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Introductory remarks

▪ Systematic reviews and meta-
analyses have become critical for 
decision making in health as well 
as other areas

▪ They are some of the most 
influential types of research
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Introductory remarks

▪ Systematic reviews and meta-
analyses have become critical for 
decision making in health as well 
as other areas

▪ They are some of the most 
influential types of research

▪ They are among the most highly 
cited of research articles
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▪ Here are the top 5
most cited papers on 
“meta-analysis” as of 
yesterday

▪ …according to Scopus
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More legibly

1 Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement (PLoS Med)

Moher et al 2009 50,896

2 Measuring inconsistency in meta-analyses Higgins et al 2003 46,559

3 Bias in meta-analysis detected by a simple, graphical test Egger et al 1997 40,478

4 Meta-analysis in clinical trials DerSimonian & Laird 1986 31,845

5 Quantifying heterogeneity in a meta-analysis Higgins et al 2002 25,501

Citations



Reordered: 6 topics

1 Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement

2 Measuring inconsistency in meta-analyses

5 Quantifying heterogeneity in a meta-analysis

4 Meta-analysis in clinical trials

3 Bias in meta-analysis detected by a simple, graphical test



Outline of my presentation

1 Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement

2 Measuring inconsistency in meta-analyses

5 Quantifying heterogeneity in a meta-analysis

4 Meta-analysis in clinical trials

3 Bias in meta-analysis detected by a simple, graphical test

i. Misuse of reporting 
guidelines

ii. Misuse of I-squared

iii. Misuse of random-effects 
meta-analysis

iv. Misuse of tests for funnel 
plot asymmetry
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What’s the paper about?

▪ A checklist and flow chart for the reporting of a systematic review
– Preceded by QUOROM

– PRISMA published in 2009 updated to PRISMA 2020
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What’s the problem?
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PRISMA is not a guideline for doing systematic reviews

Randomly picked paper (most recent citation of the paper in Scopus yesterday)



What’s the problem?
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What’s the solution?

▪ Follow documents that intend to provide guidance, e.g.
– Institute of Medicine (IoM) Standards

– COSMOS-E (for observational studies)

– Cochrane Handbooks
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What’s the paper about?

▪ Proposes a simple statistic (I-squared) 
– measures inconsistency – the extent to which results (estimates and confidence 

intervals) are consistent across studies

– or interpreted as the proportion of variability due to heterogeneity rather than 
chance
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𝜏2 + 𝜎2
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𝑄 − 𝑘 − 1
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Estimates and 95% confidence intervals
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What’s the problem?
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I-squared does not measure the amount of heterogeneity

Randomly picked paper (most recent citation of the paper)



What’s the solution?

▪ There’s a statistic that’s perfect to measure heterogeneity
– heterogeneity standard deviation

– often called tau (𝜏)

▪ Can be difficult to interpret, but may be re-expressed to describe a range of 
effects (see later)
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What’s the paper about?

▪ Landmark paper describing 
most popular statistical method 
for random-effects meta-
analysis
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What’s the problem?

▪ There are technical problems with the methods described (now mostly 
overcome)

▪ A bigger, conceptual problem is to fail to recognize a random-effects model 
assumes a distribution of effects
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What’s the problem?
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Randomly picked paper (most recent citation of the paper)
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What’s the problem?

Random-effects meta-analyses aim to learn about 

distributions, not single effects



What’s the solution?

▪ A convenient way to describe 
the amount of heterogeneity: 
prediction interval

▪ Interval in which 95% of true 
effects from similar studies will 
lie

Higgins, Thompson & Spiegelhalter, 
JRSS A 2009
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What’s the paper about?

▪ Funnel plots plot effect size 
against precision (study size)

▪ Funnel plots would ideally 
be symmetrical

▪ The Egger test aims to 
identify asymmetry
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What’s the problem?
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Randomly picked paper (most recent citation of the paper)



What’s the problem?

▪ Plausible reasons for funnel plot asymmetry
– Publication bias

– Selective outcome non-reporting

– Poor methodological quality leading to spuriously inflated effects in smaller studies

– True heterogeneity

– Artefactual

– Chance
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Egger’s test is not a test for publication bias



Bias due to poor quality of small trials
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Smaller studies with 
biased estimates
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What’s the solution?

▪ Assessment of publication bias should focus on 
– likelihood of outcome non-reporting 

➢ some detective work can help

– likelihood of non-reporting of studies
➢whether studies likely to be registered, published

and identified

– taking account of the nature of the studies
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What’s the solution?

▪ If using funnel plots, use contour-enhanced versions
– contours describe levels of statistical significance
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Concluding remarks
▪ I have reviewed some of the most common errors I have observed in 

– reporting systematic reviews

– identifying heterogeneity

– dealing with heterogeneity

– assessing publication bias

▪ … and tried to offer solutions

▪ I was astonished and disappointed that every 
time I looked at the most recent citation 
(Scopus), I found the method misused

▪ Being highly cited is nice, but it doesn’t 
necessarily make you an influential researcher
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