
 Received date: 02/06/2023
 Published date: 25/07/2023

Tshetiz Dahal (MBBS)

General Physician, Clinical Researcher and Writer Lugansk State Medical Uni-
versity, Luhansk Oblast, 93000 Luhansk, Ukraine

Standardization of structural and functional brain 
integration in cannabis users

*Corresponding author
*Tshetiz Dahal (MBBS), General 
Physician, Clinical Researcher and 
Writer Lugansk State Medical Uni-
versity, Luhansk Oblast, 93000 
Luhansk, Ukraine.

1

Journal of Clinical Case Reports, 
Medical Images and Health  

Sciences

Research Article

 Volume 5 Issue 2, 2023
 Article Information

Citation: *Tshetiz Dahal. Standardization of structural and functional brain integration in cannabis users. Jour of Clin Cas Rep, Med Imag and Heal 
Sci 5(2)-2023.

DOI: 10.55920/JCRMHS.2023.05.001204

*Key Words: 
Cannabis, brain, structural, function-
al, hippocampal, parahippocampal 
and horizontal atrophy, brain mor-
phology. 

Abstract 
Cannabis is one of the most widely used and commercialized illegal drugs 
worldwide, notably amid young adults. The neuro-biological mechanisms of 
cannabis, particularly in adolescents, have yet to be identified. The purpose 
of this study was to evaluate a cohort of 73 cannabis users (ages 22-36, 19 
females) and his 73 healthy controls (ages 22-36, females). We observed some 
momentous differences in local structural/functional network measures (such 
as grade along with clustering coefficient), extended in the insular and anterior 
cranial cortices, and in the lateral/medial temporal cortex . An abundant 
structural network of clubs showed a normal tendency to distribute in the 
bilateral frontal, temporal, and occipital regions. However, slight differences 
between the two groups were found in the superior and inferior temporal 
gyri. Functionally rich clavate nodes were located primarily in the parietal 
and posterior regions, with minor differences between the groups that were 
found primarily in the centrotemporal and parietal regions. Regional network 
measures of structural/functional networks have been associated with time of 
cannabis use (TUC) in several regions. Structural/functional networks showed 
small-world ownership in both groups, but no differences were found between 
cannabis users and healthy control of global network measures, no association 
with cannabis use. After FDR alteration, all significant associations among 
network measurements and TUC were found to be insignificant, except for 
the association between termination within the subicule region and TUC . In 
summary, our results revealed changes in the local topological properties of 
structural and functional networks in cannabis users, but global brain network 
organization remained intact. 

Introduction
Cannabis is one of the foremost commonly utilized illegal drugs around the 

world, and its utilization has been on the rise in later a long time, coinciding with 
its legalization in numerous countries1. Investigate has appeared that reliance 
on cannabis is related with a extend of neurocognitive shortages, counting 
disabled long winded memory2, engagement in unsafe behaviors, and destitute 
execution on cognitive errands that require executive function1,3. Within the 
past decades, morphometry and arrange examinations have been commonly 
utilized in most thinks about to explore the affiliation between cannabis utilize 
and brain structure and work. The morphometry based approach is utilized to 
think about changes within the nearby concentration (volume/thickness) of 
brain tissues4. Early considers found no critical morphological changes within 
the brain related with incessant cannabis use5. In any case, later ponders have 
appeared that the utilize of cannabis may lead to hippocampal, parahippocampal 
and horizontal atrophy6,7,8,9. Changes in brain work and structure may not be 
simply due to nearby changes in brain morphology, it can be moreover a result 
of changes in morphology between brain locales.

By modeling the brain as a network, several studies have used resting-
state functional and diffusion-weighted imaging data to examine changes in  
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functional and structural brain connectivity resulting from 
chronic cannabis use. I'm here. Previous studies on large-
scale brain networks have reported heterogeneous results 
regarding the association between structural and functional 
brain connectivity patterns and cannabis in cannabis users. 
Preliminary results, using graph-theoretical means, show 
that structural brain network efficiency is low, in addition to 
changes in regional structural connectivity in zonal regions 
in a group of cannabis users. 12. One of the first studies to 
examine the effects of long-term cannabis use on axonal 
connectivity found impaired structural connectivity in the 
spleen of the corpus callosum, fornix, and commissural fibers 
15 . Increased structural fractional anisotropy was found in 
regular cannabis users, but decreased with frequent use3. 
Other studies 16,17,18 found no significant differences in  
global characteristics of brain structural networks between 
cannabis users and controls. Although most studies focus 
on specific brain regions that use cognitive tasks, long-
term cannabis use has been shown to be associated with 
various changes in functional connectivity. Several studies 
have examined resting-state functional connectivity across 
large brain networks16,21. Manza et al.11 found increased 

regional functional connectivity in the ventral striatum, 
midbrain, brainstem, and lateral thalamus. While using seed-
based connectivity analysis, they reported no significant 
differences in brain-wide functional connectivity between 
cannabis users and healthy controls who used the above 
regions as seeds. Ramaekers et al.22 found widespread 
hyper-connectivity within key brain networks such as dorsal 
attention, limbic, subcortical, and cerebellar networks in 
chronic cannabis users compared to acute cannabis users. 
Did. Using  graph theory analysis, no differences were 
found in the global and regional characteristics of resting-
state functional networks  between cannabis users and 
non-users 21. Interested in identifying densely connected 
nodes within brain networks (so-called 'rich clubs') that 
have recently been shown to play a key role in information 
integration across structural and functional brain networks 
is rising. Few studies have examined the abundance of 
associated tissues in the structural brain networks of 
cannabis users compared to non-users16,17. Despite a 
large body of research, changes in functional and structural 
connectivity of brain networks in cannabis users have not 
been fully investigated.

Cannabis users Healthy controls p-value t-statistic df

N of total  73 73    

Mean Agea (SD)  28.58 (3.69) 27.72 (3.56) 0.1352 1.51 72

Gender (N of Male (%))  54 (73.97%) 59 (80.82%)    

Mean BMI (SD)  26.99 (4.91) 27.06 (4.54) 0.9309 − 0.087 72

Education (Years of 
education completed)

 < 11 6 (8.21%) 3 (4.10%)

0.8163 − 0.233 72

12 9 (12.32%) 15 (20.54%)

13 11 (15.06%) 4 (5.47%)

14 10 (13.69%) 13 (17.8%)

15 6 (8.21%) 5 (6.84%)

16 22 (30.13%) 25 (34.24%)

17 +  9 (12.32%) 8 (10.95%)

Times used Cannabis 
(lifetime)

0 (never used) – 41 (56.16%)

2.2014e−43 31 72

1 (1–5 times) – 23 (31.5%)

2 (6–10 times) – 9 (12.32%)

3 (11–100 times) 13 (17.8%) –

4(101–999 times) 20 (27.39%) –

5 (> 1000 times) 40 (54.79%) –

Age at first use of cannabis

1 (< = 14) 23 (31.5%) –

   
2 (15–17) 32 (43.83%) –

3 (18–20) 15 (20.54%) –

4 (> = 21) 3 (4.10%) –

Mean Alcohol use (SD)  0.31 (0.51) 0.32 (0.55) 0.9489 − 0.064 72

Mean Tobacco use (SD)  0.24 (0.78) 0.15 (0.59) 0.4566 0.748 72

Table 1 : Summary of Socio-demographic and substance use characteristics of the subjects included in the study.

Age range = 22–36 years.
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In the present study, we used graph-theoretical indices 
in cannabis users compared to healthy controls to identify 
changes in brain functional and structural connectivity and 
rich organization of structural and functional brain networks. 
intended to investigate. We also assessed the association 
between cannabis use time and network actions. 

Materials and Methods
Subjects

This study included 146 subjects. All candidates 
contingent written informed consent. From this cohort (n 
= 1206, ages 22–36, 54 males), 109  met  DSM-IV criteria 
for her cannabis dependence and had both rs-fMRI and 
DWI imaging data. Subjects with concurrent alcoholism, 
DSM-level anxiety and depression outliers (≥3 SD from the 
mean for all 1206 HCP subjects), and subjects with poor 
outlier image quality  were excluded from this subgroup. 
19. The final sample included 73 cannabis users. Matching 
groups based on demographic and lifestyle factors is 
recommended, so it is an important step to minimize the 
potential confounding effects of these factors11. Cannabis 
groups were matched by age, sex, education, BMI, alcohol 
and tobacco use using her MatchIt function in R  (p > 0.1). 
Subject sociodemographic information is shown in Table 1.

Neuroimaging Data

Image data were acquired from each subject on a 
Siemens 3T scanner with a 32-channel coil at the University of 
Washington, as shown in Figure 26. 3D T1- and T2-weighted 
MR images were acquired at an isotropic resolution of 0.7 
mm  (FOV = 224 mm, matrix = 320, 256 slices). Diffusion-
weighted images (DWI) were acquired isotropically at a 
high spatial resolution of 1.25 mm  (TR/TE = 5520 ms/89.5 
ms), using the high angular resolution diffusion imaging 
(HARDI) method, with 6 Shells with b = 1000, 2000, and 
3000 s/mm2 with 270 q points distributed over  three runs 
and three different shells. The rs-fMRI data were collected 
in two sessions, with  EPI sequences (multiband coefficient 
= 8, TR/TE = 720 ms/33.1 ms, flip angle = 52°, FOV = 208 
mm, spatial resolution = 2 in each session). 2 x 2mm). For 
rs-fMRI, participants were instructed to lie down with their 
eyes open, relax, look at a white cross on a dark background, 
think nothing, and not sleep. 

Data Preprocessing

T1w images were minimally pre-processed for spatial 
distortion and motion correction and normalization in  
MNI space27. Diffusion-weighted images were also pre-

Figure 1: A processing channel for brain structural and functional network analysis. We used fiber tractography and a subdivision 
scheme to construct the structural connectome for each individual. A functional connectome for each individual was also constructed 
by calculating the average time-course pairwise Pearson correlation coefficients of the 379 regions. Graph theory analyzes were then 
performed to examine the topological properties and abundant club organization of structural and functional brain networks in both 
healthy controls and cannabis users. 
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processed for b0 intensity normalization, EPI distortion 
correction, eddy current and motion correction, and 
gradient non-linearity correction. All rs-fMRI data were 
used in 'CIFTI' format. H. Combination of cortical gray 
matter data modeled on the surface and subcortical gray 
matter data modeled on volumetric packets included in the 
image. All functional images were subjected to gradient 
equalization, EPI distortion correction, motion correction, 
registration of T1w scans, high-pass filtering with a cutoff 
of 2000 s  for linear detrending, ICA-based de-noising for 
automatic artifact removal, Minimal preprocessing was 
done for bad images. Normalization of very low frequency 
and nonlinear components to MNI space. Details are 
described  elsewhere28. The HCP preprocessing pipeline 
uses Independent Component Analysis (MELODIC, FSL-
FIX)  to remove artifacts and 'bad' components, as well as 
non-neuronal spatiotemporal components from 15 min 
of high-pass filtered rs-fMRI data. Did. To avoid removing 
interesting discrepancies from the data, a conservative, non-
aggressive approach was still used in which a cutoff value of 
2000 seconds was found to be better than 200 seconds in 
ICA-FIX29 . The rs-fMRI images were also cross-registered 
between subjects using the 'MSMall' algorithm30. This 
algorithm aligns functional networks to cortical functional 
maps using features derived from myelin, resting-state 
networks, and rs-fMRI visual field maps. Pipeline 30,31. 

Network Construction

Glasser Atlas30 containing 360 regions (180 regions per 
hemisphere) was used to create functional and structural 
views of the brain. Since subcortical regions are often 
included in addiction studies, we used a modified version 
of this atlas containing 379 plots containing 19 subcortical 
regions. The subdivision scheme was based on changes 
in brain cortical architecture, function, connectivity and 
topography  in 210 young healthy adults with HCP30. A 
structural connectivity matrix containing N × N elements 
representing  normalized QA across regions was constructed 
for each participant. The optimal threshold was set to 0.1% 
of each person's maximum structural connectivity (the 
default threshold in DSI Studio). 

We then calculated a weighted group structure 
matrix  for each group by averaging the connectivity 
matrix elements for connections present in at least 75% of  
subjects23. In addition, a functional connectivity matrix  for 
each individual was constructed by calculating the average 
time-course pairwise Pearson correlation coefficients of 
the  379 regions. We then thresholded the functional 
connectivity matrix using an optimal threshold of 0.2,27 
retaining 20% of the strongest connections. The optimal 
threshold was determined based on a trade-off between 
density and overall efficiency36. The binary group function 

matrix  for both groups was also calculated by averaging 
the individual matrices while retaining 20% of the strongest 
links. The overall procedure is shown in Figure 1. 

Network Topological Properties

To examine the link between cannabis use and the 
structural and functional connectivity of the brain, the 
topological properties of both structural and functional 
networks at the individual and group level were analyzed 
using the Brain Connectivity Toolbox (BCT, http://www.
brainconnectivitytoolbox.org /).http://www.brain-
connectivity-toolbox.net/). 

To characterize the network topology of the brain, 
metrics of network integration (characteristic path length, 
global efficiency and degree), separation (clustering 
coefficient and modularity), and small-worldness were 
calculated for each network. . Details of individual properties 
are shown on 37 and 10. 

Rich-Club Organization

In addition, we examined the effects of cannabis on 
abundant club tissue in the brain using methods described 
in 23,24. For this purpose, unweighted Rich-Club coefficients 
were calculated for each group mean functional network. 
For each k in the range  [1, the maximum degree in  the 
network], the Rich-Crab coefficient ϕ(k) was defined as the 
ratio of the number of connections in the sub-graph defined 
by nodes of less than degree k. Computes the total number 
of possible connections in the sub-graph.  

where Ek is the number of connections with a degree 
less than k, and Nk(Nk−1) is the total number of possible 
connections.

Following a similar procedure, a weighted rich-club 
coefficient ϕwk was computed for each group structural 
network. After ranking all weights of the structural network 
(w-ranked), ϕw(k) was computed as follows:

Where wk is the sum of the weights of links in the sub-
graph of nodes with rank greater than k, and w-ranked is 
the vector of weights of all links in the structural network, 
ordered from highest to lowest weight. increase.

The normalized Rich-Club coefficients ϕnorm(k) of the 
structural and functional networks in each group were then 
calculated with respect to ϕrandom(k). It was computed as 
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the average rich club coefficient over 1000 random networks 
of the same size and similar connection distribution. We use 
23 μm to test whether the rich clubs of the real network 
significantly exceed those of the null model p < 0.05. For 
structural and functional networks of cannabis users and 
healthy controls, ϕnorm(k) is greater than 1 and within 
k with p < 0.05 indicated the presence of abundant club 
nodes. In this study, we chose k levels such that 30% of the 
network nodes are identified as rich club nodes.  

Statistical Analysis

Differences in global and local plot metrics between 
cannabis users and healthy controls were assessed using 
t-tests. In addition, we used node-level linear regression 
analysis to examine the relationship between cannabis 
users' structural/functional network measures (grade 
and clustering coefficients) and time of cannabis use 
(TUC). Results were presented using a range of statistical 
significance thresholds (p < 0.05, p < 0.02, p < 0.01, and 
p < 0.005). Mainly due to multiple corrections, the false 
discovery rate (FDR) was used, uncorrected and corrected 
for multiple comparisons. Comparisons can be overly 
conservative when dealing with large numbers of nodes.  

Informed Consent

Informed consent was obtained from all subjects 
involved in the study.

Results
Graph Measures

As shown in Table 2, global network measures (global 
efficiency, characteristic path length, modularity, and small 
size) for either structural or functional networks between 
cannabis users and healthy controls No significant difference 
(p > 0.05) was found.

Figure 2 and Tables S1–S4 show significant differences 
(p < 0.05, p < 0.02, p < 0.01, and p < 0.005, uncorrected) 
in node degrees and clustering coefficients of structural 

and functional networks between groups. increase. As 
shown, the structural networks of cannabis users were 
less central (p < 0.01 , unmodified). Several nodes in the 
left parieto-occipital region, including V3CD, showed 
increased structural grade in cannabis users compared with 
controls. In functional networks, the left anterior cranial 
cranium showed a significant reduction in grade (p>0.005, 
uncorrected) in cannabis users. 

Cannabis users also showed higher regional segregation 
(clustering coefficient, p<0.01 uncorrected) within 
frontoparietal regions, including the premotor cortex, the 
anterior cranial cortex, and the inferior frontal cortex of 
the structural network. Several areas in the posterior visual 
cortex, including the ventral visual cortex and V3CD, showed 
lower clustering coefficients in cannabis users.

Functional networks in cannabis users were also 
characterized by increased clustering coefficients in the 
left inferior frontal cortex, ventral visual cortex, FST and 
TG dorsal regions. Compared with the control group, the 
cannabis group showed less regional functional segregation 
within the right hemisphere in the dorsolateral prefrontal 
cortex, parahippocampal cortex 2, and the ventral region of 
the diencephalon.

Overall, none of the above significant differences 
between cannabis users and healthy controls survived after 
FDR correction. 

Rich-Club organization of structural and functional 
networks

Figure 3 and Tables S9, S10 show the spatial distribution 
of structurally and functionally abundant club nodes in both 
groups. As shown, the structure-rich clavate in both groups 
was mainly distributed in left bilateral frontal, temporal and 
occipital lobe regions and deep brain structures. Compared 
with controls, the structural networks of cannabis users 
showed higher and lower numbers of abundant club nodes 
within the superior and inferior temporal gyri, respectively. 

Topological 
characteristic

Structural network Functional network

Cannabis users Healthy controls p-value t-statistic df Cannabis users Healthy controls p-value t-statistic df

Global efficiency 0.3185 ± 0.0215 0.3184 ± 0.0223 0.99 − 0.007 144 0.4864 ± 0.0292 0.4938 ± 0.0265 0.11 1.60 144

Characteristic 
path length 0.8234 ± 0.0652 0.8176 ± 0.0650 0.58 − 0.54 144 1.9604 ± 0.055 1.9538 ± 0.047 0.43 − 0.77 144

Modularity 0.3308 ± 0.0227 0.3222 ± 0.0280 0.05 − 2.03 144 0.2616 ± 0.0530 0.2697 ± 0.0459 0.33 0.97 144

Small-worldness 1.5792 ± 0.0928 1.5563 ± 0.1092 0.17 − 1.35 144 1.3042 ± 0.1939 1.3483 ± 0.1916 0.16 1.40 144

Degree 77.76 ± 5.21 78.53 ± 5.54 0.38 0.86 144 75.59 ± 1.43 75.59 ± 1.43 1 0 144

Clustering 
coefficient 0.2862 ± 0.02 0.2855 ± 0.0207 0.83 − 0.20 144 0.6257 ± 0.0183 0.6265 ± 0.0188 0.79 0.25 144

Table 2: Average values (mean ± SD) of structural and functional network properties for each group.
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Figure 2: Regions showing differences in degree and clustering coefficient between cannabis users and healthy controls in (a) structural 
networks and (b) functional networks. The color of nodes indicates significant increases (red) or decreases (blue) in degree and clustering 
coefficient for cannabis users (CB) compared to healthy controls (HC). The size of nodes represents between group differences with 
p < 0.05, p < 0.02, p < 0.01 and p < 0.005 (uncorrected) with larger nodes showing smaller p values.

Figure 3: Rich club organization of (a) structural networks and (b) functional networks for cannabis users and healthy controls. The 
common rich club nodes in two groups are shown in blue. Few rich club nodes were only found for healthy controls (in red) or cannabis 
users (in green).
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Feature-rich club nodes were mainly located in the 
parietal and posterior regions of both groups, with minor 
differences. Cannabis users showed slightly fewer and more 
abundant club nodes within centrotemporal and parietal 
regions, respectively. 

Post hoc Analysis

Figure 4 and Tables S5–S8 show regression results 
showing regions where plotted measures were significantly 
(p < 0.05, uncorrected) associated with TUC for structural 
(SN) and functional (FN) networks. In this figure, the nodes 
exhibit a rate of change in node degree (β coefficient) 
and a clustering coefficient higher than mean + 2SD with 
increasing TUC. In several regions of the posterior region, 
structural networks (within the bilateral frontal cortex, 
left parieto-parieto-occipital junction, right V3CD) and 
functional networks (within the left parahippocampal 
region, left ventral-medial). Visual field, left superior parietal 
cortex, left inferior parietal cortex, right hippocampus, right 
medial temporal cortex). Grades in several regions of the 

SN (in the left dorsolateral prefrontal cortex) and FN (in the 
right inferior frontal cortex, right premotor cortex) were 
positively correlated with TUC. Clustering coefficients of 
frontal and occipital multiple nodes were also positively 
correlated with TUC in functional and structural networks, 
respectively (p < < 0.01, uncorrected). The left interparietal 
sulcus region in the SN and the left anterior abutment, 
anterior cingulate gyrus and medial temporal cortex in the 
FN were found to be negatively associated with TUC (p<0.01, 
uncorrected). The left inferior frontal cortex and right intra-
parietal area in the SN and the right orbital and pole-frontal 
cortex, right anterior cranial cortex and left tail in the FN 
showed opposite trends (Table S5). The above important 
associations between network measurements and TUC did 
not survive the FDR amendment. After FDR correction, only 
a significant association between grade and TUC within the 
presubiculum region persisted. 

Discussion
Considering the fact that cannabis usage is very 

Figure 4: Regions showing significant association with times used cannabis in (a) structural and (b) functional networks. Nodes in 
red and blue show a negative (NEG) and positive (POS) association with times used cannabis, respectively. The node size represents 
the significant level (p < 0.05, p < 0.02, p < 0.01 and p < 0.005, uncorrected) with larger nodes showing smaller p values. After FDR 
correction, only the PreS region was found to be statistically significant.

https://dx.doi.org/10.55920/JCRMHS.2023.05.001204
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common in the world, little is known about how marijuana 
could affect the brain. Using graph-theoretical analysis on a 
sizable sample of cannabis users and healthy controls, this 
study examined the relationship between cannabis use and 
brain structural and functional connectivity. Our findings 
revealed that: (1) cannabis users' brain structural and 
functional networks had a small world topology and a rich-
club organisation, (2) there were no significant differences in 
global network measures between the groups, (3) cannabis 
users' regional integration and segregation of the structural 
and functional networks were significantly lower and higher, 
respectively, in comparison to healthy controls, and (4) 
there was a significant correlation between local measures 
of sativa use and global measures of sativa use. Collectively, 
the results demonstrated that cannabis users have altered 
regional characteristics of their brain's structural and 
functional networks. In line with earlier findings9,12,16, 
our findings revealed no appreciable differences between 
cannabis users and healthy controls in the overall network 
features of the structural and functional brain networks (p 
> 0.05, uncorrected). In keeping with earlier research38 on 
healthy persons, the small-world features of both structural 
and functional networks were also discovered to be 
comparable across the two groups.

The results revealed regional changes in structural 
networks associated with cannabis use, particularly in the 
cingulate cortex, dorsolateral, fronto/posterior tectum, 
fronto-medial cortex, insula, and temporal regions. . Altered 
structural connectivity  observed in these regions may be 
related to regional changes in cortical gray matter thickness 
associated with substance use disorders and uneven 
distribution of cannabinoid receptors in the brain. There 
are 32,39,40,41,42. More isolated networks tend to have 
higher clustering coefficients,37 so increased clustering 
coefficients in some regions may indicate differences in 
the local processing power of these networks. 12. These 
different patterns of global and local indicators may reflect 
different sample characteristics in the study. This current 
data find abundant club nodes widely distributed in 
cortical and subcortical regions, consistent with previous 
findings. Structurally abundant club nodules were  found 
predominantly in bilateral frontal, temporal, mid-occipital 
and deep brain structures in both groups, whereas 
functional networks were predominantly located in the 
parietal and posterior regions. rice field. Compared with 
controls, our results showed that the structural network 
of cannabis users had higher and lower numbers of Rich 
Crab nodes in the superior and inferior temporal gyri, 
respectively. This result contrasts with other studies16 
that found no difference in the composition of structural 
networks between cannabis users and healthy controls 
in wealthy clubs. The results showed that most of the 

functional rich club nodes were  located in the parietal and 
posterior regions of both groups, with slight differences in 
the number of rich club nodes. Compared with controls, 
cannabis users had slightly fewer and more centrotemporal 
and parietal horn knots, respectively. Only a few nodes in 
the back showed  high levels of rich clubbing of the cannabis 
user's functional network. This domain has been reported 
to play an important role in habit formation in addictive 
behaviors44. These results suggest the possibility of an 
aberrant connectome associated with cannabis use. 

This research findings also revealed a strong correlation 
between the number of lifetime cannabis users and the node 
degree/cluster coefficient of structural/functional networks. 
According to prior research41, the clustering coefficient of 
structural connectivity, a segregation measure, revealed a 
positive correlation between lifetime cannabis usage and 
the medial temporal cortex, as well as the dorsolateral 
prefrontal cortex in some cases. shown a bad correlation 
in the field of. In the prehippocampal region of the medial 
temporal cortex, we similarly discovered a negative 
association between local metrics (degree of structural 
network, clustering coefficient of functional network, 
and TUC). The medial temporal cortex, temporoparieto-
occipital junction, and hippocampus were the areas with the 
greatest negative correlation between degree of functional 
network and length of cannabis usage. The hippocampus 
is one of the brain regions with the highest  expression of 
CB1 receptors45. CB1-associated structural and functional 
alterations have been  found to be common to this region 
in both humans and animal models16. However, positive 
associations between  functional network clustering 
coefficients and TUC were mainly observed in the anterior 
cingulate cortex and medial prefrontal cortex. While 
some studies have reported no significant associations 
between  duration of cannabis use, frequency of cannabis 
use, age of onset and adverse effects on brain networks, 
others have reported early onset of cannabis use or It has 
been suggested that prolonged prolongation can impair 
brain networks15,46. These discrepancies may be due to 
differences in self-reported values, differences in cannabis 
user populations in different studies, and differences in 
methodologies. Numerous restrictions apply to current 
research. The HCP database, which is a cross-cutting 
database, first, offers scant details on cannabis usage and 
addiction. Age of onset and other existing metrics are level-
based and imprecise. Cannabis usage habits, whether daily 
or chronic, may cause changes in connection patterns. 
Second, he restricted the cross-sectional database to young 
adults between the ages of 22 and 36. To more accurately 
describe how connectivity patterns within the sample vary 
over time, longitudinal data are required. Last but not 
least, given that functional connectivity and rs-fMRI are 
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