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Fig. 2. The number of significant brain regions when changing scale factor 7, embedding dimension m and similar factor r in the
MSE model: (a) 7=1; (b) 7= 2; (¢) 7= 3; (d) 7 = 4; (e) 7 = 5; (f) 7 = 6; (g) average number of significant brain regions over the
scale factor 7 (p < 0.05). Here, the similarity factor r changed from 0.05 to 0.6 with a step of 0.05 and parameter of m = 1 (redline)
was fixed and m = 2 (blueline) respectively (p < 0.05).
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Fig. 3. Sorting effects of similarity factor rby ROC and AUC value in a single brain region when the similarity factor ris setfrom
0.05 to 0.6 with a step of 0.05 and parameters of m = 1, 7 = 5 fixed in the MSE model: (a) PCG.L:left posterior cingulate gyrus;
(b)STG.R: right superior temporal gyrus; (c) MOG.R: right middle occipital gyrus; (d) PoCG.R: right postcentral gyrus. In above
two planes such as (a) and (b), a single sensitive brain area to cognitive testing score could be characted by both ROC beyond the
reference line and great AUC value, therefore, be employed as a functional biomarker in this study. In reverse, a single insensitive

brain area could be characted by both ROC around the reference line and small AUC value in below two planes such as (c) and (d).
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Fig. 4. Sorting effects of scale factor 7by ROC and AUC value in a single brain region when the scale factor 7is set from 1 to 6 with
a step of 1 and the optimization parameters of m = 1 and r =0.5 fixed in the MSE model: (a) PCG.L: left posterior cingulate gyrus;
(b) STG.R: right superior temporal gyrus; (c) MOG.R: rightmiddle occipital gyrus; (d) PoCG.R: rightpostcentral gyrus.In above
two planes such as (a) and (b), a single sensitive brain area to the cognitive testing score could be characted by both ROC beyond
the reference line and great AUC value, therefore, be employed as a functional biomaker in this study. In reverse, a single insensit-
ive brain area to the cognitive testing score could be characted by both ROC around the reference line and small AUC value in be-

low two planes such as (c) and (d).
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Table 1.
rate by the AUC value of each single brain region.

Effect of similarity factor r on sorting

Similarity factor (r) PCG.L STG.R MOG.R PoCG.R

r=10.05 0.557 0.518  0.512 0.535
r=0.10 0.597 0.578  0.463 0.502
r=0.15 0.541 0.613  0.459 0.450
r=0.20 0.523  0.619  0.542 0.479
r=0.25 0.612 0.578  0.510 0.515
r=0.30 0.580 0.616  0.550 0.567
r=0.35 0.552  0.588  0.492 0.603
r=0.30 0.548 0.582  0.543 0.544
r=0.45 0.561 0.621  0.542 0.519
r=0.50 0.644 0.638  0.507 0.550
r=10.55 0.665 0.616  0.499 0.547
r=0.60 0.641 0.624 0.519 0.507

%2 AUCHHAGRMRIEZI T = XA IX 732

BRI

Table 2. Effect of scale factor T on sorting rate by

the AUC value of each single brain region.

Scale factor (r) PCG.L STG.R MOG.R PoCG.R

T=1 0.532  0.628 0.522 0.508
T=2 0.526  0.614 0.531 0.510
T=23 0.573  0.620 0.529 0.521
T= 0.494  0.617 0.506 0.512
T=25 0.644  0.638 0.507 0.550
7T=06 0.542  0.534 0.551 0.539
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Fig. 5. Respective ROC and AUC value of a single indicat-
ive brain region, a single non-indicative brain regions and a
total of 9 indicative brain regions at the optimization para-
meters of m = 1, r = 0.5 and 7 = 5 in the MSE model: (a)
A single indicative brain region. A total of 9 indicative
brain regions. (b)a single of non-indicative brain region. A
total of 9 non-indicative brain regions are randomly chosen;

(c) a total of 9 indicative brain regions all together.
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Fig. 6. Inter-group MSE values change with the parameter of scale factor 7 (from 1 to 5 with a step of 1) in a total of 9 indicative
brain regions: (a) CAL.R; (b) SFGmed.L; (c) PCG.L; (d) ITG.L; (¢) STG.R; (f) CUN.R; (g) PUT.R; (h) HIP.R; (i) TPOmid.R. (*p < 0.05)..
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Table 3. Inter-group difference significance of Y 2k A A O AR B4 2 s ) B Hodaw A
eigenvectors at similarity factors(r). ELM #4743,

Similarity ~ Significance  Similarity  Significance 2 ﬁ ELM ﬁ}% ﬂ‘){%%%ﬂ %é&ﬁ: L:J‘ %Wjéﬂﬁé
factor (7) (p-value) factor (r) (p-value) . ; ) -
015 0.6220 0.25 0.0358 ARKGTE, Wl 7 PR, BT 120 BIREAR SN
0.35 0.0160 0.45 0.0027 AR (G 1) Mz (5] 0) s, m &l n]
0.50 <0.001 W, 25 ELM 23255 B4 2R AER 1] 35 80%.
LA 2L TR AEL L ANK Wi 23 o B
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e 1 NA A SCRAE, i R 10 Prag LEHIE (N =
Table 4. Inter-group difference significance of 10) T, fﬂaﬁiu 10 Tﬁ%i@ﬁ%%}g‘j’ﬂ 80-13%» ﬂn%% 5
eigenvectors at the scale factor(r).
3.
Scale Significance Scale Significance
factor (7) (p-value) factor (1) (p-value)
1 0.0559 2 0.0328 4 %%\ 5 ‘LﬂL‘fﬂ}:}
3 0.0069 4 0.0101
5 <0.001 41 & &
KRR 7= A 01| S RO RS9 749K, ekt 31 RSCH T MSE BUR 25 4 BLACHLAL % 3
B IEBOR. B, WESE T RS AR N e MRI K (B X DA 1534053
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Fig. 7. Classification accuracy tested by ELM. Two groups

of samples with excellent cognitive scores (Category 1) and

poor cognitive scores (Category 0) could be classified at a

sorting rate of about 80%.
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Table 5.  Classification rate (CR) tested by 10-fold

cross validation.

N CR N CR N CR

1 0.6325 6 1.0000

2 1.0000 7 0.7906

3 0.9000 8 0.6838 Average 0.8013
4 0.6325 9 0.6838

5 1.0000 10  0.6895
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Study of multiscale entropy model to evaluate the cognitive
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Abstract

At present, resting state functional magnetic resonance imaging (rfMRI) has provided an efficient, rapid
and advanced technology for brain function detection. Entropy can capture the dynamic characteristics of
neural signals and might be used as a quantitative evaluation parameter. However, there are some problems
remain solved yet, such as the entropy model computing with a fixed scale, and whether the entropy model
could evaluate the cognitive performance.These problems will affect the accuracy of detection. Therefore, the
multi-scale entropy model combined with a machine learning method is proposed here to investigate the
relationship between complexity derived from BOLD signal and cognitive score of healthy elderly people, so as
to some new imaging biomarkers could be illuminate by rfMRI. A total of 98 healthy old volunteers were
selected and divided into two groups according to the pre-scan scores for the cognitive questions test (regarded
as cognitive performance here): excellent group and poor group. Firstly, the multi-scale entropy model was
constructed, the entropy of scanning data was calculated in two groups, and the parameters of the model were
optimized by statistics and comparison with the help machine learning method. Secondly, the eigenvectors were
constructed by the entropy values of the indicative brain areas with high statistical significance under the
optimized parameters of multi-scale model. Finally, the sample data were divided into either training set or
testing set, in which 78 people were randomly included in the training set and the rest of 20 people were
included in the testing set. The two groups of data were classified and tested by the extreme learning machine.
It was found that there was a significant difference between the frontal and temporal regions in the assessment
of cognitive scores of the elderly by the multi-scale entropy model based on rfMRI, and the sorting rate for the
cognitive scores could reach up to 80%. Conclusion: the optimized multi-scale entropy model can effectively
distinguish the cognitive scores of healthy elderly people at the frontal lobe, temporal lobe and other marker
brain regions. This study has highlighted the optimization advantage of the multi-scale entropy model with the
help of machine learning, and might provide a new detection parameter and a potential method for rfMRI to

replace the subjective and tedious traditional cognitive scale form tests.

Keywords: multi-scale entropy, resting-state fMRI, extreme learning machine, cognitive score
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