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Background: Findings from brain structural imaging studies on betel quid dependence
have supported relations between betel quid chewing and alterations in gray matter volume
and white matter integrity. However, the effect of betel quid chewing on cortical thickness
and the link between cortical thickness and symptom severity remains unascertained.

Methods: In this observational study, we compared cortical thickness measures from 24
male betel quid-dependent chewers with 27 male healthy controls. Using FreeSufer, we
obtained three-dimensional T1-weighted images that were used to compute the
thickness of the cerebral cortex throughout the cortical layer.

Results: Compared to healthy controls, betel quid dependent chewers displayed
significant decreased cortical thickness in the precuneus, entorhinal, right paracentral,
middle temporal, and caudal middle frontal gyri. Betel quid dependence scale scores
negatively correlated (r = -0.604; p = 0.002) with reduced cortical thickness in the right
caudal middle frontal of betel quid-dependent chewers.

Conclusion: The findings provide evidence for cortical thickness abnormality in betel
dependent chewers and further propose that the severity of betel quid symptoms may be
a critical aspect associated with the cortical alterations. The observed alterations may
serve as potential mechanisms to explain why BQ chewing behavior is persistent among
individuals with betel quid dependence.

Keywords: cortical thickness, symptom severity, betel quid dependence, right caudal middle frontal, dorsal lateral
prefrontal cortex, decision-making, executive functions, memory

Abbreviations: CT, Cortical thickness; BQ, Betel quid; BQD, Betel quid dependence; HC, Healthy controls; GM, Grey matter;
rSTG, Right superior temporal gyrus; dIPFC, Dorsolateral prefrontal cortex; vmPFC, Ventral medial prefrontal cortex; OFC,
Orbital frontal cortex; MTG, Middle temporal gyrus; MFG, Middle frontal gyrus; BQDS, Betel quid dependence scale; WM,
White matter.
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INTRODUCTION

Betel quid (BQ) is the fourth frequently used psychoactive
substance after caffeine, alcohol, and nicotine (1), consumed by
more than 600 million people worldwide (2). Prevalence of BQ
dependence (BQD) among users in mainland China ranged from
20.9-33.3% (3), making it a substance of interest in addiction
research. BQ consists of four main natural alkaloids including
arecoline, arecaidine, guvacoline, and guvacine (4). Arecoline is
the main active ingredient (5) assisting the release of dopamine
(6) through binding to M5 muscarinic acetylcholine receptors in
the ventral tegmental area (VTA) (7). Addictive drugs are
thought to increase DA concentration in the major reward
network (the VTA, nucleus accumbens, and the prefrontal
cortex) (8). Arecoline is also known for its binding properties
on GABA receptors in the brain, and influence on smooth
muscles, therefore, supporting the reported psychoactive effects
(1). For chronic users, BQ has been associated with reduced
thinking capacity, mental processing problems, a greater sense of
wellness, improved alertness, relaxation, and motor responses
right after chewing (9). Some of the pleasant experiences (e.g.
arousal, improved alertness, relaxation) have been linked with
the observed repetitive BQ chewing behavior that leads to
dependence (10). Fresh BQ users on the other hand reported
more intense effects than chronic users, suggesting that continual
use leads to tolerance (1). Furthermore, individuals with BQ
dependence often experience tolerance, craving, BQ seeking
behavior, and withdrawal symptoms (3, 11-13) that satisfy the
characteristic features for substance abuse (14). Such features
stem from continuous exposure of G protein-coupled receptors
to arecoline that leads to weaker receptor sensitivity (15),
therefore, supporting the occurrence of tolerance and habitual
use of substances (10).

Substance dependence is characterized by compulsive intake
of drugs, loss of inhibitory control, and negative emotions (such
as anxiety, irritability, and dysphoria) portraying withdrawal
syndrome in the absence of drugs (16). Previous studies have
demonstrated a link between psychoactive substance use and
alterations in brain functioning (17-19) and structure (20, 21).
Advancement in neuroimaging studies has revealed various
approaches used to investigate the effects of psychoactive
substances in the brain structure and function of individuals
with BQD. Studies have specifically examined the brain function
and morphology of BQ dependent chewers by focusing their
utmost attention on functional connectivity, white matter
integrity, and grey matter (GM) volume alterations. For
instance, functional magnetic resonance imaging (fMRI)
studies have revealed that betel quid dependence is linked with
structural and functional changes in the brain areas responsible
for impulsivity, reward, and cognitive processing (22).
Specifically, results from BQD resting-state fMRI studies found
functional connectivity alterations in orbitofrontal, frontoparietal,
occipital/parietal, frontotemporal, medial frontal/anterior
cingulate cortex (ACC) networks (23, 24), anterior default
mode network (DMN) (23, 25), bilateral precuneus, right
insula and right hippocampus (26, 27), temporal and occipital

lobe, primary motor cortex (28), ACC-brainstem, and ACC-
DMN connectivity (27). Using structural magnetic resonance
imaging (sMRI), studies have specifically examined white matter
integrity. For example, increased diffusion anisotropy was
observed in the right ACC, midbrain, bilateral angular gyrus,
right superior temporal gyrus (rSTG), bilateral superior occipital
gyrus, left middle occipital gyrus, bilateral superior and inferior
parietal lobules, bilateral postcentral, and the precentral gyrus of
BQ dependent chewers (29). Furthermore, compared with HC, a
higher mean diftusivity and a lower fractional anisotropy were
exhibited in anterior thalamic radiation of BQD individuals (30).
BQD individuals also demonstrated reduced grey matter (GM)
volume in the midbrain, right rostral ACC, bilateral dorsal lateral
prefrontal cortex (dIPFC)/insula, and rSTG, while greater GM
volume was displayed in the right hippocampal and precuneus
(31). Similarly, decreased GM volume was observed in the
bilateral ventral medial prefrontal cortex (vinPFC), bilateral
dIPFC, and left orbitofrontal cortex (OFC) (32). To date, there
is scarcity of studies which have looked into cortical thickness of
BQ dependent chewers.

Psychoactive substances are known for their effects on the
brain. Progress in neuroimaging research has revealed the roles
of various substances in the human brain structure. For example,
studies have investigated cortical thickness (CT) abnormalities in
individuals dependent on psychoactive substances. For instance,
compared with healthy controls (HC), individuals with heroin
dependence had decreased CT in the bilateral superior frontal,
left caudal middle frontal, right superior temporal, and right
insular regions, while increased CT was observed in the left
superior parietal, bilateral lingual, left temporal pole, right
inferior parietal, right lateral occipital, and right cuneus
regions (33). A thinner cortex was observed in the reward
regulation and attention function areas of cocaine-dependent
patients compared to their matched controls (34). Similarly,
compared to controls, alcohol abstainers demonstrated diminished
CT in the brain reward system (35), superior frontal, precentral,
postcentral, middle frontal, middle/superior temporal, middle
temporal, and lateral occipital cortical regions (36). On the other
hand, significant decreased CT was observed in the frontal
cortex, left caudal ACC, right lateral OFC, left insula, left
middle temporal gyrus (MTG), right inferior parietal lobule,
and right parahippocampus of young adult smokers (37).
Meanwhile, experienced methamphetamine users exhibited
thinner CT in the left middle frontal cortex, fronto-polar
region, and closeby the central sulcus, than drug naive
controls. However, when compared with low-exposure users,
experienced users displayed cortical thinness in the right middle
frontal cortex (38). Decreased CT was also displayed in the right
caudal middle frontal, bilateral insula, and bilateral superior
frontal cortices of adolescent marijuana users compared to
controls, whereas the thickness was greater in bilateral lingual,
right superior temporal, right inferior parietal, and left
paracentral brain regions (39). Additionally, compared to non-
cannabis users, reduced CT was observed in the caudal middle
frontal gyrus (MFG) of individuals with schizophrenia and
bipolar disorder who used cannabis (40). Like other
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psychoactive substances, exposure to BQ has previously been
associated with brain structural anomalies. However, a few
studies have examined CT abnormalities in BQ chewers. In
one study, individuals with BQD exhibited reduced CT of the
dIPFC compared to HC. The observed CT alterations in the
dIPFC mediated executive function deficit in BQ dependent
individuals (41).

Studies have also advocated the use of symptom severity as an
important aspect of understanding the effects of psychoactive
drugs on CT abnormalities. For instance, abstinent alcoholics
displayed reduced CT which was associated with the severity of
alcohol abuse (36). Additionally, the CT of the right dorsal lateral
prefrontal cortex (dIPFC) and OFC were associated with the
severity of nicotine dependence in young adult smokers (37).
Studies have also observed that symptom severity detected by
betel quid dependent scale (BQDS) may explain the effects of BQ
chewing on brain structural abnormalities (30). Moreover, in a
diffusion tensor imaging study, increased mean diftusivity and
reduced fractional anisotropy predicted the severity of BQ
dependence (30).

Various studies have proposed that dependence on different
types of psychoactive substances has similar brain mechanisms
(42-44). Basing on this idea, we hypothesized that BQ dependent
chewers would display altered CT in some parts of the brain
particularly, the caudal MFG (33, 37, 39), paracentral regions
(39), and middle temporal cortices (36), of BQ dependent
chewers. We also explored if CT in certain parts of the brain
could predict symptom severity in BQ dependent chewers.
Examining the CT alterations provides further understanding
and evidence on the neurobiology of BQ chewing, which explains
why individuals with BQD exhibit persistent BQ chewing
behavior. Findings from this study may provide possible
suggestions for the prevention and treatment of BQD.

MATERIALS AND METHODS
Aim, Design, and Setting of the Study

This observational neuroimaging study examined CT
abnormalities and their association with symptom severity in
individuals with BQD. Participants’ recruitment and data
collection were executed between January 2015 and March
2016 at the Second Xiangya Hospital of Central South
University, in Changsha city, Hunan Province, China.

Characteristics of Participants

Ethical approval for this study was acquired from the Ethics
Committee of the Second Xiangya Hospital of Central South
University. Before inclusion into the study, each potential
participant was asked to provide a signed written informed
consent form. The authors had no access to any participant’s
identifying information during or after data collection.

The participants of this study were all male. Using the
Structured Clinical Interview, participants were assessed to
discern if they met the DSM-IV criteria for substance
dependence (45). The subsequent inclusion and exclusion have

been described before (23, 24, 46). Twenty four individuals with
BQD were included in this study. Briefly, participants with BQD
had to satisfy the following criteria: 1) 18-40 years of age; 2) Han
Chinese ethnicity; 3) completed 9 or more years of education; 4)
right-handed; 5) a diagnosis of BQD (a score of =5 on the Betel
Quid Dependence Scale (BQDS); 6) using BQ at least 1 day at a
time for more than 3 years. The BQDS was specifically designed
to measure BQD according to the DSM-IV criteria (11). The
BQDS is a 16-item self-report instrument encompassing three
parts: physical and psychological urgent need, increasing dose,
and maladaptive use. The scale has an optimal cut-off score of 4,
main sensitivity of 0.926 and specificity of 0.977, and predictive
accuracy of up to 99.3%. Furthermore, the BQDS showed high
internal consistency (o0 = 0.921) and exhibited good degrees of
validity and reliability for both Chinese and English-speaking BQ
chewers (11, 47). Exclusion criteria included: 1) a history of
neurological disorder or other serious physical illness; 2) a
history of any DSM 5 Axis-I mental disorders; 3) a history of
substance abuse other than betel quid; 4) a contraindication to
MR, or 5) a history of electroconvulsive therapy. We recruited
27 HC from the community in Changsha City. The inclusion and
exclusion criteria for HC were equivalent to the criteria in the
BQD group, except for an additional requirement that; HC did
not meet the BQD diagnostic criteria and did not have a family
history of psychiatric illness among their first-degree relatives.
Individuals with BQD and HC were requested not to use any
psychoactive substance in the 24 h preceding scanning. We used
Beck Depression (48) and Anxiety Inventories (49) to measure
the emotional status of each subject before MRI scanning.

Images Acquisition

All participants were requested to move as little as possible and
foam pads were applied to minimize head motion. Three-
dimensional T1-weighted images (3D-T1WIs) were obtained
sagittally on a 3.0-Tesla Philips Achieva whole-body MRI
scanner (Philips, Netherlands) using turbo field echo sequence
with the following parameters: repetition time= 7.5 ms, echo
time= 3.7 ms, flip angle=8°, the field of view= 240x240 mm?,
acquisition matrix= 256x200, slice thickness= 1 mm, gap= 0,
number of slices= 180.

Preprocessing of MRI Data

We carried out a CT analysis of the whole brain through a
surface-based approach by employing FreeSurfer tools (version
5.3.0, http://surfer.nmr.harvard.edu) (50, 51). The 3D images
were utilized to compute the thickness of the cerebral cortex
throughout the cortical layer. In short, the processing stream
included a Talairach transform of each of the subject’s native
brain, exclusion of non-brain tissue, and separation of grey
matter (GM)/white matter (WM) tissue. The GM/WM
boundary was tessellated to create multiple vertices across the
whole brain. The cortical surface of each hemisphere was
enlarged to an average spherical surface to locate the pial
surface and the GM/WM boundary. The whole cortex of each
subject was visually scrutinized, and topological defects were
modified manually, blind to subject identities. CT was measured
as the shortest distance between the pial surface and the
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GM/WM boundary at each vertex across the cortical mantle. The
mean CT of each of the 68 regions was calculated using
FreeSurfer software (52). The surface maps were smoothed on
the normalized CT through a Gaussian kernel with a full-width-
half-maximum (FWHM) of 10 mm.

Statistical Analyses
Statistical Package for the Social Sciences 19.0 (IBM SPSS Inc., USA)
was used to compare demographic and clinical characteristics
between the two groups. An independent two-sample t-test was
used to compare age, years of education, total intracranial volume
(TIV), Beck depression, and Beck anxiety inventory scores. A
P-value of <0.05 was considered statistically significant.
FreeSurfer's QDEC 1.4 (query, design, estimate, contrast)
application was employed to create statistical maps. QDEC
uses the Desikan-Killiany cortical atlas that parcellates the
cerebral cortex into 34 cortical regions in each hemisphere
(52). It fits a general linear model (GLM) at each surface
vertex to describe the data from all participants in the study.
Age and education are known to impact brain structure and
function (53, 54). Additionally, TIV is also known for its impact
on brain structure analysis (55). Basing on that knowledge, these
three variables were accounted for as covariates, and regional CT
differences were compared between BQD and HC. Using the CT
maps, statistical difference maps were created based on the GLM.
A Monte Carlo simulation analysis with 10,000 repetitions was
performed to correct for multiple comparisons at a threshold of
p<0.05 with a cluster size of at least 20 voxels.

Correlation Analysis

Pearson’s correlation was calculated to examine the relationship
between the mean values of CT and BQDS scores. Using SPSS
19.0 (p<0.05), correlation analysis was implemented to the mean
value of the regions showing significantly altered CT between BQ
dependent users and HC and BQDS scores.

RESULTS

Demographics and Clinical Characteristics
Fifty-one male participants (24 BQD and 27 HC) were involved
in the present study. A significant difference in years of education
(15.13+1.73 for individuals with BQD; 16.00+0.00 for HC;
p=0.01) was observed between individuals with BQD and HC.

No significant differences in age and TIV were detected between
the groups. Individuals with BQD showed that they had been
chewing BQ for a mean duration of 7.75+4.28 years, range 3.25
to 18 years. The average score of BQDS in the BQ dependent
group was 7.42+1.86. Individuals with BQD had significantly
higher Beck Depression Inventory (BDI) and Beck Anxiety
Inventory (BAI) scores than the HC. However, the scores on
the BDI (10.58+6.69, range 0 to 24 for the BQ dependent group;
3.89+4.63, range 0 to 14 for the HC group) and BAI (28.50+6.20,
range 21 to 45 for the BQ dependent group; 23.19+2.66, range 21
to 32 for the HC group) showed that none of the participants
were found with depression or anxiety symptoms. The
demographics and clinical characteristics of BQ dependent and
HC participants are summarized in Table 1.

Cortical Thickness Differences Between
Individuals With BQD and HC

Compared with HC, individuals with BQD exhibited decreased
CT in left precuneus, left entorhinal, right paracentral, middle
temporal, and caudal middle frontal brain regions (two-sample t-
test, p<0.05, FDR corrected), (Table 2), and (Figure 1).
Compared to the HC group, no brain regions were found with
increased CT in the BQD group.

Correlation Analysis

The BQDS scores negatively correlated with the decreased mean
value of CT in the right caudal middle frontal in the BQD group
(r =-0.604; p = 0.002), (Figure 2). The correlation results of the
mean value of all regions showing significantly altered CT
between the BQD users and HC and BQDS scores are
displayed in Table 3.

DISCUSSION

The hypothesis in our study was supported and we found
significant cortical thinning in several areas of the brain. An
important finding in the current study is that, compared to HC,
individuals with BQD demonstrated reduced CT in the right
caudal middle frontal gyrus (MFG) which negatively correlated
with symptom severity.

Our results are consistent with findings of a cortical reduction
in the caudal MFG among cannabis users (39, 40), and heroin-

TABLE 1 | Demographics and clinical characteristics of individuals with betel quid dependence (BQD) and healthy controls (HC).

BQD (Mean = SD) HC (Mean = SD) t/y? P-Value
Age (years) 23.54 (3.87) 24.52 (1.45) -1.222 0.23
Gender (male/female) 24/0 27/0
Education (years) 15.13 (1.73) 16.00 (0.00) -2.642 0.01*
Total Intracranial Volume (cm?®) 1104.76 (103.7) 1209.59 (229.4) -2.058 0.05
Betel Quid Dependence Scale 7.42 (1.86) N/A
Duration of Betel Quid (years) 7.75 (4.28) N/A
Beck Depression Inventory 10.58 (6.69) 3.89 (4.63) 4.207 0.00*
Beck Anxiety Inventory 28.50 (6.20) 23.19 (2.66) 4.06% 0.00*

SD, standard deviation; N/A, not applicable; BQD, betel quid dependence; HC, healthy controls; a, independent-samples t-test; *P < 0.05.
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TABLE 2 | Brain regions showing group differences in CT (o < 0.05, FDR
corrected).

Brain region Side Cluster size MNI Peak T

(voxels) coordinates value
X Y Z

BQD<HC

Precuneus Left 181 -16 -43 65 -4.27

Entorhinal Left 49 26 2 -35 -3.22

Paracentral Right 71 17 -44 47 -3.33

Middle temporal Right 38 58 -57 6 -2.96

Caudal middle Right 21 34 5 55 -2.95

frontal

BQD>HC

Negative - - - -

BQD, betel quid dependence; HC, healthy control; CT, cortical thickness; MNI, Montreal
Neurological Institute.

127 @

r=0.604; p=0.002

BQDS scores

1 1 1 1
14 1.6 18 2.0 2.2 24
Caudal middle frontal thickness

FIGURE 1 | Differences in CT between individuals with BQD and HC.
Regions with decreased CT in BQ dependent individuals include the left
precuneus, entorhinal, right paracentral, middle temporal gyrus, and caudal
middle frontal. The color bars represent the range of t value. L, left; R, right;
CT, cortical thickness; BQD, betel quid dependence; HC, healthy control.

dependent individuals (33). The MFG (encompassed in the
dIPFC) located in the PFC, is known for its role in reorienting
attention (56). Dysfunctions in the PFC have been linked with
drug compulsivity, craving, denial of illness, and lack of
motivation to seek treatment for drug addiction (42). A very
recent study found that individuals with BQD displayed reduced
CT of the dIPFC compared to HC (41). Moreover, compared
with low-urge BQ dependent individuals, high-urge chewers
displayed greater activation in areas of the brain concerned
with cravings, such as the ACC, medial orbital frontal gyrus,
and superior frontal gyrus (57). The dIPFC interacts with various
cortical structures and has widely been mentioned in addiction
studies. For example, the dIPFC assesses and joins emotional

related information from the amygdala and nucleus accumbens
and interacts with the dorsal ACC to exert top-down control and
metacognitive functions (42). The dIPFC also participates in
memory processing (58, 59), executive functions (60), and
decision making (61, 62). A previous study has reported that
CT of the dIPFC participated in mediating executive function
deficits in individuals with BQD (41). The dIPFC has also been
linked with cue-induced craving in substance use disorders (63)
emanating from drug-related memories (42) that influence
reward-related decision making (64). Additionally, the dIPFC
is known for its role in conflict resolution. For instance, the
dIPFC was associated with improved cognitive control and better
ability to resolve conflicts among individuals who had resumed
smoking (65). Similarly, methamphetamine-dependent subjects
displayed reduced activation in the right middle frontal cortex
when presented with conflict trials as a measure of behavior
regulation (66). We argue that reduced CT in the right caudal
MFG within the dIPFC may compromise decision-making
abilities, enhances reward-related memories, leading to a
craving, and compulsive BQ chewing behavior. Previous
studies have also shown that longer duration of BQ chewing
significantly correlated with a reduction in GM volume in the
MFG, such that compared with HC, reduced GM volume (31)
and short-range functional connectivity (27) were displayed in
the dIPFC of BQ dependent individuals.

Our results demonstrated decreased CT in the entorhinal cortex
of BQ dependent chewers. Inconsistent with our findings is a study
that found marijuana adolescent users with increased CT in the
entorhinal cortex (67), suggesting a different neuro-mechanism
exerted by different types of psychoactive substances (8). The
entorhinal cortex embedded in the anterior medial temporal lobe
(68) has numerous projections to the hippocampus and neocortical
regions (69) and is presumed to play an important role in learning
and memory (70). Drugs of abuse can seize ordinary learning and
memory structurethrough pharmacological mechanisms on
numerous neurotransmitter systems (71). The mechanism of
reward-related learning and memory in addiction is represented
by pathologies in gene and protein expression alterations, changes
in neuronal activity, and morphological alterations in the neural
circuits (72). Addictive drugs can create artificial learning signals
that are stronger and last longer than what is normally seen
neurochemically as a result of natural events. Positive experience
from the substance leads to enhanced learning that results in more
repetitive behavior (73), typical of what is demonstrated in BQ
dependent chewers.

Although other studies have reported increased CT in the
precuneus (74), our study found a significant decrease. The
precuneus is known for its involvement in visual imagery,
attention, and memory retrievals. It is also linked with visual
processing and integrating related memory (75). We argue that
reduced CT observed in the precuneus of BQ dependent
individuals may be associated with neurodegeneration
emanating from chronic BQ chewing. We also observed reduced
CT in the right paracentral lobule. Similar to our findings, more
alcohol consumption was associated with a thinner paracentral
lobule (67). Conversely, increased paracentral CT has been
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FIGURE 2 | Correlation between BQDS scores and the mean values of CT of the right caudal middle frontal. BQDS, Betel Quid Dependence Scale; CT, cortical thickness.

TABLE 3 | Pearson’s correlation coefficients between the mean value of cortical
thickness (CT) and betel quid dependence scale (BQDS) scores in betel quid
dependent individuals (n=24, *p < 0.05).

Cortical thickness Betel Quid Dependence Scale scores

r p-value
Precuneus (left) 0.341 0.108
Entorhinal (left) -0.103 0.632
Paracentral (right) 0.082 0.881
Middle temporal (right) 0.121 0.572
Caudal middle frontal (right) -0.604 0.002*

reported in adolescent marijuana users (39), signifying that
different addictive substances may exhibit diverse mechanisms
in the brain (8).

Consistent with previous studies that examined adult smokers
(37), and abstinent alcoholics (36), our study found significant
cortical thinning in the middle temporal gyrus. The decreased
degree of centrality in the middle temporal gyrus has been
associated with language expression (76), attention, and
cognitive deficits in addicts (77, 78), suggesting a weakening of
cognitive control in individuals with BQD.

There are several limitations to this study. First, the use of a
small sample size consisting of only male participants may
have influenced the interpretation of our results. Future studies
with larger samples comprising male and female subjects may
provide robust results. Second, although our observations
show that CT abnormalities are associated with BQD, being
a cross-sectional study, we cannot infer a cause and effect
relationship between CT alterations and BQD. Therefore,

future longitudinal neuroimaging studies may be more
appropriate to establish the cause and effect phenomenon.
Third, nicotine and alcohol are substances commonly used
by most Chinese men (79, 80). Even though individuals with
alcohol and nicotine abuse were excluded from this study, the
influence of such substances in the observed cortical alterations
cannot be ascertained. To overcome the possibility of
confounding results, it would be useful to design future
studies that will examine the potential differences in CT
abnormalities between subgroups of individuals with BQD
defined by their concomitant use of alcohol and other
substances (21).

CONCLUSION

Our results provide further compelling evidence for CT
abnormalities in BQ dependent chewers and propose that
symptom severity is a critical factor linked with brain
morphological alterations. CT loss in the right caudal MFG is
a significant biological correlate for symptom severity in BQ
dependent chewers. We presume that the caudal MFG
participates in retrieving BQ reward-related memories which
in turn influences one’s decision making about whether to
continue chewing BQ, leading to the perpetuation of BQ
dependent behavior. However, the observed CT alterations
may have preceded BQD and therefore act as risk factors for
BQ use and BQD or they may have stemmed from chronic BQ
use. Future longitudinal BQ neuroimaging studies may be useful
to elucidate these conclusions.
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