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Outline

Networks are omnipresent

A graph-theoretical approach to network meta-analysis
Graphs and networks consist of nodes and edges connecting them

Adjustment for multi-armed studies
This is a special requirement in network meta-analysis

Example

Conclusion
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Networks

Networks are omnipresent
I Social networks (Facebook, LinkedIn, etc.)
I Publication/citation/information networks
I

I

I

I
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An authors’ network (http://www.biomedexperts.com/)
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A citation network
(Sterne et al., 2011, http://cm.webofknowledge.com/)
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Networks Network meta-analysis Multi-armed studies Example Conclusion References

Networks

Networks are omnipresent
I Social networks
I Publication/citation/information networks
I Traffic/transportation networks
I Experimental design (Yates, 1940; Tjur, 1991; Bailey, 2007)
I

I
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Incomplete balanced block designs (Bailey, 2007)
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Networks

Networks are omnipresent
I Social networks
I Publication/citation/information networks
I Traffic/transportation networks
I Experimental design (Yates, 1940; Tjur, 1991; Bailey, 2007)
I Electrical networks (Ohm, 1827; Kirchhoff, 1847; Klein and Randić,

1993; Doyle and Snell, 1999; Bollobás, 2002)
I
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Electrical networks (Klein and Randić, 1993)
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Networks

Networks are omnipresent
I Social networks
I Publication/citation/information networks
I Traffic/transportation networks
I Experimental design (Yates, 1940; Tjur, 1991; Bailey, 2007)
I Electrical networks (Ohm, 1827; Kirchhoff, 1847; Doyle and Snell,

1999; Bollobás, 2002)
I Network meta-analysis
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Network meta-analysis of psychological treatments for
patients with depression (Linde et al., 2013) 

 

 

 

TCA

SSRI

Psychotherapy + UC Counselling + UC

Psychoeducation + UC

Psychotherapy alone

Counselling alone

Psychotherapy + SSRI

UC (reference)

Individualized antidepressant

Placebo

11 treatments, 26 trials (17 two-armed, 8 three-armed, one four-armed trial)
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Networks

Networks are omnipresent
I Social networks
I Publication/citation/information networks
I Traffic/transportation networks
I Electrical networks (Ohm, 1827; Kirchhoff, 1847; Doyle and Snell,

1999; Bollobás, 2002)
I Experimental design (Yates, 1940; Tjur, 1991; Bailey, 2007)
I Network meta-analysis

. . . and graph theory deals with them.

So, why reinvent the wheel?
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Georg Simon Ohm (1826/27), Gustav Kirchhoff (1847)
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Terminology in meta-analytic networks and electrical
networks

Meta-analytic network Electrical network

Treatments i = 1, . . . , n ⇐⇒ Nodes i = 1, . . . , n
Existing comparisons e = 1, . . . ,m ⇐⇒ Edges e = 1, . . . ,m

Variance Ve ⇐⇒ Resistance Re

Inverse variance weight we = 1/Ve ⇐⇒ Conductance 1/Re

Outcome of treatment i ⇐⇒ Potential at node i
Treatment effect i − j ⇐⇒ Voltage at edge i − j

Weighted treatment effect i − j ⇐⇒ Current flow at edge i − j
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Meta-analytic networks and electrical networks

There is a complete correspondence!

I ‘Variances combine like electrical resistances’ (Bailey, 2007)
I This can be used to apply methods from electrical network theory to

network meta-analysis (Rücker, 2012)
I Ohm’s law relates treatment effects and weights
I Kirchhoff’s current law says how to combine the observed effects
I Kirchhoff’s potential law guarantees consistency of the estimated

treatment effects over closed circuits
I Consistency means that the difference between two treatments is

always the same, whatever (direct or indirect) path is chosen
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Meta-analytic networks and electrical networks

A bit of technique

I W diagonal matrix of inverse variance weights of all edges
I B edge-vertex incidence matrix, corresponds to design matrix
I L = B>WB Laplacian matrix (also called Kirchhoff matrix or

admittance matrix), corresponds to information matrix
I L+ Moore-Penrose pseudoinverse of L
I H = BL+B>W hat matrix
I Geometrical interpretation:

H projects the (inconsistent) observed effects to the subspace of
consistent effects
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Meta-analytic networks:
Adjustment for multi-armed studies

Standard approach: Reduce the dimension
(Lu et al., 2011; Senn et al., 2012; Krahn et al., 2013)
I Based on standard regression methodology
I Choose a baseline treatment
I Cut off all edges not connected to the baseline treatment

New approach: Adjust the weights
(Rücker, 2012; Rücker and Schwarzer, 2013a)
I Based on electrical network methodology
I For a k -armed study, reduce all conductances by specific factors

(average shrinkage factor 2/k )

Gerta Rücker, Freiburg Network meta-analysis: Applying graph theory Québec, 24 Sept, 2013 17
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Meta-analytic networks:
Adjustment for multi-armed studies

Consider, e.g., a four-armed study. Before ‘flowing the whole network’,

given a four-armed
study with

six comparisons:
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The statistician
cuts off

three of six edges:
 

 

 

 

1
2

3

4

The electrician reduces
all conductances

by about 1/2:
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Networks Network meta-analysis Multi-armed studies Example Conclusion References

Meta-analytic networks:
Adjustment for multi-armed studies

Consider, e.g., a four-armed study. Before ‘flowing the whole network’,

given a four-armed
study with

six comparisons:
 

 

 

 

1
2

3

4

The statistician
cuts off

three of six edges:
 

 

 

 

1
2

3

4

The electrician reduces
all conductances

by about 1/2:
 

 

 

 

1
2

3

4
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Theorem: The approaches are equivalent!

Standard frequentist approach
I natural for statisticians with a background in regression analysis

Graph-theoretical approach
I natural for scientists coming from graph theory and its applications
I means constructing a network of two-armed trials that is equivalent to

the given one
I Straightforward generalisation to random effects model via

multivariate methods of moments estimate for τ2 (Jackson et al.,
2012)
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R package netmeta (Rücker and Schwarzer, 2013b)
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Network meta-analysis of psychological treatments for
patients with depression (Linde et al., 2013): Outcome
response, all treatments compared to UC = Usual care

Treatment

Counselling alone
Counselling + UC
Individualized antidepressant
Placebo
Psychoeducation + UC
Psychotherapy alone
Psychotherapy + SSRI
Psychotherapy + UC
SSRI
TCA
UC (reference)

0.5 1 2 10

Random effects model

Odds ratio

OR

2.16
1.59
2.87
1.05
1.55
1.66
2.68
1.56
2.41
1.38
1.00

95%−CI

 [0.87;  5.37]
 [1.01;  2.49]
 [0.81; 10.13]
 [0.61;  1.83]
 [0.98;  2.45]
 [1.19;  2.32]
 [1.62;  4.42]
 [1.26;  1.95]
 [1.54;  3.80]
 [0.89;  2.15]
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Conclusion

The graph-theoretical approach
I is equivalent to the standard frequentist approach
I handles multi-arm studies adequately
I offers both fixed and random effects model
I allows some simple inconsistency diagnostics

The R package netmeta
I is readily available from CRAN
I is much faster than the Bayesian approach, with very similar results

I run time using netmeta: 0.21 sec (fixed and random effects model)
I run time using WinBUGS: ca. 75 sec (random effects model)
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