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o LiAMISHrEpost hoc analysis: Outlier and influence analyses are performed after seeing the data.
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Subgroup analyses , also known as moderator analyses , are one way to do this.
They allow us to test specific hypotheses, describing why some type of study produces lower or higher effects
than another.

moderatorfIFESBRNEFEEEZEER, BANARERRNBRSENSREEN. FrLL subgroup tests should be
defined a priori,
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FRLALE LFRiR, FEFERFE:
1) describe the statistical model behind subgroup analyses,

2) how we can conduct one directly in R.

v 71 The Fixed-Effects (Plural) Model
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v 7.1.1 Pooling the Effect in Subgroups
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v 7.1.2 Comparing the Subgroup Effects
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Therefore, we use the value of () to determine if the subgroup differences are large enough to not be
explainable by sampling error alone. M FFRMERKANZE—, HRINERREIIRKERFETIMFIREMA LR
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v 7.2 Limitations & Pitfalls of Subgroup Analyses
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Unfortunately, however, this does not necessarily provide us with more statistical power to detect subgroup
differences. There are several reasons for this (L. V. Hedges and Pigott 2004):

1. F—ERERME G MINELIHE, FAgERMAREREETA, MERNENEEXEIEKR, AIaeikFHITA
ZENESR BMEEMNEER), BTEEXEETEZMSHAIES: First, remember that in subgroup analyses,
the results within subgroups are usually pooled using the random-effects model. If there is substantial
between-study heterogeneity within the subgroup, this will decrease the precision (i.e. increase the
standard error) of the pooled effect

2. BT LA AA SN E LR EE R LEE M meta D ITFITHANE/ N - FUHTIRESSH - KNEREEE -
FERGERY'TEEER NG, BXARERAFITHEFRE, MABERFEE: Inthe same vein, statistical
power is also often low because the effects we want to detect in subgroup analyses are much lower than in
normal meta-analyses. Imagine that we want to examine if effects differed between studies assessing an
outcome of interest through self reports versus expert ratings. Even if there is a difference, it is very likely
to be small. It is often possible to find a significant difference between treatment and control groups. Yet,
detecting effect size differences between studies is usually much harder, because the differences are
smaller, and more statistical power is needed.
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o TAAZEMNNERLEEFATIMMEREENREER, BEEARTRATBHE RN TANARERRED

TR, SEENTIESEEES: If we do not find a difference in effect sizes between subgroups, this
does not automatically mean that the subgroups produce equivalent outcomes.
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MBI R/ NI ANES, In chapter 14.3 in the “Helpful Tools" section, as a general rule of thumb, that
subgroup analyses only make sense when your meta-analysis contains at least K= 10, S44/0F3,
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(;) Subgroup Analysis: Summary of the Dos & Don’ts

1. Subgroup analyses depend on the statistical power, so it usually makes
no sense to conduct one when the number of studies is small (i.e. K <
10).

2. If you do not find a difference in effect sizes between subgroups, this
does not automatically mean that the subgroups produce equivalent
results.

3. Subgroup analyses are purely observational, so we should always keep
in mind that effect differences may also be caused by confounding
variables.

4.1t is a bad idea to use aggregate study information in subgroup
analyses, hecause this may introduce ecological bias.

v 7.3 Subgroup Analysis in R
£ (neta} FEIETTHREED, EPRILUIEESsubgroup argument:
This tells the function which effect size falls into which subgroup and runs a subgroup analysis.
« only thing we have to take care of is that studies in the same subgroup have absolutely identical labels.
Here, we want to examine:

if there are effect size differences between studies with a high versus low risk of bias. The risk of bias
information is stored in the riskofsias column.

o Let us have a look at this column first. In our code, we use the nhead function so that only the first few rows
of the data set are shown.

head (ThirdwWave|,c("Author", "RiskOfBias"

#i#t Author RiskOfBias
## 1 Call et al. high
## 2 Cavanagh et al. low
## 3 DanitzOrsillo high
## 4 de Vibe et al. low
## 5 Frazier et al. low
## 6 Frogeli et al. low

o HENVUEA netagen THEmeta DB, XEEE (ROBRUFIRAT, 77T EMRIFEANITA) HAZRFEM.genTTR
#,

When we calculated the meta-analysis using metagen , this information was saved internally in
the m.gen object.

In our example, we want to apply the fixed-effects (plural) model and assume that studies within subgroups are
pooled using the random-effects model. Given that n.qen contains results for the random-effects model
(because we set conb.fixed t0 FALSE @and comb.random tO TRUE ), there is nothing we have to change. Because the
original meta-analysis was performed using the random-effects model, update automatically assumes that
studies within subgroups should also be pooled using the random-effects model.

Therefore, the resulting code looks like this:
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update(m.gen
subgroup = RiskOfBias
tau.common = FALSE

## Review: Third Wave Psychotherapies

##

## Number of studies combined: k = 18

##

## SMD 95%-CI t p-value
## Random effects model (HK) 0.5771 [ 0.3782; 0.7760] 6.12 < 0.0001
## Prediction interval [-0.0572; 1.2115]

##

## Quantifying heterogeneity:
## tau”2 = 0.0820 [0.0295; 0.3533]; tau = 0.2863 [0.1717; 0.5944]
# 172 = 62.6% [37.9%; 77.5%]; H = 1.64 [1.27; 2.11]

##

## Test of heterogeneity:

## Q d.f. p-value

## 45.50 17 0.0002

##

## Results for subgroups (random effects model (HK)):

## k SMD 95%-CI tau™2 tau Q I72

## RiskOfBias = high 7 0.8126 [0.2835; 1.3417] 0.2423 0.4922 25.89 76.8%
## RiskOfBias = low 11 0.4300 [0.2770; 0.5830] 0.0099 0.0997 13.42 25.5%
##

## Test for subgroup differences (random effects model (HK)):

## Q d.f. p-value

## Between groups 2.84 1 0.0917

##

## 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 (HK) adjustment for random effects model (df = 17)

## - Prediction interval based on t-distribution (df = 16)

* because biased studies are more likely to overestimate the effects of a treatment.

« the testis 0.09, which is larger than the conventional significance threshold, but still indicates a difference
on atrend level (AIREEIABERERE. MNER/. T EEFREREEE)

We can also check:

the results if were to assume a common tau"2 estimate in both subgroups. We only have to
set tau.common tO TRUE .

update(m.gen, subgroup = RiskOfBias, tau.common = TRUE

##[...]

## k SMD 95%-CI tau”2 tau Q I72
## RiskOfBias = high 7 0.7691 [0.2533; 1.2848] 0.0691 0.2630 25.89 76.8%
## RiskOfBias = low 11 0.4698 [0.3015; 0.6382] 0.0691 0.2630 13.42 25.5%

##
## Test for subgroup differences (random effects model (HK)):
## Q d.f. p-value

## Between groups 1.79 1 0.1814

## Within groups 39.31 16 0.0010

##

## Details on meta-analytical method:

## - Inverse variance method

## - Restricted maximum-likelihood estimator for tau”2
##  (assuming common tau”2 in subgroups)

## [...]

« Inthe output, we see that the estimated between-study heterogeneity variance is 72 = 0.069, and
identical in both subgroups.
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» The test of subgroup differences again indicates that there is not a significant difference between studies
with a low versus high risk of bias (p = 0.181)

reporting the Results of a Subgroup Analysis

The results of subgroup analyses are usually reported in a table displaying the estimated effect and
heterogeneity in each subgroup, as well as the p-value of the test for subgroup differences.

1. SENIFHERRIKMAZ BRMAREZRERRN, RS MCANMITtau" 2SREGENER, BERFTEES
RS E: SN ARRRE 26-7.

2. WATLAERM:  conmon = TRUE / FaLsE PAIGXIERFRM S AL RAVERERSE M,

Risk of Bias g 95%ClI p 12 95%Cl I? p(subgroup)
High 0.81 0.28-1.34 0.009 0.77 0.51-0.89 0.092
Low 0.43 0.28-0.58 < 0.001 0.25 0.00-0.63

 if you want to extract the subgroup-specific p values, it is necessary to save the results of update to an
object, and then extract the pval.randon.w element from that object using the s operator.

v TIPS

S EBERKN—BNEIRIRER (KY1h), REFERHTILASHIEN"26995%Cl (EAREAE, HFRIE, BT
UXZI27:2) 0

1. [|@TAl

ChatGPT o4-mini-high ~

& Share

HABETImetaBAIHANTTAS RS R 20995 %HISX A

Thought for 6 seconds >
7 {meta} BF, THITTIEADHIE:

r @ Copy v Edit
res <- update(m.gen,
subgroup = RiskofBias,

tau.common = FALSE)

FNFEIIRIN meta IREMFHEIE resssubgroup.random IXMFIKRE, (RATLUXFHEELEMAN 12 RE
95% BsXE (R&FREN 12 M cin2)

' & Copy v Edit

groups <- names (res$subgroup. random)

df_i2 <- data.frame(
Subgroup = character(),
12 = numeric(),
CI_low = numeric(),
CI_high = numeric(),

stringsAsFactors = FALSE

Ask anything

+ @ @ Research

©

ChatGPT can make mistakes. Check important info.

H£RE2TEA (ReiEl, EERHNGSHIREN)
2. fEA$TTS# Textraction of info, RIEEIN2MI5CIX—EE, XEME
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> res$I2.w
high low

0.7682416 0.2548068

>

3. HEI TmetafEA X (meta: metabin — R documentation — Quantargo) , #EvalueF#EI T X MNERER S <SR
ﬁﬁ: lower.I2.w, upper.I2.w = ﬂﬂéﬁlj\]Eﬁ’ﬁéﬁﬁ%l"ZE'QEE—FBE*UE%J:BED

b

I2.w Heterogeneity statistic I*2 within sub-
groups - if byvar isnot missing.

lower.I2.w, upper.I2.w Lower and upper confidence limit for het-
erogeneity statistic 142 within subgroups -

if byvar is not missing.

4. Al LB EREEEI: HETFRIAEANTHMHITON (HAETHNE B TERHIREER P ERIN26
95%Cl)

library(dplyr

revise version <- ThirdWave %>%
filter(RiskOfBias == "high"

A <- meta::metagen(TE = TE
seTE = seTE
studlab = Author
data = revise version
sm = "SMD"
fixed = FALSE
random = TRUE
method.tau = "REML"
method. random.ci = "HK"
title = "Third WaIe Psychotherapies with low

## Quantifying heterogeneity (with 95%-CIs):
## tau™2 = 0.2423 [0.0569; 1.5610]; tau = 0.4922 [0.2386; 1.2494]
## 172 = 76.8% [51.5%; 88.9%]; H = 2.08 [1.44; 3.01]

¥ summary

« Although there are various ways to assess the heterogeneity of a meta-analysis, these approaches do not
tell us why we find excess variability in our data. Subgroup analysis allows us to test hypotheses on why
some studies have higher or lower true effect sizes than others.

« For subgroup analyses, we usually assume a fixed-effects (plural) model (7K EZEIER, gtHAEHEHNZIR
£9). Studies within subgroups are pooled, in most cases, using the random-effects model. Subsequently, a
(Q test based on the overall subgroup results is used to determine if the groups differ significantly.

+ The subgroup analysis model is called a "fixed-effects” model because the different categories themselves
are assumed to be fixed (FRE7EEABIFEAPEFEAIIHEEY) . The subgroup levels are not seen as random
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draws from a universe of possible categories. They represent the only values that the subgroup variable
can take.

When calculating a subgroup analysis, we have to decide whether separate or common estimates of the
between-study heterogeneity should be used to pool the results within subgroups (FAREEREIL A
R, ERXEMITHNITARERERETFERALER, BLARHARE L, SHRBERN, RAMIIITARN
BRM) .

Subgroup analyses are not a panacea. They often lack the statistical power needed to detect subgroup

differences. Therefore, a non-significant test for subgroup differences does not automatically mean that
the subgroups produce equivalent results. (GE&HE FHILEMIHRO )
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