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Correlation of several indexes in resting-state functional magnetic resonance imaging data

LIU Yingjun"*, YANG Zhijing’, LI Shulong’
1. School of Biomedical Engineering, Southern Medical University, Guangzhou 510515, China; 2. Guangdong Key Laboratory of

Medical Image Processing, Guangzhou 510515, China; 3. School of Information Engineering, Guangdong University of Technology,
Guangzhou 510006, China

Abstract: Objective Based on functional magnetic resonance imaging (fMRI) technology and resting- state fMRI data, to
study on the distribution law of regional homogeneity (ReHo), fractional amplitude of low frequency fluctuation (fALFF) and
Hurst exponent in brain and the intrinsic link between them by comparatively analyzing ReHo, fALFF and Hurst exponent.
Methods After 25 healthy adult receiving resting- state fMRI scan three times repeatedly, MATLAB, DPARSF and REST
softwares were adopted for data processing, and computing ReHo and fALFF. The improved periodogram method was used to
estimate Hurst exponent of time series in each voxel, and the statistical analysis and regression analysis were used for further
processing. Results The distributions of ReHo, fALFF and Hurst exponent were almost consistent throughout the brain and
their values in the common resting- state sub- network were usually larger and have better reliability. Hurst exponent was
positively correlated with ReHo in quadratic function, and had a significant linear correlation with fALFF value. Conclusion
ReHo, fALFF and Hurst exponent have the capacity to distinguish different resting-state sub-networks. The 3 indexes have a
strong positive correlation between each other. Taking all of the 3 mdexes into account would improve the accuracy of
analyzed results.

Keywords: functional magnetic resonance imaging; Hurst exponent; fractional amplitude of low frequency fluctuation;

regional homogeneity; independent component analysis
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ReHo: Regional homogeneity; fALFF: Fractional amplitude of low frequency fluctuation; a: Hurst exponent; b: fALFF;

¢: ReHo; MNI coordinates: z=0, 12, 24, 36, 48.

1 Hurst3§%05 fALFF LK ReHo 7 K i B 2R AR FHME (58 1 )k 333)

Fig.1 Average value of Hurst exponent, fALFF, ReHo in brain tissues (the first scan)

a: Hurst exponent

Negative value does not appear; FDR corrected (P<0.001)

b: fALFF

c: ReHo

&2 Hurst3§%(5 fALFF LA K ReHo K F& i FHAE R BRI 51T 55 RE

Fig.2 One-sample 7—test statistical chart of Hurst exponent, fALFF and ReHo greater than the average value of the whole brain
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a: Posterior of the default network

b: Dorsal attention network

The threshold is 1, which means only the voxel with the value greater than 1 is displayed.
B3 MICABEIf2 RTS8
Fig.3 Two typical independent components obtained by MICA

I T
O session 1

%
058 2 IR A @ 8. R | s gession2f
K\';‘ 4 *‘-3;"% .ir\:'ﬂ f (‘{})‘:\\‘ — & -gession 3
056 1\ it ¥ < i % =
5 - W%
£ osaf .g = Qﬁ’ \:‘ ; ‘3 Py
=) ] \ g
[ %
Fosaf * v E 57
s | H
E 0.50 ; g
048 1 -
0461 if
044 i 1 1 1 1 1 1 E | 1 1
0 2 4 6 8 10 12 14 16 18 20

Independent components

The abscissa represents 20 independent components; the ordinate indi-
cates the average of each sub-network; o indicates the first scan; * indi-

cates the second scan; A indicates the third scan.
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Fig.4 Average value of Hurst exponent in resting—state sub—network
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Each dot represents a figure voxel corresponding to Hurst exponent (ReHo or fALFF), and the value is the average of 25 subjects. a:

The red line is plotted points fitting a straight line, and the goodness of fit of R* is 0.910 6; b: Green dots represent linear function

fitting, and black dotted line represents quadratic polynomial curve fitting, and red curve stands for the fitted exponential function, and

the goodness of fit of three R* are 0.785 6, 0.883 3 and 0.880 4, respectively; ¢: Three kinds of fitted functions are the same as the

situation b, and three goodness of fit of R* are 0.775 2, 0.881 5 and 0.877 7, respectively.

5 £BEfkE ReHo fALFF #1 Hurst 368 X R E (55 2.3 kA F1)
Fig.5 ReHo, fALFF and Hurst exponent of each voxel in the whole brain (the average of the second and the third scans)

T8 Ty o RFE[] RS T 7, Hurst $8 4805
fALFF k. ReHo A ff— 26

FEAR B 3R A 2 s FRATTHE— 20k
PRI =B Z MM FR . G5 FRM, 3 M atn it 34
R EAH R H B AP 7 — 28 22 50 . Hurst 35 805
fALFF {2 [] 2 52 I — i {7 B %) TE 4R % G 3R 5 1M Re-
Ho 5 fALFF 5 Hurst 22 [A] T AS J2& — &7 5 1 26 7 1
AEOC, TR R I —Fh R REOC R, X 5 0 A MR

A= FEHR, —J7 i, w] R A SO A 3
YA, A 22U TR A SR8, n] DAl s

RE B — 7, WA BE & Hurst 488 U5 1T 2 AN )
Fr 8N 25 AR SOR oot i) JE 3 1 ik
BB G I E T v B — Rkt , — 7 B D R

7 ) AR 5 ER AT B 1 AP R B Sy v B 22 T
iter;&,U\ﬁ’ﬁab SRR R, A HE AR
T BT R D)4 5 55— T, 223 BRI A AR
i N AT PR B A R it 2
ReHo Ef@gﬂﬂ”hﬁiﬂﬁ%iﬁ—ﬁﬁ M fALFF |2
Wk b e bR, NEEIS L UE, A AN RZ O (R R A £
PR, 2T HurstF850d vl phfitak b iy 7 a8 (Can
AR ), 5 fALFF fRRR A —F, X
EA TR, 5 ReHo 55 fALFF ANA] , Hurst 35502 —2%
it o AR —— o B B S 1) EE SR 2
XHF 5 7 40 B8 AR 5T (%) 220 ), ] FH > 43 K i 1) 2 40
I[f AR A . T ReHo (3% fALFF) 55 Hurst #5519 — 3
PESCPREOC R , AT RE Sl 5 SR A B S5 2, (W]



1

XIWZE, 25 i S I REREI AR UG rh LA W B PR AR G

_31_

REGEHER KRB AN

= Z BB NAEER A B T ERA T IMRIUE R )
OINT, TR ZE SRS AUR AR EE . i TR A
EATER, A SCH BRI S = F Z MR C R, =
T A REARE R RO R AT TP

[ &3 >ik]

[1] OGAWA S, LEE T M, KAY A R, et al. Brain magnetic resonance
imaging with contrast dependent on blood oxygenation [J]. Proc
Natl Acad Sci USA, 1990, 87(24): 9868-9872.

[2] ZANG Y F, JIANG T Z, LU Y L, et al. Regional homogeneity
approach to fMRI data analysis[ J]. Neuroimage, 2004, 22(1): 394-
400.

[3] ZANG Y F, HE Y, ZHU C Z, et al. Altered baseline brain activity
in children with ADHD revealed by resting- state functional MRI
[J]. Brain Dev, 2007, 29(2): 83-91.

[4] ZOU Q H, ZHU C Z, YANG Y, et al. An improved approach to
detection of amplitude of low- frequency fluctuation (ALFF) for
resting-state fMRI: fractional ALFF[J].J Neurosci Methods, 2008,
172(1): 137-141.

[5] FADILI M J, BULLMORE E T. Wavelet-generalized least squares:
a new BLU estimator of linear regression models with 1/f errors
[J]. Neuroimage, 2002, 15(1): 217-232.

[6] RUBIN D, FEKETE T, MUJICA-PARODI L R. Optimizing com-
plexity measures for FMRI data: algorithm, artifact, and sensitivity
[J]. PLoS One, 2013, 8(5): €63448.

[7] CHOE I H, YEO S, CHUNG K C, et al. Decreased and increased
cerebral regional homogeneity in early Parkinson's disease [J].
Brain Res, 2013, 1527: 230-237.

[8] YU XY, YUAN B K, CAO Q J, et al. Frequency-specific abnor-
malities in regional homogeneity among children with attention
deficit hyperactivity disorder: a resting- state fMRI study [J]. Sci
Bull, 2016, 61(9): 682-692.

[9] CHA J, HWANG J M, JO H I, et al. Assessment of functional
characteristics of amnestic mild cognitive Impairment and
Alzheimer's disease using various methods of resting- state fMRI
analysis [J]. Biomed Res Int, 2015: 907464. DOI: 10.1155/2015/

907464.

[10] MAXIM V, SENDUR L, FADIL I J, et al. Fractional gaussian
noise, functional MRI and Alzheimer's disease [J]. Neuroimage,
2005, 25(1): 141-158.

[11]YAMAMURA T, OKAMOTO Y, OKADA G, et al. Association of
thalamic hyperactivity with treatment-resistant depression and poor
response in early treatment for major depression: a resting- state
fMRI study using fractional amplitude of low- frequency fluctua-
tions[ J |. Trans Psychiat, 2016, 6(3): e754.

[12] WEI M B, QIN J L, YAN R, et al. Identifying major depressive
disorder using Hurst exponent of resting-state brain networks [J].
Psychiatry Res, 2013, 214(3): 306-312.

[13]LI Z J, ZHU Y S, CHILDRESS A R, et al. Relations between
BOLD fMRI-derived resting brain activity and cerebral blood flow
[J]. PLoS One, 2012, 7(9): e44556.

[14]VAN DAM W O, DECKER S L, DURBIN J S, et al. Resting state
signatures of domain and demand-specific working memory perfor-
mance[J ]. Neuroimage, 2015, 118(5): 174-182.

[15]HAHN T, DRESLER T, EHLIS A C, et al. Randomness of resting-
state brain oscillations encodes Gray's personality trait[J]. Neuro-
image, 2012, 59(2): 1842-1845.

[16] ANDERSON J S, ZIELINSKI B A, NIELSEN J A, et al
Complexity of low-frequency blood oxygen level-dependent fluc-
tuations covaries with local connectivity [J]. Hum Brain Mapp,
2014, 35(4): 1273-1283.

[17]GENTILI C, VANELLO N, CRISTEA I, et al. Proneness to social
anxiety modulates neural complexity in the absence of exposure: a
resting state fMRI study using Hurst exponent[J]. Psychiatry Res,
2015, 232(2): 135-144.

[18]LIU Y J, LIU Y, WANG K, et al. Modified periodogram method for
estimating the Hurst exponent of fractional Gaussian noise [J].
Phys Rev E, 2009, 80(6): 066207.

[19]ZHANG H, ZUO X N, MA SY, et al. Subject order-independent
group ICA (SOI- GICA) for functional MRI data analysis [J].
Neuroimage, 2010, 51(4): 1414-1424.

[20]SMITH S M, FOX P T, MILLER K L, et al. Correspondence of the
brain's functional architecture during activation and rest[J]. Proc
Natl Acad Sci India Sect B Biol Sci, 2009, 106(31): 13040-13045.

(%45 TR §2)



