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Abstract: Background: Betel quid dependence (BQD) patients have a cluster of cognitive, behavioral, and physiological symptoms which are associated with structural abnormalities in brain gray matter. However, so far there have
neither been brain structural studies investigating the alterations related to BQD, nor studies assessing the brain
structural changes with clinical indexes. Methods: 65 subjects were recruited including 33 ‘pure’ BQD patients and
another 32 gender and age matched in the control group. T1 structural voxel-based morphometry (VBM) was performed to investigate the gray matter (GM) volume alterations. In BQD patients, Pearson correlation analysis was
performed to investigate the association between GM segmentations and clinical indexes, including BQD scores,
illness duration, SAS and SDS. Results: Compared with that of the control group, the VBM of GM in BQD patients
exhibited a significant decrease in volume (All P values < 0.05, AlphaSim correction) in the midbrain, right anterior
cingulate cortex (rACC), bilateral dorsolateral prefrontal cortex (dlPFC) and right superior temporal gyrus (STG), and
also there was an increased volume in right hippocampal and right precuneus. GM volumes of the left DLPFC and
right rACC showed negative correlation with the duration of BQD, meanwhile, midbrain volumes were negative correlating with BQD scores (All P values < 0.05). Conclusions: Our findings suggested that brain structural changes
were present in BQD patients, and those may be a neurobiological basis for BQD patients. These ﬁndings may provide a new insight into the pathogenesis of BQD. Also, VBM is an effective tool for in vivo investigation of gray matter
alterations in patients with BQD.
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Introduction
Betel quid (BQ) ranked the fourth most frequently consumed psychoactive substance
around the globe, following only alcohol, nicotine, and caffeine in prevalence [1]. Although
BQ is chewed by approximately 600 million
people globally, its use is concentrated in South
Asia, Southeast Asia, and Paciﬁc islands [2].
The term “betel quid” refers to a mixture of
ingredients that most typically includes areca
nut, piper betel leaf (a common vine), slaked
lime (calcium hydroxide), and tobacco, though
the ingredients of quid vary considerably by
region, country, ethnicity, and personal preference [3, 4]. The fruit of Areca catechu tree is
commonly known as Areca nut (AN) (synonym
betel nut). In Hainan provinces of China, BQ is h
ombination of fresh AN and slaked lime (i.e.

aqueous calcium hydroxide paste) wrapped in a
betel leaf without tobacco and other ngredients
(Figure 1).
BQ chewing is an important behavior from a
public health perspective because it is associated with a variety of health issues, most notably oral cancer and precancerous conditions
such as leukoplakia and oral submucous ﬁbrosis [5]. Consequently, BQ has been categorized into a Group 1 carcinogen by the International Agency for Research on Cancer [3, 6].
However, to date, most research on BQ chewing
has been limited to epidemiological and biological investigations [7, 8]. Limited research has
been conducted to understand the behavioral
and psychological factors that lead individuals
to initiate and/or maintain BQ chewing.
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Figure 1. Betel quid in Hainan provinces of China includes fresh areca nut, betel leaf, slaked lime (white
calcium hydroxide on the surface of betel leaf).

BQ use is associated with a dependency syndrome, which comprises increased concentration, mild euphoria, relaxation, postprandial
satisfaction and a withdrawal syndrome associated with insomnia, mood swings, irritability
and anxiety, the severity of which can be compared with that of amphetamine use [9]. A few
studies [8, 10-12] have assessed betel quid
dependence using approaches based upon the
Diagnostic and Statistical Manual of Mental
Disorders (DSM; American Psychiatric Association, 2000) and the ICD-10 (World Health Organization, 1992). Alternatively, a few studies
have assessed BQ dependence using adapted
versions of dependence scales that were designed for substances other than BQ such as
opioids [4] or tobacco [13]. Lee and his colleagues [14] recently developed, and provided
initial validation for, the ﬁrst instrument designed speciﬁcally for measuring BQ dependence: the Betel Quid Dependence Scale
(BQDS).
Thus far, the reasons for BQ chewing are poorly
understood. Social learning theories [15, 16]
posit that substance use behaviors are motivated by expectancy reasons: that is, individuals use a substance because of the positive
outcomes associated with the use. For example, individuals may continue to use an addictive substance because they like the way the
substance makes them feel. Thus there may be
several social, cultural, behavioral, and physiological reasons that influence substance use
initiation and maintenance [17]. From prevention and treatment point of views, it is important to understand such reasons so that strate-

365

gies may be developed to help individuals overcome an addiction. Dopamine neurons have
been proved to play an important role in the
acquisition and sustention of a large number of
these reward-dependent activities. It has been
put forward that the evolving brain networks
which reward survival-improving behavior are
prone to be interrupted by habits. Generally,
habitual and addictive action is connected with
fronto-striatal network, which include prefrontal brain areas that have top-down effect on the
ventral striatum involving in reward mechanism
[18]. It has been indicated by neuroscientiﬁc
literature that a lot of conventional behaviors
can lead to the structural alteration of brain,
e.g. learning the way to drive a taxi [19], learning to become a professional instrument player
[20] and studying the way of juggling [21]. On
account of the previous study, structural alterations in the brain network of individuals are predicted, which indicate trends to dependency
including tolerance, withdrawal, concentration,
desire and reduced management of BQ addiction and continued chewing in spite of convincing indications of negative effects. Determining
such neural mechanism would help design prevention and treatment programs aiming to
reduce the prevalence of BQ chewing.
Methods
Ethics statement
This study was approved by our research ethics
review board of the the People’s hospital of
Hainan Province, Haikou, China according to
the Declaration of Helsinki. The consent form
has been read and signed by each subject
before being included in the study.
Inclusion and exclusion criteria
Persons with exclusive usage of BQs were
included. Persons with usage of BQ without
tobacco at least one day at a time for no less
than 5 year were categorized as “individuals
using BQ without tobacco”. Persons without
usage of BQ, areca nut and tobacco (in all
forms) were defined as “control individuals”.
During the first session we administered the
BQD Scale (BQDS). BQDS was been recently
developed by Lee and his colleagues [14],
which is the first instrument designed specifically for measuring BQ dependence. The BQDS
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is comprised of three factors: “physical and
psychological urgent need”, “increasing dose”,
and “maladaptive use” [22]. The BQDS have
assessed BQ dependence using approaches
based upon the Diagnostic and Statistical
Manual of Mental Disorders (DSM) and the ICD10. The BQDS was found to have good internal
consistency (α=0.92) and construct validity
[14]. Moreover, in order to assess the emotional status of every subject, the Self-Rating Anxiety Scale (SAS) and the Self-Rating Depression
Scale (SDS) were adopted on the scanning day.
BQD participants conformed to the criteria for
present BQ addiction, as diagnosed by the
BQDS > 4 [14], SAS < 50 and SDS < 50.
The exclusion criteria were as follows: (1) tobacco smokers; (2) persons with usage of different
forms of tobacco without smoke e.g. gutka
and/or paan masala; (3) persons with self-claimed systemic diseases such as neurological
disorder, cardiovascular disease, diabetes mellitus, epilepsy, thyroid and renal disorders; (4)
persons with present or recent history of any
Axis I psychiatric and/or substance use diseases; (5) present use of psychotropic drugs; (6)
left-handers; and (7) not able to read and write
Chinese.
Study participants
At last, 33 BQD volunteers and 32 control individuals recruited from a residential area of
Wanning City of Hainan province, China were
included.
Questionnaire
A questionnaire in simple Chinese acquiring
information including age and gender as well as
monthly income, educational status, duration
of BQ chewing habit, daily dosage of BQ and
duration time of quid placement in mouth was
distributed to all participants (n=65). Because
wine has played an important role in Chinese
social aspects of life, all participants were also
assessed for alcohol use in the past 30 days,
including the average frequency of drinking and
number of drinks per occasion.
MRI data acquisition
MRI data were obtained on a Siemens Verio3T
MRI scanner using a standard 6-channel head
coil (Erlangen, Germany) in the Department of
Radiology, People’s hospital of Hainan Province.
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All participants were required to keep their
heads motionless, their eyes closed and their
brains think of nothing systematically or fall
asleep. A routine MR scanning was performed
for purpose of excluding gross cerebral pathology. Anatomical images in terms of the functional slice locations using spin-echo imaging in
the axial plan which was parallel to the Anterior
Commissure-Posterior Commissure (AC-PC)
line were then acquired. A T1-weighted structural image with high resolution was obtained
with a MPRAGE sequence (repetition time=
2300 ms, echo time=2.9 ms, TI=900 ms, field
of view=256×256 mm, flip angle=9, in-plane
matrix=256×256, slice thickness=1 mm, no
gap, and voxel dimension=1×1×1.33 mm3). All
participants finished with no report of discomfort during or after the scanning and without
falling asleep during the procedure. And under
the examination of two skilled radiologists,
there was no sign of significant structural injury
in all participants on the basis of traditional
MRI scans.
MRI data post-processing
The VBM8 tool-box (http://dbm.neuro.uni-jena.
de/vbm) with default parameters running in the
SPM8 (statistical parametric mapping, http://
www.fil.ion.ucl.ac.uk/spm) software was used
to conduct data analysis. Specifically, structural imaging data was deviation corrected, categorized according to tissue, and changed into
standard Montreal Neurological Institute (MNI)
space within a unified model, which proved to
be a 12-parameter affine-only nonlinear alteration. Subsequently, gray matter (GM) was analyzed. The non-linear constituents originated
from the normalization matrix multiplied the
analysis for the purpose of sustaining actual
GM values locally (coordinated GM volumes).
Lastly, a Gaussian kernel of 4 mm full width at
half maximum (FWHM) was adapted to smooth
the coordinated volumes. The resultant images
were used for statistical analysis.
Statistical analysis
With the use of the SPM8 software package,
statistical analysis of structural imaging data
was conducted. In order to evaluate the changes in the brain volume related to BQD of participants, dependent sample t tests were used to
analyze smoothed GM, with gender and age as
nuisance covariates. The statistical threshold
Am J Transl Res 2015;7(2):364-374
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Table 1. Demographics and clinical characteristics of participants
Betel Quid
Healthy control
Statistics P value
Dependence (BQD)
(HC)
Age
46.7±9.4
45.8±9.3
0.446
0.657
Gender (male/female)
24/9
20/12
0.777
0.378
Education (years)
12.3±2.7
12.6±2.4
0.512
0.610
Monthly income (US $)
423.5±73.7
413.1±73.0
0.799
0.427
Betel Quid Dependence Scale (BQDS)
10±3.4
N/A
Dosage of Betel Quid (g/day)
342±106
N/A
Duration of placement of Betal quid in the mouth (min)
7.6±2.4
N/A
Duration of Betel Quid (years)
20.6±6.9
N/A
Alcohol last 30 days (g)
200.2±34.8
189.0±33.4
1.025
0.309
Handedness (right/left)
33/0
32/0
> 0.99a
Self-Rating Anxiety Scale
27.2±5.6
28.3±6.1
0.759
0.451
Self-Rating Depression Scale
28.6±6.6
32.8±7.5
2.385 0.020*
Note: unless otherwise indicated, data are means ± standard deviations. N/A=not applicable. Values are expressed as mean
± SD. aThe P value for gender distribution in the two groups was obtained bychi-square test. bcThe P value for age, Education,
Alcohol last 30 days, SAS, SDS difference between the two patient groups was obtained by independent-samples t test. *P <
0.05.

Figure 2. Gray matter changes in BQD patients and healthy controls. Compared with healthy controls, BQD patients
exhibited decreased volume in midbrain, right rostral anterior cingulate cortex (rACC), bilateral dorsolateral prefrontal cortex (dlPFC), right superior temporal gyrus (STG), and increased volume in right hippocampal and right precuneus (BQD=Betel quid dependence; All P < 0.05, AlphSim corrected).
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of subjects in HC was $413.1
±73.0. Individuals indicated
that they had been chewing BQ
Cluster
T scores of Coordinates of peak voxel
Regions
BA
with dependency syndrome for
size (voxel) peak voxel
in MNI space (x, y, z)
a mean duration of 20.6±6.9
BQD < HC
years (range 7 to 31 years), a
Midbrain
466
-4.60
0 -27 -4.5
mean BQDS of 10±3.4 (range
L.dlPFC
46
867
-4.49
-39 40.5 28.5
5 to 16) and consumed an
R.dlPFC
108
-3.98
33 54 7.5
average of 342±106 g/day BQ
R.ACC
24
219
-4.08
-4.5 33 15
(range 200 to 500 g/day) daily.
R.STG
41
1356
-5.04
-49.5 -33 7.5
BQD chewers placed BQ in
BQD > HC
their mouth for an average of
7.6±2.4 minutes (range 3 to
R.Hippocampal
521
4.82
33 -16.5 -24
12) before spitting-out the reR.Precuneus
19
557
4.63
22 -68 34
mnants. In order to eliminate
Abbreviations: L, left; R, right; dlPFC= dorsolateral prefrontal cortex; ACC= anterior
the interference of depression
cingulate cortex; STG=superior temporal gyrus; BA: Brodmann’s area. T: statistical
value of peak voxel showing gray matter volume differences between the two groups
and degrees of anxiety, all par(negative values: BQD < HCs; positive values: BQD > HCs). MNI: Montreal Neurologiticipants were evaluated with
cal Institute Coordinate System or Template; x, y, z: coordinates of primary peak
the SAS and SDS, and the
locations in the MNI space. a The regions survived the height but not the extent
results failed to reach cut-off
threshold.
for clinical signiﬁcance on average. The dosage of alcohol in
for the data analysis was set at P < 0.05 (after
the past 30 days in BQD and HC group, were
AlphaSim correction).
200.2±34.8 g and 189.0±33.4 g respectively,
which indicated they were not alcoholics, thereThe GM values on average revealed by VBM for
fore there were no alcohol-caused effects on
all voxels in abnormal regions were extracted
BQD usage. There was no difference for the
and correlation was made with BQDS, BQD
age, sex, education years, monthly income,
duration, SAS, SDS in BQD subjects with Pearalcohol last 30 days and SAS between the BQD
son correlation analysis, in order to detect any
patients and HC (P values > 0.05); however, the
connection between structural abnormalities
BQD patients had a lower SDS score than HC (P
and characteristics of addiction. The age, eduvalues < 0.05). Table 1 summarizes the democation years, monthly income, alcohol last 30
graphics of BQD and Healthy control partidays, SAS, SDS, data were studied with the
cipants.
software SPSS version 16.0 (SPSS Inc. Chicago,
IL, USA), while Chi-square test was performed
Voxel-based morphometry (VBM)
for the purpose of discovering the importance
Compared with HC, BQD patients exhibited
of gender in both groups. P values less than
declined GM volume in midbrain, right rostral
0.05 were considered as statistically signianterior cingulate cortex (rACC), bilateral dorsoficant.
lateral prefrontal cortex (dlPFC), right superior
Results
temporal gyrus (STG), and greater volume in
right hippocampal and right precuneus (Figure
Characteristics of the study population
2; All P values < 0.05, AlphSim corrected).
These results are shown in Figure 2 and Table
Sixty-five persons (33 BQD users and 32 con2.
trols) were included in the study. The average
age of the BQD sample was 46.7±9.4 years; the
Gray matter volumes of the left DLPFC, the
average age of the healthy controls (HC) was
right rACC indicated a negative association with
45.8±9.3 years. The BQD sample was 72.7%
duration of BQD (r1=-0.452, P1=0.008; r2=male, and had completed 12.3±2.7 year’s edu0.562, P2=0.001); when finding association
cation; The HC sample was 62.5% male, and
between the BQD score and GM segmentahad completed 12.6±2.4 years education. The
tions, a negative correlation in the midbrain volaverage monthly income of subjects in BQD
ume in BQD patients was found (r3=-0.427,
was $423.5±73.7; the average monthly income
P3=0.013), as shown in Figure 3. No correlaTable 2. Regions showing GM volume differences between BQD
and HC
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Figure 3. Correlation results between gray matter alteration and duration and BQDS. Pearson correlation analyses reveals that gray matter volumes of the left
DLPFC, the right rACC showed a negative correlation with duration of BQD, midbrain volume were negatively correlated with BQD scores in BQD patients. (BQD=Betel
quid dependence; BQDS=Betel quid dependence score; rACC=rostral anterior cingulate cortex; MFG=Medial frontal gyrus; P < 0.05).
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tion was found between other gray matter volume and clinical indexes, including BQD scores,
illness duration, SAS, SDS in BQD patients.
Discussion
We assumed that the brain structure may have
some particular alterations which have relation
to the issues in terms of behavior and emotion
of BQD patients. This is the first report about
the brain structural changes in gray matter volume in a sample of BQD. Alterations of structure in GM in some psychiatric diseases have
been detected due to the use of VBM [23]. Gray
matter volume is thought to represent the density of neuronal and glial cell bodies in addition
to the number of dendritic branches and short
range axons [24], the reported alterations in
brain structure were reflection of the possible
disorder pathology. Therefore, gray matter volume can be thought as a measure of local network integrity.
Consistent with previous drug dependent VBM
studies [25], atrophy was shown in regional GM
volume within BQD patients in the midbrain,
bilateral DLPFC, the right rACC. Moreover, atrophy of the left DLPFC, the right rACC had negative association with the duration time of BQD,
which consistent with the previous internet
addiction study by Yuan K and his colleagues
[26]. These outcomes indicated that as BQD
remained, atrophy of brain in DLPFC and ACC
was severer. Decreased volume of midbrain
was negatively correlation with BQDS, which
demonstrated that the more serious of BQD
extent, the volume of midbrain is decreased.
We also found right hippocampus and right precuneus demonstrating larger amount of GM
volume in BQD patients, which were not investigated in other drug dependence studies.
Currently, the possible confounding influences
of age, sex and the whole brain volume were all
imported as covariates.
The areas of gray matter alterations detected
between the BQD and healthy controls were
connected conceptually by the regions in
charge of regulating cognitive, reward and emotional behaviors. It have been indicated by various neurocognitive researches that cognitive
management is correlated with a special cortico-subcortical network which includes the rACC
and the DLPFC [27]. Higher activation was demonstrated in medial frontal gyrus (BA 10) during
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result selection with uncertainty in persons
with psychostimulant [28]. Based on a prominent hypothesis which controls conflict [29],
rACC marks the appearance of reaction conflict
which leads to aggregation of the DLPFC for
greater cognitive management for succeeding
behaviors. Also, it has been suggested that latest discoveries on fMRI connectivity study support the idea that neural networks linking the
medial frontal cortex with paralimbic and temporal areas have much fewer effects on cocaine
takers [30]. Our outcomes of the decreased
GM volume in the DLPFC and rACC, may at least
in some degree, be in correlation with cognitive
management and behavioral dysfunctions
directed by goal in BQ addiction [31, 32].
As shown in Figure 3, the longer the time of an
individual’s BQ chewing, the more significant
the decline in GM of the middle frontal gyri and
rACC. Taking into consideration the crucial roles
of the frontal cortex and the limbic system during addiction, it seems reasonable to connect
the structural alterations and the duration
alterations of BQD. Nevertheless, the discussion of these alterations would still require further methods in view of the chicken and egg
question.
Midbrain dopamine (DA) neurons play a central
role in a wide range of behaviors, from attention and motivation to motor control and reinforcement. The release of DA is modulated by a
number of factors, and its deregulation has
been implicated in addiction. Dopamine in the
reward circuit is increased due to drugs abuse
of individuals which is considered the basis of
rewarding influences. Hence the majority of
clinical researches in terms of addiction have
concentrated on the midbrain dopamine regions regarded to be participated in reward,
regulation and habit formation [33]. Although
there is a long history of research implicating
the midbrain dopamine system in reward processing, there has been little research results
about the gray volumes of midbrain. Carlson J.
M and his colleagues [34] had a research into
the possibility that structural variability in the
midbrain had link with the functional variability
in reward reactivity, which found that as midbrain volumes increased, fMRI reward reactivity in the VS and mPFC also increased, presumably greater integrity in dopamine-producing
neurons in the midbrain should coincide with
greater dopamine production and availability in
target regions such as the VS and mPFC. A
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series of indications suggest that the impulsive
activities are regulated by frontostriatal systems and thus lead to the psychostimulant
dependence. However, it can be acknowledged
that such problems need to be inspected by
genetic imaging or longitudinal imaging researches in persons prone to psychostimulant
addiction [35, 36].
Like other drug dependence [37, 38], we also
found reduced GM volume in BQD individuals in
the superior temporal gyrus (STG) which has
been implicated as a critical structure in social
cognition [39, 40] and shared certain functional repetition [41] especially connected to emotion [42]. In view of the STG proximity to the
insula, their correlations and the remarkable
volume decrease in the insula discovered by
previous research, the outcome may not be surprising [43]. The discoveries during VBM study
also offer evidence for the idea that neural networks linking the medial frontal cortex with
temporal areas are greatly destroyed in BQD
patients, which is consistent with previous study on cocaine users of fMRI connectivity analyses [30].
Right hippocampus volume was increased in
our study, whereas most addiction studies
showing decreased volume of hippocampus.
BQ study has been reported to inhibit MAO-A
activity [44] and elevate 5-HT and NA levels
[45] in rats favoring anti-depressant-like properties. A. catechu alkaloids have been the focus of investigation, particularly arecoline which has been regarded as an active constituent
that remains the basis of the majority of the
biological behaviors caused by nut [46]. Thus,
the BQ has great potential as lead for antidepressants drug discovery. Hippocampus is the
key structures of emotion behaviors, especially
in depression, so the increased volume of hippocampus may be underline the mechanism of
the BQ anti-depression effects, however, this
need further study.
Limitation
To our understanding, this research is the first
VBM-investigation demonstrating an association of BQ dependence behavior with GM volume. The sufficient sample size, the reliable
clinical characterization and the consistency
between outcomes of various analytical methods (differences between groups and correlation regressions monitoring the connection
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between GM and clinical indexes, including
BQD scores, illness duration) are all considered
advantages of this research. From another
aspect, we should also recognize several drawbacks. First of all, although it has been demonstrated in our outcomes that the GM alterations
are possibly the result of BQ dependence, we
cannot neglect the possible reason for the
excessive use of BQ, which manages the difference in structure between the normal controls
and BQ dependence. These cognitive brain
areas relating to management in certain subjects have abnormal features and thus are relatively prone to develop BQ addiction. Therefore
it is necessary to further consider the cause
and effect issues with an all-inclusive experimental design in the future work. Nevertheless,
we proposed that the current research results
were the outcome of BQ dependence. Second,
as for the connection between the volume
alterations and duration time of BQ dependence, the years of BQ dependence is a general characterization in accordance with the
memory of the BQD individuals. And such connections indicated that the declined GM volume of the left DLPFC, the right rACC had cumulative influences. Moreover, although depression and degrees of anxiety which failed to
reach the cut-off for clinical significance had
quite small influence on regression models if
included, their effect can’t be fully excluded.
Lastly, while the outcomes are discussed specific to BQD, excessive alcohol consumption is
still extremely prevalent among BQD subjects.
However, the carefully chose sample in the
present study insured relative specificity of
BQD correlative issues and low use of other
medications. In the future, we will combine
these discoveries in structure with resting state
fMRI in BQD individuals.
Conclusion
It is suggested in our study that the alterations
of brain structure exist in BQD patients and
dysfunction of the reward system, cognitive
system and emotion system may be a neurobiological basis for BQD patients. Overall, the GM
volume alterations in current research demonstrated a microstructural change in the brain,
which further promoted our understanding of
BQD.
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