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Heterogeneity
The big bad wolf

When the effect of the intervention varies significantly from
one study to another.
It can be attributed to clinical and/or methodological
diversity.

Clinical: variability that arises from different populations,
interventions, outcomes and follow-up times.
Methodological: relates to differences in trial design and
quality.

Detecting quantifying and dealing with heterogeneity can
be very hard.
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Meta-analysis overview
A practical guide

Summary

The heterogeneity issue
More challenges

Challenges with meta-analysis
...continued

Can be difficult to organise since...
outcomes likely to have been disseminated using a variety
of statistical parameters
appropriate transformations to a common format required
tedious task, requiring at least some statistical adeptness

Parametric random-effects models assume that both the
effects and errors are normally distributed. Are methods
robust?
Sometimes heterogeneity is estimated to be zero,
especially when the number of studies is small. Good
news?
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Meta-analysis overview
A practical guide

Summary

the MetaEasy add-in
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Methods and performance
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Organising

Data initially collected using data extraction forms.
A spreadsheet is the next logical step to summarise the
reported study outcomes and identify missing data.
Since in most cases MS Excel will be used we developed
an add-in that can help with most processes involved in
meta-analysis.
More useful when the need to combine differently reported
outcomes arises.
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Meta-analysis overview
A practical guide

Summary

the MetaEasy add-in
metaeff & metaan
Methods and performance
τ̂2 = 0

What it can do

Help with the data collection using pre-formatted
worksheets.
Its unique feature, which can be supplementary to other
meta-analysis software, is implementation of methods for
calculating effect sizes (& SEs) from different input types.
For each outcome of each study...

it identifies which methods can be used
calculates an effect size and its standard error
selects the most precise method for each outcome
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Meta-analysis overview
A practical guide

Summary

the MetaEasy add-in
metaeff & metaan
Methods and performance
τ̂2 = 0

What it can do
...continued

Creates a forest plot that summarises all the outcomes,
organised by study.
Uses a variety of standard and advanced meta-analysis
methods to calculate an overall effect.

a variety of options is available for selecting which
outcome(s) are to be meta-analysed from each study

Plots the results in a second forest plot.
Reports a variety of heterogeneity measures, including
Cochran’s Q, I2, HM

2 and τ̂2 (and its estimated confidence
interval under the Profile Likelihood method).
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Meta-analysis overview
A practical guide

Summary

the MetaEasy add-in
metaeff & metaan
Methods and performance
τ̂2 = 0

Advantages

Free (provided Microsoft Excel is available).
Easy to use and time saving.
Extracted data from each study are easily accessible, can
be quickly edited or corrected and analysis repeated.
Choice of many meta-analysis models, including some
advanced methods not currently available in other software
packages (e.g. Permutations, Profile Likelihood, REML).
Unique forest plot that allows multiple outcomes per study.
Effect sizes and standard errors can be exported for use in
other meta-analysis software packages.
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Normal.
Skew-Normal.
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Bimodal.
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studies and different degrees of
heterogeneity, for each distribution.
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width.
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Meta-analysis overview
A practical guide

Summary

the MetaEasy add-in
metaeff & metaan
Methods and performance
τ̂2 = 0

Which method then?

For very small study numbers (≤5) only PL gives coverage
>90% and an acccurate CI.
PL has a ‘reasonable’ coverage in most situations,
especially for moderate and large heterogeneiry, giving it
an edge over other methods.
REML and DL perform similarly and better than PL only
when heterogeneity is low (I2 < 15%)
The computational complexity of REML is not justified.
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A practical guide

Summary
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Methods and performance
τ̂2 = 0

Bring on the champagne?

Does not necessarily mean homogeneity.
Most methods use biased estimators and not uncommon
to get a negative τ̂2 which is set to 0 by the model.
We identified a large percentage of cases where the
estimators failed to identify existing heterogeneity.
In our simulations, for 5 studies and I2 ≈ 29%:

30% of the meta-analyses were erroneously estimated to
be homogeneous under the DL method.
32% for REML and 48% for ML-PL.
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Meta-analysis overview
A practical guide

Summary

the MetaEasy add-in
metaeff & metaan
Methods and performance
τ̂2 = 0

What does it mean?

In these cases coverage was substandard and was over
10% lower than in cases where τ̂2 > 0, on average.
The problem becomes less profound as the number of
studies and the level of heterogeneity increase.
Better estimators are needed.
There might be a large number of meta-analyses of
‘homogeneous’ studies which have reached a wrong
conclusion.
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Meta-analysis overview
A practical guide

Summary

What to take home

MetaEasy can help you organise your meta-analysis and
can be especially useful if you need to combine continuous
and binary outcomes.
Methods implemented in Stata under metaeff and metaan.
A zero τ̂2 is a reason to worry. Heterogeneity might be
there but we cannot measure or account for in the model.
If τ̂2 > 0, even if very small, use a random-effects model.
The DL method works reasonably well, under all
distributions, especially for low levels of heterogeneity.
Profile likelihood, which takes into account the uncertaintly
in τ̂2, works better when I2 ≥ 15%.
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