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Human Brain White Matter Networks in Heroin Dependence: a DTI Tractography Study
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Abstract [Objective]  To investigate the topological properties of heroin dependence individuals” white matter network
alterations. [ Methods] In this study, we used diffusion tensor imaging and deterministic tractography to map the white matter networks
in 20 heroin dependence individuals and 17 age-and gender-matched healthy controls.  Graph theoretical methods were applied to
investigate alterations in the network metrics in these patients. [ Results] In global network metrics, the heroin dependence individuals
showed reduced shortest path length (Lp), and increased global efficiency (Eglob) in the brain networks compared with the controls
(P<0.05). In nodal efficiency, the nodal efficiency of all brain regions showed increased in heroin dependence individuals (P <
0.05), and most of these regions were located in control system, and sensory and motor system. [ Conclusion] The results suggest the
alteration of the topological network properties in the large-scale brain systems in heroin dependence individuals, thus providing new
insights into the understanding of heroin dependence connectome. Our data also suggest that a topology-based brain network analysis
can provide potential tool for monitoring the alteration of brain white matter integrity in heroin dependence.
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Table 1 Demographics and clinical characteristics of HDI

and HC groups

HDI (n=20) HC(n=17) P value
Gender(Male/Female) 18/2 15/2 0.6832
350+£6.3 33.7+11.8 0.6725
Education/years 10.5£2.5 10.1 £3.4  0.6950
Dosage of Nicotine (number)  21.0+13.3  16.5 + 14.1 0.3231
9.8+5.5 -

Characteristics

Mean age/years

Addiction duration

HDI: heroin dependence individual; HC, health controls
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Table 2 The comparison of global metrics of human

brain anatomical networks between HDI and HC group

HDI(n=20) HC(n=17) Pvalue
Normalized cluster coefficient (y) ~ 3.19+0.21  3.32+£0.55 0.3749
Normalized shortest path length (1) 1.17+0.03  1.20 £0.05  0.0580
0.36£0.02 036001 0.2885
1.17+0.08 126 +0.15 0.0236"
0.85+0.05 0.80+0.08 0.0248"

Global metrics

Cluster coefficient (C,)
Shortest path length (L)
Global efficiency (E,,)

1)P < 0.05; HDI; heroin dependence individual; HC, health

controls
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Fig.1 Regions with significantly high value of the nodal efficiency in the anatomical networks derived from heroin

dependence group

Please referred to the Table 3 for the abbreviation of the brain regions. L; Left; R:Right. The red nodes in the figure represent the brain regions

with the significantly high value of the nodal efficiency in the heroin dependence group. The brain regions in the upper and down panels are all shown

in the sagital view. The down panel is from the 180° rotation of the correspongding upper panel.
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Table 3 Statistical comparison of the nodal efficiency of the brain anatomical networks between the HDI and HC group

Brain regions HDI(n =20) HC(n=17) P value
Right Precental gyrus (PreCG.R) 1.15+0.16 1.03 £0.25 0.0449
Right Middle frontal gyrus (ORBmid.R) 0.72 £ 0.14 0.60 £ 0.15 0.0141
Left Inferior frontal gyrus (IFGoperc.L) 0.83 £0.14 0.72 £ 0.15 0.0254
Left Inferior frontal gyrus (IFGiriang.L.) 0.95 +0.17 0.84 £ 0.15 0.0440
Left Supplementary motor area (SMA.L) 1.15+0.17 1.02 £ 0.22 0.0255
Right Supplementary motor area (SMA.R) 1.13£0.14 1.03 £ 0.22 0.0476
Left Superior occipital gyrus (SOG.L) 0.95 +0.08 0.81 +0.14 0.0002
Left Middle occipital gyrus (MOG.L) 1.05£0.24 0.91 £0.16 0.0071
Left Superior parietal gyrus (SPG.L) 1.06 +0.17 0.91 £0.27 0.0411
Right Superior parietal gyrus (SPG.R) 0.95 £ 0.22 0.75 £ 0.29 0.0169
Left Inferior parietal (IPL.I) 1.06 + 0.18 0.92 +0.22 0.0267
Left Supramarginal gyrus (SMG.L) 0.83 £0.10 0.73 £ 0.17 0.0276
Left Angular gyrus (ANG.L) 0.90 £ 0.16 0.74 £ 0.17 0.0029
Left Paracentral lobule (PCL.L) 0.87 +0.18 0.69 +0.18 0.0029
Right Putamen (PUT.R) 0.90 = 0.15 0.78 £0.19 0.0407
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