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• S. G. Thompson. Why sources of heterogeneity in meta-

analysis should be investigated. BMJ 309 (6965):1351-

1355, 1994
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LITERATURE #2 (recommendations/guidelines)

• S. G. Thompson and J. P. Higgins. How should meta-

regression analyses be undertaken and interpreted?

Stat.Med. 21 (11):1559-1573, 2002

• S. G. Thompson and J. P. Higgins. Treating individuals

4: can meta-analysis help target interventions at

individuals most likely to benefit? Lancet 365 

(9456):341-346, 2005
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LITERATURE #3 (Applied statistics)

• R. Christensen, E. M. Bartels, A. Astrup, and H. Bliddal.

Effect of weight reduction in obese patients diagnosed 

with knee osteoarthritis: a systematic review and meta-

analysis. Ann.Rheum Dis. 66 (4):433-439, 2007

• R. Christensen, E. M. Bartels, A. Astrup, and H. Bliddal.

Symptomatic efficacy of avocado/soybean

unsaponifiables (ASU) in osteoarthritis (OA) patients: a 

meta-analysis of randomized controlled trials.

Osteoarthritis Cartilage. 16(4):399-408, 2008 
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WhatWhat is a Metais a Meta--AnalysisAnalysis??

The use of statistical techniques in a systematic review to 

integrate (i.e. combine/pool) the results of included 

studies. Sometimes misused as a synonym for systematic 

reviews.

Deeks JJ, Higgins JPT, Altman DG (CSMG)
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WhatWhat is a Metais a Meta--AnalysisAnalysis??

• Traditional methods of meta-analysis attempt to 

combine results in order to obtain a single summarized 

‘effect size’

• The observed effect in each study is an estimate, with 

some imprecision, of the true effect in that study

Thompson & Pocock. Lancet 338 (8775):1127-1130, 1991.
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MetaMeta--AnalysisAnalysis: INFERENCE: INFERENCE

A meta-analysis is a two-stage process

• 1st stage (#a): a summary statistic for each study (i.e. θi ≈ θi = yi)

• 1st stage (#b): error around the estimate, yi ~ N(θi , σi
2); i. i. d.

σi
2 ≈ SE(yi)

• 2nd stage (#a): a summary statistic combining all studies (i.e. θ ≈ θ
= y). Included studies referred to as #: 1, 2, 3, ….. , i, …., k –1, k

• 2nd stage (#b): error around the estimate, y ~ N(θ , τ 2)

• y: estimate (i.e. calculate) as a weighted average    y = 

^

√
^

yi /[SE(yi)]
2

1/[SE(yi)]
2

Σ
Σ
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MetaMeta--AnalysisAnalysis: : EfficacyEfficacy!!

R Christensen et al.

Lancet 370:1706-1713, 2007.
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MetaMeta--AnalysisAnalysis: : SafetySafety!!

R Christensen et al.

Lancet 370:1706-1713, 2007.
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Focusing on the Weight%:

FixedFixed--effectseffects metameta--regression regression analysisanalysis

Wi = 1/[SE(yi)]
2

Weight%(i) = (Wi/ Wi )×100%Σ
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WhatWhat is Metais Meta--Regression?Regression?

• Meta-regression aims to relate the size of effect to one or more 

characteristics of the studies involved

• Typically - methods that use normal errors regression are 

considered. The observed ‘effect size’ in each trial (yi say in trial i) is 

assumed to follow a normal distribution

Thompson & Sharp. Stat.Med. 18 (20):2693-2708, 1999.
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Thompson & Sharp. Stat.Med. 18 (20):2693-2708, 1999.
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Thompson & Sharp. Stat.Med. 18 (20):2693-2708, 1999.

αααα

α = the intercept (i.e. x0=0 ; y0x0 ) 

ββββ
β = the slope!

i.e. β =
1 
β( )
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WhatWhat is Metais Meta--Regression?Regression?

((Two agenda’sTwo agenda’s: : a a prioripriori vs. vs. post post hochoc))

1st: Quantify the magnitude as a function of the a priori defined 

covariate changing (e.g. the amount of weight loss predicts 

symptomatic improvement in knee OA patients)

2nd: Exploring reasons for heterogeneity – partly/hardly  

preplanable; i.e. possible/probable study-level predictors

Christensen R et al. Osteoarthritis Cartilage. 16(4):399-408, 2008 

Christensen R et al. Ann.Rheum Dis. 66 (4):433-439, 2007
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WhatWhat is Metais Meta--Regression?Regression?

((QuantifyingQuantifying a dosea dose--responseresponse relationshiprelationship))

Christensen R et al. Ann.Rheum Dis. 66 (4):433-439, 2007



The Parker Institute: Musculoskeletal Statistics Unit (RC)

WhatWhat is Metais Meta--Regression?Regression?

((ExploringExploring reasonsreasons for for heterogeneityheterogeneity))

Christensen R et al. Osteoarthritis Cartilage. 16(4):399-408, 2008 
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WhatWhat is Metais Meta--Regression?Regression?

((ExploringExploring reasonsreasons for for heterogeneityheterogeneity))

Christensen R et al. Osteoarthritis Cartilage. 16(4):399-408, 2008 
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WhatWhat is Metais Meta--Regression?Regression?

((ExploringExploring reasonsreasons for for heterogeneityheterogeneity))

An a priori assumption – the usual suspects:

(i) Does the year of publication ‘predict’ the ‘effect size’(heterogeneity)?

(see S. Reichenbach et al. Meta-analysis: chondroitin for osteoarthritis of the knee or hip.

Ann.Intern.Med. 146 (8):580-590, 2007).

(ii) Does the trial duration ‘predict’ the ‘effect size’(heterogeneity)?

(see R Christensen et al. Symptomatic efficacy of avocado/soybean unsaponifiables (ASU) in

osteoarthritis (OA) patients: a meta-analysis of randomized controlled trials. OAC 16(4):399-408. 

(iii) Does the Standard Error (SE) ‘predict’ the ‘effect 

size’(heterogeneity)? 

(see Sterne & Egger. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis.

J Clin.Epidemiol. 54 (10):1046-1055, 2001).
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How shouldHow should metameta--regression analysesregression analyses

be undertakenbe undertaken andand interpretedinterpreted? ? 

A visual presentation of a meta-regression relationship is 

essential. A diagram seems to be the most helpful, using

symbol sizes that relate to the precision of each treatment 

effect estimate. 

If equally sized points are used, it is impossible to see which 

trials provide the greatest information, and how this might 

affect the interpretation. Confidence intervals around the 

points tend to pull the eye towards the small imprecise trials, 

which is exactly the opposite of what is wanted. 

A diagram emphasizes that the unit of analysis is the trial, 

not the individual patient.
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y = -5.7825x + 0.3502

R2 = 0.5055
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Thank You - Hobart!

Robin Christensen, MSc, Biostatistician

The Parker Institute: Musculoskeletal Statistics Unit

robin.christensen@frh.regionh.dk


