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Introduction

» Meta-analysis: statistical analysis to strength@me (statistical)
evidence by combining results from several studies

Clinical trials, Epidemiological studies, etc.

» Study heterogeneity: difference of treatment dffe@ach study

e DerSimonian-Laird method: a popular method to datl study
heterogeneity, but the confidence
Interval from this method hamoor
cover age probabilities, especially
In the presence gfublication bias

In this talk, we propose a new confidence intewfaich improves
such poor coverage probabillities, taking into aotdie effect of
publication bias.



Fixed effects model

Fixed effects 8, =6, =\ =6, =6 8 : treatment effect
of theith study

Estimate ofd from thigh study Y, ~ N(H, 32) (i=12K n)

Overall estimated, = Zi:nlwi 4 (Wi =1/ 512)
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Random effects model
—DerSimonian-Laird methoe

Usual method to deal with study heterogenéity 8, # 6, (j # k)

Random effectsg ~ N(H, rz) — Y~ N(@, S +72)

Overall estimates 9 Z'l b (\7\4 :3/ (512 +75, ))
Zizlvvi 4 DerSimonian-
Laird estimator

By identifying 72, withr?, T, _0:20 _ N(01) (VDL = nl J
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Problems of DerSimonian-Laird method
Confidence intervall :[éR—za,2 Vo, ,0:+2,, \7DLJ

1) The coverage probability tends to be below thainal level(l-a),
If we take into account the effect of estimatiig
(Brockwell and Gordon, 2001)

Alternative confidence intervals

o Likelihood ratio (Hardy and Thompson, 1996)
e Biggerstaff and Tweedie (1997)
 Sidik and Jonkman (2002)



Problems of DerSimonian-Laird method
Confidence intervall ,, = [éR =2, Vo s Br + 2,154V, J

2) If there is publication bias, the coverage ploliy decreases
more rapidly.

Publication bias: small studies with large standarorsg are less likely to
(typical case) be published than large studigssmall standard errors.

The random effects estimate, = Z‘l ks W = 1A IS more sensitive
Z_lV\/I S +T[2)L
to publication bias than the fixed effects estimade= Zz-l ks (W :3_12]
W

becauses >s, ——> ‘=17 >

N

relative weights of smaller studies



Confidence interval
based on the fixed effects estimate

v =vag )T+ X
HC r() (lewl)z

Undery, ~ (95 +T

e [ S J

Calculatethe exact distribution to obtainmor e accur ate
approximation than the approximation by normal distribution

——> approximate 100(lx )% confidence interval

e =| & ~UyaVhe 8 +0,3Vie | (a2t a2 upper quantile off. )

calculated from the above distribution but it depeod 7°,
which is replaced with¥;,  here.



Coverage prob.
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Observed effect size
from each study
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(i=1K ,n)

Simulation size
10000 times



Coverage prob.

@

Coverage prob.

©

1.0

0.8

0.6

0.4

0.2

1.0

0.8

0.6

0.4

0.2

r> =000

o——o o

Coverage prob.

(b)

Coverage prob.

(d)

T : :
|TiE=s==iey Selection function
P(selectedly, s)
g- y ,
=exp — [P —=
° r2 = 005 S
4 one-sided
5 10 15 20 2 30 35 P-v al ue
IB =4,y=3
B ——> moderate
2 o—o__ . .
ity T publication
\§§;§I\+ biaS
2 ~~ (average selection
probability 87%)
2= 015
) (Begg and Mazumdar,

— 1994



Coverage prob.

@)

Coverage prob.

©

1.0

0.8

0.6

0.4

0.2

1.0

0.8

0.6

0.4

0.2

%&‘ i Skt
\{ g\z3§§g~g
* pL
X RM
A R
A 2
o he =000
T I I I I I I
5 10 15 20 25 30 35

&

8‘\k$\°\o\o

\§\ e—
\I\
\ "
\*
\&
r’ =010

T I I I I I I

5 10 15 20 25 30 35

Coverage prob.

(b)

Coverage prob.

©)

0.8

0.6

0.4

0.2

1.0

0.8

0.6

0.4

0.2

Selection function

P(selectedly, s)

-2

one-sided
P-value

B=4y=15

—> strong
publication
bias

(average selection
probability 76%)

(Begg and Mazumdar,
1994



1/(standard error)

Clinical trials of wrist P6 acupoint stimulation
IN preventing postoperative nausea
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Log odds ratio

Random effects estimate
g, =-068
Between-study variance
72, =033
Confidence intervals

DL (-106-029)

RM (-108-029)

BT (- 143-018)

SJ(-112-024)

HC (- 1.00,- 003



Summary

* DerSimonian-Laird confidence interval:
lower coverage probability than the nominal le\8&81%)
drastically lower if there is publication bias

* Fixed effects estimate:
less sensitive to publication bias than the random effects estimate
easier to calculatethe exact distribution of the pivotal quantity

» Confidence interval based on the fixed effects edgm
higher coverage probability than the DL regardless of publication bias
its differ ence becomes larger if publication bias exists

This confidence interval does not adjust for publorabias completely,
but gives more reliable information on the overaétrage effect
without making untestable assumption on the process of study selection.
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