2 Principles of and
procedures for
systematic reviews
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Summary points

e Reviews and meta-analyses should be as carefully planned as any
other research project, with a detailed written protocol prepared in
advance.

e The formulation of the review question, the a priori definition of
eligibility criteria for trials to be included, a comprehensive search for
such trials and an assessment of their methodological quality, are
central to high quality reviews.

e The graphical display of results from individual studies on a common
scale (“Forest plot”) is an important step, which allows a visual
examination of the degree of heterogeneity between studies.

e There are different statistical methods for combining the data in
meta-analysis but there is no single “correct” method. A thorough
sensitivity analysis should always be performed to assess the robust-
ness of combined estimates to different assumptions, methods and
inclusion criteria and to investigate the possible influence of bias.

¢ When interpreting results, reviewers should consider the importance
of beneficial and harmful effects of interventions in absolute and rela-
tive terms and address economic implications and implications for
future research.

Systematic reviews allow a more objective appraisal of the evidence than
tre.lditional narrative reviews and may thus contribute to resolve uncer-
tainty when original research, reviews and editorials disagree. Systematic
Teviews are also important to identify questions to be addressed in furure
studies. As will be discussed in the subsequent chapter, ill conducted
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reviews and meta-analyses may, however, be biased due to exclusion of
relevant studies, the inclusion of inadequate studies or the inappropriate
statistical combination of studies. Such bias can be minimised if a few
basic principles are observed. Here we will introduce these principles
and give an overview of the practical steps involved in performing
systematic reviews. We will focus on systematic reviews of controlled
trials but the basic principles are applicable to reviews of any type of
study (see Chapters 12-14 for a discussion of systematic reviews of
observational studies). Also, we assume here that the review is based on
summary information obtained from published papers, or from the
authors. Systematic reviews and meta-analyses based on individual
patient data are discussed in Chapter 6. We stress that the present
chapter can only serve as an elementary introduction. Readers who want
to perform systematic reviews should consult the ensuing chapters and

consider joining forces with the Cochrane Collaboration (see Chapters
25 and 26).

Developing a review protocol

Systematic reviews should be viewed as observational studies of the
evidence. The steps involved, summarised in Box 2.1, are similar to any
other research undertaking: formulation of the problem to be addressed,
collection and analysis of the data, and interpretation of the results.
Likewise, a detailed study protocol which clearly states the question to
be addressed, the subgroups of interest, and the methods and criteria 1o
be employed for identifying and selecting relevant studies and extracting
and analysing information should be written in advance. This is impor-
tant to avoid bias being introduced by decisions that are influenced by
the data. For example, studies which produced unexpected or undesired
results may be excluded by post hoc changes to the inclusion criteria.
Similarly, unplanned data-driven subgroup analyses are likely to pro-
duce spurious results.!? The review protocol should ideally be conceived
by a group of reviewers with expertise both in the content area and the
science of research synthesis.

Objectives and eligibility criteria

The formulation of detailed objectives is at the heart of any research
project. This should include the definition of study participants, inter-
ventions, outcomes and settings. As with patient inclusion and exclusion
criteria in clinical studies, eligibility criteria can then be defined for the
type of studies to be included. They relate to the quality of trials and to
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Box 2.1 Steps in conducting a

3

Formulate review question

Define inclusion and exclusion
criteria

participants

interventions and comparisons
outcomes

study designs and methodologi-
cal quality

Locate studies (see also
Chapter 4)

Develop search strategy considering

the following sources:

The Cochrane Controlled Trials
Register (CCTR)

electronic databases and trials
registers not covered by CCTR

o checking of reference lists
e handsearching of key journals
e personal communication with

experts in the field

4 Select studies

have eligibility checked by more
than one observer

develop strategy to resolve dis-
agreements

keep log of excluded studies,
with reasons for exclusions

Assess study quality (see also
Chapter 5)

consider assessment by more
than one observer

use simple checklists rather than
quality scales

always assess concealment of

systematic review*

treamment  allocation, blinding
and handling of patient aturition

consider blinding of observers to
authors, institutions and journals

Extract data

design and pilot data extraction
form :
consider data extraction by more
than one observer

consider blinding of observers to
authors, institutions and journals

Analyse and present results
(see also Chapters 8-11, 15, 16)
tabulate results from individual
studies

examine forest plot

explore possible sources of hetero-
geneity

consider meta-analysis of all trials
or subgroups of trials

perform  sensitivity  analyses,
examine funnel plots

make list of excluded studies
available to interested readers

Interpret results (see also
Chapters 19-24)

consider limitations, including
publication and related biases
consider strength of evidence
consider applicability

consider numbers-needed-to-treat
to benefit / harm

consider economic implications
consider implications for future
research

* Points 1-7 should be addressed in the review protocol.
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the combinability of patients, treatments, outcomes and lengths of
follow-up. As discussed in detail in Chapter 5, quality and design
features of clinical trials can influence the results.>S Ideally, only
controlled trials with proper patient randomisation which report on all
initially included patients according to the intention-to-treat principle
and with an objective, preferably blinded, outcome assessment would be
considered for inclusion.® Formulating assessments regarding study
quality can be a subjective process, however, especially since the
information reported is often inadequate for this purpose.’!? It is there-
fore generally preferable to define only basic inclusion criteria, to assess
the methodological quality of component studies, and to perform a
thorough sensitivity analysis, as illustrated below.

Literature search

The search strategy for the identification of the relevant studies
should be clearly delineated. As discussed in Chapter 4, identifying
controlled trials for systematic reviews has become more straightforward
in recent years. Appropriate terms to index randomised trials and con-
trolled trials were introduced in the widely used bibliographic databases
MEDLINE and EMBASE by the mid 1990s. However, tens of
thousands of trial reports had been included prior to the introduction of
these terms. In a painstaking effort the Cochrane Collaboration checked
the titles and abstracts of almost 300000 MEDLINE and EMBASE
records which were then re-tagged as clinical trials if appropriate. It was
important to examine both MEDLINE and EMBASE because the over-
lap in journals covered by the two databases is only about 34%."' The
majority of journals indexed in MEDLINE are published in the US
whereas EMBASE has better coverage of European journals (see Box
4.1 in Chapter 4 for a detailed comparison of MEDLINE and
EMBASE). Re-tagging continues in MEDLINE and EMBASE and
projects to cover other databases are ongoing or planned. Finally, thou-
sands of reports of controlled trials have been identified by manual
searches (“handsearching”) of journals, conference proceedings and
other sources.

All trials identified in the re-tagging and handsearching projects have
been included in the The Cochrane Conrrolled Trials Register which is
available in the Cochrane Library on CD ROM or online (see Chapter
25). This register currently includes over 250000 records and is clearly
the best single source of published trials for inclusion in systematic
reviews. Searches of MEDLINE and EMBASE are, however, still
required to identify trials that were published recently (see the search
strategy described in Chapter 4). Specialised databases, conference pro-
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ceedings and the bibliographies of review article.s, monographs 31:1d the
Jocated studies should be scrutinised as well. Flpally, the: searching by
hand of key journals should be considered, keeping in mind tbat many
.ournals are already being searched by the Cochrane Colllaborat10n..

] The search should be extended to include unpublished studies, as
their results may systematically differ from publisl?ed trials. As .discusse.d
in Chapter 3, a systematic review which is restnct.ed tq publlsl.led e§v1—
dence may produce distorted results due to publication l;)las. Registration
of trials at the time they are established (and before their results become
gnown) would eliminate the risk of publication bias.'> A number of such
registers have been set up in recent years and access t? thesF: has
improved, for example through the Cochrane Collaboration’s .Reguzer. of
Registers or the internet-based mezaRegister of Controlled Trials which
has been established by the publisher Current Science (see Chapter§ 4
and 24). Colleagues, experts in the field, contacts in the pharmaceutical
industry and other informal channels can also be important sources of
information on unpublished and ongoing trials.

Selection of studies, assessment of methodological
quality and data extraction

Decisions regarding the inclusion or exclusion of individual studies
often involve some degree of subjectivity. It is therefore useful to have
two observers checking eligibility of candidate studies, with disagree-
ments being resolved by discussion or a third reviewer.

Randomised controlled trials provide the best evidence of the efficacy
of medical interventions but they are not immune to bias. Studies relat-
ing methodological features of trials to their results have shown that trial
quality influences effect sizes.*>!* Inadequate concealment of treatment
allocation, resulting, for example, from the use of open random number
tables, is on average associated with larger treatment effects.*>!> Larger
effects were also found if trials were not double-blind.? In some
instances effects may also be overestimated if some participants, for
example, those not adhering to study medications, were excluded from
the analysis.!*!¢ Although widely recommended, the assessment of the
methodological quality of clinical trials is a matter of ongoing debate.”
This is reflected by the large number of different quality scales and
checklists that are available.!™'” Empirical evidence!® and theoretical
considerations'® suggests that although summary quality scores may in
some circumstances provide a useful overall assessment, scales should
not generally be used to assess the quality of trials in systematic reviews.
Rather, as discussed in Chapter 5, the relevant methodological aspects
should be identified in the study protocol, and assessed individually.
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Again, independent assessment by more than one observer is desirable.

Blinding of observers to the names of the authors and their institutions, ~B| o o% o waldl fan 0252898 %w § 2,3, o
the names of the journals, sources of funding and acknowledgments g|g Fxgg:;:§N52:faffaff:f:f:f:gffjﬁggg'
should also be considered as this may lead to more consistent assess- 2|13 EEEESESS REZCoRR2R RS REERRRAENs=A3
ments.!® Blinding involves photocopying of papers removing the title s 2
page and concealing journal identifications and other characteristics with g é g - ©
a black marker, or scanning the text of papers into a computer and i 28| A 0 a9 R0 E PN SRR E ® 5 o
preparing standardised formats.22! This is time consuming and poten- ERE R e P R R N TR h g ¢ S% TI8RD
tial benefits may not always justify the additional costs.? g Eg ﬁ?\BFg:gﬁg:Q@@Q%SSaQ@ﬁS@R%R—a~—?w<?:<r
It is important that two independent observers extract the data, so errors b
can be avoided. A standardised record form is needed for this purpose. s
Data extraction forms should be carefully designed, piloted and revised if S g
necessary. Electronic data collection forms have a number of advantages, - ::i: sk 5 gl
including the combination of data abstraction and data entry in one step, ?5_ R - - I B L 888008088 80808 g 2
and the automatic detection of inconsistencies between data recorded by A KRR RS R R R P R RIS A S S e b
different observers. However, the complexities involved in programming f
and revising electronic forms should not be underestimated.?? bz §
g 15 ¢
5 |53
Presenting, combining and interpreting results E % fg:é s HEEEEES 555 JEESEEEEES 5B 8885
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Once studies have.been selected, critically appraised and data % Eggﬁgggggg;gg5555355555555555555555
extracted the characteristics of included studies should be presented in % -
tabular form. Table 2.1 shows the characteristics of the long term trials o 2
that were included in a systematic review?! of the effect of beta blockade 5 g
in secondary prevention after myocardial infarction (we mentioned this _? T -
example in Chapter 1 and will return to it later in this chapter). i 3 ;‘i i T AN P M & JRCRGEIN A A
Freemantle ez al®* included all parallel group randomised trials that g AT NmNaQm o mom o am T
examined the effectiveness of beta blockers versus placebo or alternative bt —- . 5 S = E == =
treatment in patients who had had a myocardial infarction. The authors 73 _3838%.__3 —g < _ < % _ 2 Tg: ?S % T; — '§ < -E _ '5 'g < ke —Z: Tﬁ 2 TE:
searched 11 bibliographic databases, including dissertation abstracts and E " _“; % % %TS% % EE% g g Ez; EE ‘95;‘5 EE &3 g EE gg? EE’ g
grey literature databases, examined existing reviews and checked the 3 |2 |gE5Es¢E g .‘ég &8 ‘Eg EgEE gé g g2 g% E <2 E 585523 &
reference lists of each identified study. Freemantle ez al. identified 31 & A |mc<cac<zacasbhans
trials of at least six months’ duration which contributed 33 comparisons 2l loerrree2928sa 0N EeRItessE8e80828
of beta blocker with control groups (Table 2.1). ° $ 2222222822228 2R RS nsmns
4 l
2 E g
Standardised outcome measure g | é .3 3 = %z
Individual results have to be expressed in a standardised format to % _‘é T% % g " E’ ) g
allow for comparison between studies. If the endpoint is binary (e.g- - € ¢ . 2fcc S 2 f’f
disease versus no disease, or dead versus alive) then relative risks or Sl | B¥EE §E TTESS Lowl £2, =, TR s 2
v ' ) L 18 {5cE58 . ESZcbBuwgES 8 ~5308¢
odds ratios are often calculated. The odds ratio has convenient mathe- 2§ |£EEZZ52E555828 25 TRE£280ETEEH5E955¢8
matical properties, which allow for ease in the combination of data and B2 BYEES SRS ES T ARCE IS HSL AN ANV AMS
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the testing of the overall effect for statistical significance, but, as dis-
cussed in Box 2.2, the odds ratio will differ from the relative risk if the
outcome is common. Relative risks should probably be prefered over
odds ratios because they are more intuitively comprehensible to most
people.?52¢ Absolute measures such as the absolute risk reduction or the
number of patients needed to be treated for one person to benefit?’ are
more helpful when applying results in clinical practice (see below). If
the outcome is continuous and measurements are made on the same
scale (e.g. blood pressure measured in mm Hg) the mean difference
between the treatment and control groups is used. If trials measured
outcomes in different ways, differences may be presented in standard
"deviation units, rather than as absolute differences. For example, the
efficacy of non-steroidal antiinflammatory drugs for reducing pain in
patients with rheumatoid arthritis was measured using different scales.?®
The choice and calculation of appropriate summary statistics is covered
in detail in Chapters 15 and 16.

Graphical display

Results from each trial are usefully graphically displayed together with
their confidence intervals in a “forest plot”, a form of presentation
developed in the 1980s by Richard Peto’s group in Oxford. Figure 2.1
represents the forest plot for the trials of beta-blockers in secondary pre-
vention after myocardial infarction which we mentioned in Chapter 1.2
Each study is represented by a black square and a horizontal line which
correspond to the point estimate and the 95% confidence intervals of
the relative risk. The 95% confidence intervals would contain the true
underlying effect in 95% of the occasions, if the study was repeated
again and again. The solid vertical line corresponds to no effect of treat-
ment (relative risk 1-0). If the confidence interval includes 1, then the
difference in the effect of experimental and control therapy is not
statistically significant at conventional levels (P > 0-05). The confidence
interval of most studies cross this line. The area of the black squares
reflects the weight of the study in the meta-analysis (see below).

A logarithmic scale was used for plotting the relative risk in Figure
2.2. There are a number of reasons why ratio measures are best plotted
on logarithmic scales.?® Most importantly, the value of a risk ratio and
its reciprocal, for example 0-5 and 2, which represent risk ratios of the
same magnitude but opposite directions, will be equidistant from 1-0.
Studies with relative risks below and above 1-0 will take up equal space
on the graph and thus visually appear to be equally important. Also,
confidence intervals will be symmetrical around the point estimate.
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Box 2.2 Odds ratio or relative risk?

Odds ratios are often used in order to bring the_ results of differer.lt trials
into a standardised format. What is an odds ratio and how doe§ it relate
to the relative risk? The odds is defined as the number of patients 'who
fulfill the criteria for a given endpoint divided by the number of pa.uents
who do not. For example, the odds of diarrhoea during treatment .thh an
antibiotic in a group of 10 patients may be 4 10 6 (4 wn_h diarrhoea
divided by 6 without, 0-66), as compared 10 1 to 9.(0-11) in a control
group. A bookmaker (a person who takes bets, especially on horse-rgces,
calculates odds, and pays out winnings) would, of course, refer' to this as
gine to one. The odds ratio of treatment to conitrol group m this example
is 6 (0-66 divided by 0-11). The risk, on the other hamzi, is calculated as
the number of patients with diarrhoea divided by all patients. It would pe
4 in 10 in the treatment group and 1 in 10 in the control grqup, 'for a risk
ratio, or a relative risk, of 4 (0-4 divided by 0-1). As shown in I'.‘xgure 2.1,
the odds ratio will be close to the relative risk if the endpomt' occurs
relatively infrequently, say in less than 15%. If the outcome '15 more
common, as in the diarrhoea example, then the odds ratio will differ
increasingly from the relative risk. The choice of binary outcome measures
is discussed in detail in Chapter 16.

Odds ratio
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to detect heterogeneity among results, then it is assumed that the
differences observed berween individual studies are a consequence of
sampling variation and simply due to chance. A chi-square test of
homogeneity gives P = 0-25 for the beta-blocker trials but P < 0-001 for
the BCG trials. The BCG trials are an extreme example, however, and
a major limitation of statistical tests of homogeneity is their lack of
power — they often fail to reject the null hypothesis of homogeneous
results even if substantial inter-study differences exist. Reviewers should
therefore not assume that a non-significant test of heterogeneity
excludes important heterogeneity. Heterogeneity between study results
should not be seen as purely a problem for systematic reviews, since it
also provides an opportunity for examining why treatment effects
differ in different circumstances, as discussed below and in Chapters 8
and 9.

Methods for estimating a combined effect estimate

If, after careful consideration, a meta-analysis 1s deemed appropriate,
the last step consists in estimating an overall effect by combining the
data. Two principles are important. Firstly, simply pooling the data
from different studies and treating them as one large study would fail to
preserve the randomisation and introduce bias and confounding. For
example, a recent review and “meta-analysis” of the literature on the
role of male circumcision in HIV transmission concluded that the risk
of HIV infection was lower in uncircumcised men.* However, the
analysis was performed by simply pooling the data from 33 diverse
studies. A re-analysis stratifying the data by study found that an intact
foreskin was in fact associated with an increased risk of HIV infection.*
Confounding by study thus led to a change in the direction of the
association (a case of “Simpson’s paradox” in epidemiological
parlance®”). The unit of the trial must therefore always be maintained
when combining data.

Secondly, simply calculating an arithmetic mean would be inappro-
priate. The results from small studies are more subject to the play of
chance and should, therefore, be given less weight. Methods used for
meta-analysis employ a weighted average of the results in which the
larger trials generally have more influence than the smaller ones. There
are a variety of statistical techniques available for this purpose (see
Chapter 15), which can be broadly classified into two models.*® The
difference consists in the way the variability of the results between the
studies is treated. The “fixed effects” model considers this variability as
exclusively due to random variation and individual studies are simply
weighted by their precision.” Therefore, if all the studies were infinitely
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o they would give identical results. The main alternative, the “random
1arg~ » model,*® assumes a different underlying effect for each study and
o this 1nto consideration as an additional source of variation. Effects
take:s,sumed 10 be randomly distributed and the central point of this
aljetribution is the focus of the combined effect estimate. The random
:;ects model leads to relatively more weight being given to smaller
studies and 10 wider confidence intervals than the ﬁxc?d effech model.
The use of random effects models has been advoca{ed if there is hetero-
geneity between study results. This is problemanc,. however. Rather
than simply ignoring it after applying some .st.ansncal model, the
approach 10 heterogeneity should be to scrutinise, and attempt to

H 't'30,31
ex;\)xl/?liﬁel neither of the two models can be said to be “correct”, a sub-
stantial difference in the combined effect calculated by the fixed and
random effects models will be seen only if studies are marke_c_ily hete}'o—
geneous, as in the case of the BCG trials (Table 2.2)..Co¥nbmmg trials
using a random effects model indicates that BCG vaccination halves the
the risk of tuberculosis, whereas fixed effects ana1y51s'1nd1cates thaF the
risk is only reduced by 35%. This is essentially explained by the dlffgr-
ent weight given to the large Madras trial which showed no protective
effect of vaccination (41% of the total weight with fixed effects model,
10% with random effects model, Table 2.2). Both analyses are probably
misguided. As shown in Figure 2.2, BCG vaccination appears to be
effective at higher latitudes but not in warmer regions, possibly because

Table 2.2 Meta-analysis of trials of BCG vaccination to prevent tubercylosxs
using a fixed effects and random effects model. Note the dlff_erences ;51 the
weight allocated to individual studies. The raw data (from Colditz et al.®?) are
given in Chapter 18.

Trial Relative risk Fixed effects Random effects
(95% CI) weight (%) weight (%)
Madanapalle 0-80 (0-52 to 1-25) 3-20 8-88
Madras 1-01 (0-89 to 1-14) 41-40 10-22
Puerto Rico 0-71 (0-57 to 0-89) 1321 9-93
Haiti 0-20 (0-08 to 0-50) 0-73 6-00
South Africa 0-63 (0-39 to 1-00) 2-91 875
Georgia 0-98 (0-58 to 1-66) 0-31 3-80
Georgia 1-56 (0-37 to 6-53) 2-30 840
Chicago 0-26 (0-07 to 0:92) 0-40 4-40
Chicago 0-25 (0-15 to 0-43) 2:25 837
Northern USA 0-41 (0-13 o 1:26) 23-75 10-12
Northern USA 0-46 (0-39 to 0-54) 0-50 5:05
UK 0-24 (0-18 10 0-31) 820 971
Canada 0-20 (0-09 1o 0-49) 084 634

Combined relative risks 065 (0:60 10 0-70) 0:49 (03510 0-70)
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exposure to certain environmental mycobacteria acts as a “natural”
BCG inoculation in warmer regions.” In this situation it is more
meaningful to quantify how the effect varies according to latitude than
to calculate an overall estimate of effect which will be misleading,
independent of the model used (see Chapter 18 for further analyses of
the BCG trials).

Bayesian meta-analysis

There are other statistical approaches, which some feel are more
appropriate than either of the above. One uses Bayes’ theorem, named
after the 18th century English clergyman Thomas Bayes.*>* Bayesian
statisticians express their belief about the size of an effect by specifying
some prior probability distribution before seeing the data ~ and then
update that belief by deriving a posterior probability distribution, taking
the data into account.’ Bayesian models are available in both a fixed
and random effects framework but published applications have usually
been based on the random effects assumption. The confidence interval
(or more correctly in bayesian terminology: the 95% credible interval
which covers 95% of the posterior probability distribution) will be
slightly wider than that derived from using the conventional models.**

Bayesian methods allow probability statements to be made directly
regarding, for example, the comparative effects of two treatments (“the
probability that treatment A is better than B is 0-997).*8 Bayesian
approaches to meta-analysis can integrate other sources of evidence, for
example findings from observational studies or expert opinion and are
particularly useful for analysing the relationship between treatment
benefit and underlying risk (see Chapter 10).4%° Finally, they provide a
natural framework for cumulative meta-analysis.

Bayesian approaches are, however, controversial because the definition
of prior probability will often involve subjective assessments and opinion
which runs against the principles of systematic review. Furthermore,
analyses are complex to implement and time consuming. More method-
ological research is required to define the appropriate place of bayesian
methods in systematic reviews and meta-analysis.#4°

Sensitivity analysis

There will often be diverging opinions on the correct method for
performing a particular meta-analysis. The robustness of the findings t0
different assumptions should therefore always be examined in a
thorough sensitivity analysis. This is illustrated in Figure 2.4 for the
beta-blocker after myocardial infarction meta-analysis.?* First, the overall
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Criteria (no- of trials)
S(alislical model
Fixed effects (33)
Random effects 33
aiment of aliocation
Conce ton

No / Unciear (26)
glinding

'
S S—
——
—

Double-btind (25)
Other (8)

Trial siz€

< 25 deaths (1) <—
25-99 deaths (11}
> 99 deaths (11}

< 1 year {5)
1-2 years (24) -“"

> 2 years (4)

Follow UP

Excluding trials terminated
early

BHAT (32)
APSI (32)
BHAT and APS! (31)

t T
0'6 08 1 12

Figure 2.4 Sensitivity analyses examining the robustness of the e_ffec_t on tptal
mortality of beta-blockers in secondary prevention after {nyOFardml infarction.
The dotted vertical line corresponds to the combined relative risk from the fixed

effects model (0-8).

effect was calculated by different statistical methods, both using a fixed
and a random effects model. It is evident from the figure that the over-
all estimate is virtually identical and that confidence intervgls are f)nly
slightly wider when using the random effects model. This is exp}amgd
by the relatively small amount of between trial variation present in this
meta-analysis.

Methodological quality was assessed in terms of concealment (?f a?loca—
tion of study participants to beta-blocker or control groups and blinding of
patients and investigators.? Figure 2.4 shows that the estimated treatment
effect was similar for studies with and without concealment of treatment
allocation. The eight studies that were not double-blind indicated more
benefit than the 25 double-blind trials but confidence intervals overlap
widely. Statistically significant results are more likely to get published than
non-significant findings®' and this can distort the findings of meta-analyses
(see Chapter 3). Whether such publication bias is present can be ex?rr.nned
by stratifying the analysis by study size. Smaller effects can be statistically
significant in larger studies. If publication bias is present, it is expected that
of published studies, the larger ones will report the smaller effects. The
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figure shows that in the present example this is indeed the case with the 11
smallest trials (25 deaths or less) showing the largest effect. However,
exclusion of the smaller studies has little effect on the overall estimate.
Studies varied in terms of length of follow up but this again had little effect
on estimates. Finally, two trials’>>? were terminated earlier than anticipated
on the grounds of the results from interim analyses. Estimates of treatment
effects from trials which were stopped early because of a significant
treatment difference are liable to be biased away from the null value. Bias
may thus be introduced in a meta-analysis which includes such trials.>4
Exclusion of these trials, however, again affects the overall estimate only
marginally.

The sensitivity analysis thus shows that the results from this meta-
analysis are robust to the choice of the staristical method and to the
exclusion of trials of lesser quality or of studies terminated early. It also
suggests that publication bias is unlikely to have distorted its findings.

Relative or absolute measures of effect?

The relative risk of death associated with the use of beta-blockers
after myocardial infarction is 0-80 (95% confidence interval 0-74 to
0-86) (Figure 2.2). The relative risk reduction, obtained by substracting
the relative risk from 1 and expressing the result as a percentage, is
20% (95% confidence interval 14 to 26%). The relative measures
ignore the underlying absolute risk. The risk of death among patients
who have survived the acute phase of myocardial infarction, however,
varies widely.’> For example, among patients with three or more cardiac
risk factors, the probability of death at two years after discharge ranged
from 24 to 60%.5 Conversely, two-year mortality among patients with
no risk factors was less than three percent. The absolute risk reduction, Or
risk difference, reflects both the underlying risk without therapy and the
risk reduction associated with therapy. Taking the reciprocal of the risk
difference gives the number of patients who need to be weated to
prevent one event, which is abbreviated to NNT or NNT(benefit).”
The number of patients that need to be treated to harm one patient,
denoted as NNH or, more appropriately, NNT(harm)** can also be
calculated.

For a baseline risk of one per cent per year, the absolute risk
difference indicates that two deaths are prevented per 1000 treated
patients (Table 2.3). This corresponds to 500 patients (1 divided by
0-002) treated for one year to prevent one death. Conversely, if the risk
is above 10%, less than 50 patients have to be treated to prevent on¢
fatal event. Many clinicians would probably decide not to treat patients
at very low risk, considering the large number of patients who would
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ble 2.3 Beta-blockade in secondary preventon after myocardial infarction.
2 risk reductions and numbers-needed-to-treat for one year to prevent

A::(’c}l:;h, NNT (benefit), for different levels of control group mortality.
o)
One-year mortality Absolute risk reduction NNT(benefit)
risk among controls
(%)
1 0-002 500
3 0-006 167
5 0-01 100
10 0-02 50
20 0-04 25
30 0-06 17
40 0-08 13
50 0-1 10

Calculations assume 2 constant relative risk reduction of 20%.

have to be exposed to the adverse effects of beta-blockade to postone
one death. Appraising the NNT from a patient’s estimated risk WlthOl:lt
treatment, and the relative risk reduction with treatment, is a helpful aid
when making a decision in an individual patient. A nomogram to deter-
mine NNTs at the bedside is available>” and confidence intervals can be
calculated.>® .

Meta-analysis using absolute effect measures such as the risk dlﬁ"erer.lce
may be useful to illustrate the range of absolute effects across studu.as.
The combined risk difference (and the NNT calculated from it) w1¥1,
however, be essentially determined by the number and size of trials in
low, intermediate and high-risk patients. Combined results will thus be
applicable only to patients at levels of risk corresponding to the average
risk of the trial participants. It is therefore generally more meaningful 1o
use relative effect measures when summarising the evidence while
considering absolute measures when applying it to a specific clinical or
public health situation. The use of pnumbers-needed-to-treat in meta-
analysis is discussed in more detail in Chapter 20.

Conclusions

Systematic reviews involve structuring the processes through which a
thorough review of previous research is carried out. The issues of the
completeness of the evidence identified, the quality of component studies
and the combinability of evidence are made explicit. How likely is it
that publication and related biases have been avoided? Is it sensible to
combine the individual trials in meta-analysis or is there heterogeneity
between individual study results which renders the calculation of an
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overall estimate questionable? If meta-analysis was performed, how
robust are the results to changes in assumptions? Finally, has the analy-
sis contributed to the process of making rational health care decisions?
These issues will be considered in more depth in the following chapters.
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