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Fig. 1 Network control theory

(a) Using diffusion tensor imaging (DTI), structural connectomes were created from fiber tracking for each participant. From these connectomes,

average and modal controllability were calculated. (b) Controllability represents the ease of switching between different dynamic brain states. The

average controllability measure supports the regional ability of nearby state transitions. Modal controllability measurement supports regional

capabilities for long-distance state transitions.
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Table 1 Clinical information statistics

Clinical information Control group  Smoking group P value
(n=51) (n=50)
Age/years 20.17+1.97 20.52+1.82 0.650
Education years 14.12+0.83 14.33+0.85 0.195
Pack-years - 3.18+2.15 -
FTND - 5.54+1.78 -
PSQI 4.76x1.11 6.00+2.46 0.001 5

Data are meantstandard deviation. Pack-years= (smoking years) X

(daily consumption)/20.

Table 2 Statistics of average controllability results

Brain regions Control group Smoking group ¢ value P value
(n=51) (n=50)

SFGdor.R 1.080+0.104  1.154+0.224  2.104 0.0379
SMA.R 1.361+0.851 1.11440.151 2.022 0.045 8
PUT.L 1.069+0.079  1.124+0.132 2.539 0.012 7
PUT.R 1.074+0.082 1.115£0.117 1.999 0.048 4
PAL.R 1.057+0.064  1.099+0.096 2.598 0.0108

Data are meantstandard deviation. L: left; R: right; SFGdor. L:
dorsolateral superior frontal gyrus; SMA.R: right supplementary motor
area; PUT. L: left lenticular nucleus, putamen; PUT. R: right lenticular

nucleus, putamen; PAL.R: right lenticular nucleus, pallidum.
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Table 3 Statistics of modal controllability results

Brain regions Control group Smoking group ¢value P value
(n=51) (n=50)

ORBinf.L ~ 0.970+0.039  0.983+0.016 2227 0.028 2
SMA.R 0.962+0.045  0.981+0.019 2.663 0.009 0
REC.L 0.970+£0.037  0.981+0.015 2.100 0.0383
PCG.L 0.981£0.012  0.975+0.015 2.491 0.014 4
PCG.R 0.983+£0.014  0.976+0.014 2.385 0.0190

Data are mean+standard deviation; L: left; R: right; ORBIinf. L: left
orbital inferior frontal gyrus orbital part; SMA.R: right supplementary
motor area; REC.L: left gyrus rectus; PCG. L: left posterior cingulate
gyrus; PCG.R: right posterior cingulate gyrus.
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Fig.2 Group differences in controllability between healthy controls and young smokers

(a) Analysis of the differences in average controllability of brain regions between healthy controls and young smokers; (b) analysis of differences in

modal controllability of brain regions between healthy controls and young smokers. SFGdor.L: right dorsolateral superior frontal gyrus; SMA.R: right

supplementary motor area; PUT. L: left lenticular nucleus, putamen; PUT. R: right lenticular nucleus, putamen; PAL.R: right lenticular nucleus,

pallidum; ORBinf.L: left orbital inferior frontal gyrus orbital part; REC.L: left gyrus rectus; PCG.L: left posterior cingulate gyrus; PCG.R: right

posterior cingulate gyrus; HC: healthy controls. *P<0.05, **P<0.01.
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Fig.3 Correlation analysis of modal controllability and average controllability, as well as their respective
correlations with FTND

(a) Correlation between average controllability and modal controllability of the healthy controls group; (b) correlation between average controllability

and modal controllability of the young smokers group; (c) correlation between average controllability in the right supplementary motor area and

FTND of the young smokers group; (d) correlation between modal controllability in the right supplementary motor area and FTND of the young

smokers group. SMA.R: right supplementary movement area; HC: healthy controls.
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Fig.4 Super—controllers in the two groups
(a) The average controllability super-controllers and modal controllability super-controllers of the healthy controls group; (b) the average
controllability super-controllers and modal controllability super-controllers of the young smokers group. VIS: visual network; SMN: somatomotor
network; DMN: default mode network; ATN: attention network; AUN: auditory network; SUN: subcortical network; HC: healthy controls .

(2) (b)
Training: R = 0.812 19 Validation: R = 0.469 96 Training: R = 0.663 96 Validation: R = 0.651 54
< g 1.0

0 10 O Datao o g ~ 1.0 8 O :Data = O :Data

— :Fit [ae] < 0.5 :Fit Iy s :Fit

= =T =) ] Y=T 0 T =T

i 0.5 + 05 + v' + 0.5

153 B ol 51

g g g 0 g

£ 0 e & = 0

X x 0 X X

<+ Q o X

s = 2205 it

7 ~0.5¢7 i T T -0.5

=} . = -0.5 = 5

g 9 g | & ° &

8-1.0 g L 2-10 g

: -0.5 0 05 1.0 -05 0 0.5 1.0 -0.5 0 05 © -05 0 05 1.0
Target Target Target Target
Test: R =0.492 21 All: R=0.722 81 Test: R =0.851 84 10 All: R=0.602 26

) 1.0 O :Data ! Lo O Data o 8§ g © g 0.4 O :Data . g ’ O :Data

— :Fit (=} e :Fit q ) :Fit q e :Fit

f o V=T + ? 02b Y=T 0.y c|> 05

Z 05 5 05 + o R

& 20 B 0 . o)

5 e £ o 2 0

& 0 x 0 & -0.2 &

(=) o~ X [e) X

%ci loi Q g -0.4 @

-0.5 o > S -0.5

2-05 . & 7o © g 06 Z

5 3 2 -0.8 £ o

© C-10 £ L =100

-05 0 05 1.0 -05 0 05 1.0 8 -0.5 0 0.5© -05 0 05 1.0
Target Target Target Target

Fig. 5 BP neural network predicts PSQI in the young smokers group

(a) Performance of average controllability predict PSQI scores; (b) performance of modal controllability predict PSQI scores.
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Abstract Objective The controllability changes of structural brain network were explored based on the
control and brain network theory in young smokers, this may reveal that the controllability indicators can serve as
a powerful factor to predict the sleep status in young smokers. Methods Fifty young smokers and 51 healthy
controls from Inner Mongolia University of Science and Technology were enrolled. Diffusion tensor imaging
(DTI) was used to construct structural brain network based on fractional anisotropy (FA) weight matrix.
According to the control and brain network theory, the average controllability and the modal controllability were
calculated. Two-sample #-test was used to compare the differences between the groups and Pearson correlation
analysis to examine the correlation between significant average controllability and modal controllability with
Fagerstrom Test of Nicotine Dependence (FTND) in young smokers. The nodes with the controllability score in
the top 10% were selected as the super-controllers. Finally, we used BP neural network to predict the Pittsburgh
Sleep Quality Index (PSQI) in young smokers. Results The average controllability of dorsolateral superior
frontal gyrus, supplementary motor area, lenticular nucleus putamen, and lenticular nucleus pallidum, and the
modal controllability of orbital inferior frontal gyrus, supplementary motor area, gyrus rectus, and posterior
cingulate gyrus in the young smokers’ group, were all significantly different from those of the healthy controls
group (P<0.05). The average controllability of the right supplementary motor area (SMA.R) in the young smokers
group was positively correlated with FTND (+=0.393 0, P=0.004 8), while modal controllability was negatively
correlated with FTND (»=-0.330 1, P=0.019 2). Conclusion The controllability of structural brain network in
young smokers is abnormal. which may serve as an indicator to predict sleep condition. It may provide the

imaging evidence for evaluating the cognitive function impairment in young smokers.

Key words young smokers, structural brain network, controllability, BP neural network
DOI: 10.16476/j.pibb.2024.0131 CSTR: 32369.14.pibb.20240131
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Fig. 4 Super—controllers in the two groups
(a) The average controllability super-controllers and modal controllability super-controllers of the healthy controls group; (b) the average
controllability super-controllers and modal controllability super-controllers of the young smokers group. VIS: visual network; SMN: somatomotor

network; DMN: default mode network; ATN: attention network; AUN: auditory network; SUN: subcortical network; HC: healthy controls .
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