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£ Meta TP ERSFIUTRAS AR URRNNA, BRPHFRARAEETF? —REVATETX RRER%EE),

Hitt, FEFRERRH#ITONZE, RNV metan TAITHRIRREEENRFREE—MEENTF. RINER/ITIL
Meta T EEN"ER" EHITFED, XNMREHEA—MER, RIFER Meta DITRELZ A FH:

As we will see, the nature of the meta-analysis requires us to make a fundamental decision right away: we have to
assume:

1. eithera- fixed-

2. Or a random-effects model (RE)

TRERETERA U S EE S SRR

v 1. The Fixed-Effect and Random-Effects Model

BIMESITHRE B TEER I KES E' AL R RNEMRE. RIIFE— M EEATERRBRNEINER RIMREE
BEEMNE,

EHITTOWE, HIWRLAHKRZ—=:
HE—TBAYHE (effect size), ARBEZSMARFHER, EH— X TEMTIX RN SMAFIMT, BIEHHA]
BRI, TARARPHIRNERFRE—HN, EEERBK, FEXEERNFEETREEE:

o MIRIQIHARE OFFAAN. A6, BESE)
o BAFHEARRE GOER. 43, BEKRE)
o MEIAHSHAERE

o HPHRE (sampling error)

Hitk, Meta DITREN— N RBESHZ:

I BREXLEMRZ BAMNEESHN REAMEZE", ENTEMTZEN 2B (heterogeneity).

BMEHN AN AEG LERVER—1True effect size (RE—NMEARE), XEERKAVIEL AEAIRE IR
(FE)o

v The Fixed-Effect Model
FE{Eiiﬁ—/l\ true effect size ﬁ&, Fﬁ 9 iﬁ, —tJJE’\JﬁrEJ"J%ﬁT sampling error o

We can describe the relationship like this (Borenstein et al. 2011, chap. 11):

0r =0+ e

BEEMMIEREFHN], NRENIREAFTHELMNE 0, XM ENMFEKMARNEE—N, TNEENEE
—8, AR, —MARHNELMNEARBENEEBNEE—HH (— true effect size F7E) o

J:i@?\]i??ﬁﬁﬂ\]ﬁ‘;ﬁ%, ﬁﬂ]ﬂ]ﬁFE{Eﬁiﬁ observed effect size *H true effect size E"J?EE;-\;E;EQZ sampling error ﬁﬁﬁﬁaegu, *E
FEAR, HFREMRBIEIERRNE, FRSBANMFTHFRER], HFIRERTLUARAER santarderor
RN, FRLAFRAIED—TF:
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AUEIHARRIMIFRE (SE) MMM EEFETHERHE

XFRMA LB EERNMARR AR . HANE, /AR RHREERNMEFRE, EElIN 60N E
Pt EE AR AR N &,

FRLL: HIATES MR, RIZZAFAEESHEE (AIB/MRER) HYMEEAMNE,

Hitt, MRFNNEEHBEEERIRETHEHRME, KINRFEAMEMRTAMRTEIE,
WMERNEMERENTHRE:

We can use the swendarderror RITEEAE 52, BINGENERENZAANNE Wy , FA wp2mi (nverse-variance

weighting ) -

o FRUAAEBNMNE, AEHEA, SHIIHNNERK,
MERHNFLETINE, HAIMATLOTEMRTEE (WESSUUKRE 08kit) :
- Sy O w
Zle Wk
meta BERITEERNTHOMEREERS. AW, EbZal, RMNERP Foy"ZHXTE S ED:
o ¥IEE: SsuicidePrevention
o B RHTMIHERIRIAE

FREAZRAN St SRR -
ﬁ'%Hedge’s g, fERA esc BHY esc_meansd function:

# Load dmetar, esc and tidyverse (for pipe)
library(dmetar)
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library(esc)
library(tidyverse)

# Load data set from dmetar
data(SuicidePrevention)

# Calculate Hedges' g and the Standard Error
# - We save the study names in "study".
# - We use the pmap_dfr function to calculate the effect size
# for each row.
SP_calc < pmap_dfr(SuicidePrevention,
function(mean.e, sd.e, n.e, mean.c,
sd.c, n.c, author, ...){
esc_mean_sd(grpim = mean.e,
grplsd = sd.e,
grpln = n.e,
grp2m = mean.c,
grp2sd = sd.c,
grp2n = n.c,
study = author,
es.type = "g") %>%
as.data.frame()})

# Let us catch a glimpse of the data
# The data set contains Hedges' g ("es") and standard error ("se")
glimpse(SP_calc)

## Rows: 9

## Columns: 9

## $ study <chr> "Berry et al.", "DeVries et ...

## $es <dbl> -0.14279447, -0.60770928, -0...
## $ weight  <dbl> 46.09784, 34.77314, 14.97625...
## $ sample.size <dbl> 185, 146, 60, 129, 100, 220,...
## $ se <dbl> 01472854, 0.1695813, 0.2584...
## $ var <dbl> 0.02169299, 0.02875783, 0.06...
## $ cilo <dbl> -0.4314686, -0.9400826, -0.6...
## $ ci.hi <dbl> 0.145879624, -0.275335960, O...
## $ measure  <chr> "g", "g", "g", "g", "g", "g"...

RAERNHET S MARNIREN o , RAFEGH—T:

# Calculate the inverse variance-weights for each study
SP_calc$w <« 1/SP_calc$se”2

# Then, we use the weights to calculate the pooled effect
pooled_effect < sum(SP_calc$w*SP_calc$es)/sum(SP_calc$w)

pooled_effect

## [1] -0.231M1121

o MSICIHTESTIMZHNE
BN EERERA, REERMER, GHBNANA g=-023

v 4.1.2 The Random-Effects Model
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1. AE&IFn, mean, sd

2. fEFARENI AR EY

3. tau squared BYi+EFEFREML

4. {ERknhatkIE, ETFt distribution
5. fEAmetatiImetacont()

6. #EASEfEAHupdate()
REAIEE TERER

The question is FEFTIA M T ESLIERIS?

EEMMIEE . ATFERFRERREN, MNRNMNERNEFIE—1RIE (sampling error), BI—1MBEEMFET
T_O

EEELHTHFNARSERTLRARNEBFAEN, SMHEENSHELEFE EMERARNE?), Meta DITHHNRERFRE
EEANEFEESMENSERYE, XHESERBESSREZNMREELBNEL R,

Hitt, BMNMRIZBNM AR EBESTORRTHFIRE, MATES—IMERRR CRMINSHRMLFRIR) .

REBIRAFE— mvienms , FENR—D aounsss o 8MARZENERRNERES, FRNXHETFHFRENR
H, BT S5 1M ERFKR. FURENBEREAITESSMZED FRIIE,

EERER (FE) FEMZAEZAEEY (RE)
&g FIEMAHE—MELHMNME 0 SIMREECHELBN 0, KEHH
BiR I E—E LR E IR BN T E L
ERRE HERE (sampling error) HHEE + R T2

I HMNBBNRA AL RR TN NARE
1. 5EEMFE—HRRIL:
O = Ok + €
O =+ Gk
BATERERE 1, BRPENARD 0, M p ZENWERKETF (. , MR, "GN ¢, BRI, FILL:

MFHFIRE, ARPNEINREERE T ENNESE, BFEREENNNELIRERRNN—5, ENNTHE
pEEA R It metad BILR A AL,

EIMT UAX PN ATUREBRFENHLIEE (Borenstein et al. 2011, $12EF):
O=p+ C + &

XMRNBEBMREA, HNMBINREERE T SHALE « BAEEMRED (, M e,
XK RINE4L.2F o
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Distribution of
true effect sizes

( =HENUEEIN, HELRER.
epsilonkRBeFitE, FERAMMEIRHITIEM, FrUFKIEE+Htau Squred

Which Model Should | Use?

4.1.2.1Estimators of the Between-Study Heterogeneity

In the random-effects model, we therefore calculate an adjusted random-effects weight w;; for each observation.
The formula looks like this: tau squared is unknown...we need to cauculate it... {[FHsefIFH RTHED HHNFRTEYE

1
x
wy, =
b 52+ 72

Using the adjusted random-effects weights, we then calculate the pooled effect size using the inverse variance
method, just like we did using the fixed-effect model:

6= —E% b
D ko1 W
FRUAEANTIMEEE 72 , RAAEY meta BT ZMF5IE:

+ The DerSimonian-Laird ( 'o." ) estimator (DerSimonian and Laird 1986).

e The Restricted Maximum Likelihood ( 'revii ) or Maximum Likelihood ( v ) procedures (Viechtbauer 2005).

¢ The Paule-Mandel ( 'rv ) procedure (Paule and Mandel 1982).

« The Empirical Bayes ( 'ts" ) procedure (Sidik and Jonkman 2019), which is practically identical to the Paule-
Mandel method.

¢ The Sidik-Jonkman ( 'sJ' ) estimator (Sidik and Jonkman 2005).

| HFEEELREEER e

v 4.1.2.2 Knapp-Hartung Adjustments

BT 2 BTET, BINESTAE RS ERNAMBMKnapp-Hartungi@% (Knapp and Hartung 2003; Sidik and
Jonkman 2002)
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o XNERM w2 M ez BITESE EMEMEERKENITE) MAREMaMET, —/&RKR, 2 wes
HEEMERERESERER.

o FRF—RRGANESHHBEHEHAE, Knha BF t 5%

EREF PR G (RFTE AR
EZGEBNEEENINIREN S AR EE CEREEER, TEE—MIF:

"As we anticipated considerable between-study heterogeneity, a random-effects model was used to pool
effect sizes. The restricted maximum likelihood estimator (Viechtbauer, 2005) was used to calculate the
heterogeneity variance 12. We used Knapp-Hartung adjustments (Knapp & Hartung, 2003) to calculate the
confidence interval around the pooled effect.”

o [MFKnapp-Hartungi@®i@ 5 28858, JLBEAS (IntHout. loannidisflBorm 2014; Langan et al. 2019)%88, X&]
LUR MBS, 55 RERRHERLER T,
v Effect Size PoolinginR
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Time to put what we learned into practice.
fEM: R-meta

Figure 4.3 provides an overview of {meta}'s structure.

Effect Size Data

Precalculated

Uncalculated

Log-transform

(Standardized)
Mean Difference

[Correlation|

[metabin]

[metamean] [metacont] metacor [netarate] [metaprop] [metainc|

Further Analysis
forest, eggers.test, InfluenceAnalysis. metareg, ...

FELX; {EFHRaw data, FEITEESIIEER metacont RIEX
There are six core arguments which can be specified in each function:

e studiab . This argument associates each effect size with a study label. If we have the name or authors of our
studies stored in our data set, we simply have to specify the name of the respective column (e.g. studiab = author ).

e sm. This argument controls the summary measure, the effect size metric we want to use in our meta-analysis.
This option is particularly important for functions using raw effect size data. The {meta} package uses codes for
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different effect size formats, for example "svo" or "or'. The available summary measures are not the same in
each function, and we will discuss the most common options in each case in the following sections.

« fixed . We need to provide this argument with a logical ( True or racse ), indicating if a fixed-effect model meta-
analysis should be calculated22.

e random . In a similar fashion, this argument controls if a random-effects model should be used. If
both comb.fixed and comb.random are setto True , both models are calculated and dlsplayed23

e method.tau . This argument defines the wu2 estimator. All functions use the codes for different estimators that we
already presented in the previous chapter (e.g. for the DerSimonian-Laird method: method.tau = *o." ). REMLEIE
SRSCIAY,

e method.random.ci . This argument controls how confidence intervals should be calculated when using the random-
effects model. When setting method.random.ci = "+k" , the Knapp-Hartung adjustment will be applied. In older versions
of {meta}, this feature was controlled by setting the nakn argument to True instead. Using the Knapp-Hartung
adjustment is advisable in most cases (see Chapter 4.1.2.2).

e data. In this argument, we provide {meta} with the name of our meta-analysis data set.

« ttle (not mandatory). This argument takes a character string with the name of the analysis. While it is not
essential to provide input for this argument, it can help us to identify the analysis later on.

v 4.2.2 (Standardized) Mean Differences

» Raw effect size data in the form of means and standard deviations of two groups can be pooled
using metacont function

there are seven function-specific arguments we have to provide:
e n.e.The number of observations in the treatment/experimental group.
e meane . The mean in the treatment/experimental group.
e sde. The standard deviation in the treatment/experimental group.
e n.c.The number of observations in the control group.
e mean.c . The mean in the control group.
e sdc. The standard deviation in the control group.
e method.smd . This is only relevant when sm="svp" . "Hedges" (default and recommended)

BAEMER suicideprevention dataset with using RE and Knha method and “REML" method.

# Make sure meta and dmetar are already loaded
library(meta)

library(dmetar)

library(meta)

# Load dataset from dmetar (or download and open manually)
data(SuicidePrevention)

# Use metcont to pool results.
m.cont ¢ metacont(n.e = n.e,
mean.e = mean.e,
sd.e = sd.e,
n.c = n.c,
mean.c = mean.c,
sd.c = sd.c,
studlab = author,
data = SuicidePrevention,
sm = "SMD",
method.smd = "Hedges",
fixed = FALSE,
random = TRUE,
method.tau = "REML",
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method.random.ci = "HK",
title = "Suicide Prevention")

BEEERNE nee BN oo ENTEERFRE—E
o ATEFNERITELIE, HIRFEHITE Berry etal. H5HY Hedges' g:

A5 HEEn wE X nEE S
SEIR4A (e) n, = 90 X. =14.98 s.=3.29
JFEBA (c) ne. =95 X.=15.54 s, =4.41

Y EENTTE (RIRIE):

T1 — To

SM Dbetween =
Spooled

RRFB Spooled » ATINTF:

(n1 — 1)s} + (ny — 1)s3
(n1—1)+(ne—1)

Spooled =

963.345 4 1828.11

KANITHE:
. - \/(90 —1)(3.29)% + (95 — 1)(4.41)2 \/89 x 10.8241 + 94 x 19.4481 \/
pooled = 90 + 95 — 2 - 183 -

3RCohen'd:

X.—Xc 1498—-1554 —0.56

— — = ~ — .14 4
spooled 3.9053 3.9053 0143
ff—Hedge's gi%IE :
{EIEREF:
J=1- 3 =1- 3 =1— — ~0.9959

4(ne +ne) — 9 4(185) — 9 731

HITIRIE:

g=J-d=09959 x (—0.1434) ~[—0.1428

> summary(m.cont)
Review: Suicide Prevention

SMD 95%-Cl %W (random)
Berry etal. -0.1428 [-0.4315; 0.1459]  15.6

ALER, MNENITEER (FEMAR) fRF—%

*95%CIMItEA:
Cl.lower ¢ TE - 1.96 * seTE
Cl.upper ¢ TE + 1.96 * seTE

HAERBRELNG

Let us see what the results are:
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summary(m.cont)

## Review: Suicide Prevention

H

## SMD 95%-Cl %W (random)

## Berry etal. -01428 [-0.4315; 0.1459] 15.6

## DeVries et al. -0.6077 [-0.9402; -0.2752] 12.3
## Fleming et al. -0.1112 [-0.6177; 0.3953] 57

## Hunt & Burke -0.1270 [-0.4725; 0.2185] 1.5
## McCarthy et al. -0.3925 [-0.7884; 0.0034] 9.0
## Meijer et al. -0.2676 [-0.5331; -0.0021] 17.9
## Rivera et al. 0.0124 [-0.3454; 0.3703] 10.8
## Watkins et al. -0.2448 [-0.6848; 0.1952] 7.4
## Zaytsev et al. -0.1265 [-0.5062; 0.2533] 9.7
H

## Number of studies: k = 9

## Number of observations: o = 1147 (o.e = 571, o.c = 576)

H

#it SMD 95%-Cl tp-value

## Random effects model -0.2304 [-0.3734; -0.0874] -3.71 0.0059
H

## Quantifying heterogeneity:

## tau”2 = 0.0044 [0.0000; 0.0924]; tau = 0.0661 [0.0000; 0.3040]
## 12 = 7.4% [0.0%; 67.4%]; H = 1.04 [1.00; 1.75]

##

## Test of heterogeneity:

## Qd.f. p-value

## 8.64 8 0.3738

##

## Details on meta-analytical method:

## - Inverse variance method

## - Restricted maximum-likelihood estimator for tau"2

## - Q-Profile method for confidence interval of tau*2 and tau

## - Hartung-Knapp adjustment for random effects model (df = 8)
## - Hedges' g (bias corrected standardised mean difference; using exact formulae)

¥ Summary
o ABXHEEMERMENYNRE, BEETARNELERHFTHNES
o EEMMBEBBGEE—" mouws , MENBERBEETHNERE soumssss o

o AEXBNEBNAE v (WRKIFAAREREESE), ERNBEERSTHSIRGT. B ETUREIR—
=, B—MRREIFEAT ETX (REMEE), *Fcontinuous outcome, HFHER"RABIAMKIT (REML)”

o meta BIRMHTIRAMSITERER (fliImetagen, metaconts)
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