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why and what?

need for comprehensive summary
O meta-analysis = quantitative review
O 1 study represents 1 subject

O units of measurement = summary statistics (effect sizes)

o standard IMRaD structure
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Abstract

“Theory of mind” (ToM) means the ability to represent others intentions, knowledge and beliefs and interpret them
Children with autism typically fail tasks aimed at assessing their understanding of false beliefs. These features of autism are
strikingly similar to some negative features of schizophrenia. Mental abilities were studied in 35 schizophrenics (DSM-IV) and
17 normal controls. Subjects heard four ToM stories and simultaneously were shown cartoons depicting the action occurring in
the stories. All stories involved false beliefs or deception. As for the current symptomatology, schizophrenics were divided
according t Liddle’s three-dimensional model (reality distortion, psychomotor poverty, disorganisation). Our results show
significant differences between schizophrenics and normal controls in all ToM stories, with schizophrenic people performing
worse than controls. In first-order stories (a false belief about the state of the world) significant differences were found among
symptom di with the poverty group ing worse than di isation subjects and reality distor-
finn anes A for secondoeder storiss (o false heliaf ahout the helisf of anather character) the navarty ssonn

> x = the sum of x
N = number of data

t-statistic
p value
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Selective impairments of theory of mind in people with
schizophrenia

‘Selective impairments of theory of mind in people with
~chizophcnia

BRITISH JCURNAL OF PSYCHIATAY (2087}, 191, 5213,

Theory of mind in schizophrenia

Meta-analysis

MIRJAM SPRONG, PATRICIA SCHOTHORST, ELLEN VO3S, JOOP HOX

and HERMAMN YAN ENGELAND

Background Mentzlising mpairment
(anmpaired ability to think about people
interms of thesr mertal states) has
frequently been associated with
schizophrenia.

Aims  Toassess the magnitude of the
deficit and analyse associated factors,

Method Twenty-nine studies of
mentalising in schizophrenia {combined
n=I518), published between January 1993
and May 2006, were included to estimate
overall effect size. Study descriptors
predicted to influence effect size were
analysed using weighted regression-
analysis techniques. Separate analyses
were performed for symptom subgroups
and task types.

Results The estimated overall effect
size was large and statistically significant

“Theory of mind’ and ‘mentalising” refer 1o
the cognitive ability to artribute mental
states such as thoughts, belicfs and inten-
tions ro people, allowing an individual to
cxplain, manipulate snd predict behaviour.
In 1992 Frith proposcd a relationship be-

REVIEW ARTICLE

and Psychological Medicine, Studies con-
sidered eligible for this meta-analysis were
empirical research srudies written in the
English language and published in peer-
reviewed journals. Rescarch samples had
to be composed of adults diagnosed with
schizophrenia or schizoaffective disorder
according to the established diagnostic sys-
tems (DSM or 1ICDY. Their sample group’s
mentalising performance had to be com-
pared with that of healthy controls, Mea-
sures of mentalising included in this meta-
analysis are described  below, Finally,
sufficient data had 10 be reported for the
of the dardised mean
difference (Lipsey & Wilson, 2001},

Types of lising tasks

tween theory of mind and schizoph
and argued that several symptoms of
hizophrenia could he explained by menta-

There is a fair amount of agreement on the

lising impairment {Frith, 1992). This led o
a substantial body of rescarch which has
recently been criically reviewed twice
(Brune, 20054; Harrington et al, 20054).
In both reviews it was concluded that
theory of mind is impaired in individuals
with schizophrenia. Although these reviews
were executed thoroughly, they are limited
t0 a qualitative description of the observed
deficit, thus lacking i inf i

of theory of mind among resear-
chers. However, this definition is broad,
perhaps reflecting the face that it is
probably not a unitary function. This has
led to a wide variation in the operational-
isation of the concept. One of the most fre-
quently used types of mentalising tasks is
the false belicf or deception task (e.g. Frith
& Corcoran, 1996; Corcoran et al, 1997;
Doady et al, 1998; Mazza et al, 2001). In

on the magnitude of the cffect. The purpose
of this meta-analysis is 10 produce a syn-
thesised effect size estimate that has consid-
crably more power than the individual

a firsc-order false belieffdeception task, the
ability to understand that someone can
hold a belief that is different from the
actual state of affairs is assessed. In a

studies. In addition, effects of study charac-
teristics on the findings are analysed.

second-order false beli prion task,
participants have to infer the (false) beliefs
of one character about the {false) belicfs




The use of Effect sizes

o difference in means / pooled standard deviation

- Cohen's d Hedoes” o — M, — M
 Glass'A 8 8 S D;mfed
 Hedges’g

O comparable with other studies

O unit of measure is lost

O |less straightforward



Publication bias

Study 1 0.85[-1.54,-0.17 |
Study 2 - -0.31[-0.70, 0.07 ]
Study 3 . 0.20[-0.36, 0.75]
Study 4 - -0.30[-0.63, 0.03]
Study & -——-—1 0.42[-0.09, 0.92]
Study 6 .—._._4 -0.18[-0.86, 0.50 ]
Study 7 l—l—| 0.04[-0.29, 0.36]
Effect size e -0.12[-0.38, 0.14]
| | I | |
203 -117 03 056  1.42

Effect size of the difference in global gray matter velume

Forest plot

Standard Error
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[Radua and Mataix-Cols, 2012]



Region of interest-based Voxel-based meta-
meta-analyses analyses

=68mm




Region of interest-based meta-analyses SHDCEITEC

o set of different meta-analyses for every ROI

O selective = some regions more studied than

others
O a priori hypotheses influence selection of ROI

O strong publication bias




Label-based reviews

peak of a cluster plotted as a dot

number of dots count in each region

O increase
O decrease

O borders of conventional regions

drawbacks: no weighting, loss of information,

selective

[Radua and Mataix-Cols, 2012]



Voxel-based meta-analyses

o Image-based meta-analyses
o Coordinate-based meta-analyses

o Mixed image- and coordinate-based meta-analyses



Voxel-based meta-analyses

o Image-based meta-analyses
o Coordinate-based meta-analyses

o Mixed image- and coordinate-based meta-analyses



Image-based meta-analyses

O use of parametric maps
O meta-analysis for each voxel
O multiple-comparisons problem

o hard to find (contacting authors)




Voxel-based meta-analyses

o Image-based meta-analyses
o Coordinate-based meta-analyses

o Mixed image- and coordinate-based meta-analyses



Coordinate-based meta-analyses

Table 2. Activation differences between BD patients, relatives and their respective controls and PPI results
H BA MNI coordinates Cs Z-value T-value
X y z
Rel= Con: reappraisal-view emotional
Amygdala L -21 -7 -14 20 3.06 3.32
R 33 5 - 20 26 2.87 3.09
Ventral ACC L 10 -12 50 -2 108 420 4.90
Insula L 48 -39 2 -1 69 3.36 in
R 48 36 -16 1 161 3.84 437
BD = Con: reappraisal-view emaotional
Amygdala L -15 -4 -17 18 299 38
Amygdala/parahippocampal R 21 5 - 26 60 4.31 4.87
BD = Con: PPl L-amygdala seed
Orbitofrontal L 47 -42 35 -8 53 4.94 5.79
BD = Con: PPl R-amygdala seed
Orbitofrontal L 47 =12 50 -5 23 4.41 5.0
Rel=Con: PPl L-amygdala seed
Orbitofrontal L 47 -39 29 - 14 60 4.45 5.29
R 47 36 56 -8 15 4.59 5.52
Rel= Con: PPl R-amygdala seed
Orbitofrontal R 47 39 56 -5 49 5.06 6.33 K k t |
Abbreviations: BA, Brodmann area of the peak activation; Con, control; C5, cluster size in number of activated voxels; H, hemisphere; L, left; MNI, Montreal anS e e a '
Neurological Institute; PPI, psychophysiological interaction analysis; R, right; Rel, relative. 201 5




peak as a sphere

number of spheres surrounding
each voxel are counted

* increase

 decrease

2.00 - /—\
1.00

D.I:H} -{II T I; T LI | EI :-II. r}

=1.00 -

KEDA value

=2.00 -

[Radua and Mataix-Cols, 2012]
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[Radua and Mataix-Cols, 2012]

similar to KDA

voxel close to two
spheres from one
study counts as one

avoids false high

values at intersections
2.00 -

weighted by sample

1.00 -

D.DE .{III I:I'IIII'I'II

size 2
robustness analysis = .1w-
-2.00 -
Ry Peaks e
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o
P
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[Radua and Mataix-Cols, 2012]

peak as a smoothed sphere
(Gaussian Kernel at FWHM)

higher value for voxels closer to
the center of the sphere (peak)

* increase

 decrease 0.16 -

ALE walue

ALE




Signed differential mapping (SDM)

smoothed spheres like in ALE
weighted by sample size, robustness analysis like MKDA

combines positive and negative values

adds heterogeneity analysis

SDM value

[Radua and Mataix-Cols, 2012] 200



similar to SDM, but values are effect sizes

weighted by variance (right)

random effects model

combination of peaks Frona
and statistical
parametric maps

2.00 € -

Effect size

[Radua and BIRE
Mataix-Cols, 200€ -
2012]

4.00€

E=-501d

LSats Pealks ---------- Thue signal



Voxel-based meta-analyses

4.00 - 200 -
s 2.00 4 o E
& 0.00 < 2
a =L g
2 2 -
-2.00 4
-4,00 - -2.00 -
Snanss Peaks -o-rooo- True signal WAL, Peaks -reveoeee TrUe SIgNE] m— DA wenssitr Peaks
0.16 - 2.00 -
= 2 &
[ ] “a W
= = 3
m = ITATETRTEITTIFAT N RE L | Illlll:rl'l E
= @ &
40.16 - =2.00 - 4,00 € -

[Radua et al., 2012]



Voxel-based meta-analyses

o Image-based meta-analyses
o Coordinate-based meta-analyses

o Mixed image- and coordinate-based meta-analyses



ALE Original SDM ES-SDM
(only coordinates) (only coordinates) (only coordinates)

ES-SDM ES-SDM Pooled analysis
(20% maps) (100% maps) ("true map") [Radua et a|_’ 2012]




Summary

o Meta-analysis is a quantitative systematic review
O Pretty accessible and valuable research to do
o Different approaches and methods

O ROl based and Voxel based



Example: SDM

www.sdmproject.com

& (& [ & Secure | https)//www.sdmproject.com A e ‘ O ¢ E 82 I-.'fn a o 4 @H
i Apps [4 Under Byen Lyrics m Zakladni = Mapy.cz @ Hourly forecast for B Peter Mikéik - Diennik E Vnimani socialnich =i Rusky lekar vam prec E Trinast dezertov, kto & Fantasticky mandliov, »
& seed-based 4 Mapping \ ' Search|

formerly "Signed Differential Mapping”

SDM Project web

= Home
= Download software

R Neuroimaging software library including meta-analytic methods

Mac 08X for IMRI, VBM, DTI and PET and other tools

Windows Download software | Meta-analysis Tutorial | Meta-analysis Manual | SDM tools manual

AL New Anisotropic ES-SDM version 5.141 {Dec 2016) available +
= Meta-analysis tutorial Please replace older versions of SOM software by Anisotropic ES-SDM version 5.141, which includes the following new features:

= Meta-analysis manual
Lk « New improved graphical user interface (GUI), now for Windows, Linux and Mac OSX

Introduction
« Possibility to combine repeated measures (e g from several contrasts of the same sample).
Preparation
« Easy automatic creation of funnel plots and Egger tests.
Globals
« .. and some other improvements ;-)
Calculations
Results Please feel free to download the new software
Batch processing
Seffings Introduction
SPM extension , . - . . i i . ) . ;
Seed-based 4 Mapping (formerly "Signed Differential Mapping”} is a statistical technique for meta-analyzing studies on differences in brain activity or structure which
How to cite

used neurcimaging technigues such as fMRI, VBM, DTl or PET. The methods have been fully validated in several studies (see references below), and meta-

analyses using this mahigsite may use-coakies-to improve-your browsing experience or toy conduct analyses of webractess: the
By continuing to use this site, you agree to accept these cookies. Click this banner to hide this message.



Example: SDM

research question

. &) SDM 431 - DiANeuro\META -
d ata CO I I e Ctl O n RITTEE R LA GAF &8 mricron.exe - DA\Neuro\sdm/share/sdm_template... — O X
E‘ ‘)% ll.@ G)\ ‘ E @@ ‘ @ ‘ w File Edit Overlay Draw ‘u’iew. Window Help
Change meta-analysis SDM table editor | Convert to t values Convert images Globals Save batch Run batch | SDM help Quit ><|32 %Mm %|Z|58 %” ta fit V” A
00:17:20 - (imgcalc) [MyRegression_1_z_p_0.00 ) i . = =
& 00:17:20 - (imgcalc) [MyRegression_1_z_p_0.00 B soM imgcalc - Blob report | B spM imgealc - Blob report: & sDM imge |Ba°kg[°und "|IE||DDD?8 < |na80s %H firaysoale "”H:E El
" @ 00:17:21 - (imgcalc) [MyRegression_1_z_p_neq]
O rI I l a I n Preprocessing 00:17:21 - (imgcalc) [MyRegression_1_z_p_0.00 é % O | fi 'D:/Neuro/META/regression/MyRegression_0_z,
00:17:21 - (imgcalc) Getting SDM blobs informati
& 00:17:21 - Calling web browser to display the re|
@ 00:17:21 - Calling MRICron to display 3D results.
00:17:21 - DONE SDM - l
imgcalc - Bl
a @@ threshold "MyRegression_0_z", p, 0.00500, 1.000 ' g
) 00:17:40 - (imgcalc) [MyRegression_0_z_p_0.00 H
p re p rO Ce S S I n Linear model 00:17:40 - (imgcalc) [MyRegression_0_z_p_0.00 MyRegress,on_o_z_p_o' 005
@\ 00:17:40 - (imgcalc) [MyRegression_0_z_p_0.00
00:17:40 - (imgcalc) [MyRegression_0_z_p_0.00
Threshold 00:17:40 - (imgcalc) [MyRegression_0_z_neg] = Threshold parameters
00:17:41 - (imgcalc) [MyRegression_0_z_p_0.00
. 00:17:41 - (imgcalc) [MyRegression_0_z_p_0.00
. . e 00:17:41 - (imgealc) [MyRegression_0_z_p_0.00 Blobs of = 85 voxels with all voxels SDM-Z = 1.278 and all
l I lo e eS I I I I a I O n Multimodal 00:17:41 - (imgcalc) [MyRegression_0_z_p_neq] 1763
00:17:41 - (imgcalc) [MyRegression_0_z_p_0.00 -
00:17:41 - (imgcalc) Getting SDM blobs informati
+ 00:17:41 - Calling web browser to display the re|
00:17:41 - Calling MRICron to display 3D results. MN" SDM-Z P Voxels De:
Create amask | | g0:17:41 - DONE coordinate
re S u I tS Ctract 342626 2063 0000190735 253
# Threshold 'MyRegression_1m0_z' with p 0.005|
threshold "MyRegression_1im0_z", p, 0.00500, 1.
-46,-48,34 1.837  0.000483990 99
# Threshold 'MyRegression_1_z' with p 0.00500,
threshold "MyRegression_1_z", p, 0.00500, 1.000
# Threshold 'MyRegression_0_z' with p 0.00500, -30,-28,50 1.763  0.000657678 85 Left

threshold "MyRegression_0_z", p, 0.00500, 1.000

Type a command:

-28x34x42= 032441, 175468, 0.00000




Example: SDM

1.

o o A~ W N

research question
. data collection
formatting
preprocessing
model estimation

results

O consistent task/process

O choose contrasts



Example: SDM

S

. research question

data collection
formatting
preprocessing
model estimation

results

o similar to systematic review
O search in databases

O selection of papers

O 1 study as 1 subject

O contact authors for missing data



Example: SDM

1. research question .22, -
@ 7 A @& B 08 0 00

ichange meta-analysis SDM table editor ~ Convert peaks Convert images Combine images  Globals  Save batch Run batch  SDM help  Quit

data collection s e

_ Batch listing IEI @ @ Recording off I Recording on

formatting o

preprocessing %
b

model estimation g

Create mask

F. T —
results E;g‘ ©l| I

Log:

2 A

Funnel Plot

Current working directory: | D:/Neurof/AES-meta/meanER




Example: SDM

1 re S e a rC h q u esti O n @ SDMGUN - De/Meuro/AES-meta/meanER — O *
- ~ -
‘Meta analyses  Statistic &7 Edit table 2 %
: = | B save Table || W Add study || & Delete study || W Add variable || & Delete variable
. Change meta-analysis
L} = e
: 2 d ata CO I I e Ctl O n ““““ S study nl n2 threshold template illness PANSS p PANSS_n CPL
" :
i@ Proc DerntlER 13 13 corr MNI 07.3 12.3 14.6 329.9
Preprocessing
_ Fakra 14 14 corr MNI NA 24 71 13.14 gon
3 f ] y Gur_2007 16 17 uncorr Tal 09.6 11.55078 7.35666 NA T
Mean
] o rm attl n g Gur_2002 14 14 uncorr Tal NA 11.31795 7.65732 NA
ﬂX Habel 17 17 LUNCOrF MMI 09.9 18 19.9 NA A
Linear model d
rerres Choudhary 21 20 uncorr MNI 0.39 19.8 16.3 0 d
= -
4 re ro Ce S S I n 7 Johnston 10 10 corr Tal NA NA NA NA v
L] Threshold a
Mier_2010ER. 16 16 uncorr MNI NA 11.57665 9.789028 901.59 r
gl.ﬁ Mier_2014 11 16 corr MNI 10.18 11.566302 9.335158 472.56 [
Multimodal =
5 m Od el eSti m ati O n Pinkham 35 37 corr Tal 15.21 11.457648 7.597004 378.19 IIF
- g Reske 18 18 uncorr MNI NA 8 13.61 NA e
Create mask :
Satterthwaite 12 21 uncorr Tal A A NA 290
Extract 0
6. results o
t Log:
Funnel Flot
< >
Add study

Current working directory:

D:/Neuro/AES-meta/meanER




Example: SDM

- @ - LR/ INeudro, -Meta/ mean -
research question ;2 eeroms A

@7 Edittable ? b4

Change meta-analysis

B save Table || W Add study || & Delete study || W Add variable || & Delete variable

data CO”eCtlon ,,,,,,,, o study o o threshold | a PANSS p PANSS m | CPZ e
@ [’I_(K DerntlER 19 _3 Fa kra.spm_mni - Pozr'la'mkmf];f blok - D >'< 12.3 14.6 320.9
Prepniessmg Fakra 14 Soubor L:Iprayf].r Format Zobrazeni Mapovéda 24 71 13.14 gon
m y Gur_2007 16 lZB, -4,-16,-5.48 " |11.55078 7.55666 A T
formatting o 16,-2,-16,-4.76
Gur_2002 14 11.31795 7.65752 A
ﬂX -26,6,26,-3.86
Habel 17 18 19.9 HA
Linear model 25,-2,14,-3.73 ‘;‘
. R Choudhary 2152,-42,18,-4.32 19.8 16.3 0 d
p (= p rocessin g hfﬁﬁm Johnston 1 -3@,2,30,-5.82 NA NA NA v
Thres|
Mier_2010ER 1§ -48,2,32,-3.43 11.57665 9.789028 901.59 a
glﬁ 45,208,18,-3.74 :
Mier_2014 11 11.566302 9.335158 472.56
Multimodal = 38,48,-12,-3.36 a
d I t' t' Pinkham 35 -4,-3,-3,-3.67 11.457648 7.507004 378.19 IIF
I I IO e eS ” Ila Ion @ Reske 14 -42,-46,-16,-3.39 8 13.61 HA e
Create mask Satterthwaite 13 -36,-44,56,4.40 NA NA 290
, -54,-31,46,4.34 —
-26,-44 . 61,4.16
Extract ¥ ] ]
resu ItS A 42,-36,52,4.05 O
A Log: 25,-448,56,3.57
Funnel Plot W
< < * i >
Add study
Current working directory: | D:/Neurof/AES-meta/meanER




Example: SDM

1.

research question
data collection
formatting
preprocessing
model estimation

results

o convert coordinate peaks to
estimate parametric maps

o optionally include original
parametric maps

O creates

a) parametric maps of effect
sizes

b) heterogeneity maps



Example: SDM

Note that these parameters are automatically set according to the modality
you select. However, you can still change them for special purposes. The
effects of isotropic FWHM are negligible with full anisotropy.

. B Preprocessing parameters ? .
1 . resea rCh q u eStlon A new meta-analysis wil be created. Note that any oK
previous meta-analysis in this folder will be Corcel
. removed. nce
2. data collection
3 . fo rm attl ng Modality | Functional MRI or PET :
Number of randomizations | 50| =
- Correlation template | gray matter -
4. preprocessing anisotropy [1.00 =
Isotropic FWHM (mm) |20 =
5. model estimation Mask |gray mlte ¥
0.

results
o modality: VBM, fMRI, PET, DTI

o template: GM, WM, FA, CSF



Example: SDM

1.

o o kW DN

research question
data collection
formatting
preprocessing
model estimation

results

O estimate mean

O linear model
a) compare groups
b) meta-regression

o multimodal meta-analysis



Example: SDM

1.

© o A~ w0 N

research question
. data collection
formatting
preprocessing
model estimation

results

O threshold results
O extract peaks (seed)

o funnel plot



Example: SDM

1. SDM imgcalc - Blob report for ‘'MyMean_z_p_0.00500_1.000_10"

Threshold parameters Show / Hide
2 . ‘ Blobs of = 14 voxels with all voxels SDM-Z = 1.048 and all peaks SOM-Z = 1.112 Show / Hide
MNI coordinate SDM-Z2 P Voxels Description
3 -46,-32,48 1.702 0.000060380 1280 Left postcentral gyrus, BA 2
- Show | Hide additional clester information
44 -4 56 1.289 0.001252234 73 Right middle frontal gyrus, BA 6
Show | Hide additional clester information
-28,-86 22 1.121 0.003331133 15 Left middle occipital gyrus, BA 19
- Show | Hide additional clester information
-10,-58,40 1.112 0.003565371 14 Left median network, cingulum
Show | Hide additional cluster infarmation
Blobs of = 380 voxels with all voxels SDIM-Z = -1.634 and all peaks SDM-Z £ -1.976 Show / Hide
6 MMNI coordinate SDM-Z P Voxels Description
| ]
48,346 -3.336 ~0 5651 Right inferior frontal gyrus, orbital part, BA 47
Show | Hide additional cluster information
2.26,30 -1.976 0.000933237 580 Right median cingulate / paracingulate gyri, BA 24

Show | Hide additional cluster information




2# rricron.exe - D\Neurc\sdm\share\sdm_template.. — O x

File Edit Owverlay Draw View Window Help

ez sz e -] & 1

Mytdean_z_p_ - |3 0.0261 = 33232 = || Blue e Er_—;) [ -

1 SDM imgcalc - Blob r 0_10'

Threshold parameters Show / Hide
2 . ‘ Blobs of = 14 voxels with all voxels SDM-Z = 1 Show / Hide
ANI coordinale ption
3 46,-32,48 istcentral gyrus, BA 2
L] o Hids e -
44 -4,56 niddle frontal gyrus, BA 6
4 28.-88,22 ddle occipital gyrus, BA 19
- Show | Hide c n
-10,-58,40 zdian network, cingulum
S.
Blobs of = 580 voxels with all voxels SDIM-Z = Show / Hide
6 MNI coordinate SDAA-]
|
48,34 -6 3.33 5. orbital part, BA 47
2,26,30 1.97 paracingulate gyri, BA 24

2x26wd2= 127680, 0.00000, 170168




Databases

o sets of original data (eg raw scanned images)
BRAINNet (http://www.brainnet.net)
fMRI Data Center (http://www.fmridc.org)
OpenfMRI (http://www.openfmri.org)

O summary statistics from the studies included in one meta-analysis (mean and SD of ROI volumes)

Bipolar Disorder Neuroimaging Database (http://www.bipolardatabase.orq)
Major Depressive Disorder Neuroimaging Database (http://www.depressiondatabase.org)
Peak-coordinate databases from SDM meta-analyses (http://www.sdmproject.com/database)

o sets of summary statistics of virtually all published studies

BrainMap (http://www.brainmap.org)
NeuroSynth (http://www.neurosynth.org)



http://www.brainnet.net/
http://www.fmridc.org/
http://www.openfmri.org/
http://www.bipolardatabase.org/
http://www.depressiondatabase.org/
http://www.sdmproject.com/database
http://www.brainmap.org/
http://www.neurosynth.org/

Thank you for your attention
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