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Meta-Analyses:

aims at estimation of summary effects

0= (Zikzlwiéi )/(Zikzlwi)

0 are the observed treatment effects
(e.g. log odds ratios, mean differences,...)

W, denote the precisions of the studies



Meta-Analyses:

aims at estimation of summary effects
0=(zw0,) /(Ziilwi)
» fixed effect approach
éi ~N(6,067) and w, =1/c’
»random effects approach
0, ~N(6,,5%) and 6, ~N(6,52)
so that w, =1/(c? +0})



Points to consider in Meta-Analysis:

» between-study heterogeneity

» heterogeneity may complicate the
interpretation of results

» usually determines whether fixed or
random effects model should be used

» decision usually by a test for heterogeneity



Test for Heterogeneity

Cochrane’s test for heterogeneity
~ —\2
Q=xw,(6,-6)

» under homogeneity Q~y2 with (k-1) df’s
» tests if the between-study variance G; -0

» Cochrane's test has low power



Meta-Analyses:

Simulations with normaly distributed outcome

0 is a mean difference
0<o; <05 o, =0.1,0.2
D 0 ~ N(G,G;) 1000 simulation
runs were
2) E’.Z = N(G\Z/V’O'Olz) performed
3) 6, ~N(6,,67)

consequently w, =1/(c” + o)




Test for Heterogenelty (normal outcome)
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Meta-Analyses:

Simulations with binary outcome

0 is the log-odds ratio and exp(6)=1
0<c:<05 n,=n, p,=05

6, ~N(6,07)

a, ~B(p,n,) and a, ~B(p,.,n,)

exp( )=[a(n.-a,)]/[a(n.-a,)]
( i)_]/al,i”/az,i+]/(n1_al,i)+]/(n2_azi)
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Test for Heterogenelty (binary outcome
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Test for Heterogeneity

As Cochrane's test has low power
» Petitti (statmed, 2001) preferres a=0.1

» thus a sig. value must be considered
as strong evidence of heterogeneity
(Baujat et al., statMed 2002)

» measures of heterogeneity 7



Estimation of variance

Estimation of between-study variance:

/ sz\
E(Q)=0,| Zw, _Z—W +(k-1)
\
= 6. = Q_(k_l)

iwa —(iwa/iwa)

If Q<(k-1) then o <0 and
max (0,6 ) is used in practice



Estimation of variance

Estimation of between-study variance:

/ ZWZ\
E(Q)=0,| Zw, _Z—W +(k-1)
\
= 6. = Q_(k_l)

iwa —(iwa/iwa)

Is e.g. 6 =0.6 of importance?




Estimation of variance

Estimation of within-study variance:

1) Inverse arithmetic mean weight
(Takkouche et al. (1999)).

Gyy = k/ .Z W,

2) Another possibility Is
(k_l)zwi
52 —

) oz
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Estimation of variance

Estimation of within-study variance:

as E(Q)=(k-1)|(c?/cs,,)+1]

0\2,\,,2 IS directly related to both E(Q) and the
power of the heterogeneity test

2
Thus G\ZN’Z is preferable to Ow, ,
to assess the impact of within-study variance
on the power of heterogeneity tests



Overall Measure of Heterogeneity

12 by Higgins and Thompson (StatMed, 2002)

Implemented in Review Manager Software
(RevMan) of the Cochrane Collaboration

2 Q_df
df |© =
Q> o

Q< df =0

» has values between 0 and 1



Overall Measure of Heterogeneity

12 by Higgins and Thompson (StatMed, 2002)

IZ:Q_df E(Iz)_ O

Q G, + 0,

» the proportion of the between-study
variance on the total variance

» does not include the number of studies (k)



Overall Measure of Heterogeneity

|12 was claimed to be independent on the
number of studies




Overall Measure of Heterogeneity

12 by Higgins and Thompson (StatMed, 2002)

» How severe Is the dependence on
the number of studies of 12?

» How is the scaling of 12?



Measure of for Heterogeneity |2
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4
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Overall Measure of Heterogeneity

Another measure:

2 Q_df
> df H: =
? ! df

Q< df HZ =0

M

» has values between 0 and o
> E(Hi,l):cré/cr\z,v’2

gives the between-study variance
proportional to within-study variance



Overall Measure of Heterogeneity

Expectation of H:, underH, :

Hz :Q_df - Q

! df df
Q~Xi—l — E(Q):df

= E(HZ):i—le for 62 =0
af

M



Overall Measure of Heterogeneity

Measure of variance inflation:

,  Q
> df H =—~
< df

Q< df H* =1

» has values between 1 and o«

2 2 2 2
> E(H )= (GB +GW,2)/GW’2
can be interpreted as ,variance inflation
factor’ due to heterogeneity
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Measure of Heterogeneity HM2 (binary outc’oFrie)

OR=1, n=50 OR=1, n=500
~ 6 60
=
= 50
IS
C
§ "
= 3,4,5,6,8, 10, 20, 3,4,5,6,8, 10,20,
3 and 200 studies 30! and 200 studies
2 20,
5>
1 10
0 0
—1t Y Y Y Y I =10} Y Y Y Y Y
00 01 02 03 04 05 00 01 02 03 04 05
between-study variance between-study variance



OO OMNOLUITOMON «— O
—

N =
I

Relationship of the measures

100

80

60

40

20



Measures of Total Information

Hardy and Thompson (1998) have suggested
a measue for total information, related to the

power of heterogeneity test:

TI=Yw, =k/&},

Another possibility is

T, =k/63,,



Test for Heterogeneity (Scenario 1)

k W, W,,..W, 6%, o2, TI TI

W,2 M

Scenariol (a) 5 10 10 0.1 0.1 50 50
(b) 10 10 10 0.1 01 100 100

(c) 20 10 10 0.1 01 200 200




Test for Heterogeneity (Scenario 1)
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Test for Heterogenelty (Scenario 1)
K W, W,,...,W, giv’l G\Z/v,z TI TI,,
Scenariol (a) 5 10 10 0.1 0.1 50 50
(b) 10 10 10 01 01 100 100
c) 20 10 10 01 01 200 200
Scenario2 (a) 5 20 20 005 005 100 100
(b) 10 10 10 01 01 100 100
c) 20 5 5 02 02 100 100
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Test for Heterogeneity (Scenario 2)
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Test for Heterogeneity (Scenario 1)

k W, W,,..W, 6%, o2, TI TI

W,2 M

Scenariol (a) 5 10 10 0.1 0.1 50 50
(b) 10 10 10 0.1 0.1 100 100

(c) 20 10 10 0.1 01 200 200

Scenario2 (a) 5 20 20 005 005 100 100
(b) 10 10 10 0.1 0.1 100 100

(c) 20 5 5 0.2 0.2 100 100

Scenario3 (a) 10 5 5 0.2 0.2 50 50
(b) 10 10 10 0.1 0.1 100 100

(c) 10 20 20 005 005 200 200
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Test for Heterogeneity (Scenario 1)

k W, W,,..W, 6%, o2, TI TI

W,2 M

Scenariol (a) 5 10 10 0.1 0.1 50 50
(b) 10 10 10 0.1 0.1 100 100

(c) 20 10 10 0.1 01 200 200

Scenario2 (a) 5 20 20 005 005 100 100
(b) 10 10 10 0.1 0.1 100 100

(c) 20 5 5 0.2 0.2 100 100

Scenario3 (a) 10 5 5 0.2 0.2 50 50
(b) 10 10 10 0.1 0.1 100 100

(c) 10 20 20 005 005 200 200

Scenario4 (a) 10 10 10 0.1 01 100 100
(b) 10 50 5.56 0.1 0.12 100 80.2
(c) 10 90 1.11 0.1 048 100 21.0




Test for Heterogeneity (Scenario 4)
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Test for Heterogeneity (Scenario 1)

k W, W,,..W, 6%, o2, TI TI

W,2 M

Scenariol (a) 5 10 10 0.1 0.1 50 50
(b) 10 10 10 0.1 0.1 100 100

(c) 20 10 10 0.1 01 200 200

Scenario2 (a) 5 20 20 005 005 100 100
(b) 10 10 10 0.1 0.1 100 100

(c) 20 5 5 0.2 0.2 100 100

Scenario3 (a) 10 5 5 0.2 0.2 50 50
(b) 10 10 10 0.1 0.1 100 100

(c) 10 20 20 005 005 200 200

Scenario4 (a) 10 10 10 0.1 01 100 100
(b) 10 50 5.56 0.1 0.12 100 80.2
(c) 10 90 1.11 0.1 048 100 21.0




Overall Measure of Homogeneilty:

Qo> =g e _d

Q Y df
Q=df  1°=0 H2 =0
2 Q_df
< df H =
Q "=

extension for a measure for homogeneity, e.g. if
studies are published more than once



Summary

»important to detect heterogeneity
» decision according to test or measure?

» 12and H;, measure the amout of
heterogeneity relative to
total / within-study variance

» chance to investigate heterogeneity —
better understanding of the data / therapy
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