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A B S T R A C T

Codeine-containing cough syrups (CCS) have become one of the most popular drugs of abuse in young popu-
lation worldwide. However, the neurobiological mechanisms underlying CCS-dependence are yet ill-defined.
Therefore, understanding the brain abnormalities in chronic users of CCS is crucial for developing effective
interventions. The present study depicted the intrinsic dysconnectivity pattern of whole-brain functional net-
works at the voxel level in chronic users of CCS. In addition, the degree centrality (DC) changes were correlated
to the Barratt Impulsiveness Scale (BIS-11) total score, dose, duration of CCS use, and the age at first use of cough
syrups. The current study included 38 chronic CCS users and 34 matched control subjects. All patients were
evaluated using the BIS-11. Next, resting-state functional magnetic resonance imaging (rs-fMRI) datasets were
acquired from these CCS users and controls. Whole-brain connectivity was analyzed using a graph theory ap-
proach: degree centrality (DC). CCS-dependent individuals exhibited low DC values in the left inferior parietal
lobule and the left middle temporal gyrus, while high DC values were noted in the right pallidum and the right
hippocampus (P < 0.01, AlphaSim corrected). Also, significant correlations were established between average
DC value in the left inferior parietal lobule and attentional impulsivity scores and the age at first CCS use. The rs-
fMRI study suggested that the abnormal intrinsic dysconnectivity pattern of whole-brain functional networks
may provide an insight into the neural substrates of abnormalities in the cognitive control circuit, the reward
circuit, and the learning and memory circuit in CCS-dependent individuals.

1. Introduction

Codeine-containing cough syrup (CCS)-dependent individuals refer
to long-term and sustained administration of CCS (in which, codeine
and ephedrine are intended for cough and analgesic function, respec-
tively) for pleasure and hallucination (Mattoo et al., 1997; Vree et al.,
2000). As CCS is cheap, convenient, and legal to purchase, the abuse of
the drug has gained a severe foothold among young individuals
worldwide and is considered as an increasing concern in modern so-
ciety (Shek and Lam, 2006). According to a Report of the International
Narcotics Control Board for 2012, the abuse of prescription and over-
the-counter (OTC) drugs has continued to spread worldwide since

2009, which poses severe health and social challenges in several
countries. In the USA, prescription drug abuse is more prevalent than
any other internationally controlled substance except for cannabis
(Agnich et al., 2013; Martins et al., 2010). In China, Zhou (2010) de-
monstrated that CCS is the maximally abused drug (50% of all docu-
mented abused substances) in adolescents. Previous studies have con-
firmed that mental functioning, behavior, and personality were
abnormal in CCS-dependent individuals (Mattoo et al., 1997; Yang and
Yuan, 2008); these characteristics were similar to those expressed by
heroin- and other illicit substances-dependent individuals. However,
accumulated evidence has demonstrated that illicit drugs, including
heroin, have an effect on brain functional changes as measured by

https://doi.org/10.1016/j.nicl.2018.06.003
Received 12 October 2017; Received in revised form 24 May 2018; Accepted 3 June 2018

⁎ Corresponding author at: Department of Medical Imaging, Guangdong Second Provincial General Hospital, 1 Shiliugang Road, Haizhu District, Guangzhou 510317, People's Republic
of China.

1 These authors contributed equally to this work.
E-mail address: jianggh@gd2h.org.cn (G. Jiang).

NeuroImage: Clinical 19 (2018) 775–781

Available online 05 June 2018
2213-1582/ © 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/22131582
https://www.elsevier.com/locate/ynicl
https://doi.org/10.1016/j.nicl.2018.06.003
https://doi.org/10.1016/j.nicl.2018.06.003
mailto:jianggh@gd2h.org.cn
https://doi.org/10.1016/j.nicl.2018.06.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2018.06.003&domain=pdf


functional magnetic resonance imaging (fMRI) (Jiang et al., 2011;
Zhang et al., 2011; Zhang et al., 2015) Furthermore, the abnormality of
impulsive decision making in illicit drug-dependent individuals may be
related to the deficient function of the orbitofrontal cortex and the right
inferior parietal lobe. Compared to the illicit drug addiction of the so-
called “street drugs,” less attention has been directed to the illicit use of
drugs such as CCS (Ma et al., 2011; Ma et al., 2010; Qiu et al., 2014).

The rapid development of neuroimaging techniques has provided
many new methods for the detection of early changes in the brain in
several neuropsychological diseases. Diffusion-tensor imaging (DTI), a
non-invasive tool for probing the microanatomical organization of
human brain white matter (WM) in vivo, has been used to investigate
the properties of WM in CCS-dependent individuals (Qiu et al., 2015).
Positron-emission tomography (PET) has also been employed for ex-
amining the drug-addicted individuals. Botelho et al. (2006) found that
the perfusion of the orbitofrontal region, the occipital, and the temporal
lobes was decreased in heroin addicts; these regions were responsible
for the control of attention, motor speed, memory, and visual-spatial
processing. Volkow et al. (2005) demonstrated that the metabolic re-
sponses of the right medial orbital prefrontal cortex significantly in-
creased in cocaine-addicted subjects. Qiu et al. (2013) used the regional
homogeneity (ReHo) analysis method and found that ReHo was di-
minished in the bilateral medial orbitofrontal cortex (mOFC) and the
left dorsal striatum in CCS-dependent individuals. These abnormalities
were speculated to be related to the dysfunction of learning and
memory in CCS-dependent individuals. Using the voxel-based mor-
phometry (VBM) analysis method, Qiu et al. (2014) also found sig-
nificantly decreased grey matter (GM) volume in CCS users in the bi-
lateral ventral medial prefrontal cortex (vmPFC). The study further
explored the changes in spontaneous functional connectivity of the
vmPFC-related circuitry and observed reduced integration in CCS users
between the bilateral vmPFC and the bilateral hippocampal complex
and between the bilateral vmPFC and the bilateral inferior parietal
lobule (IPL). Enhanced functional connectivity was observed in CCS
users between the bilateral vmPFC and the right insula (extending to
the right dorsal striatum) and between the bilateral vmPFC and the
right dorsolateral prefrontal cortex (dlPFC). These results implied that
the vmPFC plays a major role in chronic CCS abuse that might lead to
disordered impulsive control. Using independent component analysis
(ICA), Qiu et al. (2017) investigated the intrinsic brain network ab-
normalities in CCS-dependent males via resting-state fMRI (rs-fMRI).
Compared to the healthy control group, the CCS-dependent individuals
presented aberrant intrinsic connectivity within the default mode net-
work (DMN), executive control network (ECN), and salience network
(SN) (P < 0.05, AlphaSim corrected). However, the limitations of the
study included the spontaneous functional connectivity of abnormal
brain regions in a subnet of individuals. In addition, the spontaneous
functional connectivity of abnormal brain regions in the whole-brain
network is unknown. Among the graph-based methods, DC is recently
gaining attention (Wang et al., 2011). It counts the number of direct
connections for a given voxel in a network and reflects the functional
connectivity within the brain network. It is one of the more reliable and
compelling measures among several nodal network metrics and mea-
sures the centrality or importance of individual elements in the brain
(for example, brain regions) by capturing their relationships with the
entire brain network at the voxel level (Zuo et al., 2012). Furthermore,
DC has been used in several studies where the dorsal and ventral pre-
cuneus, anterior and posterior cingulate gyrus, ventromedial prefrontal
cortex, and inferior parietal lobes showed high DC values in normal
individuals, which was found to be in agreement with DMN (Wang
et al., 2013; Li et al., 2013; van den Heuvel and Sporns, 2013). Voxel-
wise centrality maps provided novel insights into the patterns and
complexity of functional connectivity throughout the huge human
functional network that has been widely used in brain network studies
(Di Martino et al., 2013; Tomasi and Volkow, 2010). In the other stu-
dies (Qiu et al., 2013, 2014, 2015, 2017), the DC measure was not

calculated in CCS-dependent individuals. However, the analysis level in
the present study using DC is based on voxels. Therefore, the present
study aimed to depict the intrinsic dysconnectivity pattern of whole-
brain functional networks at the voxel level, focusing on network ar-
chitecture, in CCS-dependent individuals. In addition, we also corre-
lated the DC changes to the BIS-11 total score, dose, duration and the
age at first use of CCS. Therefore, we speculated that in CCS-dependent
individuals, abnormal activity of some brain regions associated with
learning, memory, and executive control might exist. The potential
brain changes in impaired cognition provided an in-depth insight of the
level of functional integration.

2. Materials and methods

2.1. Participants

This prospective study was approved by the Ethics Committee of
Guangdong Second Provincial General Hospital. Written informed
consent was obtained from all subjects. A total of 72 right-handed
participants, including 34 control subjects and 38 CCS-dependent in-
dividuals, were enrolled in this study. The CCS-dependent individuals
were recruited from the patients seeking treatment at the Addiction
Medicine Division of the Guangdong Second Provincial General
Hospital. All the patients were screened based on the DSM-IV criteria
from medical history and underwent a urine test and an interview on
the same day. All participants regularly smoked cigarettes but did not
use any type of psychotropic agents prior to the rs-fMRI scan. The ex-
clusion criteria for all participants included central nervous system
diseases, schizophrenia, bipolar disorder, prior significant head trauma,
positive human immunodeficiency virus (HIV) status, diabetes, hepa-
titis C, other major medical illness, and left-handedness. The inclusion
criteria for the control subjects was the absence of diagnosis of any type
of substance abuse or dependence.

2.2. Impulsivity assessment

BIS-11 was used for assessing the impulsivity. This 30-item self-
rated scale has three oblique factors: attentional/cognitive that mea-
sures the toleration for cognitive complexity and persistence; motor
that estimates the tendency to act on the spur of the moment; and non-
planning impulsivity, which evaluates the lack of sense of the future.
Items are rated from 1 (rarely/never) to 4 (almost always/always). To
determine the overall impulsiveness scores, all items are summed; high
scores indicate remarkable impulsivity (Patton et al., 1995). BIS-11 is a
valid and reliable instrument for healthy Chinese and psychiatric po-
pulations (Yao et al., 2007).

2.3. Data acquisition

All MRI datasets were obtained using a Philips Achieva 1.5 T Nova
dual MR scanner at the Department of Medical Imaging, Guangdong
Second Provincial General Hospital. These datasets included rs-fMRI
dataset and T1-weighted structural images. The rs-fMRI dataset [22
axial slices, repetition time (TR)/echo time (TE)= 2000ms/50ms,
matrix= 64×64, field of view (FOV)=230×230mm2, slice thick-
ness= 4.5mm without gap, flip angle= 90°] was acquired using an
echo planar imaging (EPI) sequence. Each functional run contained 240
volumes (8min) [the slices were approximately along the anterior
commissure-posterior commissure (AC-PC) line and covered approxi-
mately 230 to 60 in the inferosuperior direction], and the subjects were
asked to lie quietly with their eyes closed and avoid eye movement or
thinking of anything specific or falling asleep while in the scanner,
during the rs-fMRI data acquisition. Sagittal structural images (160
sagittal slices, TR/TE=25ms/4.1 ms, thickness= 1.0 mm, no gap, in-
plane resolution=231×232, FOV=230×230mm, flip
angle= 30°) were acquired using a fast field echo (FFE) three-
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dimensional (3D) T1-weighted sequence.

2.4. Data pre-processing and DC calculation

Data Processing Assistant for Resting-State Functional MR Imaging
toolbox (http://www.restfmri.net.sci-hub.cc/forum/DPARSF, Yan and
Zang, 2010) was used for the post-processing of the imaging data. Be-
fore pre-processing, the first 10 volumes were discarded for each sub-
ject so that magnetization reached a steady state and subjects adapted
to the MRI scanning noise. Then, the remaining 230 fMRI images were
obtained with slice time correction for the acquisition time delay and
realignment of the head motion correction. One patient and two control
subjects, who showed head motion>1.5mm or 1.5° during image
acquisition, were excluded in subsequent analysis. All realigned images
were normalized to the standard Montreal Neurological Institute (MNI)
template by applying the echo planar imaging (EPI) template at a
3× 3×3mm3 resolution. The normalized functional image was sub-
jected to spatial smoothing [6mm half high full-width (FWHM) Gaus-
sian kernel]. Finally, the imaging data were processed to remove the
linear trends and filtered using typical temporal bandpass
(0.01–0.08 Hz) to reduce the low-frequency drift and high-frequency
noise.

For calculating the DC, we performed voxel-wise voxel-based
whole-brain correlation analysis on the pre-processed fMRI data, as
described previously (Li et al., 2016). The time course of each voxel in
each brain was correlated to every other voxel time course in the GM
mask. Thus, we could acquire a n×n matrix of Pearson's correlation
coefficients between any pair of voxels, where n is the voxel number of
the GM mask. Next, we transformed the Pearson's correlation data into
normally distributed Fisher Z-scores and constructed the whole-brain
functional network by thresholding each correlation at r > 0.25
(Buckner et al., 2009). The threshold was the default setting while
constructing the DC map. Only positive Pearson's correlation coeffi-
cients were considered in the present study. For a given voxel, the DC
was calculated as the sum of the significant connections at the in-
dividual level. As described by previous studies, DC represents the
number of direct connections for a given voxel in the voxel-based
graphs. It has been widely used to represent the node characteristics of
large-scale brain intrinsic connectivity networks.

2.5. Statistical analysis

The differences in age, education, and nicotine use between the
CCS-dependent and control groups were assessed by two-sample two-
tailed t-tests using SPSS statistical software. A two-tailed Pearson's chi-
square test was performed to determine the differences in the gender
between the two groups. To examine the between-group differences in
the DC using zDC maps, a two-sample t-test was performed between the
two groups using REST. A correction for multiple comparisons was
performed by Monte Carlo simulation using the AlphaSim program,
(http://afni.nimh.nih.gov) (Ledberg et al., 1998). The AlphaSim pro-
gram was implemented in the REST software by combining the height
threshold of P < 0.001 (Eklund et al., 2016) and an extent threshold of
P < 0.01, which corresponded to a corrected P < 0.01. The average
DC values of all voxels in the significantly different regions demon-
strated by voxel-based analysis were extracted independently using the
extract time series in REST and entered into SPSS. Then, a Pearson's
correlation analysis was performed to clarify the relationships between
abnormal DC values of significantly different regions and clinical
characteristics in CCS-dependent patients, including the duration of
CCS usage, age at first CCS use, and BIS-11 scores; the significance le-
vels were set at P < 0.05 (two-tailed).

3. Results

3.1. Demographics and clinical characteristics

No significant differences were observed in age (t=4.232,
P=0.084), gender distribution (χ2= 0.842, P=0.359), formal years
of education (t=0.862, P=0.392), number of cigarettes smoked per
day (t=−1.592, P=0.116), and head motion (t=1.905, P=0.061)
between the CCS-dependent individuals and the control subjects.
Details of the demographic data and corresponding clinical character-
istics are presented in Table 1.

The comparison of average BIS-11 scores from the chronic CCS-
dependent individuals and control group is shown in Table 1. We ob-
served that the CCS-dependent individuals had significantly higher total
scores, attentional impulsivity, motor impulsivity, and non-plan im-
pulsivity than the control group (P < 0.05).

3.2. DC analysis

The two-sample t-test analysis revealed significantly increased DC
values within the right hippocampus and right pallidum and sig-
nificantly decreased DC values within the left IPL and left middle
temporal gyrus in CCS-dependent individuals as compared to the con-
trol group (P < 0.01, AlphaSim corrected) (Table 2 and Figs. 1 and 2).

3.3. Correlation results

A decreased average DC value of the left IPL observed in CCS-de-
pendent individuals correlated negatively with the subscale of atten-
tional impulsivity (P=0.002, PBonferroni < 0.0021) and positively with
age at the first use of CCS (Fig. 3).

Table 1
Demographic and clinical characteristics of the Codeine-containing Cough
Syrup (CCS)-dependent individuals and control subjects.

Characteristic CCS-dependent
individuals (n=37)

Controls (n=32) P-value

Age (years) 24.081 (3.252) 26.218 (6.131) 0.084
Education (years) 12.432 (3.287) 13.250 (4.557) 0.392
Nicotine (no. of

cigarettes/day)
16.243 (8.597) 13.218 (6.926) 0.116

Cough syrups use (years) 5.872 (range: 1–15) N/A –
Age at the first use of

cough syrups
18.148 (range: 13–24) N/A –

Mean dose (mL/d) 446.486 (range:
60–1800)

N/A –

Total BIS scores 71.621 (4.872) 58.812 (5.127) 0.000⁎

Attentional impulsivity 18.487 (5.670) 16.469 (1.502) 0.044
Motor impulsivity 23.838 (5.781) 21.188 (3.533) 0.023
Nonplan impulsivity 29.297 (2.644) 20.812 (2.620) 0.000⁎

Head motion (mean
FD_Power)

0.203166 (0.115205) 0.159498
(0.072997)

0.061

Unless otherwise indicated, data are means ± standard deviations. NA, not
applicable.

⁎ P < 0.05.

Table 2
Brain regions showing differences in the degree between control subjects and
CCS-dependent patients.

Brain regions MNI coordinates Number of Voxels T value

X Y Z

Hippocampus_R 33 −15 −27 19 4.0148
Temporal_Mid_L −63 −36 −12 37 −3.856
Pallidum_R 21 −3 −3 24 4.2402
Parietal_Inf_L −27 −69 42 35 −3.853
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4. Discussion

In the present study, we used the DC analysis method to depict the
intrinsic dysconnectivity pattern of the whole-brain functional net-
works at the voxel level in CCS-dependent individuals. An increased
degree value represents an increased number of direct connections and
also reflects the increased centrality or importance of a specific voxel in
the brain network. However, significantly increased DC values within
the right hippocampus and the right pallidum and significantly de-
creased DC values within the left IPL and the left middle temporal lobe
were found in CCS-dependent individuals as compared to the control
group. Furthermore, a significantly negative correlation was established
between the decreased average DC value of the left IPL and the subscale
of attentional impulsivity, and a positive correlation between the de-
creased average DC value of the left IPL and the age at the first use of
CCS.

An important finding in the current study was that CCS-dependent
individuals showed increased degree values in the right globus pallidus
(ventral pallidum includes the portions of the globus pallidus), which is
a key region involved in the reward circuit (Haruno and Kawato, 2006).
Previous studies have demonstrated that rats can eliminate a preference
for the food reward, craving, and learning ability by the selective de-
struction of the ventral pallidum (VP), whereas to excite or disinhibit
the VP neuron activity, they could promote food craving (Hubner and
Koob, 1990). The current results suggested that the number of direct
connections of the right globus pallidus increased within the brain
network in CCS-dependent individuals, indicating the increased activity
of the brain region. Thus the increased DC value of the globus pallidus
is speculated to promote the craving for addictive drugs in CCS-de-
pendent individuals. Consecutively, the dysfunction of the globus pal-
lidus may indicate the dysfunction of the striatum in CCS-dependent
individuals as it is a part of the striatum. The striatum is considered to

Fig. 1. Brain regions showing decreased degree of differences in CCS-dependent group as compared to the HC group. The regions showing decreased degree of
differences in axial (Z=−12, Z= 42mm), coronal (X=−63, X=−27), and sagittal maps (Y=−36, Y=−69).

Fig. 2. Brain regions showing increased degree of differences in CCS-dependent group as compared to the HC group. The regions showing increased degree of
differences in axial (Z=−3, Z=−27mm), coronal (X=21, X= 33), and sagittal maps (Y=−3, Y=−15).
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be associated with stressful experiences (Pruessner et al., 2004; Shaham
et al., 2000). The PET studies revealed that acute stress exposure in-
creased the amount of dopamine release in the striatum (Pruessner
et al., 2004). Furthermore, Shalev et al. (2003) found that stress could
induce reinstatement of heroin-seeking behavior following a test for
food deprivation-induced reinstatement in rats. Liu et al. (2009) em-
ployed rs-fMRI and found that the connectivity strength was overall
high in the striatum in heroin-addicted patients. Furthermore, the study
considered that such a dysregulation of the brain regions might lead to
a deficit in stress regulatory processes during the resting state. Thus,
increased degree values in the globus pallidus in the current study could
be correlated to a deficit in stress regulatory processes in drug-addicted
patients during the resting state; this postulate can probably provide
novel approaches for customized therapies for the treatment of CCS-
dependent patients. Moreover, the increased average DC value of the
right globus pallidus in CCS-dependent individuals did not show a
distinct correlation with the BIS-11 total score. However, Qiu et al.
(2017) found that BIS-11 total scores were correlated with the func-
tional connectivity of the bilateral striatum within the DMN in CCS-
dependent individuals as assessed by the independent component

analysis method. The opposite result may be attributed to the differ-
ences arising due to the selected subjects and processing methods.

In the present study, increased degree values in the right hippo-
campus were found in CCS-dependent individuals. The hippocampus
plays a critical role in the formation of the pathological memory of
addiction (Šlamberová et al., 2014). In the case of long-term with-
drawal of addiction patients, drug-related stimulus conditions could
still strongly recall the experience of using drugs, which is known as
“addiction memory” (Dunbar and Taylor, 2016). The pathological
memory is closely related to acquiring drug addiction (Torregrossa
et al., 2011; Hyman et al., 2006). In an experimental mouse model of
addiction, Jasinska et al. (2014) found that stimulating the hippo-
campus could lead to a strong craving for drugs. The blockade of beta-
adrenergic receptors in the dorsal hippocampus of the rats would re-
duce drug seeking and induce the relapse of the cue (Otis et al., 2014).
Several studies associated with cocaine-dependent participants noted
that participants exposed to cocaine cues showed strong craving for
drugs while an increased activity of the hippocampus was observed
(Castilla-Ortega et al., 2016; Goldstein and Volkow, 2002). Fotros et al.
(2013) used a fallypride (18F) tracer with a high-resolution PET to
assess the ability of drug cues in order to induce dopamine (DA) release
in the hippocampus of cocaine-dependent participants, and the results
showed a dopaminergic response to cocaine cues in the hippocampus.
Importantly, these cocaine-dependent participants showed a high de-
gree of desire, leading the investigators to speculate that increased
hippocampal activity was related to the memory pathways of cocaine
stimulation. Furthermore, in the current study, the abnormal degree
values in the right hippocampus demonstrated that the vitality of this
region of the brain was increased among learning and memory circuits
in CCS-dependent individuals, which contributed to the formation of
the addiction memory. However, any significant correlations of the
mean degree values in the right hippocampus with the BIS-11 total
scores and the duration of CCS use were not observed.

In addition, we also found decreased degree values in the left in-
ferior parietal lobule and left middle temporal gyrus were related to the
cognitive function in the CCS-dependent individuals. A previous study
demonstrated that the left inferior parietal lobule, one of the crucial
brain regions of the attentional control network, was involved in ex-
ecutive function (Monge et al., 2017). The current results suggested
that such abnormal intrinsic connectivity may indicate cognitive and
executive deficits in CCS-dependent individuals. Garavan et al. (2000)
demonstrated that the frontal-parietal working memory circuits in the
cocaine-dependent participants were involved in the enhancement of
attention towards drug cues, which were related to the initiation and
maintenance of craving. Previous studies also found that the mirror-
neuron of the inferior parietal cortex in monkeys was activated during
the execution and observation of the identical actions (Molenberghs
et al., 2012; Plata-Bello et al., 2017). This finding provided new evi-
dence in order to elucidate the mechanism underlying craving forma-
tion and the role of IPL in the process. Therefore, decreased degree
values in the left inferior parietal lobule and the left middle temporal
gyrus in our study may be related to the deficit of attention and cog-
nition in drug cue response in the addicts. Thus, decreased degree va-
lues in both the regions in CCS-dependent patients, based on the
functional network integrity perspective, postulate that the function of
cognitive control-related regions was weakening. Then, a significantly
negative correlation was observed between the decreased average DC
value of the left IPL and the subscale of the attentional impulsivity.
Thus, we hypothesized that a deficit in cognitive control regulatory
processes might occur in CCS-dependent patients during the resting
state. When the patients were influenced by drug-related cues, they
exhibit a rather intense craving, putatively leading to poor decision
making and repeated drug use. Qiu et al. (2017) also found that the
attentional impulsivity correlated with the right IPL within the ECN in
CCS-dependent patients; this finding coincides with our results. We also
found a significantly positive correlation between the decreased

Fig. 3. Scatter plot of the mean DC values in the left inferior parietal lobule
changing with the age at first use of codeine-containing cough syrups and at-
tentional impulsivity scores, respectively.
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average DC value of the left IPL and the age at the first use of CCS.
Previous studies (Yuan et al., 2010; Yuan et al., 2009) have shown that
longer duration of heroin use was associated with more damage to the
brain and that these changes might be cumulative. Nevertheless, the
current results might further confirm the presence of brain damage in
CCS-dependent individuals.

Since the causes of CCS abuse are complex, we cannot absolutely
assert the mechanisms underlying these changes. Thus, additional rig-
orous experimental designs are essential in future studies. Nonetheless,
the present study had several limitations. First, as a cross-sectional
study, DC can only find the brain regions showing abnormal functional
connectivities and is unable to provide detailed information about the
functional connection. Thus, in future studies, it will be interesting to
trace the brain regions to which the abnormal functional connectivities
are linked. Second, the sample size was relatively small in the present
study, which might influence the statistical power to detect specific
effects. Thus, additional studies with a large sample size of CCS-de-
pendent patients are needed to improve the power of the statistical
analysis of our results. Third, there were 10 brands of CCS reported to
be used by volunteers enrolled in the present study, and for one vo-
lunteer, one to three brands of CCS were used simultaneously.
Therefore, a rigorous experimental study is imperative to exclude the
influence of different CCS brands.

5. Conclusion

In the current study, we applied the DC approach, derived from the
rs-fMRI technique, to examine the intrinsic dysconnectivity pattern of
the whole-brain functional networks in CCS-dependent patients. We
also correlated the DC changes to the BIS-11 total score, dose, duration
of CCS use, and the age at first CCS administration. The current results
showed increased connectivity in the reward, learning, and memory
circuit-related regions in the right hippocampus and the right pallidum.
In addition, decreased functional connectivities were found in the
cognitive control of circuit-related regions, including the left inferior
parietal lobule and the left middle temporal gyrus. Moreover, a sig-
nificant correlation was established between the average DC value in
the left inferior parietal and the subscale of attentional impulsivity,
dose, duration and the age at the first CCS use. Taken together, these
results suggested a novel approach for exploring the complex disorder
of addiction. This rs-fMRI study advanced our understanding of CCS
dependency towards an intrinsic dysconnectivity pattern of whole-brain
functional networks.
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