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All health researchers should begin their training
by preparing at least one systematic review
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One of the founding principles of evidence-based
medicine is to use the best available evidence to
inform decisions made by patients and clinicians.1

Systematic reviews have made significant contribu-
tions to the pool of best available evidence by system-
atically gathering, appraising and summarising
evidence to answer a given healthcare question.2

Indeed, the current UK Chief Medical Officer,
Dame Sally Davies, has emphasised that ‘by remov-
ing uncertainties in science and research, systematic
reviews ensure that only the most effective and best
value interventions are adopted by the NHS and
social care providers’.3

The value of systematic reviews in
healthcare

One of the largest collections of systematic reviews
can be found in the Cochrane Library, where reviews
are periodically updated to reflect new research.4 The
well-known Cochrane logo depicts a real example of
the value of systematically pooling data for meta-
analysis, in this case demonstrating the clear benefit
of corticosteroids in accelerating maturation in pre-
term babies.5,6

As well as providing benefits, systematic reviews
can protect patients from harm. Despite growing evi-
dence from the 1960s, a significant proportion of par-
ents were still placing their babies to sleep on their
front, an activity that extended into the 1990s.
In 2005, a systematic review of observational studies
showed a more than four-fold increase in deaths asso-
ciated with the prone position compared with sleep-
ing supine.6 This conclusion could (and should) have
been demonstrated, with statistical certainty, 35 years
before had a systematic search and pooling of avail-
able evidence been carried out – it has been estimated
that tens of thousands of cot deaths could have been
prevented had this been done.7 As another example,
individual studies of rosiglitazone, used to treat type

2 diabetes, failed to pick up an increased risk of myo-
cardial infarction associated with the drug. This
became apparent from a systematic review, which
ultimately led to withdrawal of the drug from the
European market, despite its having been available
for over 10 years before this.8

Systematic reviews reduce research waste

It has been estimated that as much as 85% of
research investment is being avoidably ‘wasted’.9

This estimate was based on the knowledge that
about 50% of clinical trials are never published. Of
the remaining 50%, at least 25% are not sufficiently
clear, complete and accurate for others to interpret,
use or replicate. Of the final 25%, only about half will
have been designed and executed well enough to have
confidence in using their results in making clinical
decisions. A recent series of articles has highlighted
the steps to which researchers can go to reduce this
waste and increase the value of their work.10 One of
the recommendations was that new research should
not be undertaken before systematic assessment of
what is already known or being researched. If it is
possible that the research question can be answered
adequately using existing evidence, there should be
no need to carry out a comparatively expensive new
clinical trial, that is simply not needed, rather than a
much less expensive evidence synthesis.11

Unnecessary research not only wastes resources
but, more importantly, can harm patients. This is
powerfully illustrated by the technique of cumulative
meta-analysis. Whereas a traditional forest plot may
order studies alphabetically or chronologically, a
cumulative meta-analysis will generate a new sum-
mary effect size and confidence interval each time a
new study is added to the pool.12,13 Lau et al.12

applied this technique to clinical trials of streptokin-
ase treatment for acute myocardial infarction, anti-
biotic prophylaxis to reduce perioperative mortality
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for colorectal surgery and endoscopic treatment of
upper gastrointestinal bleeding; in each case, they
showed that evidence for efficacy would have been
apparent, through systematic assessment, years
before it was suspected. Their examples illustrate
how patients enrolling into clinical trials, after efficacy
could have been demonstrated, were being denied
potentially lifesaving interventions. To prevent this,
the authors recommended that a new meta-analysis
be conducted each time data from a new trial becomes
available. This would be the ‘best way to utilize the
information that can be obtained from clinical trials to
build evidence for exemplary medical care’. The point
was further emphasised by Antman et al.,14 who
demonstrated that recommendations made by experts,
e.g. in medical textbooks, frequently lagged behind
meta-analytical evidence from pooling randomised
controlled trials.

Nearly 10 years after that recommendation, there
are still examples of how failures to heed that advice
have repeatedly led to patient harm. Rofecoxib
(Vioxx), which was originally marketed as a safer

alternative to existing non-steroidal anti-inflammatory
drugs, was withdrawn from the market in 2004 after
concerns emerged of an increased risk of cardiovascu-
lar events, notably myocardial infarction. A systematic
review of published clinical studies of rofecoxib, con-
ducted before the September 2004 withdrawal, identi-
fied 18 randomised controlled trials, all sponsored by
the manufacturer.15 Cumulative meta-analysis of these
trials showed that had a systematic review and meta-
analysis of accumulating evidence been conducted by
the end of 2000, it would have been clear that rofe-
coxib was associated with a higher incidence of myo-
cardial infarction (Figure 1). Several thousands of
participants in the studies conducted after 2000 were
randomised into trials when a clear harm could (and
should) already have been detected.

Clinical trials should begin and end with a
systematic review

Identifying, or carrying out, a systematic review
before embarking on any new primary research is

Figure 1. When should trials of Vioxx have stopped? Cumulative meta-analysis of randomised trials comparing rofecoxib with control.

Source: Image reproduced from reference 15 with permission from publisher.
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becoming seen by research funders as an essential
early step. Prospective applicants to National
Institute for Health Research (NIHR) funding are
now recommended to ensure that all proposals for
primary research are supported by the findings of
systematic reviews of the relevant existing literature.
This may include identifying relevant existing system-
atic reviews or carrying out an appropriate review
and summarising the findings for the application.16

Researchers who identify a clear need for new studies
should use information gained from their systematic
review to inform the design, analysis and conduct of
their study. This is an essential part of the ‘Adding
Value in Research Framework’ (Figure 2), which
builds on previous work to reduce research waste.9

An analysis of trials funded during 2013 by the
NIHR Health Technology Assessment (HTA) pro-
gramme showed that all of them had been informed
by one or more systematic reviews.17 The reasons that
a systematic review was used varied, but by far the
most common reason was to justify treatment com-
parisons. Other reasons included obtaining informa-
tion about adverse events: defining outcomes, and
other aspects of study design, such as recruitment
and consent (Table 1).

While the prevalence of authors referring to a sys-
tematic review in the rationale for a new clinical trial
has improved, the same cannot be said for integration
of new trial data in updated systematic reviews.
Clarke et al. identified randomised trials in five

general medical journals in May 1997 (n¼ 26), May
2001 (n¼ 33), May 2005 (n¼ 18) and May 2009
(n¼ 29) and found that there had been no notable
improvement over time in the extent to which authors
interpreted their new data in the context of up-to-
date systematic reviews.18

Opportunities for improvement

There are scientific, ethical and economic reasons for
considering a systematic review before and after
embarking on further primary research. While there
has been some progress in universally adopting these
principles, there are still large opportunities for
improvement. For this to be accelerated, the follow-
ing recommendations should be considered. First, all
health researchers should be encouraged and sup-
ported to complete at least one relevant systematic
review, at the start of their training, although there
should be conditions to this. These include that the
review should seek to answer a relevant and needed
question. Health researchers should also ensure that
their review is entered into an international prospect-
ive register of systematic reviews, such as
PROSPERO.19 Researchers conducting their first
systematic review should be supervised by more
experienced reviewers and information specialists to
ensure that process of conducting the review is not
done in isolation and instead acts as a high-quality
training opportunity. Furthermore, the type of review

Figure 2. National Institute for Health Research adding value in research framework (Reproduced with permission from http://

www.nets.nihr.ac.uk/about/adding-value-in-research).
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should ideally reflect their future planned work,
whether quantitative or qualitative. These steps
alone should ensure that there is value, rather than
waste, in this recommendation. Obvious candidates
for this are those embarking on doctoral training
schemes, and it should be the responsibility of fun-
ders of these schemes and their host institutions to
support this activity. There are several learning
advantages to providing this training early on. A sys-
tematic review will offer inexperienced researchers the
opportunity to gain transferable research skills that
will provide significant value throughout their career.
Examples of these skills include how to formulate a
relevant research question, how to search for evi-
dence, familiarity with a variety of study designs, crit-
ical appraisal skills that tease out the internal and
external validity of a study and assess for quality
and bias, data synthesis and an ability to discuss
the implications of the findings for both future
research and clinical practice. Researchers keen on
then carrying out a prospective primary study can
use the skills, and the results, gained from carrying
out their review to design and inform the future
study. Subsequent skills, such as how to recruit par-
ticipants into a trial or how to complete an ethics
application, are likely to be better informed from
first having a systematic understanding of the existing
literature. Supporting this training will build capacity

and capability in a field short of systematic reviewers,
a vision shared by funders such as the NIHR.3

Second, funders of clinical trials should make it a
prerequisite of awards that investigators not only
use a systematic review to inform their trial but also
complete their trial with a demonstration of how the
new data add to the existing evidence. This would not
necessarily have to be in the form of a full systematic
review (although this would be advantageous), but
could take the form of a brief review, something
that may become easier as automated technology
responds to this need. Finally, journals and more spe-
cifically peer-reviewers (i.e. the research community)
must give greater attention to ensuring that authors
of any new published clinical trials follow recommen-
dations to provide readers with sufficient information
to assess how the new evidence fits in with existing
evidence. Although the CONSORT checklist includes
a recommendation that authors should discuss
whether their ‘interpretation [is] consistent with
[their] results, balancing [the] benefits and harms,
and considering other relevant evidence’, it is possible
that the need to place the new data in the context of a
systematic review need to be more explicit. Despite
the many improvements in reporting of randomised
controlled trials that CONSORT statement has
brought, completeness of reporting still remains
sub-optimal.20

Conclusions

Judging the point at which justified replication is
needed before it becomes wasteful duplication will
often be challenging. And like many aspects of scien-
tific research, there are no guarantees that using a
systematic review to inform or contextualise a new
trial will lead to better trials.

Nevertheless, the history of clinical research con-
tains numerous examples of failures to consider, con-
duct and use systematic reviews, which have caused
patients to be exposed to potential harms, as well as
wasted resources in carrying out unnecessary clinical
trials. Equipped with the correct training, researchers
who apply for funding of any new primary study, or
indeed on completion of their work, should ensure
that they incorporate a systematic review before
and after their clinical trial. It would be ‘ethically,
scientifically and economically indefensible’ not to.11
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Table 1. The range of reasons why researchers use systematic

reviews in prospective trial design.17

Reasons

� Assess the risk of possible adverse events

� Choice of frequency/dose

� Duration of follow-up

� Estimating the control group event rate

� Estimating the difference to detect or margin of

equivalence

� Inform standard deviation

� Intensity of interventions

� Justification of prevalence

� Justification of treatment comparison

� Recruitment and consent

� Route of intervention

� Selection of definition or outcome

� Withdrawal rate
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