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Evidence synthesis

Answer a research question based on 
existing data of multiple studies

Why?

Large amount of data

 systematic assessment of available 
evidence

 summarize existing information

 support rational decision making 
(evidence-based medicine)
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Systematic review process

Define the question

Search & review the
literature

Select the relevant studies Assess the study quality

Assess the outcomes

qualitative

quantitative 
= meta-analysis In

te
rp

re
ta

ti
o

n

Is the question clear?

Are the
inclusion/exclusion
criteria clear?

Is the search strategy
appropriate to identify all 
relevant studies?

Valid definition of exposure
/ treatment and outcomes?

Were individual 
studies assessed for
quality using
standardized tools?

Is the statistical approach valid?

Appropriate
conclusion?
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Meta-analysis

The statistical analysis of a large collection of analysis results 

from individual studies for the purpose of integrating the findings

Ideally, the individual studies are obtained through a systematic 

review of the available literature

A clear, well formulated research question is at the start
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Why perform meta-analysis?

• Power and precision

• Comparative effectiveness research

• Investigate conflicting results from 

different studies

• Results may form basis of future 

research or generate hypotheses to 

be tested
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Evidence hierarchy?
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Is it important to critically assess meta-analysis?

Ioannidis 2016 Milbank Q
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Common issues with meta-analysis

• Should the analysis include all available studies, or only published 

studies?

• Aggregated studies may vary considerably in quality (“garbage in, 

garbage out”)

• When the relative risks or odds ratios from various studies differ, meta-

analysis may mask important differences among individual studies.

• Reproducibility issues

• Publication bias issues

• Over-confidence in numerical result (ignoring the issues of meta-

analysis)
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The forest plot

Overall = 
aggregated
effect

Effect
measure

Effect size with
confidence
interval

‘Influence’ of
study on overall
result

Used model

Measure(s) of
heterogeneity

Included studies

Null 
line
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Heterogeneity

How much does the true effect vary with different populations, patient

characteristics, treatment characteristics, study characteristics?
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What to do with heterogeneity?

• Ignore it  use a fixed-effect model

• Incorporate it  use a random-effects model

• Explain it  do subgroup analyses, do meta-regression

• (Test for it  do not pool studies if heterogeneity is present)
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Fixed effect meta-analysis

Assumption:

All studies have one true

underlying effect size

Observed variation between

studies is either due to chance

or due to sampling error
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Random effects meta-analysis

Assumption:

True effect size varies from

study to study
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Fixed vs. random
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Explain it
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Meta-regression

Beta = 0.02 (95%CI 0.01 to 0.03)
p < 0.0001
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Ecological fallacy
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IPD meta-analysis

Blum 2015 JAMA
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Publication bias

• Positive studies are more likely to be published

• Larger studies are more likely to be published

• Lower quality studies may show larger effects

• Smaller studies tend to show larger effects

 Bias due to association between study size and 

treatment effects
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Publication bias

Turner 2008 NEJM
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Funnel plot

Cool, countcool.com;  Ker 2012 BMJ;   Sterne 2011 BMJ

CAVE

Asymmetry ≠ publication bias

Other reasons:

- Effect differs according to study

size

- Smaller studies with poor design, 

inadequate analysis

- Selective reporting

- Chance
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Cumulative meta-analysis

Jüni 2004 Lancet
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Network meta-analysis
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Take Home Message

• Meta-analysis is a powerful method to integrate results

from several studies into a combined result

• Meta-analysis should be based on a systematic review 

of the available evidence in regard to a well-formulated

research question

• Heterogeneity across studies should be examined, 

and an attempt to explain it should be done

• Assess for publication bias, ecological fallacy and 

other sources of metabias (e.g. quality, …)

• Always stay critical!


