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ABSTRACT
The use of the standardised mean difference (SMD) is common in meta‐analyses, as it allows outcomes
of a similar nature, but measured on different scales, to be combined. The application of SMDs,
compared with that of the raw mean difference, can be complex. Despite this complexity, there have
been few studies of the reliability of this effect measure in practice.
The aims of this PhD were to investigate the difficulties that may arise when researchers use SMD as
an effect measure and to determine the scope for reviewer bias. Three studies were undertaken in
order to fulfil these aims. In the first study, we evaluated the reproducibility of meta‐analyses using
SMDs. In the second study, we determined the observer variation when extracting data for the
computation of SMDs. In the third study, we investigated the range of SMDs that could be calculated
based on the same outcomes from the same trials.
The results from the three studies demonstrate that data extraction is prone to error, which can
negate or even reverse the findings of studies. Disagreements were common and often larger than the
effect of commonly used treatments and multiplicity of data was frequent and could impact
importantly on meta‐analytical results.
The conclusion is that readers should be aware that meta‐analyses using SMDs may have included
incorrect or selectively extracted data. Readers should seek assurances that data collection methods
were rigorous and clearly predefined. Reliability of meta‐analyses using SMDs might be improved by
having more detailed review protocols, more than one observer, and investigators with statistical
expertise, but this has to be confirmed by future research.
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DANISH SUMMARY
Den standardiserede gennemsnitlige forskel (SMD) er alment brugt til meta‐analyser, da metoden
tillader lignende udfald målt på forskellige skalaer at blive kombineret. På trods af at metoden er mere
indviklet at anvende end for eksempel gennemsnitlige forskelle, er der få studier, som klarlægger, hvor
pålidelig metoden er i praksis.
Formålene med denne PhD var at undersøge, hvilke udfordringer forskere støder på, når de anvender
metoden samt at fastslå hvilke muligheder for bias, der er forbundet med metoden. Vi udførte tre
studier at opfylde disse formål. I det første studie vurderede vi reproducerbarheden af publicerede
meta‐analyser, i det andet studie fastslog vi omfanget af uenighed blandt observatører i forbindelse
med ekstraktion af data og i det tredje studie undersøgte vi hvilke forskellige SMDs, der kunne
beregnes baseret på de samme effektmål og de samme forsøg.
Resultaterne fra de tre undersøgelser viste, at ekstraktion af data kan medføre fejl i et omfang, som
kan neutralisere eller endog vende resultaterne af undersøgelser, at uenigheder var almindelige og
ofte større end effekten af almindeligt anvendte behandlinger, og at de samme effektmål og forsøg
kunne give flere forskellige resultater for hvert forsøg hvilket påvirker de meta‐analytiske resultater.
Vores konklusion er, at læsere bør tolke meta‐analyser med SMD’er med forsigtighed, da de kan være
baseret på ukorrekte eller selekterede data. Læsere bør være opmærksomme på, hvorvidt metoderne
til ekstrationen af data var stringente og beskrevet på forhånd. Meta‐analyser kan sandsynligvis
forbedres ved hjælp af mere detaljerede protokoller, mere end en observatør og adgang til statistisk
ekspertise, dette skal dog efterprøves i fremtidige studier.
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INTRODUCTION
Decisions regarding health care interventions should be evidence based. Medical interventions have
the potential to be both beneficial and harmful. The goal of medical research is to define the benefits
and harms reliably, allowing health professionals and patients to make informed decisions about
healthcare interventions. Health care is also delivered within limited financial resources, stressing the
need to identify efficacious treatments. Such assessments of health care interventions necessitate a
ranking of evidence. When examining the effects of health care interventions, the recommended
hierarchy is based on the degree of bias connected with the study designs. There are many different
ways of ordering different study design into a hierarchy. Usually, observational studies such as cross‐
sectional, cohort and case‐control studies are ranked below randomised trials. This ranking is because
observational study designs are more prone to bias than randomised studies (1). Randomised trials
have the advantage of having a control group, which allows the natural progression of the disease to
be taken into account when evaluating the effect of a treatment. Another important aspect is the
randomisation, which balances known as well as unknown prognostic factors between the
intervention groups (2). Systematic reviews of RCTs, are considered to be the highest ranking quality
of evidence since they combine the advantages of RCTs with a higher degree of precision (3).

SYSTEMATIC REVIEWS
Systematic reviews are becoming widespread. In a study by Moher et al., it was estimated that about
2,500 new systematic reviews are indexed annually on Medline (4). This increase highlights the need
to investigate and assess the challenges connected with this research design.
A systematic review is not simply a summary of existing evidence; it is an investigation in its own
right. The aim of a review is to define a specific research question and answer it with a systematic and
robust technique. A systematic review should have a protocol, which clearly defines the research
question and pre‐specifies the methods of the review including the search strategy, which studies to
in‐ and exclude, which data to extract and which analyses to perform. The conduct of the review then
follows that protocol with any necessary changes clearly described and explained in the final
publication. There is a comprehensive search for all relevant studies, a selection process based on the
pre‐specified inclusion and exclusion criteria, an assessment of the validity of the included studies and
extraction of the relevant data. Analyses based on the extracted data are performed, these can be
narrative, such as a structured summary and discussion of the studies’ characteristics and findings, or
quantitative, that is involving statistical analyses which can either be narrative or quantitative. The
process of combining results quantitatively from different studies is called a meta‐analysis. The results
of the analyses along with the assessments of validity are interpreted and reported (3;5;6).
If a systematic review is well performed and reported, its findings are a valuable base for decision‐
making. As with all research, there are advantages and disadvantages to this technique of summarising
evidence. In order to make informed healthcare decisions, it is important to understand the strengths

6

and weakness of conclusions made in a systematic review, and to use the knowledge with these in
mind. One of the strengths of a systematic review with meta‐analyses is that the precision of the
estimates is likely to be increased, allowing effects to be detected that might be missed in single trials.
Another advantage is that the consistency of the results across trials can be investigated and it may be
possible to detect bias. If trials give conflicting evidence, the degree of inconsistency can be quantified
(3).

KNOWN CHALLENGES WITH SYSTEMATIC REVIEWS
The process of combining data from multiple trials has created new challenges, some of which may
compromise the reliability of the conclusion. Sometimes, studies that are too diverse are combined,
giving results that are difficult to interpret. The issue of diversity is an important one and meta‐
analysts should consider two causes of diversity: methodological and clinical. Methodological diversity
is caused by differences in study design and thereby different risks of bias. Clinical diversity is caused
by differences in participants, interventions and outcomes across the studies (3).
The results of a systematic review can only be as robust as the included trials. While meta‐analyses can
improve precision by virtue of having higher power than the individual trials, the validity of the
conclusion depends on the validity of the included trials. If a systematic review contains studies with a
high risk of bias, the meta‐analytical result will also contain a high risk of bias, despite any enhanced
precision of combined effect measures. Clearly, it is important to include an assessment of risk of bias
in the discussion of the results and the conclusion.
An additional challenge is publication bias. Not all studies are published and if there are any
systematic differences in regard to which studies are published, this difference can lead to bias in the
results of meta‐analyses (7;8). The same is true for selective outcome reporting were only some of the
outcomes or analyses are presented (9‐11). It is often difficult to know how to manage missing
information in medical research. The first step is to identify its presence. Performing a meta‐analysis
can give an overview of the existing studies and make it possible to see patterns that might indicate
missing studies (3).

THE STANDARDISED MEAN DIFFERENCE
In this thesis, I have chosen to focus on one specific effect measure. The selected measure is the
standardised mean difference. The use of standardised mean differences (SMDs) is common in meta‐
analyses, because it allows outcomes of a similar nature to be combined. Sometimes researchers
investigate outcomes like pain, which can be measured on different scales. In order to combine these
results into one overall estimate, they need to standardise the scales. For example, combining a
measurement on a 7 point ranking scale with one on a 100 mm visual analogue scale by taking the
average would be meaningless. These two measurements would need to be transformed into a
comparable unit before they can be combined. The commonly used method of combining outcomes
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that measure the same underlying construct with different scales is the standardised mean difference
(SMD).
The standardised mean difference standardises the results across trials allowing them to be combined
in a meta‐analysis. The standardisation is obtained by dividing the difference in mean outcome
between two groups with the pooled standard deviation of the measurement. The result of this
calculation is that the outcome is measured in standard deviation units. These can be difficult to
interpret and a rule of thumb has been suggested, where a SMD of 0.2 standard deviation units is to be
considered a small difference between the intervention groups, 0.5 a moderate difference, and 0.8 a
large difference (12). A different way to ease interpretation is to re‐express the SMD into a familiar
scale by multiplying the SMD with a typical among‐person standard deviation for a particular scale.
This would give the result as a difference in means on this particular scale. There are different
approaches to choosing the among‐person standard deviation; one solution is to apply the pooled
standard deviation of the baseline scores from the trials included in the meta‐analysis another solution
is to take a standard deviation from an observational study (3).

NEW CHALLENGES WITH SYSTEMATIC REVIEWS
In 2005, the Cochrane review "Interactive Health Communication Applications for people with chronic
disease" (13) was retracted because of errors. The review wrongly concluded that an intervention was
harmful when in fact it was beneficial. The errors were caused by misinterpretation of the direction of
change for several clinical and behavioural outcomes. The misinterpretations were born largely from
issues associated with the use of SMDs in meta‐analysis. Previous research regarding the use of SMD
had focused on whether the SMD would yield similar results as the original metric (14), how to impute
missing standard deviations (15) and on identifying the most appropriate estimator of the SMD and
the standard deviation (16;17). There was a clear lack of investigation of the reliability of the use of
this outcome measure in meta‐analysis and this was the motivation for this PhD project.

Given that the goal for systematic reviews has always been to improve the reliability of conclusions, it
is imperative that we concentrate on the potential challenges with the method. The overall goal of this
thesis is therefore to examine the use of the standardised mean difference in meta‐analysis, with the
purpose of investigating the challenges that may arise when the method is used in practice and to
examine how reliable the method is. This thesis addresses data extraction issues. The statistical issues
associated with this method were not investigated (such as different formulae for estimating SMD).
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OBJECTIVES
The objectives of this thesis are to investigate the difficulties that may arise when researchers use SMD
as an effect measure and to determine the scope for reviewer bias. These issues were explored
through three studies addressing the following objectives:
•
•
•

To investigate whether published meta‐analyses using the SMD were accurate (Paper 1).
To examine the range observer variation when extracting data for the calculation of SMDs
(Paper 2).
To assess the effects of multiple time points, multiple scales of measurement and multiple
treatment groups on SMD results (Paper 3).

9

METHODS & RESULTS
PAPER 1
The aim of this first study was to assess whether SMDs in published meta‐analyses were accurate and
to describe the nature of the data extraction errors.
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REVIEW

Data Extraction Errors in Meta-analyses
That Use Standardized Mean Differences
Peter C. Gøtzsche, MD, DrMedSci
Asbjørn Hróbjartsson, MD, PhD
Katja Marić, MSc
Britta Tendal, MSc

Context Meta-analysis of trials that have used different continuous or rating scales
to record outcomes of a similar nature requires sophisticated data handling and data
transformation to a uniform scale, the standardized mean difference (SMD). It is not
known how reliable such meta-analyses are.

R

Data Sources Systematic review of meta-analyses published in 2004 that reported
a result as an SMD, with no language restrictions. Two trials were randomly selected
from each meta-analysis. We attempted to replicate the results in each meta-analysis
by independently calculating SMD using Hedges adjusted g.

ESULTS FROM TRIALS THAT HAVE

measured the same outcome
on the same scale, eg, diastolic blood pressure in
mm Hg, can readily be combined in a
meta-analysis by calculating the
weighted mean difference. 1 Sometimes, trials have used outcomes of a
similar nature but that were measured
on different scales, eg, pain on a 5-point
ranking scale or on a 100-mm visual
analog scale, or depression on a clinician-rated scale such as the Hamilton
Rating Scale for Depression2 or a selfrating scale such as the Beck Depression Inventory.3 In such cases, it is necessary to standardize the measurements
on a uniform scale before they can be
pooled in a meta-analysis. This is done
by calculating the standardized mean
difference (SMD) for each trial, which
is the difference in means between the
2 groups, divided by the pooled standard deviation of the measurements.1
By this transformation, the outcome becomes dimensionless and the scales become uniform, eg, for the same degree
of pain, values measured on a 100-mm
analog scale would be expected to be
20 times larger than values measured
on a 5-point ranking scale, but the standard deviation would also be expected
to be 20 times larger.
Although simple in principle, it is
not known how reliable this method
is in practice. In contrast to a metaanalysis of binary data, which usually
involves only the extraction of the num-

Objective To study whether SMDs in meta-analyses are accurate.

Data Extraction Our primary outcome was the proportion of meta-analyses for which
our result differed from that of the authors by 0.1 or more, either for the point estimate or for its confidence interval, for at least 1 of the 2 selected trials. We chose 0.1
as cut point because many commonly used treatments have an effect of 0.1 to 0.5,
compared with placebo.
Results Of the 27 meta-analyses included in this study, we could not replicate the
result for at least 1 of the 2 trials within 0.1 in 10 of the meta-analyses (37%), and in
4 cases, the discrepancy was 0.6 or more for the point estimate. Common problems
were erroneous number of patients, means, standard deviations, and sign for the effect
estimate. In total, 17 meta-analyses (63%) had errors for at least 1 of the 2 trials examined. For the 10 meta-analyses with errors of at least 0.1, we checked the data
from all the trials and conducted our own meta-analysis, using the authors’ methods.
Seven of these 10 meta-analyses were erroneous (70%); 1 was subsequently retracted, and in 2 a significant difference disappeared or appeared.
Conclusions The high proportion of meta-analyses based on SMDs that show errors indicates that although the statistical process is ostensibly simple, data extraction
is particularly liable to errors that can negate or even reverse the findings of the study.
This has implications for researchers and implies that all readers, including journal reviewers and policy makers, should approach such meta-analyses with caution.
www.jama.com

JAMA. 2007;298(4):430-437

ber of patients and events from the trial
reports, a meta-analysis using SMDs requires much more sophisticated data
handling, and there are many pitfalls.
Standard errors may be mistaken for
standard deviations, which will inflate
the estimates substantially, and standard deviations may need to be calculated or estimated from P values or other
data. Some trials may have used changes
from baseline instead of values after
treatment but may have failed to report data that allow the calculation of
within-patient standard deviations. Data

430 JAMA, July 25, 2007—Vol 298, No. 4 (Reprinted)

extractors also need to know the direction of the scales, which is not always
clear in the trial reports. When a high
value on one scale means a poor effect,
eg, on a depression scale, but a good
effect on another scale, eg, a mood scale,
it is necessary to change the sign of
those values that mean the opposite.
Adding to this complexity is that trial
Author Affiliations: Nordic Cochrane Centre,
Rigshospitalet, Copenhagen, Denmark.
Corresponding Author: Peter C. Gøtzsche, MD,
DrMedSci, Nordic Cochrane Centre, Rigshospitalet,
Dept 3343, Blegdamsvej 9, DK-2100 Copenhagen Ø,
Denmark (pcg@cochrane.dk).

©2007 American Medical Association. All rights reserved.
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authors often give changes from baseline as positive values when they should
have been negative, eg, when the average value after treatment is lower than
the baseline value, or they say they have
used changes from baseline when in reality they have used values after treatment. In 1 case, the review authors used
the wrong sign for some of the estimates, which led to an erroneous conclusion of harm and retraction of the
review, that, when corrected and republished, concluded that the intervention was beneficial.4
We studied whether trial SMDs in
published meta-analyses are accurate and
described the frequency and nature of
any data extraction errors and their impact on the meta-analysis result.
METHODS
We performed a PubMed search on
March 3, 2005, for meta-analyses that
had used the SMD and that were published in 2004. We used the search
strategy (effect size or standardised mean
difference or standardized mean difference or SMD) and (systematic review
[title and abstract {tiab}] or metaanalysis [publication type {pt}] or review [pt]). There were no language restrictions.
We included meta-analyses with abstracts that reported an SMD or indicated that there was such a result in the
article. The first result in the abstract
or in the results section if there was
none in the abstract was our index result.
We excluded meta-analyses if (1) the
index result was clearly not based exclusively on randomized trials; (2) the
index result was based on crossover
trials; (3) the index result was not based
on at least 2 trials; (4) the authors had
used Bayesian statistics; (5) the authors had performed an individual patient data meta-analysis; (6) the metaanalysis had been performed by
ourselves; or (7) the meta-analysis was
not restricted to humans.
For each meta-analysis, the intervention that appeared to be the authors’ primary interest was labeled the experimental intervention. It was easy to

determine from the title, introduction,
graphs, statistical advice, or grants which
intervention was experimental. The
other intervention, whether active or inactive, was defined as control. We noted
the SMD and its timing for the index result, interventions, disease, any explicit statements about methods for selection of 1 of several possible outcomes
or time points in a trial, statistical methods used for pooling, whether values after treatment or changes from baseline
had been used, source of funding, and
conflicts of interest.
We randomly selected 2 trials from
each meta-analysis by using a random
numbers table, starting at a new place
in the table for every new trial. In one
case, the selected trial report could not
be retrieved, so we randomly selected
another. We extracted outcome data
from the trial reports, ensuring that the
data extractor on a trial report was different from the one on the corresponding meta-analysis. The trial data extractor was provided with a data sheet
with information on the experimental
intervention, disease and measurement scale, including any timing if
available in the meta-analysis, eg,
Hamilton depression score after 6
weeks. Furthermore, the data extractor was informed about the trial result, with its 95% confidence interval
(CI), and the group sizes, means and
standard deviations for the particular
trial’s outcome if available, the statistical method used for pooling, and
whether final values or changes had
been used.
The reason for the lack of blinding
was that we wished to see whether we
could replicate the published results.
We therefore focused on what the authors of the meta-analysis had done and
not on what they could have done instead, eg, selected another, perhaps
more appropriate, scale when several
had been used for measuring the same
outcome. Trial data extractors retrieved the necessary information for
calculating the SMD from each trial report, including the direction of the effect
in relation to the scale used, and could
write comments.

©2007 American Medical Association. All rights reserved.

Two persons extracted data independently and disagreements (which
were mainly caused by simple oversight) were resolved by discussion.
We contacted the authors of the metaanalyses for clarification when we
could not replicate their data, or when
essential data in the trial report for the
calculations were missing, ambiguous, or appeared to be erroneous.
When the authors had received
unpublished data from the trial
authors, we used the same unpublished data for our calculations.
Our main outcome was the proportion of meta-analyses for which 1 or
both of our 2 trial SMDs differed from
that of the authors by 0.1 or more, either
for the point estimate or for its CI. We
chose 0.1 as the cut point because many
commonly used treatments have an
effect of 0.1 to 0.5 compared with placebo. For example, the effect of acetaminophen on pain in patients with osteoarthritis is SMD −0.13 (95% CI,
−0.22 to −0.04),5 the effect of antidepressants on mood in trials with active placebos is SMD 0.17 (95% CI,
0.00-0.34),6 the effect of physical and
chemical methods to reduce house dust
mite allergens on asthma symptoms is
SMD −0.01 (95% CI, −0.10 to 0.13),7
whereas the effect of inhaled corticosteroids on asthma symptoms is relatively large, SMD −0.49 (95% CI, −0.56
to −0.43).8 Furthermore, an error of 0.1
can be important when 2 active treatments have been compared, for there
is usually little difference between active treatments.
We used Microsoft Excel for our initial calculations of Hedges adjusted g,
and Review Manager9 and Comprehensive Meta Analysis10 for our final estimates.
RESULTS
We identified 148 potentially eligible
reviews. Fifty-five were excluded based
on the abstracts, another 61 after reading the full text, and 5 after reading the
2 randomly selected trial reports
(FIGURE 1). The main reasons for exclusion were lack of a reported pooled
SMD in the meta-analysis (n=35) or for

(Reprinted) JAMA, July 25, 2007—Vol 298, No. 4
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Figure 1. Flowchart for Selection of
Meta-analyses
148 Records identified in
MEDLINE search
55 Excluded based on review
of abstract
24 No SMD results in, or
indicated in, abstract
11 Not solely based on RCTs
8 No meta-analyses
4 Meta-analyses published
by ourselves
3 Not solely human study
participants
1 Individual patient data
meta-analysis
1 Duplicate publication
1 Bayesian statistics
1 Withdrawn because of error
in review
1 Based on 2 reviews
93 Meta-analyses read
61 Excluded
17 Not based on RCTs
16 No reported trial SMD
11 No pooled SMD
12 Crossover design
2 No meta-analyses
1 Duplicate publication
1 Animal study
1 Weighted mean difference
32 Eligible meta-analyses
5 Excluded based on review of 2
randomly selected trial reports
4 Crossover design
1 Not based on RCTs
27 Meta-analyses included

RCT indicates randomized controlled trial; SMD, standardized mean differences.

the individual trials (n=16) and that the
reviews were clearly not based solely on
randomized trials (n = 29).
We included 27 reviews,11-37 of which
16 were Cochrane reviews. Two reviews had industry funding, 18 nonindustry funding, 1 had no funding, 5 had
no statements about funding, and 1 was
unclear. All 16 Cochrane reviews had a
conflict of interest statement, which is a
standard heading, whereas 9 of the other
11 reviews had no such declaration.
The outcome in our index metaanalysis result was a clinical or functional score in 10 reviews, depression
in 5, pain in 4, and other in 8. It was
unclear whether the calculations were
preferentially based on change from
baseline or on final values in 15 meta-

analyses; in 7, change from baseline was
used; in 4, final values; and in 1, both
approaches. In 22 reviews, the statistical method used for meta-analysis was
Hedges adjusted g; in 3, Cohen d; and
in 2, the method was not stated. Five
reviews explicitly reported use of unpublished data in relation to one or both
trials we selected.
Accuracy of the Published Data

In 10 of the 27 meta-analyses (37%),
we could not replicate the result or its
95% CI within our predefined cut point
of 0.1 for at least 1 of the 2 randomly
selected trials38-49 (FIGURE 2). Seven
meta-analyses (26%) had a trial with a
discrepancy of 0.2 or more in the point
estimate, and 4 (15%) a discrepancy of
0.6 or more, with a maximum of 1.45.48
Common errors were that the authors’ number of patients, means, standard deviations, and sign for the effect
estimate were wrong (after we had
taken into account that some authors
had reversed the sign for all trials, for
convenience, to obtain a positive value
for a beneficial effect; Figure 2).
We also found errors that led to a discrepancy of less than 0.1 in the SMD,
eg, wrong standard deviation,30,50 the
use of number of patients and standard
deviations at baseline rather than after
treatment,27,51 wrong time point,24,52 and
double counting of the control group
when there were 2 treatment groups.26,53
In total, we found 17 meta-analyses
(63%) with errors for at least 1 of the
2 trials examined.
Other Problems

Multiplicity of Available Data. The authors of a meta-analysis of osteoporosis had based their calculations on exact P values, although means and
standard deviations were available, but
we found that the P values in both trials
were seriously wrong.36 We replicated
the authors’ SMDs from the P values,
but when we used means and standard deviations for the same outcome,
we found an SMD of 0.34 vs the authors’ 0.55 for the first trial,54 and 1.42
vs 0.60 for the second.55 In the second
trial,55 there were 12 different data sets
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to choose from: intact or hemiplegic
side, 2 measurement methods for bone
mineral content, and values after treatment or changes, and 4 sets of P values. The SMDs for these 12 possibilities varied between −0.02 and 1.42.
Ten meta-analyses (37%) described
methods for selection of 1 of several
possible outcomes in a trial. In 4, however, the selected outcome was the most
frequently reported one, which suggests that it might have been a post hoc
decision rather than having been stated
in a review protocol. Two metaanalyses had pooled the reported outcomes for each trial,21,31 but pooling was
inappropriate for one trial in which psychometric scales had been pooled with
number of visits to the infirmary for
psychiatric prison inmates21,46 (if a person is mentally disturbed, he may score
high on a psychometric scale but low
on visits to a physician because his
problems keep him from making an appointment; in fact, the SMD was 0.67
for 1 of the psychometric scales and
−0.70 for 1 of the visit outcomes).
Eight meta-analyses (30%) had statements about the selection of 1 of several possible time points in a trial, but
they were often unclear or appeared to
have been post hoc decisions. One
meta-analysis stated that “Day three
clinical score was most often reported,”32 another that it had “trial durations of at least 6 weeks and for most
12 or more weeks, which is sufficient
time for antidepressant effects to occur.”31 In a third meta-analysis, the
length varied between 2 and 8 weeks
and the 2-week data were used because they included all study participants in both trials.14 A fourth metaanalysis selected “results obtained
during the whole circumcision procedure,”16 but in 1 of the trials,43 there
were 9 different data sets, corresponding to various time points. In a fifth
meta-analysis,19 the authors had used
8-week data for one of the trials but 20week data for the other when only half
of the patients in the experimental
group remained, although data were reported for each of the 20 weeks separately. Over these 20 weeks, the SMD
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varied substantially, between −0.73 and
0.41 (FIGURE 3).45
Adjusted Data. In a meta-analysis
of nursing care, the authors had used

the authors’ result with adjusted data,
we did not consider this a discrepancy
but nevertheless believe that one
should use unadjusted data in meta-

statistically adjusted data and found
an SMD of 0.31, whereas we found an
SMD of 0.21, based on unadjusted
data.22,56 Because we could replicate

Figure 2. Cases for Which Our Calculated Standardized Mean Differences (SMDs) Differed From That of the Authors

Meta-analysis
Brosseau et al,11 2004

Trial

Trial SMD (95% CI)

Favors
experimental
treatment

Favors
control
Comments

Stelian et al,38 1992

Reported
–1.04 (–1.75 to –0.33)
Recalculated –1.23 (–1.96 to –0.50)

Mean and SD for the control group were not those stated
in the trial.

Bülow et al,39 1994

Reported
0.30 (–0.14 to 0.75)
Recalculated –0.30 (–1.04 to 0.43)

Only 29 patients enrolled, but authors described 81
patients. The SDs were far too small, eg, 17.25 for the
control group, although the IQR was 62, suggesting an SD
of about 31; data appeared to have been entered at a
wrong time point, after an additional 3 weeks without
treatment; author replied but did not address our concerns;
the editor, who also was an author, retracted the article.

Wearden et al,40 1998

Reported
–0.05 (–0.56 to 0.46)
Recalculated –0.25 (–0.59 to 0.08)

Incorrect SDs; only 2 of the 4 groups used in the analysis,
although the factorial design yielded 2 valid contrasts;
because baseline data were unreliable (asymmetric CI),
we calculated SDs from CIs for changes from the baseline.

Powell et al,41 2001

Reported
–1.54 (–2.09 to –0.98)
Recalculated –1.66 (–2.11 to –1.20)

Data from a minimum intervention group used, although it
was a trial of effect of exercise; we pooled all 3 active
groups; author explained that (the apparently erroneous)
data were obtained from the trial authors.

Barclay-Goddard et al,14
2004

Sackley and Lincoln,42
1997

Reported
–0.54 (–1.35 to 0.26)
Recalculated –0.42 (–1.21 to 0.38)

Unusual scale, trial outcome data were given as 0.039 and
0.055, which were automatically rounded to 2 decimals
(only 1 significant digit) before SMD was calculated
(temporary software problem); author acknowledged this.

Brady-Fryer et al,16 2004

Lander et al,43 1997

Reported
–1.63 (–2.54 to –0.73)
Recalculated –1.30 (–2.18 to –0.42)

Nine time points, some of which were pooled; we replicated
the mean but found larger SDs than the authors who had
entered a covariance in their equation; statistician
commented that a correlation of 0.5 was assumed as
recommended in a methods article and agreed, after a
closer look, that the formula used was not adequate.

Chen and Liu,18 2004

Roychowdhury et al,44
2002

Reported
–0.21 (–0.96 to 0.54)
Recalculated 0.21 (–0.54 to 0.96)

Wrong sign for 1 of the 2 trials; author acknowledged this.

den Boer et al,19 2004

Rosner et al,45 1999

Reported
0.06 (not stated)
Recalculated –0.06 (–0.84 to 0.71)

Positive sign indicated a beneficial effect, but wrong sign for
1 of the 2 trials; author acknowledged this.

Frisina et al,21 2004

Richards et al,46 2000

Reported
–0.07 (–0.43 to 0.29)
Recalculated 0.37 (–0.13 to 0.86)

Inappropriate pooling of 3 outcomes of a different nature
(see text) and inappropriate weights; we pooled 2 similar
outcomes; author replied but did not comment on the error.

Hartling et al,25 2004

Abul-Ainine and Luyt,47
2002

Reported
–0.44 (–1.08 to 0.21)
Recalculated 0.32 (–0.32 to 0.96)

Wrong sign; because there were no SDs for changes, we
used values after treatment; author acknowledged to have
used a wrong sign and had imputed the missing SDs
for changes.

Patel et al,32 2004

Goebel et al,48 2000

Reported
0.79 (0.20 to 1.38)
Recalculated –0.66 (–1.34 to 0.01)

Data from control group entered under the experimental
group and vice versa and wrong number of patients;
author acknowledged this.

Ramakrishnan et al,35
2004

Lie et al,49 1993

Reported
Recalculated

Wrong calculations; although we used all the information
there was (all subgroups), our CI was wider than what the
authors reported; author replied but did not address
our concerns.

Edmonds et al,13 2004

0.10 (–0.12 to 0.31)
0.19 (–0.11 to 0.50)

–4

–2

0

2

4

Standardized Mean Difference
(95% CI)

The meta-analyses differed by 0.1 or more for the point estimate or its 95% confidence interval (CI) for at least 1 of 2 selected trials. (For den Boer et al,19 we used the
original signs for differences.) The size of the data markers indicates the relative weight of the data. IQR indicates interquartile range.
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Figure 3. Standardized Mean Differences and 95% Confidence Intervals (CIs)
No.

Week
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Self-help
group

Control

SMD (95% CI)

17
16
16
14
12
12
13
12
12
12
10
12
9
7
9
9
9
10
7
10

18
18
16
18
17
17
18
17
17
18
18
16
12
16
16
13
15
14
16
18

0.41 (–0.24 to 1.07)
–0.26 (–0.93 to 0.40)
–0.15 (–0.83 to 0.52)
–0.51 (–1.20 to 0.18)
–0.73 (–1.48 to 0.01)
–0.56 (–1.29 to 0.17)
–0.33 (–1.03 to 0.37)
–0.16 (–0.88 to 0.56)
0.12 (–0.60 to 0.84)
–0.10 (–0.81 to 0.61)
0.28 (–0.48 to 1.03)
0.12 (–0.61 to 0.84)
–0.05 (–0.88 to 0.78)
0.11 (–0.74 to 0.97)
0.12 (–0.67 to 0.91)
0.06 (–0.76 to 0.88)
–0.39 (–1.19 to 0.42)
–0.09 (–0.87 to 0.69)
0.15 (–0.71 to 1.00)
0.06 (–0.69 to 0.81)

Favors
control

–2.00

–1.00

Favors
self-help

0

1.00

2.00

Standardized Mean Difference (95% CI)

A trial of depression using the Beck Depression Inventory score and comparing self-directed bibliotherapy with
cognitive behavioral therapy.45 There were 40 patients at baseline and 28 remained after 20 weeks. (We changed
the sign for the effect as the author did.) The size of the data markers indicates the relative weight of the data.

analyses since trial authors are more
prone to use adjustment when it
results in smaller P values than unadjusted analyses.57
In another meta-analysis, the authors had “adjusted” their data by subtracting baseline values from values after treatment.27,50 Because of dropouts
and missing data, there were more patients at baseline. We calculated other
SMDs than the authors reported and believe such corrections should be avoided
because the patients at baseline are different from those after treatment.
Non-Gaussian Distributions. The
data were often not normally distributed, and in some cases, the deviations from normality were substantial.
In 6 meta-analyses, the standard deviation was larger than half the mean for
at least 1 of the 2 trials, although the
scale did not allow values below 0. In
3 meta-analyses, the SD even exceeded the mean, and in one case, the
average number of sick days was 5.5
while the SD was 25.26,53 Calculation of
the SMD may be questionable in such
cases.

Replication of Full Meta-analyses.
For the 10 meta-analyses with important errors in 1 or both of our 2 selected trial results, we checked the data
from all the trials and did our own metaanalysis, using the authors’ methods.
We shared our results with the authors, including those for the individual trials and asked them whether
they could explain the differences.
For 7 (70%) of these meta-analyses,11,13,18,21,25,32,35 we could not replicate the authors’ pooled result within
our cut point of 0.1 in SMD for the
point estimate or its CI, and for 5 of
them, the discrepancy exceeded 0.2
(FIGURE 4). Because of our findings, 1
of these 7 meta-analyses was retracted
by the editor who was also an author
of the meta-analysis,11 in another, the
authors reported a significant effect we
could not reproduce,21 and in a third,
we found a significant effect in contrast to the authors.32
COMMENT
We found erroneous SMD estimates of
potential clinical relevance for at least
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1 of our 2 selected trials in 10 of 27
meta-analyses (37%). When we tried to
replicate the 10 full meta-analyses by
including all the trials, we found erroneous pooled estimates in 7 of them
(70%).
Our choice of 0.1 as a cut point for
errors can be discussed, but there were
also many errors that were larger than
0.2, and several were larger than 0.6.
Because it can be difficult for readers
to grasp what a certain SMD means, we
suggest that authors of meta-analyses
use the pooled SMD to calculate back
what the effect corresponds to on a
commonly used scale, eg, an analog
scale for pain or Hamilton scale for depression.
Although the error rates were high,
they are very likely underestimates.
First, we only checked a single outcome in only 2 randomly selected trials
in each meta-analysis. Second, we did
not check the full meta-analyses in the
majority of cases for which we did not
find errors of at least 0.1 in the SMDs
in the 2 selected trials. But we could not
avoid finding errors even in those
meta-analyses. For example, we noted
incidentally that in 1 of them,37 there
was extreme heterogeneity for some of
the trials that we had not selected; in
one trial, SMD was −1.38 (95% CI,
−2.07 to −0.68), corresponding to a
large, significantly beneficial effect, and
in another, the SMD was 0.80 (95% CI,
0.02-1.57), corresponding to a large,
significantly harmful effect, with a distance of 0.70 between the borders of the
2 nonoverlapping CIs. This suggests
that 1 of the estimates is highly likely
to be wrong. Third, when we checked
the full meta-analyses in the remaining cases, we found many additional errors. Of the 40 new trials for this analysis, we found errors in 16 (40%); in 12
of these, the discrepancy in SMD exceeded 0.2, and in 6, it exceeded 0.6.
Some errors were extremely large but
tended to neutralize each other as they
went in both directions, eg, in 1 metaanalysis, the 4 largest discrepancies
were 0.47, −1.35, 1.33, and −1.4532; in
another, the 3 largest discrepancies were
−0.79, 0.64, and 0.65.35
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It should be noted that the use of
SMD in meta-analyses is far more common than our results suggest. We had
narrow inclusion criteria and excluded many meta-analyses because
they were not based solely on randomized trials, or because there were insufficient data for our analyses
(Figure 1). Furthermore, our PubMed
search must have missed many metaanalyses because authors quite often do
not indicate in their abstract that they
have used the SMD. It is therefore likely
that our sample consisted of metaanalyses that were relatively well done,
well reported, and therefore well indexed, and that the problems could be
more pronounced than we have described. We also note that our search
technique may have led to oversampling of Cochrane reviews because the abstracts and methods of these
reviews are standardized.1

Our study was small and needs to be
replicated. It is also a limitation that we
were primarily interested in detecting
and discussing the possible consequences of obvious errors in published meta-analyses. The persons who
extracted data from the trial reports
were therefore aware of the data that
had been used in the corresponding
meta-analysis in order to focus on what
the authors of the meta-analysis had
done and not on what they could have
done, sometimes with better justification, as illustrated in our examples.
There are only a few previous studies on the accuracy of continuous and
ordinal-scale data in meta-analyses. A
statistician with experience in systematic reviews found errors in 20 of 34
published Cochrane reviews in cystic
fibrosis and other genetic disorders.58
This study was not limited to checking continuous data, but for these, some

of the same types of errors were reported as those we found. The authors
gave no data on the discrepancies but
only noted that they did not lead to
“substantial changes in any conclusion.” In another study, we tried to replicate a meta-analysis of analgesic effects of placebos59,60 but found many
serious errors, and after correcting for
them, we rejected the authors’ claim of
large effects of placebo.61
Our study suggests that statistical expertise and considerable attention to detail are required to get SMDs right. We
found examples from which it was necessary to extract information from
analysis of variance tables, results
of F tests and graphs with a nonzero
origin; to combine baseline and follow-up data; and to judge whether results reported as medians and percentiles could be used with reasonable
approximations. We also found ex-

Figure 4. Replication of the 10 Meta-analyses for Which Our Calculated Standardized Mean Differences for at Least 1 of 2 Selected Trials
Differed From That of the Authors

Meta-analysis

No. of
Trials

Condition

Outcome

Intervention

Brosseau et al,11 2004

Osteoarthritis

Pain

Low-level laser
vs placebo

3

Reported
–0.23 (–1.03 to 0.57)
Recalculated –0.53 (–1.23 to 0.17)

Edmonds et al,13 2004

Chronic fatigue
syndrome

Fatigue

Exercise vs control
treatment

5

Reported
–0.74 (–0.98 to –0.49)
Recalculated –0.80 (–1.36 to –0.24)

Stroke

Standing balance
after stroke

Visual feedback
vs conventional
treatment

2

Reported
–0.68 (–1.31 to –0.04)
Recalculated –0.62 (–1.25 to 0.02)

Neonatal
circumcision

Pain relief

Dorsal penile nerve
block vs no
treatment or sham

5

Reported
–1.74 (–2.06 to –1.41)
Recalculated –1.69 (–2.02 to –1.36)

Chen and Liu,18 2004

Ankylosing
spondylitis

C-reactive
protein

Methotrexate vs
placebo or no
treatment

2

Reported
Recalculated

den Boer et al,19 2004

Emotional
disorders

Anxiety and
depression

Self-directed
bibliotherapy
vs placebo
or no treatment

12

Reported
–0.84 (–1.02 to –0.65)
Recalculated –0.79 (–1.02 to –0.57)

Expressive writing
about traumatic events
vs control treatment

9

Reported
–0.19 (no CI, P = .04)
Recalculated –0.03 (–0.23 to 0.18)

Barclay-Goddard et al,14 2004

Brady-Fryer et al,16 2004

Frisina et al,21 2004

Psychiatric and/or Psychological and
physical illness
physical health
Bronchiolitis
in infants

Clinical score

Epinephrine
vs placebo

2

Reported
–0.52 (–1.00 to –0.03)
Recalculated –0.13 (–1.04 to 0.78)

Patel et al,32 2004

Bronchiolitis
in children

Clinical score

Steroids vs
placebo

8

Reported
–0.20 (–0.73 to 0.32)
Recalculated –0.37 (–0.72 to –0.01)

Undernutrition
in children

Child growth

Vitamin A
vs no control
treatment

12

Reported
Recalculated

Favors
control

0.04 (–0.40 to 0.48)
0.19 (–0.26 to 0.63)

Hartling et al,25 2004

Ramakrishnan et al,35 2004

Favors
experimental
treatment

Meta-analysis SMD (95% CI)

0.08 (–0.20 to 0.36)
0.03 (–0.01 to 0.06)
–4

–2

0

2

4

Standardized Mean Difference
(95% CI)

Seven meta-analyses differed by 0.1 or more for the point estimate or its 95% confidence interval (CI). (For den Boer et al,19 we used the original signs for differences.)
The size of the data markers indicates the relative weight of the data.
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amples of errors made by the trial authors, eg, an asymmetric CI, which is
impossible for an untransformed continuous outcome; grossly erroneous P
values; and apparently erroneous unpublished data (Figure 2).
It is usually recommended that 2 observers extract trial data independently
and compare their findings,1 and a study
based on 30 trials of the effect of melatonin for sleep disorders showed that
single-data extraction with verification
by a second observer led to more errors
than double data extraction.62 However, in 1 of our meta-analyses,11 the data
were very different from those in the trial
reports for both included trials, although the review reported to have used
2 independent observers (Figure 2). This
suggests that this precaution may not
have taken place as reported or that the
observers may not have checked what
was entered in a statistical program and
what was published.
Because data handling can so easily
go wrong, it was unfortunate that it was
rarely clear what the meta-analysts had
done. Although we consulted the
“Methods” sections and knew which estimates the meta-analysts had arrived
at when we tried to replicate them, we
often had to do extensive detective work
in order to understand where they came
from, for there was too little detail in
the reviews. Cochrane reviews were the
easiest to follow because graphs are always published that show—for each
trial —the number of patients, the mean
and standard deviation for each group,
and the SMD and its CI. Other metaanalyses sometimes gave only the point
estimate for the SMD.
The reporting could be improved if
authors adhered to the Quality of Reporting of Meta-analyses (QUOROM)
guidelines63 that are currently being updated under the name of PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses).
We find it essential that metaanalysts report detailed data for each
trial and detailed methods on why, how,
and which trial data they extracted and
whether decision rules on selection of
outcomes and time points were pre-

specified in a review protocol and adhered to. Although our sample was limited, we found examples that SMDs in
the same trial varied between −0.02 and
1.42 for the same type of outcome, and
between −0.73 and 0.41 for the same
outcome measured at different time
points. These variations are extreme
compared with the small effects some
of our treatments have over placebo and
the even smaller differences between
most active treatments, and they suggest that the potential for error due to
erroneous data handling and bias is far
greater in meta-analyses of continuous and ordinal-scale outcomes than in
those of binary data.
Further Research

Our study is the first step toward elucidating the reliability of the SMD when
used in practice as a uniform outcome
measure in meta-analyses. We will explore in another study the observer variability, when the same meta-analysis is
performed by independent researchers using the same protocol. There is
no tradition among statisticians for letting several people analyze the same set
of raw data independently and comparing their results. However, observer variation studies among clinicians have shown that clinicians’
diagnostic skills and mutual agreement is generally small and, indeed,
much smaller than what they thought
themselves before their beliefs were put
on trial.64 It would be interesting to
know whether the same applies to statisticians and other methodologists.
We will also explore whether metaanalyses using the weighted mean difference suffer from similar problems as
meta-analyses using SMD.
CONCLUSIONS
The high prevalence of errors that may
potentially negate or even reverse the
findings of the included studies implies that all readers, including journal reviewers and policy makers, should
approach meta-analyses using SMDs
with caution. Editors should be particularly careful when editing SMD
meta-analyses.
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DISCUSSION OF PAPER 1
This study gave an impression of the challenges connected with using the SMD. The primary outcome
was the proportions of meta‐analyses were our result diverged from the authors by more than 0.1
standard deviation units. Looking at two trials per meta‐analysis, we found this to be the case for at
least one trial in 10 out of 27 meta‐analyses. For these ten meta‐analyses, we subsequently performed
a full meta‐analysis including all trials. Seven of the meta‐analytic results differed by 0.1 or more. We
concluded that meta‐analyses using the SMD have a high rate of errors and that could negate or even
reverse the findings of the analyses.
This empirical study allowed us to analyse real life results and to get an impression of the practical
problems associated with the use of the SMD. A weakness of our method came as a result of the fact
that we used a novel approach to determine the reliability of meta‐analyses. Because of the extent of
the errors we were asked by the editors to do post hoc analyses of the meta‐analyses that appeared to
be erroneous.
A challenge with the method we used is whether the discrepancies between our estimates and the
published estimates could arise from more complex issues than simple errors in data extraction and
data handling. Different researchers may hold different views of which data to extract even if the same
protocol is followed. This discrepancy becomes an issue if protocols are too open‐ended and there are
multiple data to choose from in the trial reports. These issues are addressed in the following chapters
of this thesis.
Our conclusion is supported by other studies that have examined data extraction, such as a study
recently performed by Ford et al. were the authors assessed the conduct of systematic reviews of
pharmacological interventions for irritable bowel syndrome (18). They analysed the eligibility criteria
and data extraction for dichotomous outcomes in eight systematic reviews and found errors in all
eight, leading to errors in 15 out of 16 meta‐analytical results. Five of the results differed by more
than 10% in the relative treatment effect, when the results were recalculated and in four cases the
statistical significance changed.
A study by Horton et al. found error rates around 30%. The study was a cross‐sectional study
including eighty‐seven participants; the participants were amongst other tasks asked to extract six
different outcomes from three studies. The authors calculated a reference standard to which the
participants’ results were compared. Averaged across the six outcomes, 12% of the participants’
results differed in statistical significance from the reference standard. These results are in line with
our findings.
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PAPER 2
In this second study, we focused on the effect of having multiple observers extracting data based on
the same protocols and trial reports.
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ABSTRACT
Objective To study the inter-observer variation related to
extraction of continuous and numerical rating scale data
from trial reports for use in meta-analyses.
Design Observer agreement study.
Data sources A random sample of 10 Cochrane reviews
that presented a result as a standardised mean difference
(SMD), the protocols for the reviews and the trial reports
(n=45) were retrieved.
Data extraction Five experienced methodologists and five
PhD students independently extracted data from the trial
reports for calculation of the first SMD result in each
review. The observers did not have access to the reviews
but to the protocols, where the relevant outcome was
highlighted. The agreement was analysed at both trial and
meta-analysis level, pairing the observers in all possible
ways (45 pairs, yielding 2025 pairs of trials and 450 pairs
of meta-analyses). Agreement was defined as SMDs that
differed less than 0.1 in their point estimates or
confidence intervals.
Results The agreement was 53% at trial level and 31% at
meta-analysis level. Including all pairs, the median
disagreement was SMD=0.22 (interquartile range 0.070.61). The experts agreed somewhat more than the PhD
students at trial level (61% v 46%), but not at meta-analysis
level. Important reasons for disagreement were differences
in selection of time points, scales, control groups, and type
of calculations; whether to include a trial in the metaanalysis; and data extraction errors made by the observers.
In 14 out of the 100 SMDs calculated at the meta-analysis
level, individual observers reached different conclusions
than the originally published review.
Conclusions Disagreements were common and often
larger than the effect of commonly used treatments. Metaanalyses using SMDs are prone to observer variation and
should be interpreted with caution. The reliability of metaanalyses might be improved by having more detailed
review protocols, more than one observer, and statistical
expertise.
INTRODUCTION
Systematic reviews of clinical trials, with meta-analyses
if possible, are regarded as the most reliable resource
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for decisions about prevention and treatment. They
should be based on a detailed protocol that aims to
reduce bias by pre-specifying methods and selection
of studies and data.1 However, as meta-analyses are
usually based on data that have already been processed, interpreted, and summarised by other
researchers, data extraction can be complicated and
can lead to important errors.2
There is often a multiplicity of data in trial reports
that makes it difficult to decide which ones to use in a
meta-analysis. Furthermore, data are often incompletely reported,2 3 which makes it necessary to perform
calculations or impute missing data, such as missing
standard deviations. Different observers may get different results, but previous studies on observer variation have not been informative, because of few
observers, few trials, or few data.4 5 We report here a
detailed study of observer variation that explores the
sources of disagreement when extracting data for calculation of standardised mean differences.
METHODS
Using a computer generated list of random numbers,
we selected a random sample of 10 recent Cochrane
reviews published in the Cochrane Library in issues 3
or 4 in 2006 or in issues 1 or 2 in 2007. We also
retrieved the reports of the randomised trials that
were included in the reviews and the protocols for
each of the reviews. Only Cochrane reviews were eligible, as they are required to have a pre-specified published protocol.
We included reviews that reported at least one result
as a standardised mean difference (SMD). The SMD is
used when trial authors have used different scales for
measuring the same underlying outcome—for example, pain can be measured on a visual analogue scale
or on a 10-point numeric rating scale. In such cases, it is
necessary to standardise the measurements on a uniform scale before they can be pooled in a meta-analysis. This is typically achieved by calculating the SMD
for each trial, which is the difference in means between
the two groups, divided by the pooled standard deviation of the measurements.1 By this transformation, the
page 1 of 7
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outcome becomes dimensionless and the scales
become comparable, as the results are expressed in
standard deviation units.
The first SMD result in each review that was not
based on a subgroup result was selected as our index
result. The index result had to be based on two to 10
trials and on published data only (that is, there was no
indication that the review authors had received additional outcome data from the trial authors).
Five methodologists with substantial experience in
meta-analysis and five PhD students independently
extracted the necessary data from the trial reports for
calculation of the SMDs. The observers had access to
the review protocols but not to the completed
Cochrane reviews and the SMD results. An additional
researcher (BT) highlighted the relevant outcome in
the protocols, along with other important issues such
as pre-specified time points of interest, which intervention was the experimental one, and which was the
control. If information was missing regarding any of
these issues, the observers decided by themselves
what to select from the trial reports. The observers
received the review protocols, trial reports, and a
copy of the Cochrane Handbook for Systematic Reviews6
as PDF files.
The data extraction was performed during one week
when the 10 observers worked independently at the
same location in separate rooms. The observers were
not allowed to discuss the data extraction. If the data
were available, the observers extracted means, standard deviations, and number of patients for each
group; otherwise, they could calculate or impute the
missing data, such as from an exact P value. The observers also interpreted the sign of the SMD results—that
is, whether a negative or a positive result indicated
superiority of the experimental intervention. If the
observers were uncertain, the additional researcher
retrieved the paper that originally described the scale,
and the direction of the scale was based on this information. All calculations were documented, and the
observers provided information about any choices
they made regarding multiple outcomes, time points,
and data sources in the trial reports. During the week of
data extraction the issue of whether the observers
could exclude trials emerged, as there were instances
where the observers were unable to locate any relevant
data in the trial reports or felt that the trial did not meet
the inclusion criteria in the Cochrane protocol. It was
decided that observers could exclude trials, and the
reasons for exclusion were documented.
Based on the extracted data, the additional
researcher calculated trial and meta-analysis SMDs
for each observer using Comprehensive Meta-Analysis Version 2. To allow comparison with the originally
published meta-analyses, the same method (random
effects or fixed effect model) was used as that in the
published meta-analysis. In cases where the observers
had extracted two sets of data from the same trial—for
example, because there were two control groups—the
data were combined so that only a single SMD resulted
from each trial.1
page 2 of 7

Agreement between pairs of observers was assessed
at both meta-analysis and trial level, pairing the 10
observers in all possible ways (45 pairs). This provides
an indication of the likely agreement that might be
expected in practice, since two independent observers
are recommended when extracting data from papers
for a systematic review.1 2 5 6 Agreement was defined
as SMDs that differed less than 0.1 in their point estimates and in their confidence intervals. The cut point
of 0.1 was chosen because many commonly used treatments have an effect of 0.1 to 0.5 compared with
placebo2; furthermore, an error of 0.1 can be important
when two active treatments have been compared, for
there is usually little difference between active treatments. Confidence intervals were not calculated, as
the data from the pairings were not independent.
To determine the variation in meta-analysis results
that could be obtained from the multiplicity of different
SMD estimates across observers, we conducted a
Monte Carlo simulation for each meta-analysis. In
each iteration of the simulation, we randomly sampled
one observer for each trial and entered his or her SMD
(and standard error) for that trial into a meta-analysis.
Thus each sampled meta-analysis contained SMD estimates from different observers. If the sampled observer excluded the trial from his or her meta-analysis, the
simulated meta-analysis also excluded that trial. We
examined the distribution of meta-analytic SMD estimates across 10 000 simulations.
RESULTS
The flowchart for inclusion of meta-analyses is shown
in figure 1. Out of 32 potentially eligible meta-analyses,
the final sample consisted of 10. 7-16 The 10 meta-analyses comprised 45 trials, which yielded 450 pairs of
observers at the meta-analysis level and 2025 pairs at
the trial level.
The level of information in the review protocols is
given in table 1. None of the review protocols contained information on which scales should be preferred. Three protocols gave information about
which time point to select and four mentioned whether
change from baseline or values after treatment should
be preferred. Nine described which type of control
group to select, but none reported any hierarchy

Potentially eligible meta-analyses (n=32)
Excluded (n=12):
Not based exclusively on randomised trials (n=6)
No pooled SMD (n=2)
SMD results based on unpublished data (n=2)
Only subgroup result (n=1)
No available protocol (n=1)
Eligible meta-analyses (n=20)
Random sample of eligible meta-analyses (n=10)
SMD = standardised mean difference

Fig 1 | Flowchart for selection of meta-analyses
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Table 1 | Level of information provided in the 10 meta-analysis protocols used in this study for data extraction
Meta-analysis
Gava
et al7

Information

Woodford
et al8

√

Possible control group(s)

Martinez
et al9

Orlando
et al10

Buckley
et al11

Ipser
et al12

Mistiaen
et al13

√

√

√

√

√

Afolabi
et al14

Uman
et al15

√

√

Moore
et al16
√

√*

Hierarchy of control groups
√

Which time point to select
Whether to use change from baseline or values after treatment

√

√

√

√*

√

√

√

Hierarchy of measuring methods or scales
*Only one possible control group stated

among similar control groups or any intentions to combine such groups.
The outcomes analysed in the 10 meta-analyses were
diverse: in six, the outcome was a clinician reported
score (three symptom scores, one general functioning
score, one hepatic density score, and one neonatal
score); in one, it was objective (range of movement in
ankle joints); and in three, it was self reported (pain,
tinnitus, and patient knowledge).
Agreement at trial level
In table 2 the different levels of agreement are shown.
Across trials, the agreement was 53% for the 2025 pairs
(61% for the 450 pairs of methodologists, 46% for the
450 pairs of PhD students, and 52% for the 1125 mixed
pairs). The agreement rates for the individual trials ranged from 4% to 100%. Agreement between all observers was found for four of the 45 trials.
Table 3 presents the reasons for disagreement,
which fell into three broad categories: different
choices, exclusion of a trial, and data extraction errors.
The different choices mainly concerned cases with
multiple groups to choose from when selecting the
experimental or the control groups (15 trials), which
time point to select (nine trials), which scale to use
(six trials), and different ways of calculating or imputing missing numbers (six trials). The most common
reasons for deciding to exclude a trial was that the
trial did not meet the inclusion criteria described in
the protocol for the review (14 trials) and that the
reporting was so unclear that data extraction was not

possible (14 trials). Data extraction errors were less
common but involved misinterpretation of the direction of the effect in four trials.
The importance of which standard deviation to use
was underpinned in a trial that did not report standard
deviations.17 The only reported data on variability
were F test values and P values from a repeated measure, analysis of variance, performed on changes from
baseline. The five PhD students excluded the trial
because of the missing data, whereas the five experienced methodologists imputed five different standard
deviations. One used a standard deviation from the
report originally describing the scale, another used
the average standard deviation reported in the other
trials in the meta-analysis, and the other three observers calculated standard deviations based on the
reported data, using three different methods. In addition, one observer selected a different time point from

Table 3 | Reasons for disagreement among the 41 trials on
which the observer pairs disagreed in the calculated
standardised mean differences
Reason for disagreement

Groups, pooling, splitting

Observer pairs

No (%) of pairs in agreement

Trial level
All pairs (n=2025):

9

Scales

6

Different calculations or imputations

6

Dropouts

Individual patient data

14

Reporting unclear

14

Missing data

7

1068 (53)

Could not or would not calculate

2
2

273 (61)
209 (46)

Only change from baseline or only
values after treatment

Mixed pairs (n=1125)

586 (52)

Errors due to:
Misreading or typing error

Meta-analysis level
138 (31)
33 (33)

PhD students (n=100)

27 (27)

Mixed pairs (n=250)

78 (31)

*Agreement defined as SMDs that differed less than 0.1 in their point estimates and in their 95% confidence
intervals.
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Did not meet protocol inclusion criteria

Methodologists (n=450)

Methodologists (n=100)

4
4

Exclusion of trials because:

PhD students (n=450)

All pairs (n=450):

15

Timing

Use of change from baseline or values
after treatment

Table 2 | Levels of overall agreement between observer pairs in the calculated standardised
mean differences (SMDs)* from 10 meta-analyses (which comprised a total of 45 trials)

No of trials*

Different choices regarding:

Direction of effect
Standard error taken as standard
deviation

4
4
2

Rounding

1

Calculation error

1

*There may be more than one reason for disagreement per trial.
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Table 4 | Levels of agreement at the meta-analysis level between observer pairs in the
calculated standardised mean differences (SMDs) from 10 meta-analyses*
No (%) of pairs in agreement
All pairs
(n=45)

Methodologist (n=10)

Gava et al7

6 (13)

Woodford et al8

11 (24)

Martinez et al9

Students (n=10)

Mixed pairs
(n=25)

1 (10)

0 (0)

5 (20)

2 (20)

1 (10)

8 (32)

7 (16)

3 (30)

1 (10)

3 (12)

Orlando et al10

5 (11)

1 (10)

2 (20)

2 (8)

Buckley et al11

6 (13)

1 (10)

1 (10)

4 (16)

Ipser et al12

13 (29)

4 (40)

2 (20)

7 (28)

Mistiaen et al13

16 (36)

6 (60)

2 (20)

8 (32)

Afolabi et al14

28 (62)

6 (60)

6 (60)

16 (64)

Uman et al15

36 (80)

6 (60)

10 (100)

20 (80)

Moore et al16

10 (22)

3 (30)

2 (20)

5 (20)

Meta-analysis

*Agreement defined as SMDs that differed less than 0.1 in their point estimates and in their 95% confidence
intervals.

the others. The different standard deviations resulted
in different trial SMDs ranging from −1.82 to 0.34 in
their point estimates.
Agreement at meta-analysis level

Percentage of pairs

Across the meta-analyses, the agreement was 31% for
the 450 pairs (33% for the 100 pairs of methodologists,
27% for the 100 pairs of PhD students, and 31% for the
250 mixed pairs) (table 2). The agreement rates for the
individual meta-analyses ranged from 11% to 80%
(table 4). Agreement between all observers was not
found for any of the 10 meta-analyses.
The distribution of the disagreements is shown in
figure 2. Ten per cent agreed completely, 21% had a
disagreement below our cut point of 0.1, 38% had a
disagreement between 0.1 and 0.49, and 28% disagreed by at least 0.50 (including 10% that had disagreements of ≥1). The last 18 pairs (4%) were not
quantifiable since one observer excluded all the trials
from two meta-analyses. The median disagreement
was SMD=0.22 for the 432 quantifiable pairs with an

25
20
15
10
5

9

No
tq
≥1
ua
nt
ifi
ab
le
*

0.

90

-0

.9

9
.8

9
0.

80

-0

.7

9
-0
70
0.

0.

60

-0

.6

9
.5

9
-0
50
0.

0.

40

-0

.4

9
.3

9
-0
30
0.

-0

.1
20
0.

-0

.2

9

0
.1
10
0.

<0

0

0

Size of disagreement in calculated SMD

Fig 2 | Sizes of the disagreements between observer pairs in the calculated standardised mean
differences (SMDs) from 10 meta-analyses. Comparisons are at the meta-analysis level. (*All
the underlying trials were excluded)
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interquartile range from 0.07 to 0.61. There were no
differences between the methodologists and the PhD
students (table 2).
Figure 3 shows the SMDs calculated by each of the
10 observers for the 10 meta-analyses, and the results
from the originally published meta-analyses. Out of
the total of 100 calculated SMDs, seven values corresponding to significant results in the originally published meta-analyses were now non-significant, three
values corresponding to non-significant results were
now significant, and four values, which were related
to the same published meta-analysis, showed a significantly beneficial effect for the control group whereas
the original publication reported a significantly beneficial effect for the experimental group. 11 The SMDs
for this meta-analysis had particularly large disagreements, partly because only two trials were included,
leaving less possibility for the pooled result to average
out. The reasons for the large disagreements were
diverse and included selection of different time points,
control groups, intervention groups, measurement
scales, and whether to exclude one of the trials.
The results of the Monte Carlo investigation are presented in figure 4. For four of the 10 metaanalyses 7 11 13 14 there was considerable variation in
the potential SMDs, allowing for differences in SMDs
of up to 3. In two of these, around half of the distribution extended beyond even the confidence interval for
the published result of the meta-analysis. 7 11 The other
meta-analyses had three and two trials respectively,
and the distributions reflect the wide scatter of SMDs
from these trials.
DISCUSSION
We found that disagreements between observers were
common and often large. Ten per cent of the disagreements at the meta-analysis level amounted to an SMD
of at least 1, which is far greater than the effect of most
of the treatments we use compared with no treatment.
As an example, the effect of inhaled corticosteroids on
asthma symptoms, which is generally regarded as substantial, is 0.49.18 Important reasons for disagreement
were differences in selection of time points, scales, control groups, and type of calculations, whether to
include a trial in the meta-analysis, and finally data
extraction errors made by the observers.
The disagreement depended on the reporting of data
in the trial reports and on how much room was left for
decision in the review protocols. One of the reviews
exemplified the variation arising from a high degree
of multiplicity in the trial reports combined with a
review protocol leaving much room for choice.11 In
the review protocol, the time point was described as
“long term (more than 26 weeks),” but in the two trials
included in the meta-analysis there were several
options. For one trial,19 there were two: end of treatment (which lasted 9 months) or three month followup. For the other,20-22 there were three: 6, 12, and
18 month follow-up (treatment lasted 3 weeks). The
observers used all the different time points, and all
had a plausible reason for their choice: in concordance
BMJ | ONLINE FIRST | bmj.com
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Fig 3 | Forest plots of standardised mean differences (SMDs) and 95% confidence intervals calculated from data from each of the 10 observers for the 10 metaanalyses

with the time point used in the other trial, the maximum period of observation, and the least drop out of
patients.
Strengths and weaknesses
The primary strength of our study is that we took a
broad approach and showed that there are other
important sources of variation in meta-analysis results
than simple errors. Furthermore, we included a considerable number of experienced as well as inexperienced
observers and a large number of trials to elucidate the
sources of variation and their magnitude. Finally, the
study setup ensured independent observations according to the blueprint laid out in the review protocols and
likely mirrored the independent data extraction that
ideally should happen in practice.
The experimental setting also had limitations. Single
data extraction produces more errors than double data
extraction.5 In real life, some of the errors we made
would therefore probably have been detected before
the data were used for meta-analyses, as it is recommended for Cochrane reviews that there should be at
least two independent observers and that any disagreement should be resolved by discussion and, if necessary, arbitration by a third person.1 We did not
BMJ | ONLINE FIRST | bmj.com

perform a consensus step, as the purpose of our study
was to explore how much variation would occur when
data extraction was performed by different observers.
However, given the amount of multiplicity in the trial
reports and the uncertainties in the protocols, it is likely
that even pairs of observers would disagree considerably with other pairs.
Other limitations were that the observers were under
time pressure, although only one person needed more
time, as he fell ill during the assigned week. The observers were presented with protocols they had not developed themselves, based on research questions they had
not asked, and in disease areas where they were mostly
not experts. Another limitation is that, even though
one of the exclusion criteria was that the authors of
the Cochrane review had not obtained unpublished
data from the trial authors, it became apparent during
data extraction that some of the trial reports did not
contain the data needed for the calculation of an
SMD. It would therefore have been helpful to contact
trial authors.
Other similar research
The SMD is intended to give clinicians and policymakers the most reliable summary of the available
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Fig 4 | Histograms of standardised mean differences (SMD) estimated in the Monte Carlo simulations for each of 10 meta-analyses

trial evidence when the outcomes have been measured
on different continuous or numeric rating scales. Surprisingly, the method has not previously been examined in any detail for its own reliability. Previous
research has been sparse and has focused on errors in
data extraction.2 4 5 In one study, the authors found
errors in 20 of 34 Cochrane reviews, but, as they gave
no numerical data, it is not possible to judge how often
these were important.4 In a previous study of 27 metaanalyses, of which 16 were Cochrane reviews,2 we
could not replicate the SMD result for at least one of
the two trials we selected for checking from each metaanalysis within our cut point of 0.1 in 10 of the metaanalyses. When we tried to replicate these 10 meta-analyses, including all the trials, we found that seven of
them were erroneous; one was subsequently retracted,
and in two a significant difference disappeared or
appeared.2 The present study adds to the previous
research by also highlighting the importance of different choices when selecting outcomes for meta-analysis.
The results of our study apply more broadly than to
meta-analyses using the SMD, as many of the reasons
for disagreement were not related to the SMD method
but would be important also when analysing data using
the weighted mean difference method, which is the
method of choice when the outcome data have been
measured on the same scale.
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Conclusions
Disagreements were common and often larger than the
effect of commonly used treatments. Meta-analyses
using SMDs are prone to observer variation and
should be interpreted with caution. The reliability of
meta-analyses might be improved by having more
detailed review protocols, more than one observer,
and statistical expertise.
Review protocols should be more detailed and made
permanently available, also after the review is published,
to allow other researchers to check that the review was
done according to the protocol. In February 2008, the
Cochrane Collaboration updated its guidelines and
recommended that researchers in their protocols list possible ways of measuring the outcomes—such as using
different scales or time points—and specify which ones
to use. Our study provides strong support for such precautions. Reports of meta-analyses should also follow
published guidelines1 23 to allow for sufficient critical
appraisal. Finally the reporting of trials needs to be
improved, according to the recommendations in the
CONSORT statement,24 reducing the need for calculations and imputation of missing data.
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The impact on meta-analyses is potentially large
14

important intellectual content: all authors. Statistical analysis: BT, PCG,
JPTH, EN. Administrative, technical, or material support: BT, PCG. Study
guarantor: PCG.
Funding: This study is part of a PhD funded by IMK Charitable Fund and
the Nordic Cochrane Centre. The sponsors had no role in the design and
conduct of the study; collection, management, analysis, and
interpretation of the data; and preparation, review, or approval of the
manuscript. The researchers were independent from the funders.
Competing interests: None declared.
Ethical approval: Not required

15

16
17

18
1
2

3

4

5

6
7

BMJ | ONLINE FIRST | bmj.com

Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews
of interventions. Version 5.0.0. 2008. www.cochrane-handbook.org
Gotzsche PC, Hrobjartsson A, Maric K, Tendal B. Data extraction
errors in meta-analyses that use standardized mean differences.
JAMA 2007;298:430-7.
Chan AW, Hrobjartsson A, Haahr MT, Gotzsche PC, Altman DG.
Empirical evidence for selective reporting of outcomes in randomized
trials: comparison of protocols to published articles. JAMA
2004;291:2457-65.
Jones AP, Remmington T, Williamson PR, Ashby D, Smyth RL. High
prevalence but low impact of data extraction and reporting errors
were found in Cochrane systematic reviews. J Clin Epidemiol
2005;58:741-2.
Buscemi N, Hartling L, Vandermeer B, Tjosvold L, Klassen TP. Single
data extraction generated more errors than double data extraction in
systematic reviews. J Clin Epidemiol 2006;59:697-703.
Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews
of interventions. Version 4.2.6. 2006. www.cochrane-handbook.org
Gava I, Barbui C, Aguglia E, Carlino D, Churchill R, De VM, et al.
Psychological treatments versus treatment as usual for obsessive
compulsive disorder (OCD). Cochrane Database Syst Rev
2007;(2):CD005333.

19

20

21

22

23

24

Woodford H, Price C. EMG biofeedback for the recovery of motor
function after stroke. Cochrane Database Syst Rev
2007;(2):CD004585.
Martinez DP, Waddell A, Perera R, Theodoulou M. Cognitive
behavioural therapy for tinnitus. Cochrane Database Syst Rev
2007;(1):CD005233.
Orlando R, Azzalini L, Orando S, Lirussi F. Bile acids for non-alcoholic
fatty liver disease and/or steatohepatitis. Cochrane Database Syst
Rev 2007;(1):CD005160.
Buckley LA, Pettit T, Adams CE. Supportive therapy for schizophrenia.
Cochrane Database Syst Rev 2007;(3):CD004716.
Ipser JC, Carey P, Dhansay Y, Fakier N, Seedat S, Stein DJ.
Pharmacotherapy augmentation strategies in treatment-resistant
anxiety disorders. Cochrane Database Syst Rev 2006;(4):CD005473.
Mistiaen P, Poot E. Telephone follow-up, initiated by a hospitalbased health professional, for postdischarge problems in patients
discharged from hospital to home. Cochrane Database Syst Rev
2006;(4):CD004510.
Afolabi BB, Lesi FE, Merah NA. Regional versus general anaesthesia
for caesarean section. Cochrane Database Syst Rev
2006;(4):CD004350.
Uman LS, Chambers CT, McGrath PJ, Kisely S. Psychological
interventions for needle-related procedural pain and distress in
children and adolescents. Cochrane Database Syst Rev
2006;(4):CD005179.
Moore M, Little P. Humidified air inhalation for treating croup.
Cochrane Database Syst Rev 2006;(3):CD002870.
Jones MK, Menzies RG. Danger ideation reduction therapy (DIRT) for
obsessive-compulsive washers. A controlled trial. Behav Res Ther
1998;36:959-70.
Adams NP, Bestall JC, Lasserson TJ, Jones PW, Cates C. Fluticasone
versus placebo for chronic asthma in adults and children. Cochrane
Database Syst Rev 2005;(4):CD003135.
Durham RC, Guthrie M, Morton RV, Reid DA, Treliving LR, Fowler D,
et al. Tayside-Fife clinical trial of cognitive-behavioural therapy for
medication-resistant psychotic symptoms. Results to 3-month
follow-up. Br J Psychiatry 2003;182:303-11.
Kemp R, Kirov G, Everitt B, Hayward P, David A. Randomised
controlled trial of compliance therapy. 18-month follow-up. Br J
Psychiatry 1998;172:413-9.
Healey A, Knapp M, Astin J, Beecham J, Kemp R, Kirov G, et al. Costeffectiveness evaluation of compliance therapy for people with
psychosis. Br J Psychiatry 1998;172:420-4.
Kemp R, Hayward P, Applewhaite G, Everitt B, David A. Compliance
therapy in psychotic patients: randomised controlled trial. BMJ
1996;312:345-9.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med 2009;6(7):e1000097.
Moher D, Schulz KF, Altman D. The CONSORT statement: revised
recommendations for improving the quality of reports of parallelgroup randomized trials 2001. Explore (NY) 2005;1(1):40-5.

Accepted: 11 March 2009

page 7 of 7

DISCUSSION OF PAPER 2
In this study, we explored the effect of having different observers extracting data. We looked at the
impact of the data extraction at two levels. First, we examined how the SMDs for the individual trial
results were affected. Second, we examined how the pooled meta‐analytical SMDs were affected. We
included 10 meta‐analyses and 45 trials. To calculate a measure of agreement, we paired the results
from the observers in all possible ways (yielding 45 pairs per trial or meta‐analysis). For the 45 trials´,
53% of the pairs agreed, meaning that their SMD point estimate and 95% confidence interval differed
by less than 0.1. For the 10 meta‐analyses, 31% of the pairs agreed. The median size of disagreement
was a SMD of 0.22 (Inter quartile range 0.07 to 0.61). The reasons for disagreement were: differences
in selection of time points, scales, control groups and type of calculations, whether or not to include a
trial in the meta‐analysis, and data extraction errors.
We concluded that disagreements were frequent and potentially large. As a consequence, we again
recommended that SMD results should be interpreted with caution. We also judged that more detailed
protocols would be beneficial, as would statistical expertise and having more than one observer.
The experimental nature of the method we used allowed us to mimic a real life setting and we were
able to demonstrate that there were many other problems than simple errors when researchers
extract data. Different choices impacted significantly on the results at trial level as well as on meta‐
analytical results. Not all of the disagreements on trial level were carried over to the meta‐analyses,
because some of the disagreeing results cancelled each other out. This finding could be interpreted as
demonstrating the presence of unsystematic or random error. In our study, none of the researchers
had any particular interest in the actual outcomes. It seems unlikely that they would be biased in a
particular direction, which supports the theory that error in data extraction has a significant random
component. It is important to note that our study also showed that the process of data extraction often
involved individual choice. In real life where the observers may have stronger preconceived notions
regarding the direction of the effect, decisions may be more prone to selection bias.
It might be seen as a weakness of the study that the observers were only allowed to choose one
outcome, although they sometimes found themselves in situations where they wanted to include
several outcomes, for example multiple scales (all in accordance with the trial protocols). Had the
observers been allowed to include everything they desired (to be on the “safe side”), there might have
been more (partial) overlap between pairs. Reporting everything included in the trial reports,
however, is far from an optimal way to summarise evidence. The resulting reviews would require
complex statistical analyses making the result difficult to interpret in a clinical setting or would be
unmanageable and affected by many post hoc decisions since trial reports might include several
measures of the same outcome, for example depression scales. Another important issue is that
outcomes reported in trial reports might be influenced by selection bias, meaning that they are
selected based on statistical significance or magnitude of effect (9;10;19;23). A vital part of performing
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a review should be to make decisions in advance on what to extract and summarise. These decisions
should include judgements about which outcomes are primary and which methods are considered the
best to measure these outcomes. It is sometimes possible to construct hierarchies regarding scales
that have been empirically shown to have higher validity than other scales (20).
A potential weakness was that the observers were not allowed to contact the authors. Only reviews in
which it was stated that trial authors had not been contacted were included. As the observers started
on the data extraction, it became clear that there may have been some unclear reporting of this issue in
the reviews, since some of the trial reports had missing data and ambiguities, which made several of
the observers express the wish to contact the trial authors. Given our protocol, and the practicalities
involved, observers were instructed to exclude a trial if they did not feel comfortable including the trial
without contacting the trial authors.
We included both highly experienced observers as well as less experienced observers. We did not
draw any conclusion regarding the impact of the level of experience of the observers as our study
included too few observers to test any differences. We did find that in cases where calculation was
needed, the less experienced observers tended to exclude the studies and the more experienced
observers chose to include them and to impute the missing data. This is pointing in the direction that
in cases with challenging or missing data, some level of experience is required if data are to be
included.
The study by Horton et al. examined the impact of experience on accuracy in data extraction (21). They
concluded that experience did not increase accuracy. These authors included three trials, which were
selected because all relevant outcomes were reported and there was apparently no need for the
observers to perform any calculations. Horton et al.’s conclusion, therefore, may not be applicable to
the population of studies that we examined.
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PAPER 3
This is the third study. We explored the multiplicity of data that were available for the calculation of an
SMD based on a specific outcome.
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Abstract
Context: Authors performing meta‐analyses of clinical trials often face a multiplicity of data in the trial
reports. There may be several time points and intervention groups, and the same outcome can be
measured on different, but similar scales. The challenge of data multiplicity has not yet been examined
in relation to meta‐analyses.
Objectives: To examine the scope for multiplicity in a sample of meta‐analyses using the standardised
mean difference (SMD) as effect measure, and to examine the impact of the multiplicity on the results.
Data source and study selection: We selected all Cochrane reviews published in The Cochrane Library
during one year (issues 3, 2006 to 2, 2007) that presented a result as an SMD. We retrieved the trial
reports that corresponded to the first SMD result in each review and the review protocols. These index
SMDs were used to identify a specific outcome for each meta‐analysis from its protocol.
Data Extraction: Based on the protocols and the index outcome, two observers independently
extracted the data necessary to calculate SMDs from the trial reports for any intervention group, time
point or outcome measure compatible with the protocol. Based on the extracted data, all possible
SMDs for the meta‐analyses were calculated in Monte Carlo simulations.
Results: Nineteen meta‐analyses (83 trials) were included. The review protocols often lacked
information about which data to choose. Twenty‐four (29%) trials reported data on multiple
intervention groups, 30 (36%) provided data on multiple time points and 28 (34%) reported the index
outcome measured on multiple scales. In 18 of the 19 meta‐analyses, we found multiplicity of data in
at least one trial report. In these 18 cases, the median difference between two randomly selected SMDs
within the same meta‐analysis was 0.11 standard deviation units (range 0.03 to 0.41).
Conclusions: Multiplicity can impact importantly on meta‐analyses. To reduce the risk of bias in
reviews, protocols should pre‐specify which results are preferred in relation to time points,
intervention groups and scales.
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Introduction
Meta‐analyses of randomized clinical trials are pivotal for making evidence‐based decisions. There is
often multiplicity of data in trial reports regarding multiple intervention groups, multiple time points,
multiple outcome measures, and subgroup analyses.1 This multiplicity is a challenge to meta‐analysts,
which has received little attention. The choice of the outcome of interest is generally based on clinical
judgement. However, a fundamentally similar outcome can be measured on different scales and
standardization to a common metric is therefore required before the outcome can be combined in the
meta‐analysis. This is typically achieved by calculating the standardized mean difference (SMD) for
each trial, which is the difference in means between the two groups, divided by the pooled standard
deviation of the measurements.2 By this transformation, the outcome becomes dimensionless and the
scales become comparable, as the results are expressed in standard deviation units. For example, a
meta‐analysis addressing pain might include trials that measured pain on a visual analogue scale and
trials that used a 5‐point numeric rating scale. This possibility of combining outcomes measured on
different scales potentially adds a layer of multiplicity, as the outcome of interest may be measured on
more than one scale not only across trials but also within the same trial. Multiplicity of data in trial
reports might lead to data driven decisions about what data are included in the meta‐analysis and
hence is a potential threat to the validity of meta‐analysis results.
In this study, we empirically assessed the effect of multiple time points, multiple scales and multiple
treatment groups on SMD results in a randomly selected sample of Cochrane reviews.
Methods
Material
We selected all new Cochrane reviews, published in The Cochrane Library during one year (Issues 3,
2006 to 2, 2007) that presented a result as an SMD. We retrieved the reports of all randomised trials
that contributed to the first SMD result in each review, and retrieved the latest protocols for all
reviews (downloaded in June 2007). Reviews were eligible if the SMD result was based on 2‐10
randomized trials and if the outcome was included in the review protocol. Reviews were excluded if
only subgroup results were presented. The first pooled SMD result in each review that was not based
on a subgroup result was selected as our index SMD result. The index SMD result had to be based on
published data only, i.e. there was no indication in the review that the review authors had received
additional outcome data from the trial authors. These index SMD results identified a single outcome
for each meta‐analysis. Following the published protocol, two observers (BT, EN) independently
extracted all possible and reasonable data from the trial reports that could be used to calculate the
desired SMD for this outcome. For each trial report, we extracted data on all experimental or control
groups, time points, and measurement scales, provided they were compatible with the definitions in
the protocol. If some required data were unavailable, we used approximations as previously
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described.3 Interim analyses were not included. Disagreements were resolved by discussion. We did
not contact trial authors for unpublished data.
Data synthesis
We conducted Monte Carlo simulations for each meta‐analysis. To estimate the impact of overall
multiplicity, in each trial we randomly sampled one SMD and its corresponding standard error from all
possible SMDs generated by all multiple reported data to calculate pooled SMDs using fixed‐ or
random‐effects models, as originally done in the published reviews. In each meta‐analysis we
examined the distribution of pooled SMDs across 10,000 simulations using histograms. To estimate
the impact of a single source of multiplicity (intervention groups, time points, measurement scales),
we allowed only one source of multiplicity to vary at a time when randomly sampling SMDs for each
trial. The other sources of multiplicity were standardized at pre‐specified standard values (groups:
pooled groups, time point: post treatment, scale: first scale mentioned in text). For example, in the
analysis regarding multiplicity originating from scales, the analysis was based on post treatment
values and pooled groups (if there were several possible groups). The values of the different scales for
this time point and these groups were then randomly sampled for the calculations of the pooled SMD
results. The variability of SMD results due to multiplicity across possible variants of a meta‐analysis
was expressed as the empirical standard deviation of the distributions of pooled SMDs results
obtained from the Monte Carlo simulations. Meta‐analyses only including trials without multiple
data did not contribute to these analyses.
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Results
Figure 1 shows the flowchart for the selection of meta‐analyses. Of 32 potentially eligible systematic
reviews, we excluded 8 because no pooled SMD index result could be selected, 2 because all SMD
results were based on unpublished data, 1 because only subgroup results were reported, 1 because no
protocol was available and 1 because the SMD result was not described in the protocol. The 19 eligible
meta‐analyses included 83 trials that contributed to our study.4‐22
Figure 1. Flowchart for selection of meta‐analyses.

Potentially eligible reviews (n=32)

Excluded (n=13)
No SMD result based exclusively on randomized trials (n=6)
No pooled SMD result (n=2)
Only SMD results based on unpublished data (n=2)
Only subgroup result (n=1)
No available review protocol (n=1)
Outcome not available in protocol (n=1)

Eligible reviews (n=19)

One meta‐analysis selected from each review (n=19)

Table 1 shows the characteristics of included reviews. Eight reviews addressed a psychiatric condition,
2 a musculoskeletal condition, 2 a neurological condition, 1 each a gynaecologic, hepatologic and
respiratory condition, respectively, and 4 addressed other conditions. Psychological interventions
were studied in 10 meta‐analyses, pharmacological interventions in 4, physical interventions in 3 and
other interventions in 2 meta‐analyses (exercise and humidified air). The outcomes analyzed in the 19
meta‐analyses were diverse: in 3 meta‐analyses the index outcome was pain, in 13 it was another
symptom and in 3, other outcomes.
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Table 1. Characteristics of included systematic reviews

Author

Outcome

Condition

Intervention

Group

Mytton et al.16

School responses

Aggression/violence

Violence prevention program

Cochrane Injuries Group

Afolabi et al.5

Neonatal neurological and adaptive score

Caesarean section

Epidural

Cochrane Pregnancy and Childbirth Group

O’Kearney et al.17

Depression

Obsessive compulsive disorder

Behavioural therapy or cognitive-behavioural therapy

Cochrane Depression, Anxiety and Neurosis Group

Buckley and Pettit7

General functioning score

Schizophrenia

Supportive therapy

Cochrane Schizophrenia Group

Abbass et al.4

Anxiety/depression

Common mental disorders

Psychotherapy

Cochrane Depression, Anxiety and Neurosis Group

Orlando et al.18

Radiological response

Non-alcoholic fatty liver disease

Bile acids

Cochrane Hepato-Biliary Group

Mistaen and Poot14

Patient disease knowledge or symptom management Postdischarge problem

Telephone follow-up

Cochrane Consumers and Communication Group

Moore and Little15

Symptom score

Croup

Humidified air

Cochrane Acute Respiratory Infections Group

Yousefi-Nooraie et al.22 Low-back-related disability

Low-back pain

Low level laser therapy

Cochrane Back Group

Trinh et al.19

Neck disorder

Acupuncture

Cochrane Back Group

Martinez Devesa et al.13 Subjective tinnitus loudness

Tinitus

Cognitive behavioural therapy

Cochrane Ear, Nose and Throat Disorders Group

Ahmad et al.16

Pain

Hysterosalpingography (tubal patency)

Analgesic

Cochrane Menstrual Disorders and Subfertility Group

Woodford and Price21

Range of movement

Stroke

EMG biofeedback

Cochrane Stroke Group

Larun et al.12

Anxiety

Anxiety

Exercise

Cochrane Depression, Anxiety and Neurosis Group

Gava et al.9

Symptom level

Obsessive compulsive disorder

Psychological treatment

Cochrane Depression, Anxiety and Neurosis Group

Furukawa et al.8

Global judgement

Panic disorders

Combined treatment: Psychotherapy and antidepressant Cochrane Depression, Anxiety and Neurosis Group

Ipser et al.11

Symptom severity scale

Treatment-resistant anxiety disorders

Pharmacotherapeutic augmentation

Pain

Cochrane Depression, Anxiety and Neurosis Group

Uman et al.

20

Pain

Needle-related procedural pain and distress Psychological interventions

Cochrane Pain, Palliative and Supportive Care Group

Hunot et al.

10

Worry/fear symptoms

Generalised anxiety disorder

Cochrane Depression, Anxiety and Neurosis Group
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Psychological therapies

Information in the review protocols
The level of information in the review protocols is given in Table 2. None of the review protocols
contained information on which scales should be preferred. Eight protocols gave information about
which time point or period to select, but only one gave enough information to avoid multiplicity, as the
outcome was post treatment. A typical statement leaving much room for data‐driven decisions
regarding the selection of a time point was: “All outcomes were reported for the short term (up to 12
weeks), medium term (13 to 26 weeks), and long term (more than 26 weeks)”.7 Another example was
a review regarding humidified air for treating croup,15 which stated, “The outcomes will be separately
recorded for the week following treatment.” The selected outcome was croup symptom score and
none of the three included trials ran for so long time but reported symptoms from 20 min to 12 hours
after the intervention. Eighteen protocols described which type of control group to select but none
reported any hierarchy among similar control groups or any intention to combine such groups.
Table 2. Content of the review protocols.

10

20

Hunot et al.

11

Uman et al.

Ipser et al.

9

8

Furukawa et al.

12

Gava et al.

Larun et al.

16

Woodford and Price

Ahmad et al.

19

21

13

22

Martinez Devesa et al.

Trinh et al.

15

14

7

Yousefi-Nooraie et al.

Moore and Little

18

4

Mistaen and Poot

Orlando et al.

Abbass et al.

17

Buckley and Pettit

5

O’Kearney et al.

16

Afolabi et al.

Mytton et al.
Eligible intervention groups
Eligible control groups
Hierarchy of control groups

*

*

Eligible time points
Hierarchy of time points
Eligible measuring methods
or scales
Hierarchy of measuring
methods or scales

*Only 1 possible control group stated
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Observed multiplicity in trial reports
Table 3 presents the extent of multiplicity observed in the 19 reviews including 83 trials. Across all
reviews 55 (66%) trials had multiple data from one or more of the three sources. Twenty‐four (29%)
trials reported data on more than one intervention group or more than one control group, 30 (36%)
trials provided data on more than one eligible time point and 28 (34%) trials reported the index
outcome using more than one eligible measurement scale.

Table 3 Observed multiplicity in the meta‐analyses
No trials with multiplicity of data regarding:
No trials

Any of the

Intervention

Time

Measurement

included

three source

groups

points

scales

Mytton et al.16

2

1 (50%)

1 (50%)

0 (0%)

0 (0%)

Afolabi et al.5

2

1 (50%)

0 (0%)

1 (50%)

0 (0%)

O’Kearney et al.17

2

1 (50%)

1 (50%)

0 (0%)

0 (0%)

Buckley and Pettit7

2

2 (100%)

0 (0%)

2 (100%)

0 (0%)

2

2 (100%)

0 (0%)

1 (50%)

2 (100%)

Orlando et al.18

3

0 (0%)

0 (0%)

0 (0%)

0 (0%)

Mistaen and Poot14

3

1 (33%)

1 (33%)

0 (0%)

0 (0%)

Moore and Little15

3

2 (67%)

0 (0%)

2 (67%)

0 (0%)

Yousefi-Nooraie et al.22

3

2 (67%)

0 (0%)

1 (33%)

1 (33%)

Trinh et al.19

3

3 (100%)

0 (0%)

3 (100%)

1 (33%)

Martinez Devesa et al.13

4

4 (100%)

3 (75%)

3 (75%)

1 (25%)

Ahmad et al.16

5

3 (60%)

1 (20%)

2 (40%)

1 (20%)

Woodford and Price21

5

4 (80%)

2 (40%)

2 (40%)

3 (60%)

Larun et al.12 §

5§

4 (80%)

1 (20%)

3 (60%)

2 (40%)

Gava et al.9

7

6 (86%)

4 (57%)

3 (43%)

5 (71%)

Furukawa et al.8

7

6 (86%)

6 (86%)

2 (29%)

4 (57%)

Ipser et al.11

7

6 (86%)

0 (0%)

5 (71%)

3 (43%)

Uman et al.20

9

2 (22%)

2 (22%)

0 (0%)

0 (0%)

10

9

5 (56%)

2 (22%)

0 (0%)

5 (56%)

83

55 (66%)

24 (29%)

30 (36%)

28 (34%)

Abbass et

al.4

Hunot et al.

All included reviews
§One

trial from Larun et al.12 was excluded because lack of data in the trial report. Meta‐analyses are
ordered according to the number of trials included.
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Observed multiplicity in metaanalyses
In 11 of 19 (58%) meta‐analyses, we found at least one trial that provided data on more than one
intervention or more than one control group. Thirteen (68%) meta‐analyses included at least one trial
that reported more than one eligible time point and 11 (58%) meta‐analyses at least one trial that
reported the index outcome using more than one eligible measurement scale. We found one meta‐
analysis without multiplicity, as all 3 included trials only reported data of one intervention and control
group, one eligible time point and one measurement scale for the index outcome.18
Effects of multiplicity on results of metaanalyses
Figure 2 presents distributions of possible pooled SMDs in each meta‐analysis, when randomly
selecting one possible SMD result per trial. The dots below the distributions indicate how many trials
were included in the meta‐analyses, open dots are trials without multiplicity, and filled dots are trials
with multiplicity. Meta‐analyses are ordered according to the number of trials included.
We found that pooled SMD results were affected by any type of multiplicity of data in the included
trials in 17 of 19 (89%) meta‐analyses, in 1 meta‐analysis we did not find multiple data in the trial
reports18 and in 1 meta‐analysis the observed multiplicity had no effect on the pooled SMD results.7 In
all 11 (58%) meta‐analyses including at least one trial with more than one experimental or control
group, we found variability in the pooled SMD results due to this type of multiplicity. In 12 (63%)
meta‐analyses there was variability in the pooled SMD results due to multiplicity of data regarding
time points (Figure 2, 3rd column). In one meta‐analysis with two trials that reported more than one
eligible time point, we did not find multiplicity due to these different time points.7 In 9 (47%) meta‐
analyses we found variability in pooled SMD results from trial data of multiple measurement scales
used for the index outcome. In two meta‐analyses, one trial in each meta‐analysis reported data on
more than one measurement scale for the index outcome, but this multiplicity did not affect the pooled
SMD results.6, 22
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Figure 2 Monte Carlo distributions of possible pooled SMDs in each meta‐analysis by source of varia‐
bility. The dots below the distributions indicate how many trials were included in the meta‐analyses,
open dots are trials without multiplicity of data, and filled dots are trials with multiplicity of data.
Any of the three sources

Intervention/control groups

Time points

Measurement scales

Mytton et al. 16
Afolabi et al. 5

O'Kearney et al. 17

Buckley & Pettit 7

Abbass et al. 4

Orlando et al. 18

Mistaen & Poot

14

Moore & Little 15

Yousefi-Nooraie et al. 22

Trinh et al. 19

Martinez Devesa et al. 13

Ahmad et al. 6

Woodford & Price 21

Larun et al. 12

Gava et al. 9

Furukawa et al. 8

Ipser et al. 11

Uman et al.20

Hunot et al. 10
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Table 4 presents the variability of pooled SMD results according to different sources of
multiplicity. We found 18 meta‐analyses that included trials with multiple data for one or more of
the three sources evaluated. In these 18 cases, the median difference between two randomly
selected SMDs within the same meta‐analysis was 0.11 standard deviation units (range 0.03 to
0.41).
Table 4: Variability in meta‐analyses results
Source of multiplicity

Number of meta‐analyses with
multiplicity of data

Variability in SMD results across meta‐
analyses (standard deviation [range])

Intervention groups

11 of 19 (58%)

0.05 (0.01 to 0.23)

Time points

13 of 19 (68%)

0.06 (0.02 to 0.41)

Measurement scales

11 of 19 (58%)

0.09 (0.01 to 0.15)

Any source

18 of 19 (95%)

0.11 (0.03 to 0.41)

The median difference across the 11 meta‐analyses that included trials with multiple data
regarding intervention groups was 0.05 standard deviation units (range 0.01 to 0.23) between
two randomly selected SMDs calculated from the eligible intervention groups. The median
standard deviation across 13 meta‐analyses that included trials with data on multiple eligible
time points was 0.06 (range 0.02 to 0.41), and across 11 meta‐analyses including trials that
provided data of multiple measurement scales for the index outcome the median was 0.09 (range
0.01 to 0.15).
Comment
In 18 out of the 19 meta‐analyses included in our study, we found multiplicity of data in trial reports in
at least one trial, which frequently resulted in substantial variation in the pooled SMD results. The
impact of multiple data in trial reports regarding intervention groups, time points or measurement
scales on meta‐analysis results varied across meta‐analyses ranging from essentially no impact to a
large one (0.41 standard deviation units), with a median difference of 0.11 standard deviation units.
We also estimated the impact of the individual sources of multiplicity, holding the other sources
constant.
We randomly selected Cochrane reviews and included a broad selection of interventions and
outcomes. The variability of the SMD results did not seem related to particular types of interventions
or outcomes. To estimate the impact of multiplicity on meta‐analysis results, we randomly selected
one SMD per trial from a pool of eligible SMDs with equal probability. This approach explores what is
possible due to multiple data. However, there might be implicit rules regarding data extraction within
specialties. For example, one scale might be more commonly used, e.g. Hamilton’s depression scale,
than other scales. Such implicit hierarchy of scales would be expected to reduce the multiplicity, but
should be made explicit in protocols for systematic reviews.
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Our results are transparent as we only included published results. This means that we likely
underestimated the true level of multiplicity, as selective reporting of outcomes in trials is common.23‐
26 Positive, statistically significant results are more likely to be published than non‐significant results. 27
Our study was possible because authors of Cochrane Reviews are required to publish their protocols
before they embark on the review. We believe that for most meta‐analyses published outside the
Cochrane Library, no protocol is available,28 and the scope for multiplicity is therefore likely greater.
We examined three frequent sources of multiplicity of data in trial reports: intervention groups, time
points, and measurement scales. There are other types of multiple data in trial reports. For example,
results might be reported for different types of analyses: intention‐to‐treat and per‐protocol analyses.
For each meta‐analysis, there can also be several other outcomes than our index outcome, which might
be selected according to whether or not the result appears favourable.
The extent of multiplicity of data found in trial reports is a function of the information provided in the
review protocols: a poorly specified outcome will be expected to lead to more multiplicity. Some might
argue that data extraction for a meta‐analysis is dependent on what is reported in trials and cannot be
entirely specified in advance without knowledge of the included trials. However, we argue that to
minimise data‐driven selection of time points, measurement scales or intervention groups,
researchers should specify these decisions at the protocol stage. If amendments to the protocol are
indicated, these should be transparently reported.29, 30
To our knowledge, our study is the first to show empirically the extent to which the reliability of meta‐
analysis results may be compromised by multiplicity of data. We have previously reported results
from an observer agreement study performed on 10 of the meta‐analyses included in this study.2 We
found that disagreements among observers were common and often large, the main reasons for
disagreement being different choices of groups, time points, scales and calculations, different decisions
on in‐ or exclusion of certain trials and data extraction errors.2 A recent paper by Bender et al.
describes the problem of multiple comparisons in systematic reviews.1 The authors identified common
reasons for multiplicity in reviews, but did not estimate the impact on the meta‐analytic results.1 In
our study, we included meta‐analyses of SMDs, which may be particularly associated with multiplicity
of data due to the use of different measurement scales in included trials. However, multiplicity of data
due to selection of time points and groups is not unique to SMD, and future studies could therefore
explore whether multiplicity is also an issue for other effect measures, including binary outcomes.
One approach towards dealing with multiplicity in systematic reviews is to extract, analyse and report
all data available on intervention groups, time points and measurement scales. However, this may lead
to considerable problems with interpretation in view of potential discrepancies between different
scales or different time points. In analogy to repetitive measures in an individual trial, all available
time points reported in included trials could be analysed in a single meta‐analysis while fully
accounting for the correlation of repetitive measurements within a trial.31 Or, like the use of bivariate
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models used in diagnostic research,32 assessments from different scales measuring similar concepts
could be analysed in a single multivariate model. Whereas the first approach of including repetitive
assessments in a single analysis may be easily understandable, the second approach will appear
cryptic to many readers.
A better approach seems to be to address the issues of multiplicity by providing more detailed
protocols for systematic reviews, with clearly specified time points, scales and groups to consider and
explicit and transparent hierarchies to be used in case of multiplicity of scales, groups or time points.
Clinical judgment will be important here. Ideally, the choice of time points and scales should be
evidence based, but empirical evidence for the most interesting time points and a hierarchy of scales
according to their validity and responsiveness are rarely available. In addition, it is difficult to foresee
everything at the protocol stage and the scope, the methodological quality, and the quality of reporting
of included studies might require subsequent modifications. 33 Only Cochrane reviews are formally
required to have a published protocol, however, and only around ten percent of non‐Cochrane reviews
explicitly stated to be based on a formal protocol.30 Protocol amendments may impact on results and
conclusions of systematic reviews and should be made only after careful consideration and be
reported transparently.29, 30
Conclusions
Variability in meta‐analysis results related to the multiplicity of data in trial reports and to review
protocols lacking a detailed specification of eligible time points, scales and treatment groups is
substantial. Systematic reviews are studies in their own right and reviewers should anticipate
multiplicity of data in trial reports and take this into account when writing protocols. To enhance
reliability of meta‐analyses, we suggest that protocols should clearly define time points to be
extracted, give a hierarchy of scales, clearly define eligible treatment and control groups, and give
strategies for handling multiplicity of data.
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DISCUSSION OF PAPER 3
In this study, we examined the extent of multiplicity of data that could be used to calculate an SMD
based on a specific outcome. Furthermore, we assessed the impact of this multiplicity on the meta‐
analytical results. Nineteen meta‐analyses (83 trials) were included. Twenty‐four (29%) trials
reported data on multiple intervention groups, 30 (36%) provided data on multiple time points of data
assessment and 28 (34%) reported the index outcome measured on multiple scales. In 18 of the 19
meta‐analyses, we found multiplicity of data in at least one trial report. In these 18 cases, the median
difference between two randomly selected SMDs within the same meta‐analysis was 0.11
standard deviation units (range 0.03 to 0.41).
Our conclusion was that there is substantial multiplicity and that it can impact importantly on meta‐
analyses. Reviewers should anticipate multiplicity of data in trial reports and take this into account
when writing protocols. To enhance reliability of meta‐analyses, we suggest that protocols should
clearly define time points to be extracted, give a hierarchy of scales, clearly define eligible treatment
and control groups, and give strategies for handling multiplicity of data.
The method we used allowed us to fully explore the multiplicity of data presented in the trial
reports, and our selection of data was based on the inclusion and exclusion criteria defined in the
review protocols. In the Monte Carlo simulation, we randomly sampled from the relevant
outcomes presented in each trial report. This gave all the data the same chance of being sampled
for the pooled SMDs. In real life, the process of selecting data is probably not so random. The
process of performing a review is iterative; as the review process advances, the researchers
might apply post hoc decision rules that fail to be amended in the protocol for the review. There
may also be implicit decision rules within the review group. For example, one review group may
always prefer a specific scale or a specific way of handling multiple intervention groups. These
choices should be made transparent by adding this information to the review protocols.
We used pre‐defined standards (post treatment, pooled groups and first scale mentioned in text)
in the Monte Carlo analyses allowing us to analyse the sources of multiplicity individually. Had
we chosen different standards, we might have gotten different results. We opted for this solution,
as it ensured that we would not let the data influence our choice of standards.
Our recommendations that protocols should be more detailed are theoretical. The purpose of our
study was to explore the levels of multiplicity and the effect on the meta‐analytical results; it was
not directly aimed at finding solutions for multiplicity. I suggest that future research should
explore ways to handle this challenge.
In a study by Bender et al. aiming to investigate multiple comparisons within reviews, several sources
of multiplicity were identified amongst others multiple time points, groups and outcomes (22).

47

Bender et al. suggested that multivariate analyses and a priori decisions regarding the preferred
outcomes, comparison groups and time points could offer a solution to the multiplicity challenge.
They stressed that these were only suggestions and that more research was needed.
In our study, we only focused on one outcome per review. We investigated the variety of
combined results that could be obtained by applying the restrictions defined in the review
protocols on the included trial reports. This, however, leaves the question open as to how the
authors of the reviews handled the multiplicity. What did they choose to report and why? This
question could be answered by a study examining the published reviews combined with a survey
among the authors of the reviews.
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CONCLUSIONS
My overall conclusion is that the SMD is a useful method but that there are challenges, which should be
acknowledged and taken into account when one applies this method. In the two first studies, we found
that errors occur easily when using SMD as an effect measure and we also demonstrated the ever‐
present challenge with observer variation. In research, we aim to minimise the effect of observer
variation, which can only be achieved after acknowledgement of its presence. In the first two studies,
we examined the risk of selective outcome reporting, as a result of observer variation, and in the
context of data extraction for meta‐analysis, we confirmed that it can often lead to biased results. This
risk was substantiated by our third study, where we show that trials generally contain multiple
applicable data that potentially yield different results.
How to handle these challenges? When we submitted our paper on observer variation, a reviewer
commented that we addressed a real problem and suggested that the obvious solution was to report
everything. Based on the results presented in this thesis, it seems clear that analysing and reporting
everything, for all scales, groups and time points is not the solution. Such reporting would be
impractical and the results could be hard to interpret, as the amount of multiple data in the trial
reports may be large. Another problem is that the selective reporting in the trials might be
considerable. It might therefore be necessary to focus on how, and by how much selective reporting
could have biased the meta‐analyses (3;8‐10;23).
In the words of Sir Muir Gray, what we need is: “Clean clear knowledge for decision‐making”. In my
point of view, the best solution lies in the clarity and detail of the protocol of a systematic review,
defining which scales are preferable (e.g. least prone to bias), which time points and groups are most
relevant and how any combining of groups should be done if relevant. Another focus should be more
careful data extraction since the risk of error appears to be high.

FUTURE RESEARCH
This thesis has elucidated some of the many challenges connected with the use of the SMD. I see two
important directions for future research: the extent of the challenges beyond SMD and the solutions to
the challenges.
As to the extent of the challenges beyond SMD, I believe that many of the issues discussed here apply
more broadly than just systematic reviews applying the SMD method. The majority of the challenges
are connected with data extraction issues that apply generally to systematic reviews. It would
therefore be of value to examine these issues in reviews applying different meta‐analytical approaches
such as the weighted mean difference, odds ratio and relative risk. Also, review authors’ methods of
handling multiplicity could be investigated by examining published reviews and by performing a
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survey among the review authors. The aim would be to investigate how multiplicity is handled and the
reasons behind the choices.
The second direction for future research should be to find suitable solutions. As mentioned earlier, I
believe that improving the quality of protocols for reviews is an important step. But to draw any firm
conclusions it would have to be investigated whether more detailed protocols lead to more reliable
systematic reviews. It also requires more research to decide which details belong in a protocol for a
systematic review. There are different guidelines for writing protocols for systematic reviews
available today (3;5;6). These guidelines differ somewhat in their recommendations for the
development and reporting of protocols.
If part of the problem is poor reporting of the protocols, a solution would be to develop an evidence‐
based reporting guideline aiming at giving recommendations on which information items to include
and report on in a review protocol. Such a project has already been initiated for protocols for
randomised trials (24). Having a reporting guideline would help to ensure clarity and transparency
allowing the reader to better judge the reliability and validity of the study. The guideline should
include a checklist, as this would help the authors when they write the protocol, and it would also help
the readers identify any missing information in the protocol. Developing a good evidence based
reporting guideline would not be an easy task. It would be necessary to involve various stakeholders
from the beginning in consensus processes and it would require regular updates of the guideline (25).
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