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Application of Hurst exponent in resting-state functional magnetic resonance imaging data
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Abstract: Objective Based on functional magnetic resonance imaging (fMRI) technology, the fractional Gaussian noise
(fGn) model is adopted to study on the resting-state functional data. The Hurst exponent of fGn is used to characterize the
BOLD signal. The distribution and test-retest reliability of Hurst exponent are analyzed. Methods Totally, 25 healthy adult
were treated by resting-state fMRI scan for 3 times. MATLAB, DPARSF and REST software were used for data processing.
The improved periodogram method was adopted to estimate Hurst exponent. The intra-class correlation coefficient (ICC)
was introduced to perform statistical analysis. Results Significant differences were found in the Hurst exponent of different
brain tissue. The Hurst exponent of gray matter was larger than 0.5, and the Hurst exponent of white matter was smaller
than 0.5, while the Hurst exponent of cerebrospinal fluid was approximately 0.5. Based on the voxel or the average value of
brain regions, the Hurst exponent showed satisfactory test-retest reliability. Conclusion fGn is suitable for the study on
fMRI data. Hurst exponent can characterize the BOLD signal characteristics in many aspects, and Hurst exponent is helpful
to further reveal the mechanism of brain activities.
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‘WM: White matter; CSF: Cerebrospinal fluid; GM: Gray matter. The two-

sample ¢ test of heteroscedasticity showed the significant differences

between each other (*: P<0.000 13, **: P<0.003 8).
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Fig.1 Mean and standard deviation of the average H value in

different brain tissue (the first scan)
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Red color represented the voxel was significantly higher than the average value of the whole brain, while the blue color represented

the voxel was significantly lower than the average value. Cluster size>200 voxels, P<0.001, FDR corrected.
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Fig.2 One-sample ¢ test chart of average value of H in the second and third scans
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Intra—class ICC values of average H of each voxel

Inter—class ICC values of H of each voxel

The abscissa indicated the inter-class ICC values (the first and third
scans), while the ordinate indicated the intra- class ICC values (the
second and third scans). Each dot represented a single voxel, while the
line was the least squares regression line of scatter points.
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Fig.3 Inter— and intra—class correlation coefficient (ICC) value of

H value of the time series of whole brain voxel
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The abscissa indicated the inter- class ICC values, and the ordinate
indicated the intra-class ICC value. Each dot represented a single brain

region, and the line was the regression line of scatter points.
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Fig.4 Inter— and intra—class ICC value of the average H value of

90 regions in AAL template

JIT A B3 A A BT 27, DA T A5 21 1 i DX ) - 3
FRIF o AR BRS80S X B F , wT LA 2 1)
ZH N YRR UKL, IRt I Bk (B 5) . Horr,
&l Sa fi 7 20 ] B~ YRR T, Bl AR R/ 58 2 YR
HALFRF RS 1 IR ; B 5b R4 N B 28T
B AR PR 7R 56 2 AT, AR bR R 56 3 g4 5 1A
S M 1 A 4 [A] RN 2 N BRI Pearson AHOC R B
FELIE . FEF WIS OR 1/4 RN 3/4 5304 AR
IR BL B HE, A8 AN L i KN R 1.5 1511
brifE2s . MWEIHATLIE Y, 2 097 285 e 4 ()
(A6 T 5 1) — BOME , BN R Pearson AH G £ 80T 8
S TR

90 an
, 80 ] 80
%70 % 70
€ 60 & 60
8 50 § 50
E 40 E 40
=3 92 50
S 20 - g 20
& R-square=0.9069 &

10 10

g 09 | -

= |

Tﬂ; 0-8 E

E

g o7 i

c |

806 £

© ]

a 05 :
R-square=0.9809 Intra—class Inter—class

c: Box plots of intra— and inter—

OU 10 20 30 40 50 60 70 80 90 0

Scan 2: mean ranks

a: Average ranks of inter—class

0 10 20 30 40 50 60 70 80 90
Scan 2: mean ranks

class Pearson correlation

coefficients of the rank in all
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In Fig.5a, the abscissa indicated the second scan, while the ordinate indicated the first scan, and the goodness of fit of the regression

line was R*=0.906 9; In Fig.5b, the abscissa indicated the second scan, while the ordinate indicated the third scan, and the goodness of

fit of the regression line was R=0.980 9; In Fig.5¢, both ends of the box indicated 1/4 and 3/4 quantile respectively, and the line

inside the box represented the median, and the dotted lines were no longer than 1.5 times of the corresponding standard deviation.
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Fig.5 Average ranks of brain regions in different scans
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