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Under	the	random-effects	
model,	we	can	estimate	a	
number	of	parameters	and	
calculate	several	statistics,	
including:

• Αverage (summary)	effect	
(!𝝁),	along	with	a	CI

•Βetween-study	variance	
(#𝝉𝟐),	along	with	a	CI

•Prediction interval	
(predicted	range	for	the	true	
treatment	effect	in	an	
individual	study)

•+	others	(e.g.,	I2,	H2)

The	choice	of	the	method	for	
estimating	

o between-study	variance	
(heterogeneity)	and	
its	uncertainty	

o uncertainty	for	the	
summary	effect	size

is	important	when	conducting	
a	meta-analysis

When	inappropriate	methods	are	
used,	this	can	seriously	jeopardize	
results,	leading	to	inappropriate	
conclusions
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Random-effects	meta-analysis	model
• DerSimonian	&	Laird	(DL)	is	the	frequently	random-effects	meta-analysis	

method	used
• DL	is	a	method	of	moments	estimator	of	𝜏#
• The	Wald-type	normal	distribution	is	used	to	calculate	a	CI	for	the	summary	effect
• DL	with	the	Wald-type	normal	distribution	is	the	only random-effects	method	

implemented	in	RevMan
• Different	estimators	of	heterogeneity	(𝜏#)	and	methods	to	calculate	uncertainty	in	

the	summary	effect	exist
• For	any	particular	meta-analysis,	the	estimated	parameters	(e.g.	summary	effect,	

heterogeneity	variance)	may	differ	depending	on	the	method	used

Which	is	the	
most	

appropriate	
method	to	
use?

Work	conducted	on	
behalf	of	the	
Cochrane	Statistical	
Methods	Group



Process	used	by	the	SMG	to	develop	recommendations
Step	1

Update	of	a	systematic	reviews	of	statistical	simulation	studies	examining	the	
performance	of	heterogeneity	estimators	and	CI	methods	for	summary	effect	size	

[Langan 2017,	Veroniki 2016	and	2019]

Step	2
• Multiple	meetings	to	review	and	discuss	the	evidence

• Form	recommendations

Step	3
Examine	the	impact	of	adopting	the	recommendations	when	applied	to	meta-

analyses	in	the	Cochrane	Library

Step	4
• Submit	recommendations	and	evidence	to	the	Cochrane	Scientific	Committee
• 'Recommendations	approved	by	Cochrane	Editor-in-Chief	July	2022

Team	members:
• Areti Angeliki Veroniki
• Dean	Langan
• Simon	Turner
• Mark	Simmonds
• Anna	Chaimani
• Kerry	Dwan
• Joanne	McKenzie

Experience
• Co-convenors	of	the	Cochrane	
Statistical	Methods	Group

• Led	systematic	reviews	of	
statistical	simulation	studies,	
and	undertaken	simulation	
studies,	examining	random-
effects	methods

• Cochrane	Methods	Support	Lead	
and	Statistical	EditorStep	5

• 'Collaborate	with	RevManWeb	developers	and	Cochrane	Training	to	
implement	the	methods	and	develop	training



Recommendations	based	on	published	studies
According	to	simulation	and	empirical	findings,	the	main	factors	that	may	
affect	the	between-study	variance	estimation	are:

• Number	and	size	of	studies	included	in	the	meta-analysis

• Magnitude	of	true	heterogeneity

• Distribution	of	true	treatment	effects

• Type	of	data	(e.g.,	dichotomous,	continuous)

• Choice	of	effect	measure

• Frequency	of	events	(for	dichotomous	outcomes)

• How	well	study-specific	weights,	variances	and	treatment	effects	are	estimated	
–	we	often	assume	these	are	known.



Recommendations	based	on	published	studies

Problem	for	Cochrane	reviews	à few	studies	

• e.g.	Langan 2015	median	4	[IQR	3-7]

The	majority	of	the	pairwise	meta-analyses	have:

	 	 	 	 k	≤	10
Turner	et	al	2012

Pullenayegum et	al	2011
Rhodes	et	al	2014

An	empirical	study	using	57,397	Cochrane	meta-analyses	with	𝑘 ≥ 2 showed	that:
à	The	mean	𝜏! is	higher	than	generally	assumed	but	fails	to	be	detected,	especially	for	
small	𝑘! Kontopantelis et	al.	2013

A	descriptive	analysis	of	Cochrane	systematic	reviews	found	that	75% of	meta-analyses	contained	5	or	
fewer	studies Davey	et	al.	2011



Summary	of	the	properties	of	REML,	PM	and	DL

*	p	in	this	table	refers	to	the	average	event	probability	across	the	studies	in	a	meta-analysis



Heterogeneity	variance	estimators	to	be	added	to	RevMan

RevMan



SMG	Recommendations

1. We	recommend	that	REML as	the	default	option

– When	REML	cannot	provide	a	unique	estimate	for	heterogeneity	

variance	(i.e.,	when	a	scoring	algorithm,	e.g.,	Fisher’s	scoring	and	

Newton-Raphson,	cannot	solve	the	ML	equations	numerically),	the	

DL	method	should	be	used	as	a	closed	form,	non-iterative	method

2. Methods	to	calculate	CIs	for	the	heterogeneity	variance	

should	be	available	in	RevMan -We	recommend	the	

generalized	Q-statistic	method



• There are >15 approaches to calculate a CI for the overall effect size 

under the random-effects model 

o Wald-type method (some refer to this method as DerSimonian 

and Laird) is the most popular CI approach

• Hartung-Knapp-Sidik-Jonkman method

o Choice of τ2 estimator becomes much less important

o But, with 2 to 3 studies, CI can be very wide

o In the absence of heterogeneity: HKSJ coverage < WTz 

coverage

o Making inferences in the random-effects model with a small 

number of studies is hard!

⋮
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CI for 𝜇

Confidence Intervals (CIs) for summary effect



Number of studies

Small (2) Small (3 – 4) Moderate to Large
(≥5)
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Yes
Both Wald type and 
HKSJ have poor 
coverage.

The modified HKSJ 
outperforms HKSJ 
and Wald type 
methods in terms of 
coverage.

HKSJ outperforms 
the Wald type 
method in terms of 
coverage. 
The modified HKSJ 
leads to overly 
conservative results 
compared with 
HKSJ.

No

The Wald type 
method 
outperforms HKSJ 
with higher power 
(e.g., HKSJ: 15% vs 
Wald type: 60%).

The Wald Type 
outperforms HKSJ in 
terms of coverage.

The Wald Type 
outperforms HKSJ in 
terms of coverage.

Summary	of	the	properties	of	Wald	type	(z-test),	HKSJ,	and	modified	HKSJ

*	modified	HKSJ	with	q*=max{q,	1}



Confidence	Interval	methods	to	be	added	to	RevMan

RevMan

Inference	on	
summary	
effect



SMG	Recommendations

1. We	recommend	that	HKSJ as	the	default	option	when:

– the	number	of	studies	in	the	meta-analysis	is	>2,	and	

– the	estimated	heterogeneity	variance	is	>0

2. But,	the	Wald-type	(z-test)	in	the	absence	of	heterogeneity

3. For	meta-analyses	with	2	studies,	we	recommend	the	use	of	

both	HKSJ and	Wald-type	(z-test)	methods



Random-effects	meta-analysis	suitable	for	unexplained	heterogeneity
o Random	effects	may	not	explain	all	the	heterogeneity	of	the	data	if	covariates	are	responsible

Conventionally,	inference	is	focused	on	the	mean	of	the	distribution	( &𝜇)
o i.e.	we	report	mean	and	95%	CI	(measure	of	precision)	from	a	meta-analysis
o What	about	the	dispersion	of	the	effect	size?

Can	also	calculate	a	prediction	interval	
&𝜇"# ± 𝑧$.&'( �̂�! + 𝑣𝑎𝑟 &𝜇"#

&𝜇"# ± 𝑡)*+,$.&'( �̂�! + 𝑣𝑎𝑟 &𝜇"#

o 95%	of	the	true	effect	estimates	are	predicted	to	fall	within	the	aforementioned	interval

The	interval	within	which	we	
expect	that	the	effect	of	a	
future	study	will	lie

Borenstein et	al	RSM	(2016)

Interpreting	random	effects	meta-analysis



Prediction	Intervals	(PIs)

95%	PI:		�̂� ± 𝑧$.&'( �̂�# + 𝑣𝑎𝑟 �̂�

exp −1.15 ± 1.96 0.0175 + 0.21#

[𝟎. 𝟏𝟗, 𝟎. 𝟓𝟐]

95%	PI:	�̂� ± 𝑡)*+,$.&'( �̂�# + σ-,./
#

exp −1.15 ± 2.78 0.0175 + 0.19#

[𝟎. 𝟏𝟕, 𝟎. 𝟔𝟏]

�̂� = −1.15
SE F𝜇 = 0.21

[HKSJ	95%	CI]

[Wald	95%	CI]

�̂� = −1.15
σ-,./ = 0.19

σ!,#$% = 𝑞 % 𝑣𝑎𝑟 )𝜇

𝑞 =
"!"#
#$%

, and 𝑄&'( = ∑𝑤),*+ 𝑦) − )𝜇 %

𝟎. 𝟑𝟐	[𝟎. 𝟐𝟏, 𝟎. 𝟒𝟖]

𝟎. 𝟑𝟐	[𝟎. 𝟏𝟗, 𝟎. 𝟓𝟒]



SMG	Recommendations

1. Methods	to	calculate	prediction	intervals	should	be	

implemented

2. We	recommend:

– The t-distribution	prediction	intervalwhen	the	

HKSJ	is	used

– The	normal	distribution	prediction	interval	

when	the	Wald-type	normal	distribution	is	used



Time	for	
CHANGE!

SMG	Overall	Recommendations



• There are still some decisions to be made
– e.g. reporting two confidence intervals using different methods for meta-analyses with 2 studies

• We hope to make these features available during Q4-2023 
– During the transition period (~6 months) these changes will become optional for authors and mandatory after 

~ 6 months

• After the transition period these changes will become mandatory for authors (except for the 
calculation of prediction intervals)

Next Steps
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