2019/8/2

Verification of Reproducibility of R-fMRI Narifieati -
Metrics and Reproducible Network Verification of Reproducibility of
Underpinnings of Rumination R-fMRI Metrics
Xiao Chen
G273

chenxiao@paych.ac.cn
The R-fMRI Lab, Institute of Psychology, Chinese
Academy of Sciences

Introduction Introduction
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Analysis of the reproducibility of published data in 67 in - house projects
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Prinz et al., 2011. Nat Rev Drug Discov 4
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Introduction Introduction

Test-retest reliability
Time T1 Time T2

Defining reproducibility

Defining reproducibility

Unthresholded statistical maps (A)
EE[C ) =3 z

/ \mw ‘ \,..

\ / / Replicability

/& = u.,, Y7 : \M Site A Site B
\ ' : ‘
\ / - /

Overlap statistical maps (C) 8

Introduction Introduction

Statistical thresholds

Reproducibility is highly sensitive to the statistical threshold used to
define significance
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Figure. Critical region for the test of significance.

Rombouts et al., 1998
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Reproducibility and Multiple Comparison
Correction

Multiple Comparisons

Bonferroni correction

The Bonferroni correction rejects the null hypothesis for
each pi=a/m |, thereby controlling the FWER at <a

E“WEH:P{Q(;‘.‘ %)} Z{P(; %)}:m,.'% mrl”:f,

Carlo Emilio Bonferroni

Reproducibility and Multiple Comparison Correction
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Winkler et al., 2016. Neuroimage 15

Multiple Comparison Correction
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Cluster failure: Why fMRI inferences for spatial extent
have inflated false-positive rates

Anders Eklund*><", Thomas E. Nichols®*, and Hans Knutsson*<

“Diision of Medical Informatics, Department of Biomedical Engin
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Edited by Emery M. Brown, Massachusetts Gensral Hospital, Boston, MA, and approved May 17, 2016 {received for review February 12, 2016)

15 years of brain research has been invalidated
by a software bug, say Swedish scientists

# Up to 70% of fMRI analyses produce at least one false positive, challenging the validity
of over 40,000 studies.

Eklund et al., 2016. PNAS 17
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Reproducibility and Multiple Comparison
Correction

Multiple Comparisons

Gaussian Random Field Theory Correction

Monte Carlo simulations (AlphaSim)
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Reproducibility and Multiple Comparison Correction

Threshold-Free Cluster Enhancement (TFCE)
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Fig. 1. Ilustration of the TFCE approach. Left: the TFCE score at voxel p i given by the sum of the scores of allincremental supparting sections (one such is
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Reproducibility and Multiple Comparison Correction
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Introduction Introduction

. . Low power studies are unlikely reflecting a true effect
Small samples in neuroscience

Sample size
H
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Subjects per group
Median sample size: 15 for one group Poldrack et al., 2017

studies and 14.75 per group for two
group studies (Carp, 2012)
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Introduction Introduction
° [ ]
’ Summary
: F

® The impact of multiple comparison correction strategy
(considering FWER) on reproducibility (test-retest

° o S
reliability and replicability)
Positive Predictive Value, PPV . . I
After a research finding has been claimed based on achieving formal statistical b Th_e Ir.n.paCt of sample size on reproducibility (test-retest
significance, the post-study probability that it is true rellablllty)

Table 1. usaaech Frdings and Trae Relscianships.

PPV = (1 - B)R/(R - BR + a)

Introduction Materials and Methods

Defining reproducibility

Participants and Imaging Protocols

We sought to propose a quantitative method to calculate reproducibility of
R-fMRI metrics FCP Classi
Eyes open eyes closed

(EOEC) differences G [(62)) RH

CONSORTIUM FOR
RELIABILITY AND
REPRODUCIBILITY

Sex differences

‘ Consortium for Reliability

P W and Reproducibility (CORR) 1000 Functional Connectomes Project (FCP)
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Materials and Methods

1000 Functional

Sample size: 420 (212 M vs. 208 F) Connectomes Project
ample size: vs.

Scanned 2 times (FCP) dataset

Inclusion criteria (from 549):

Age between 18 and 32

No extreme head motion

No poor T1 or functional images, low quality

normalization or inadequate brain coverage

CORR dataset

Sample size: 716 (296 M vs. 420 F)
Same inclusion criteria

Beijing EOEC1 dataset Beijing EOEC2 dataset

Sample size: 48 Sample size: 20
Eyes-open vs. eyes-closed Eyes-open vs. eyes-closed
Same Inclusion criteria Same inclusion criteria

Chen, Lu, Yan®, 2018. Human Brain Mapping

Materials and Methods

Nuisance Regression

A General Linear Regression

Yi = Bot FiXn + BaKin b oo b Bpr Kipor + 6
Model including: i = fot BiXu + B X + Bp-1Xip1

1. Head motion
Friston 24-parameter model and mean FD
2. Global Signal Regression (GSR)
Results both with and without GSR were evaluated
3. Other sources of spurious variance
WM and CSF signals
4. Linear trends
Temporal bandpass filtering (0.01-0.1 Hz)
All time series except for ALFF and fALFF analyses
27

Materials and Methods

A

p<005 \
one-tail critical region

p=0025 p=0025

two-tail critical region(s)

p<005
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Materials and Methods

Preprocessing

1. The first 10 volumes were discarded

2. Slice-timing correction

shifted to the slice at the mid-point of each TR

R ——
Asvumcos e OPARSF.

3. Realignment

six-parameter (rigid body) linear transformation

two-pass procedure

4. Co-registration and segment

six degree-of-freedom linear transformation without

re-sampling

5. Transformation from native space to MNI space e

Diffeomorphic Anatomical Registration Through

Exponentiated Lie algebra tool (DARTEL)

Materials and Methods

A Broad Array of R-fMRI Metrics

ALFF:

The mean of amplitudes within a specific frequency domain (here, 0.01—
0.1Hz) from a fast Fourier transform of a voxel's time course

fALFF:

A normalized version of ALFF and represents the relative contribution of
specific oscillations to the whole detectable frequency range

ReHo:

Arank-based Kendall's coefficient of concordance that assesses the
synchronization among a given voxel and its nearest neighbors’ (here,
26 voxels) time courses

Degree Centrality:

The number or sum of weights of significant connections for a voxel. The
weighted sum of positive correlations with a threshold of r>0.25

VMHC:

The functional connectivity between any pair of symmetric inter-
hemispheric voxels

Materials and Methods

Evaluating FWER of Different Strategies to Correct for
Multiple Comparisons

FCP dataset: Beijing site

106 females

Permutation,

20 females T
Multiple Compari
Correction

Significant differences? False Positive! 30

repeated for 1000




Materials and Methods

Test-retest reliability

Sex differences in test and retest

Time T1 Time T2
w‘ &% V,: significant
voxels in test

Voveriap

\ V,: significant
‘ g .» ‘ ”- voxels in retest

Voverlap: VOXels

significant in both

test and retest
31

N Dice = 2 Vovertap
Statistical significant voxels TR,

Materials and Methods

Influences of Sample Size on Test—-Retest Reliability,
Sensitivity and PPV

“8 S| e CORR dataset
' 4 b

k/2 116 males k/2 105 females
‘ randomized 100 times : ’ ‘ ﬁ ’ randomized 100 times

0,80,90,100,120,1
P Test-retest reliability (Dice
coefficient

;... [

60:

W P<D.01(Z52.33) 8 P<0.05 P0.02 (252.33) & P<0.05

§ W passzasirats o PO01 (272.56) & P<0.05
= 2 W P<0001 (2>309)8 P005 2 P<0.002 (2>3.09) & P<0.05
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—~ LW P00 (Z23N)AF0025 o M
& O W P05 (2>250) 4 P0025 | F W VOX
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Different Multiple Comparison Correction Strategies
FWER calculated with ALFF without GSR (4mm FWHM smoothing kernel) 35
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Materials and Methods
Replicability

Site A Site B

k] ‘h V,: significant
voxels in site A

Vovertap)

V,: significant
@ ‘ - voxels in site B

Voreriap: VOXels
lap*
2 % Voveriap

L N lce = significant in both
Statistical significant voxels Dice = VY, site Aand B
32
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Materials and Methods

Influences of Sample Size on Test—Retest Reliability,

Sensitivity and PPV
=
A 2

CORR session 1 “ CORR sessiol

Statistical ‘
voxels
Gold Sensitivi L
0 ensitivity = ————
FN ) standard TP +FN
PPV = LS
CTP+FP
34
Results
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esults

Test-retest reliability of between-subject sex difference

Test-retest reliability (dice coetficient)

ALFF fALFF  Rek

{ALFF Rello DC VMHC w

VMIC

z
06 051
064 051
z
P P 6 051 048 037 038
& 075 054 048 044
& 034 048 037 02
FDR correction 060 067 054 039 03

4 Moderate test-retest reliability
@ ALFF, fALFF, ReHo are better than DC and VMHC

Replicability of between-subject sex difference

37

Replicability (dice coelficient)
Cluster ALFF (ALFF  Rello  DCwith  VMHC
Voxel threshold threshold ALFF ALFF Reflo DC VMHC with GSR with GSR withGSR  GSR  with GSR
AFNI JChastSim P < 0.0005 P<OMS 012 010 007 007 0. 0.1 1 o 08 2
(one-tailed) (£329)
DPABI AlphaSim 013 0% 007 007 002 0.0 1 oz 08
013 010 007 007 0. 010 1 om 08 "
P05 02 13014 017 005 021 o 01 22 10
P<Of5 019 011 011 016 002 047 ™ o 08
P<00S 014 010 D08 011 002 012 0 o o
P00 O 010 1 om 08

4 Poor replicability

ALFF ALFF Retfo Degree Cantraity

&\\ Q\f ikz. "

39

4 Female’'s PCC demonstrate more spontaneous activity than male

ﬁ\). ic.l” ‘&L
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Test-retest Reliability
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Different Multiple Comparison Correction Strategies

212 Mvs. 208 F X 2 times

Chen, Lu, Yan*, 2018. Human Brain Mapping

Replicability (Sex Difference)

B

204

Median Rank and SD in the Friedman Test
=
T
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Replicability of within-subject EOEC difference

Replicability (dice coefficient)

Cluster LFF  fALFF  ReHo DCwith VMHC
Voselthveshold thrsanold ALFF (ALFF ReFlo DC_ VYMHC with GOR with GOR with GG GOR. . with GoR
AFNI3dClustSim P <0005 P<0G25 015 041 026 003 000 0d¢ 01 031 007 0a0
(one-tailed) (2>329)
DPABI AlphaSim 015 011 02 003 010 O o 1 007 0w
(one-tailed)
GRF (one-tailed) 015 01 02 0k 010 01 01 030 005 0w
PT cluster extent P <002 P<005 046 027 04 024 021 041 030 049 02 017
correction (2>233)
(two-tailed) P <001 P05 030 024 040 020 016 035 021 048 018 021
(z>258)
P<0002 P<OOS 022 016 032 006 014 019 016 035 009 012
(@309
P <0001 P05 015 011 02 00 010 014 01 00 005 0
@
PT TFCE) 049 031 045 02 020 046 032 04 030  0:
PT VO 000 000 001 000 000 000 000 001 000 000
FDR Correction 009 000 029 003 008 012 000 03 012 010

@ Higher than between-subject sex difference but still not moderate
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Within-subject EOEC Differences

Between-subject Sex Diferences

Within-subject design has larger effect size

43
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Wi GSR

# Eyes open > Eyes closed in bilateral occipital cortices

4 Eyes open < Eyes closed in bilateral pre- and post-central gyrus
45

Discussion

Main findings:
@ Liberal correction strategies yield unacceptable high FWERs
@ PT with TFCE reach the best balance between FWER and reproducibility
® Between-subject design has moderate test-retest reliability but poor replicability
4 Within-subject design has better replicability but still not moderate

# Larger sample size increases reproducibility, sensitivity as well as PPV

47
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Replicability (EQEC Difference)

c

Median Rank and SD in the Friedman Test
>
o gl
-
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a4

Sample Size Matter

A
i 0.6y
£ o
H
2 o0z
H
i
1% 50 )
i Sample Size
a3
Randomly draw k subjects 0.6y B
from the “SWU 4” site in the
CORR dataset, which has : 4
two sessions of 116 males 3 o
and 105 females *
o 50 100 150 200
Sample Size
H
{
H
i
Chen, Lu, Yan*, 2018. Human Brain Mapping : “

Discussion

What correction strategy can be used?

According to FWER...

@ GRF correction with strict p values (voxel wise P<0.0005 and cluster
wise P<0.025 for each tail)

@ Four kinds of PT with extent thresholding

@ PT with TFCE

4 PT with VOX

@ FDR correction

According to reproducibility...

Strict strategies cannot achieve moderate reproducibility, except PT with

TFCE

48
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Discussion

W Fe0.01(Z52.33) & F<D.05
[PELCES (22.58) & P<C.05

- — o PeD.LO1 (223.08) & P<0.05
AL Suing, '=‘__-, B <0000 {253.29) & P<0.05
P P<0.01 (2-233) & Pe0.025
e s 2 P00 (2250 & e 025
R o é P=0.0O01 223,091 8 P<0.025
o 13 0em o P<0.0005 (253.29) & Pe0.025
e won T s 5
e [ R S — BB E
e O w
[}
—— . et ot @
o e =
>
o T e = .
E One- or two-tailed?
. <
e

FWER cannot be controlled to the norminal
Integrated from PALM
(Winkler et al. 2016. Neuroimage)

level by doing one tailed correction twice

Yan* et al., 2016. Neuroinformatics

ESI Top 1% highly cited (>60 times) 49 50

Discussion Discussion

The BRI Maps Projoct

Test-retest

Sample reliability

size (K) (dice index) Sensitivity PPV o
30 002008 0.001 +0.004 0.02+0.09

40 003=011 0.001 *0.01 0.07 = 0.21

50 005*013 0.004 +0.01 0.07 =019

60 008=0.17 0.01 =0.02 0.12+0.22

——AeEA B0 (]
0232022 002003

2’020 ODEEUOF 025+016
032*0.19 0.05*0.04 0.28*+0.14
036=0.14 0.10*0.06 0.29*0.08
039=011 017 £ 0.08 0.29+0.04
039 0.09 0.23 £0.09 0.30 = 0.08
042008 032009 0.30+0.02 All statistical maps have been shared through the R-fMRI Maps project
046> 0.07 043 =0.07 0.30+0.02

(http://rfmri.org/maps)

X X Key source code have been shared through (https://github.com/Chaogan-
Results from a sample size <80 (40 per group) should be considered .
preliminary, given their low reliability (< 0.23), sensitivity (< 0.02) and Yan/PaperScripts/tree/master/Chen 2017 HBM)
PPV (< 0.26)

Thus our findings could be easily reproduced by any researchers
51 52

Ruminati

Rumination

Repetitive thinking about negative personal concerns
and/ or about the implications, causes, and meanings
of a negative mood

Example:

What do | do to deserve this?

2 Susan Nolen-Hoeksema
Why these happen to me? (1959 - 2013)

Reproducible Network Features
Underpinnings of Ruminaiton * Selfperpetuate
+ Recycled

« Long-lasted

Nolen-Hoeksema et al., 2008. Perspect Psychol Sci 54


https://github.com/Chaogan-Yan/PaperScripts/tree/master/Chen_2017_HBM)

Rumination

Rumination and MDD

ruminative traits are

prone to suffer rumination MDD

\J

« Rumination is not only a defining feature, but also a risk factor for MDD

Individuals with )
People with

depressive
symptoms tend to
MDD when stuck in

ruminate more
negative life events

Koster et al., 2011. Clinical Psychol Rev 55

Literature Review
Rumination and Task-fMRI: DMN

5110450 eros

15t 10134 mersd B Distraction [ Experiential O Anatytical

Divres seseet
E4
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20 Control MDE
Rumination

MDE

A0 10
“Think: Why these things happen oo 00
tome? -10 -10
Distraction -20 -20
“Think: A big black umbrella”

Johnson et al., 2009. SCAN 57

DORSAL MEDIAL SUBSYSTEM
Mentalizing Person Social

Y | Mental Scenarios Knowledge
we L awere Theory of Mind  Meaning
» e Comprehension Story
S ki Sentence Semantic

Language Word Syntaciic

Self-referential  Self
Personal Autobiographical
Moral  Retrieval Recollection
Judgments Rating Memories.
Person Social Meriakaing
Posttive  Negative

REEE

AR

Andrews-Hanna, et al., 2014. Annals of the New York Academy of Sciences 59

MEDIAL TEMPORAL SUBSYSTE
Pecatiecton Rememter Recal
Memories Episodic Reveval
Past Autobiographical Fuur
Conteatal Recooniion Famous
Engaged Famiar Encoang

e
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Generated Th

Planning
/Reflecti
on

Day

Rumination Drearaing

® Resting-state is a complex
state
® Focusing on a specific

mental state?

Andrews-Hanna et al., 2014. N.Y.Acad.Sci. 56

Literature Review

Correlation studies on trait ruminaiton:
DMN/CEN/SN

Rumination scale (e.g. RRS)

Zhuetal., 2012 Wang et al., 2015 Thomas et al., 2011
58
Rumination State
”Rumination State”
! (4+1)-2=
i N A
: = 3 6
® A subject-driven, relatively long period of mental state
® Continuous and dynamic thinking style following the instructions
60
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Rumination State

PKUGE PKUSIMENS

Future Fuure

Emontion Ranking

Chenetal., In prep.

Rumination State Task

Resting

2
g| | &
%’_ 2 minutes 2 minutes 2 minutes 2 minutes Time
» 5
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= ©
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z
Rumination State Task
Brain Storm
8% 4R
/‘\ {—\
1| 7 |m| | s
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#( =5F ||| 1z2min |||
Elfz Il
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Rumination State Task

Materials and Methods
Subjects: Healthy adults (N =41)

Generating key words for negative events memory

BVTgICSA‘g"“ Pre-experiencing fMRI task
Completing scales
Scan in IPCAS

pmhalifn Completing fMRI task

-
£ . 2
:
2 Scan in PKU
= Completing fMRI task
;z; GE 3T MR750
8 $
Scan in PKU
3T SIMENS Completing fMRI task
PRISMA
62
Rumination State Task
MRI Scan
A
[ 1
‘ | B 2 B
" k4 LIES e e
4 || BHEEFRE: B &\ W ). E 1R
] Mes, #aow 17;.“ 4x2min #I{K RABH: 4a2mnin % Silx: 4x2min 2%
3 | | FAE &N i | N
‘ E & &
64

Rumination State

A B IPCAS PKUGE PKUSIMENS
) Te23% Tezee
J mm Decreased FC

o / o~
/ B < Denhanced FC
//.L}

<’

; ‘0) M\
& . .
*/ L)

DMN dmPFC DMN MTL

Chenetal., In prep.

11



Rumination State

PKUSIMENS

coreMTLFC
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Rumination controlling Depression

Rumination controlling Depression Rumination controlling Depression

R=0.3218 R=0.1312 R=0.1701

Rum-disficorefIMTLZ [BJAITEEIZEREZE F1 ruminationfS 3 IEFEX

67

Discussion
(a) B0 External/ U]
cogn. cogn.
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TRENDS in Cognitive Sciences

® \entral MPFC: Emotional “hot” psychological process

® Dorsal MPFC: Cognitive “cold” psychological process

Olsson and Ochsner, 2007. Trends in cognitive sciences 69

Multi-sited rumination state research based
on REST-meta-MDD
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Discussio

(a) (b)

MPFC MPFC

™Y Y
Hyper-inhibition Normal inhibition

&y N
| MTL | " MTL”

Rumination

Broad associative activation
TRENDS in Gognitive Sciences

Bar, 2009. Trends in cognitive sciences

Future Work

REST-meta-MDD Project

National Natural Science Foundation of China
Funding . National Key R&D Program of China
Chinese Academy of Sciences

Moshe Bar

68

NYU Child Study Center
F. Xavier Castellanos

72
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Thank you for your attention!
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