
6.	
	 a.	 https://pubmed​.ncbi​.nlm​.nih​.gov​/30988825/ (HRQoL)

The classification of risk of bias is shown in Table A.8.
	 b.	 https://pubmed​.ncbi​.nlm​.nih​.gov​/30912414/ (overall survival)

The classification of risk of bias is shown in Table A.9.

Table A.2  ​Extracted data on binary outcomes (publication 2)

Study name Outcome

Number of 
participants 

with outcome 
(intervention)

Total number 
of participants 
(intervention)

Number of 
participants 

with outcome 
(comparator)

Total 
number of 

participants 
(comparator)

Buti 2017 Death 4 33 5 28

Buti 2017 Serious 
adverse events

8 33 7 28

Buti 2017 Any adverse 
events

9 33 7 28

The above information is from the ‘Adverse events’ section of the text.

http://www.ncbi.nlm.nih.gov/pubmed/29079379
http://www.ncbi.nlm.nih.gov/pubmed/29183844
http://www.ncbi.nlm.nih.gov/pubmed/29367198
https://pubmed.ncbi.nlm.nih.gov/30988825/
https://pubmed.ncbi.nlm.nih.gov/30912414/
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Table A.8  ​Data extraction and classification of risk of bias (publication 1)

RoB 2 Quotes Comments Classification

Bias arising from the 
randomisation process

 As per algorithm Low risk

1.1 Was the allocation sequence 
random?

Randomisation was 
implemented using a 
central computerised 
randomisation 
system managed by 
an independent 
statistician

 Y

1.2 Was the allocation 
sequence concealed until 
participants were enrolled and 
assigned to interventions?

Randomisation was 
implemented using a 
central computerised 
randomisation 
system managed by 
an independent 
statistician

 Y

1.3 Did baseline differences 
between intervention groups 
suggest a problem with the 
randomisation process?

 Table 1 shows no 
evidence of baseline 
differences

PN

Risk of bias due to deviations 
from the intended 
interventions (intention-to-
treat effect)

As per algorithm High risk

2.1. Were participants aware of 
their assigned intervention 
during the trial?

Open label Y

2.2. Were carers and people 
delivering the interventions 
aware of participants’ assigned 
intervention during the trial?

Open label Y

2.3 If Y/PY/NI to 2.1 or 2.2: Were 
there deviations from the 
intended intervention that 
arose because of the trial 
context? 

PN

2.4 If Y/PY to 2.3: Were these 
deviations likely to have 
affected the outcome? 

NA

2.5 If Y/PY/NI to 2.4: Were 
these deviations from intended 
intervention balanced between 
groups? 

NA
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(Continued)

RoB 2 Quotes Comments Classification

2.6 Was an appropriate analysis 
used to estimate the effect of 
assignment to intervention? 

 Authors performed an 
intention-to-treat 
analysis and a 
per-protocol analysis; 
however, it is not clear 
which analyses were 
used for reporting the 
HRQoL

NI

2.7 If N/PN/NI to 2.6: Was there 
potential for a substantial 
impact (on the result) of the 
failure to analyse participants 
in the group to which they 
were randomised? 

 NI

Risk of bias due to deviations 
from the intended 
interventions (per-protocol 
effect)

As per algorithm High risk

2.1. Were participants aware of 
their assigned intervention 
during the trial?

Open label Y

2.2. Were carers and people 
delivering the interventions 
aware of participants’ assigned 
intervention during the trial?

Open label Y

2.3. [If applicable] If Y/PY/NI to 
2.1 or 2.2: Were important 
non-protocol interventions 
balanced across intervention 
groups? 

NI

2.4 [If applicable] Were there 
failures in implementing the 
intervention that could have 
affected the outcome? 

NA

2.5 [If applicable] Was there 
non-adherence to the assigned 
intervention regimen that 
could have affected 
participants’ outcomes? 

PY

2.6 If N/PN/NI to 2.3, or Y/PY/
NI to 2.4 or 2.5: Was an 
appropriate analysis used to 
estimate the effect of adhering 
to the intervention? 

Authors performed an 
intention-to-treat 
analysis and a 
per-protocol analysis; 
however, it is not clear 
which analyses were 
used for reporting the 
HRQoL

NI



A GUIDE TO PERFORMING SYSTEMATIC REVIEWS OF HEALTH AND DISEASE296

RoB 2 Quotes Comments Classification

Risk of bias due to missing 
outcome data

As per algorithm High risk

3.1 Were data for this outcome 
available for all, or nearly all, 
participants randomised? 

10 participants were 
excluded 

PN

3.2 If N/PN/NI to 3.1: Is there 
evidence that the result was 
not biased by missing outcome 
data? 

No sensitivity analysis 
was performed by the 
study authors. As this 
was a continuous 
outcome, there is 
insufficient information 
to perform a sensitivity 
analysis across 
different scenarios

PN

3.3 If N/PN to 3.2: Could 
missingness in the outcome 
depend on its true value? 

Missing data could be 
related to outcomes; for 
example, withdrawals 
could be related to poor 
HRQoL

PY

3.4 If Y/PY/NI to 3.3: Is it likely 
that missingness in the 
outcome depended on its true 
value? 

NI

Risk of bias in measurement 
of the outcome

As per algorithm High risk

4.1 Was the method of 
measuring the outcome 
inappropriate?

HRQoL appears to be 
measured using 
appropriate measures

PN

4.2 Could measurement or 
ascertainment of the outcome 
have differed between 
intervention groups?

The outcomes seemed 
to be measured 
similarly in the two 
groups

PN

4.3 If N/PN/NI to 4.1 and 4.2: 
Were outcome assessors aware 
of the intervention received by 
study participants? 

Open label Y

4.4 If Y/PY/NI to 4.3: Could 
assessment of the outcome 
have been influenced by 
knowledge of intervention 
received? 

HRQoL is a subjective 
outcome

PY

Table A.8  ​Data extraction and classification of risk of bias (publication 1) (Continued)
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(Continued)

RoB 2 Quotes Comments Classification

4.5 If Y/PY/NI to 4.4: Is it likely 
that assessment of the 
outcome was influenced by 
knowledge of intervention 
received? 

NI

Risk of bias in selection of 
the reported result

As per algorithm Some 
concerns

5.1 Were the data that 
produced this result analysed 
in accordance with a pre-
specified analysis plan that 
was finalised before unblinded 
outcome data were available 
for analysis?

No pre-specified 
analysis plan was 
available

NI

5.2 Is the numerical result 
being assessed likely to have 
been selected, on the basis of 
the results, from multiple 
eligible outcome 
measurements (for example, 
scales, definitions, time points) 
within the outcome domain?

No pre-specified analysis 
plan was available. From 
the methods section, it 
appears that various 
HRQoL measures were 
used. Detailed reports 
and figures are available 
only for some (and this 
has been selected based 
on statistical 
significance), but the 
study authors also 
mention that there were 
no statistically significant 
differences in other 
measures. Therefore, it is 
probable that the authors 
mentioned all the 
measures in the report. 
However, you cannot be 
sure as no pre-specified 
analysis plan was 
available. Therefore, a 
classification of NI is also 
acceptable.

PY

5.3 Is the numerical result 
being assessed likely to have 
been selected, on the basis of 
the results, from multiple 
eligible analyses of the data?

No pre-specified 
analysis plan was 
available

NI

Overall risk of bias High risk

Abbreviations: Y = Yes, PY = Probably Yes, N = No, PN = Probably No, NI = No Information, NA = Not Applicable
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Table A.9  ​Data extraction and classification of risk of bias (publication 2)

RoB 2 Quotes Comments Classification

Bias arising from the 
randomisation process

 As per algorithm Low risk

1.1 Was the allocation sequence 
random?

Randomisation was 
performed by 
assigning random 
numbers according to 
the random number 
tables to the 
intervention or control 
group

Y

1.2 Was the allocation 
sequence concealed until 
participants were enrolled and 
assigned to interventions?

Supplementation of 
Omega-3 fatty acids 
(1 g/day) in an oil-fish 
capsule or placebo to 
the intervention or 
control group was 
administered once a 
day along with 
administration of 
three cycles of 
neoadjuvant 
chemotherapy

While the precise 
method of allocation 
concealment was not 
reported, this was a 
double-blinded trial 
and allocation was 
also probably 
achieved by the use of 
placebo

PY

1.3 Did baseline differences 
between intervention groups 
suggest a problem with the 
randomisation process?

Table 1 shows no 
evidence of baseline 
differences

PN

Risk of bias due to deviations 
from the intended 
interventions (intention-to-
treat effect)

 As per algorithm Low risk

2.1. Were participants aware of 
their assigned intervention 
during the trial?

Double-blind RCT…​
placebo

Blinding was achieved 
by the use of placebo

PN

2.2. Were carers and people 
delivering the interventions 
aware of participants’ assigned 
intervention during the trial?

Double-blind RCT… ​
placebo

Blinding was achieved 
by the use of placebo

PN

2.3 If Y/PY/NI to 2.1 or 2.2: Were 
there deviations from the 
intended intervention that 
arose because of the trial 
context? 

NA

2.4 If Y/PY to 2.3: Were these 
deviations likely to have 
affected the outcome? 

NA
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(Continued)

RoB 2 Quotes Comments Classification

2.5 If Y/PY/NI to 2.4: Were 
these deviations from intended 
intervention balanced between 
groups? 

NA

2.6 Was an appropriate analysis 
used to estimate the effect of 
assignment to intervention? 

Drop-out was found in 
this study in neither 
intervention nor 
control groups

All participants were 
included in the 
analysis according to 
the group to which 
they were randomised

Y

2.7 If N/PN/NI to 2.6: Was there 
potential for a substantial 
impact (on the result) of the 
failure to analyse participants 
in the group to which they 
were randomised? 

NA

Risk of bias due to deviations 
from the intended 
interventions (per-protocol 
effect)

 As per algorithm Low risk

2.1. Were participants aware of 
their assigned intervention 
during the trial?

Double-blind RCT… ​
placebo

Blinding was achieved 
by the use of placebo

PN

2.2. Were carers and people 
delivering the interventions 
aware of participants’ assigned 
intervention during the trial?

Double-blind RCT… ​
placebo

Blinding was achieved 
by the use of placebo

PN

2.3. [If applicable] If Y/PY/NI to 
2.1 or 2.2: Were important 
non-protocol interventions 
balanced across intervention 
groups? 

  NA

2.4 [If applicable] Were there 
failures in implementing the 
intervention that could have 
affected the outcome? 

NA

2.5 [If applicable] Was there 
non-adherence to the assigned 
intervention regimen that 
could have affected 
participants’ outcomes? 

During the treatment, 
3 patients suffered 
from diarrhoea and 
the supplementation 
of Omega-3 was 
paused for 5–7 days

It is unlikely that the 
temporary pause in 
the treatment will 
affect the overall 
mortality

PN

2.6 If N/PN/NI to 2.3, or Y/PY/
NI to 2.4 or 2.5: Was an 
appropriate analysis used to 
estimate the effect of adhering 
to the intervention? 

 NA
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RoB 2 Quotes Comments Classification

Risk of bias due to missing 
outcome data

 As per algorithm Low risk

3.1 Were data for this outcome 
available for all, or nearly all, 
participants randomised? 

Drop-out was found in 
this study in neither 
intervention nor 
control groups

All participants were 
included in the 
analysis according to 
the group to which 
they were randomised

Y

3.2 If N/PN/NI to 3.1: Is there 
evidence that the result was 
not biased by missing outcome 
data? 

NA

3.3 If N/PN to 3.2: Could 
missingness in the outcome 
depend on its true value? 

NA

3.4 If Y/PY/NI to 3.3: Is it likely 
that missingness in the 
outcome depended on its true 
value? 

NA

Risk of bias in measurement 
of the outcome

 As per algorithm High risk

4.1 Was the method of 
measuring the outcome 
inappropriate?

There is only one way 
to measure all-cause 
mortality

PN

4.2 Could measurement or 
ascertainment of the outcome 
have differed between 
intervention groups?

The outcome seems to 
have been measured 
similarly in the two 
groups

PN

4.3 If N/PN/NI to 4.1 and 4.2: 
Were outcome assessors aware 
of the intervention received by 
study participants? 

Double-blind RCT… ​
placebo

Blinding was achieved 
by the use of placebo

N

4.4 If Y/PY/NI to 4.3: Could 
assessment of the outcome 
have been influenced by 
knowledge of intervention 
received? 

NA

4.5 If Y/PY/NI to 4.4: Is it likely 
that assessment of the 
outcome was influenced by 
knowledge of intervention 
received? 

NA

Table A.9  ​Data extraction and classification of risk of bias (publication 2) (Continued)
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RoB 2 Quotes Comments Classification

Risk of bias in selection of 
the reported result

 As per algorithm Some 
concerns

5.1 Were the data that 
produced this result analysed 
in accordance with a pre-
specified analysis plan that 
was finalised before unblinded 
outcome data were available 
for analysis?

No pre-specified 
analysis plan was 
available

NI

5.2 Is the numerical result 
being assessed likely to have 
been selected, on the basis of 
the results, from multiple 
eligible outcome 
measurements (for example, 
scales, definitions, time points) 
within the outcome domain?

There is only one way 
to measure all-cause 
mortality

Y

5.3 Is the numerical result 
being assessed likely to have 
been selected, on the basis of 
the results, from multiple 
eligible analyses of the data?

No pre-specified 
analysis plan was 
available

NI

Overall risk of bias   Some 
concerns

Abbreviations: Y = Yes, PY = Probably Yes, N = No, PN = Probably No, NI = No Information, NA = Not 
Applicable
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	 b.	 Long-term mortality

Funnel plot was not created and tests for funnel plot asymmetry were not per-
formed since there were fewer than 10 trials for this outcome.

	 c.	 Length of hospital stay

Figure A.10 ​ Length of hospital stay (funnel plot)
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The p-value for test for funnel plot symmetry was 0.6842.

	 d.	 Number of complications

Funnel plot was not created and tests for funnel plot asymmetry were not per-
formed since there were fewer than 10 trials for this outcome.

Chapter 7: Interpret the results
1.	 There is no evidence of difference in the short-term mortality between 

Surgery_1 and Surgery_2 since the odds ratio is 0.35 with a 95% CI of 0.04 
and 3.32, which overlaps 1 which is the line of no effect for ratios. This can 
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be interpreted as the odds of dying if the patient has undergone Surgery_1 
is 35% lower (96% lower to 232% higher) than that of patients undergoing 
Surgery_2. The test for overall effect also shows that there is no significant 
difference between the two groups according to the random model. There 
was no evidence of heterogeneity based on I2, Chi2 test for heterogeneity 
(P = 1.0), and overlap of CI.

2.	 The ICEMAN tool was used to assess the credibility of this subgroup 
analysis. The assessments are as follows.

	 a.	 Is the effect modification based on comparison within rather than 
between RCTs?

‘Completely between’: subgroup analysis performed using only study-level 
data (this is evidenced from the study names).

	 b.	 If two or more within-trial comparisons are available, is the effect 
modification similar from trial to trial?

Not applicable.
	 c.	 For between-RCT comparisons, is the number of studies large?

‘Very small’: 2 in the smallest subgroup.
	 d.	 Was the direction of effect modification correctly hypothesised a 

priori?
‘Definitely no’: Surgery_1 was hypothesised to be more beneficial for pan-
creatic cancer than ampullary cancer. In the results, Surgery_1, the long-
term mortality was 9.02 and 3.12 with pancreatic cancer and ampullary 
cancers, that is, all participants receiving Surgery_1 fared worse than those 
receiving Surgery_2, but this was worse in participants with pancreatic can-
cer than in participants with ampullary cancer.

	 e.	 Does a test for interaction suggest that chance is an unlikely 
explanation of the apparent effect modification?

‘Chance a likely explanation’: Test for subgroup differences was p = 0.02
	 f.	 Did the authors test only a small number of effect modifiers or consider 

the number in their statistical analysis?
‘Definitely yes’: This was one of the three planned subgroup analyses.

	 g.	 Did the authors use a random-effects model?
‘Definitely yes’: Random-effects model was used.

	 h.	 If the effect modifier is a continuous variable, were arbitrary cut points 
avoided?

Not applicable.
Overall credibility: Low credibility: reasons a, c, d and possibly e had possi-
bly reduced credibility.

3.	 Sensitivity analysis did not change the statistical or clinical interpretation 
of the treatment effects. Therefore, the meta-analysis results were robust to 
the assumption about means and standard deviations.
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4.	 There was no asymmetry around the plane of symmetry (the summary 
estimate).

5.	 The 95% CI of random-effects model were 0.04 and 3.32. This included 
0.85 and 1.15, indicating a 0.15 decrease and 0.15 increase in relative odds. 
This suggests that there is ‘no evidence of clinically important difference’.

6.	 There was downgrading or upgrading for the following aspects.
	 a.	 Risk of bias: Downgraded one level as there was moderate risk of bias 

which could affect the estimates.
	 b.	 Heterogeneity: No downgrading as there was no heterogeneity 

suggested by I2, Chi2 test for heterogeneity, and good overlap of CI.
	 c.	 Indirectness: No downgrading as there were no concerns about 

applicability to patients.
	 d.	 Imprecision: Downgraded one level as the treatment effect indicated 

‘no evidence of clinically important difference’ and although the 
sample size calculations were not available, the total number of 
participants included in the analysis was in excess of 4,000.

	 e.	 Publication bias: No downgrading as there was no evidence of 
reporting bias.

	 f.	 Large magnitude of effect: No upgrading as the lower CI were above 2 
and upper CI were not below 0.5.

	 g.	 Dose-response gradient: No upgrading as this was a comparison 
involving two surgeries.

	 h.	 Effect of plausible residual confounding: No upgrading as the studies 
were all RCTs.

	 i.	 Overall certainty: Low certainty evidence (two levels of downgrading 
in total without any levels of upgrading resulted in decreasing two 
categories from high certainty to low certainty).
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intention-to-treat effect, 150–1
See also bias, due to deviations from 

intended interventions
intervention, 39–41

mean, 134
median, 135
meta-analysis

data extraction (Cont.)



Index 317

advantages of, 176
deciding study designs to include, 192
deciding the effect measure, model, 

and method, 193–201
deciding whether meta-analysis is 

appropriate, 178–81
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This practical guide to performing systematic reviews in a healthcare 
context provides a step-by-step approach for students and health 

professionals. Using free, open source software to extract data and perform 
the necessary meta-analyses, this guide navigates the process of reviews, 
from study design and randomised controlled trials to interpreting results 

and reporting your findings.

Each chapter includes an overview, learning outcomes and practice questions. 
Aimed particularly at those who do not have an extensive statistical background, 

it will help enable you to confidently perform high quality systematic reviews.
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the basics of study design, an introduction to systematic reviews and how 
to identify an important research question. This is an essential read and 

step-by-step guide for early enthusiasts in systematic reviews.’
Brian R. Davidson, Royal Free Hospital

‘This textbook on systematic reviews is an indispensable reference for novice 
researchers…The clear explanations and structured approach make complex 
concepts accessible, ensuring that even beginners can confidently navigate 
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deepen their understanding of research methodologies.’
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