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Recent studies have shown that substance dependence (addiction) is accompanied with altered activity patterns of the default mode network (DMN). However, the neural correlates of the resting-state DMN and betel quid dependence (BQD)-related physiopathological characteristics still remain unclear. Resting-state functional magnetic resonance imaging images were obtained from 26 BQD individuals and 28 matched healthy control subjects. Group independent component analysis was performed to analyze the resting state images into spatially independent components. Gray matter volume was examined as covariate with voxel-based morphometry to rule out its effect on the functional results. The severity of BQD was assessed by the BQD Scale (BQDS). We observed decreased functional connectivity in anterior part of the DMN including ventral medial prefrontal cortex, orbital MPFC (OMPFC)/anterior cingulate cortex (ACC). Furthermore, the functional connectivity within the OMPFC/ACC in BQD individuals was negatively correlated with BQDS (p = 0.01, r = -0.49). We reported decreased functional connectivity within anterior part of the DMN in BQD individuals, which provides new evidence for the role of the DMN in the pathophysiology of BQD.
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INTRODUCTION

Betel quid (BQ) is the fourth most commonly consumed psychoactive substance in the world, following only alcohol, nicotine, and caffeine (Boucher and Mannan, 2002; Warnakulasuriya and Peters, 2002). Although BQ is chewed by approximately 600 million people globally, its use is concentrated in South Asia, Southeast Asia, and Pacific islands (Gupta and Warnakulasuriya, 2002). The composition and method of BQ chewing can vary widely from country to country. In Hunan in the Mainland China, BQ is consumed a halved dried husk of the areca fruit (not the solid areca nut) marinated with bittern (containing lime) and diverse flavored additives (Lee et al., 2014). From a public health perspective, BQ chewing is associated with a variety of health issues, most notably oral cancer and precancerous conditions such as leukoplakia and oral submucous fibrosis (Trivedy et al., 2002). Consequently, BQ has been classified as a Group 1 carcinogen by the International Agency for Research on Cancer (IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, 2004; Lin et al., 2006).

Despite the global pervasiveness of BQ, the initial research literature on BQ mostly focused on the epidemiological and biological aspects of BQ chewing (Ghani et al., 2011; Lee C.H. et al., 2012). In recent years, some studies have focused on the behavioral and psychological aspects of BQ chewing. Due to the lack of corresponding criteria for the BQD in the DSM-IV, the instruments to assess BQ dependence syndrome varied from the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV; American Psychiatric Association (APA), 2000; Benegal et al., 2008), the International Classification of Diseases-10 (World Health Organization, 1992; Mubeen et al., 2010) to some dependence scales for other substances such as opioids (Winstock, 2002) or tobacco (Bhat et al., 2010). Recently, based on previous research findings and the diagnostic criteria of Substance Dependence in DSM-IV, the Betel Quid Dependence Scale (BQDS) has been developed to specially measure BQ dependence, which is more suitable for Chinese-speaking chewers and valid for current English-speaking male and female chewers in Guam (Lee C.Y. et al., 2012; Herzog et al., 2014). The BQDS has been gradually approved in Chinese samples (Liu et al., 2016a,b).

To date, few studies have been made in understanding neurophysiological aspects of BQ chewing. Structural imaging studies revealed abnormal gray matter volume in bilateral dorsolateral prefrontal cortex (PFC), anterior cingulate cortex (ACC), and mid-brain in BQD individuals (Chen et al., 2015). With the rapid progress of neuroimaging techniques, resting-state functional magnetic resonance imaging (fMRI) has been regarded as a useful tool to investigate brain activity (Fox and Raichle, 2007). By use of the amplitude of low-frequency fluctuation (ALFF) and regional homogeneity (ReHo) analysis, Liu et al. (2016a) found that BQD individuals with decreased spontaneous cerebral activity in the prefrontal gyrus and increased spontaneous cerebral activity in the primary motor cortex area, temporal lobe as well as some regions of occipital lobe. Using the seed-based functional connectivity method, the BQD group showed increased connectivity from ACC to pons, caudate, thalamus, midbrain and cerebellum, and decreased connectivity from ACC to medial PFC, parahippocampal/hypothalamus and precuneus (Liu et al., 2016b). The BQD-related structural and functional abnormalities suggested the dysfunction of the reward system, cognitive system, and emotion system in BQD individuals, which showed the similar neurological disruption as the other addiction (Volkow et al., 2012). However, the neural mechanism underlying BQD still remains largely unclear, and further investigation is needed.

Though the brain regions related to the reward, memory and execution function have received great attention for addicted individuals, there is also evidence of a significant disruption in self-awareness in addiction, which includes impaired awareness of disease, his/her need for treatment, and/or his/her strong desire for the drug (Goldstein et al., 2009b; Volkow et al., 2012). The neurocircuitry underlying self-awareness in addiction is still poorly understood. According to the models of addiction, neuroimaging studies have implicated recruitment of several cortical and subcortical midline brain regions, such as MPFC, ACC and hippocampus (Kosten et al., 2006; Goldstein et al., 2009a; McClernon et al., 2009; Seo et al., 2013), which are crucial components of the so-called default mode network (DMN) in relation to resting-state brain function (Raichle et al., 2001; Greicius et al., 2003). The DMN is a collection of brain regions, which reliably deactivate during goal-directed behaviors and is more active at baseline (Fox et al., 2005). The DMN is suggested to be involved in self-referential processes such as the process of internal states (Northoff et al., 2006; Andrews-Hanna et al., 2014). Considering that the disruption self-awareness is pervasive in addiction, it can be hypothesized that the DMN might play an important role in the physiopathology of addiction (Goldstein et al., 2009b). Therefore investigating the relationship between the DMN in addiction and addiction-related pathopsychological characteristics is of great interest.

To date, few studies have directly examined addicted-related changes in resting-state DMN activity and those that have been done reported inconsistent functional connectivity patterns. Using independent-components analysis, Ma et al. (2011) found increased functional connectivity in the right hippocampus and decreased functional connectivity in right dorsal ACC and left caudate in the DMN of heroin users. Another study reported heroin-dependent individuals had decreased functional connectivity in several brain regions within the DMN, including the orbital frontal cortex, the bilateral inferior parietal lobe, the bilateral superior frontal gyrus, the bilateral paracentral lobule, the left PHG and the right middle temporal gyrus (Ma et al., 2015). As reported that the DMN is not a unitary system but rather is composed of smaller and distinct subsystems, Li et al. (2016) found decreased functional connectivity in anterior subnetwork of the DMN in heroin addicts. Wang et al. (2016) further revealed a decreased correlation between the DMN and visual networks and task-positive networks in heroin addiction. What mentioned above implies the significance of the DMN in understanding the pathophysiology of addiction. However, the BQD-related DMN activity still remains unclear.

To our knowledge, there is no study examining the resting-state DMN connectivity in BQD individuals. The first goal of this current study was to investigate the altered FC pattern of DMN underlying BQD psychopathology. Additionally, gray matter volume of all participants was calculated to be covariates to clarify that altered connectivity are independent of volume change (Oakes et al., 2007; Liu et al., 2016a). Our second goal was to examine the association of altered resting-state DMN connectivity with the severity of BQD in BQD individuals. Given the role of anterior DMN in addiction (Li et al., 2016), we hypothesized that BQD subjects would also exhibit decreased functional connectivity in anterior part of the DMN, which would negatively correlate with BQD severity.

MATERIALS AND METHODS

Participants

26 BQD subjects were recruited from the outpatient department of stomatology at Xiangya Hospital of Central South University in Changsha, Hunan, China. The BQD subjects met the DSM-IV criteria for substance use disorders determined from the Structured Clinical Interview. A licensed psychiatrist, at MD level, conducted all clinical interviews. Persons without use of BQ or areca nut were defined as “healthy subjects.” 28 healthy control subjects were recruited through a combination of targeted site sampling, advertisement and snowball sampling referrals. Participants were excluded if they (i) met criteria for other substance dependence at any time; (ii) were minority rather than Han Chinese; (iii) had a medical condition or disease with likely significant central nervous system effects; (iv) had a history of head injury with skull fracture or loss of consciousness of greater than 10 min; (v) had a physical problem that would render study measures difficult or impossible; (vi) had any current or previous psychiatric disorder; (vii) had a family history of psychotic disorder; (viii) had undergone current or previous use of electroconvulsive therapy; or (ix) contraindications for MRI scanning. The study protocol was approved by Xiangya Hospital of Central South University of Hunan Province, Changsha, China. All participants were aware of the purpose of the study and signed an informed consent before the study. The participants received a small financial compensation for their participation.

Although alcohol and smoking dependency have been ruled out before recruitment, the frequency and quantity of alcohol and smoking consumption for all participants were also assessed, because both wine and cigarette play an important role in Chinese life. The smoking status is recorded by the average number of the cigarettes smoked every day. The alcohol status is defined as the average grams of alcohol consumed every month. In order to reduce the influence of alcohol, the alcohol status of all participants recruited in this study is occasional, which is defined as once or twice every month.

Measures

BQ Dependence

The severity of BQ dependence was assessed by the BQDS, which is designed according to the diagnostic criteria of “Substance Dependence” from DSM-IV (Lee C.Y. et al., 2012). When the individuals were considered as BQ dependence, the commonest criterion endorsed was spending a great deal of time followed by tolerance, use despite harm, using more than intended and withdrawal. As a 16-item self-report instrument, the BQDS comprises of three factors: “physical and psychological urgent need,” “increasing dose,” and “maladaptive use.” The BQDS had an optimal cut-off score of 4, the optimal sensitivity was 0.926 and the specificity was 0.977, with the predictive accuracy up to 99.3%. The BQDS was found to have good internal consistency (α = 0.92) and construct validity, which exhibited high degrees of reliability and validity in both the English-speaking and Chinese-speaking chewers (Lee C.Y. et al., 2012; Herzog et al., 2014).

Data Acquisition

Images were obtained using a Siemens Skyra 3T scanner with a standard head coil. Participants wore a standard head coil fitted with foam padding to minimize head movement and diminish scanner noise. During scanning, all participants were required to remain motionless, keep their eyes closed and try not to systematically think of anything. After scanning, the participants were asked about their statement during scanning.

Resting-state fMRI images were acquired with a single-shot, gradient-recalled echo-planar imaging sequence oriented parallel to the line of the anterior-posterior commissure. The following parameters were applied: repetition time = 2000 ms, echo time = 30 ms, flip angle = 80°, field of view (FOV) = 240 mm × 240 mm, matrix = 64 × 64, slice thickness = 4 mm, slice gap = 1 mm, number of slices = 32. For each participant, 216 volumes were obtained, and the scan lasted 432s.

High-resolution 3-dimensional (3D) structural images were acquired using a T1-weighted, magnetization-prepared rapid gradient-echo sequence. The following parameters were applied: repetition time = 1900 ms, echo time = 2.01 ms, flip angle = 9°, FOV = 256 mm × 256 mm, matrix = 256 × 256, slice thickness = 1 mm, slice gap = 0 mm, and number of slices = 176.

Data Preprocessing

We used the voxel-based morphology technique (VBM)1 to investigate gray matter volume over the whole brain in BQD. VBM analysis was conducted using the statistical parametric mapping software package (SPM82). The images were segmented into gray matter, white matter and cerebrospinal fluid using a unified segmentation approach (Ashburner and Friston, 2005). Then, the gray matter partitions of each subject in the native space were high dimensionally registered and normalized to the standard Montreal Neurological Institute space using diffeomorphic anatomical registration through exponentiated lie algebra (DARTEL) normalization as implemented in the SPM8. After normalization, the gray matter images with modulation were smoothed with a Gaussian filter of 8 mm full-width half-maximum kernel. The resultant images were used for statistical analyses.

Resting state fMRI images were performed with Data Processing Assistant for Resting-State fMRI (DPARSF) professional software3 (Chao-Gan and Yu-Feng, 2010). For each individual participant, the first 10 functional images were excluded from analysis. Subsequent images were corrected by slice timing and realigned for head motion. One BQD and one healthy subject were excluded because their translation or rotation exceeded ± 1.5 mm ± 1.5°. The individual T1-weighted structural images were coregistered to functional images. The transformed structural images were then segmented into gray matter, white matter, and cerebrospinal fluid (CSF) and normalized to Montreal Neurological Institute (MNI) space. These transformation parameters were also applied to the functional images. The normalized functional images were resampled at a resolution of 3 mm × 3 mm × 3 mm and spatially smoothed with a 6-mm full width at half maximum Gaussian kernel. The sources of spurious variance were regressed out including six parameters from head-motion correction (Friston 24-parameter model), white matter and CSF signal. Finally, functional images with linear trend were removed by temporal bandpass filtering (0.01–0.08 Hz). At last, data from 25 BQD and 27 healthy control subjects was included into the next analysis.

Independent Component Analysis and Identification of DMNs

Spatial independent component analysis (ICA) was conducted for 52 participants using the Group ICA of fMRI Toolbox (GIFT) software (Medical Image Analysis Lab, University of New Mexico, New Mexico4), which has been widely used to identify and quantify distributed patterns or spatial networks of correlated activity (Zhu et al., 2012). There were three main steps of group ICA: data reduction, independent component (IC) separation, and back reconstruction. The number of ICs was set 20 for ICA separation according to previous resting-state studies (Ma et al., 2011; Li et al., 2013). After ICA separation, a template of the DMN was used to select the greatest best-fit component for each subject. The standard DMN template was from a meta-analytic modeling provided by Angela R. Laird, Ph.D. (Research Imaging Institute, University of Texas Health Science Center, San Antonio, TX, USA; Laird et al., 2009). Then, a multiple regression was performed over voxels and components that best fit the default mode template were selected.

Statistical Analysis of the DMN

After being extracted from all subjects, the best-fit components representing the DMN were gathered in each group separately using the one-sample t-test. Thresholds were set at p < 0.05 (false discovery rate [FDR] correction). Subsequently, the two-sample t-tests were used to compare the best-fit components between two groups (p < 0.05 with FDR correction). In order to exclude the possible effect on the final results, the gray matter volume was introduced as covariate in the two-sample t-tests, as well as age, gender, years of education, smoking, and alcohol status. The group comparisons were restricted (masked) to the voxels within the corresponding DMN. The mask was created by uniting the DMN regions of the BQD and the control subjects, which were obtained from the one-sample t-test results (p < 0.05 with FDR correction).

Correlation Analysis

To investigate the association between the activity of the DMN and demographic and clinical characteristics, Spearman correlation was calculated. The regions showing significantly altered functional connectivity between the BQD and control groups were extracted as regions of interest. Correlation analysis was implemented to the mean value of the functional connectivity in regions of interest and age, years of education, BQDS, duration of BQ, dosage of BQ, smoking, and alcohol status for using SPSS 22.0 (IBM SPSS Inc., USA).

RESULTS

Demographics and Clinical Characteristics

The demographic and clinical characteristics for BQD and healthy control participants were shown in Table 1. The BQD individuals exhibited a mean BQDS of 10.92 ± 1.66, a mean duration of BQ 13.20 ± 5.31 years and average dosage of BQ 48.80 ± 17.22 g daily. The BQD and control groups did not differ significantly in terms of age, gender, education, smoking and alcohol status (p > 0.05).

TABLE 1. Demographic and clinical characteristics of participants.
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Statistical Comparison of DMNs

The one-sample t-tests (p < 0.05 with FDR correction) revealed the respective spatial pattern of the DMN in the BQD and healthy control subjects (Figures 1A,B). Increased functional connectivity was identified in the MPFC, PCC/precuneus, bilateral angular gyrus, inferior temporal cortex, and medial temporal lobes in both groups, which correspond to the typical distribution of the DMN (Raichle et al., 2001).


[image: image]

FIGURE 1. Axial images showing the group default-mode network extracted by independent component analyses in BQD (A; n = 25, p < 0.05 with FDR correction) and in healthy control subjects (B; n = 27, p < 0.05 with FDR correction).



Furthermore, the two-sample t-tests (p < 0.05 with FDR correction) showed that there were significant differences between the DMNs of the two groups. Relative to healthy control subjects, the BQD individuals showed decreased resting functional connectivity in anterior part of the DMN including ventral MPFC (VMPFC), orbital MPFC (OMPFC)/ACC (Figure 2; Table 2).
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FIGURE 2. Difference in functional connectivity of the default mode network between the BQD and healthy control subjects. According to the results of two-sample t-tests, the BQD subjects showed significantly decreased functional connectivity in ventral medial prefrontal cortex, orbital MPFC/anterior cingulate cortex (p < 0.05 with FDR correction).



TABLE 2. Brain areas with significantly decreased DMN activation in BQD compared with control subjects.
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Correlation Analysis

Correlation analysis revealed that functional connectivity in OMPFC/ACC showed a significant negative correlation with BQDS in BQD individuals (p = 0.01, r = -0.49; Figure 3). In addition, no significant correlation was found between functional connectivity within the DMN and the other clinical variables (age, years of education, duration of BQ, dosage of BQ, smoking and alcohol status).


[image: image]

FIGURE 3. Correlation map between functional connectivity within the OMPFC/ACC and BQD scores in BOQ subjects (p = 0.01, r = -0.49).



DISCUSSION

Using ICA methodology, the present study demonstrated altered resting-state DMN functional connectivity in BQD individuals. As we hypothesized, the BQD individuals exhibited decreased functional connectivity in the VMPFC and OMFC/ACC within anterior part of the DMN. Furthermore, the BQDS negatively correlated with functional connectivity in the brain regions of OMPFC/ACC. To our knowledge, our study is the first to investigate the relationship between the DMN and BQD-related characteristics, which demonstrate the presence of aberrant DMN activities in BQD individuals.

Compared with healthy control subjects, the BQD individuals showed decreased resting-state functional connectivity in VMPFC and OMPFC/ACC, which all located in PFC parts of the DMN. As an important part of the DMN, the PFC is involved in both emotional and cognitive functions (Maddock, 1999). The PFC has wide links with both affective-limbic areas (such as the amygdala, hippocampus, and hypothalamus) and executive control and emotional processing areas (such as OFC and ACC; Maddock, 1999). Accumulating evidence has demonstrated the prominent role of the PFC in addiction (Volkow and Fowler, 2000; Volkow et al., 2012), which include self-control to terminate actions that are not advantageous to the individual, salience attribution and maintenance of motivational arousal that is necessary to engage in goal-driven behaviors, and self-awareness (Volkow and Fowler, 2000; Goldstein and Volkow, 2011). Disruption of the PFC in addiction underlies not only compulsive drug taking but also accounts for disadvantageous behaviors that are associated with addiction and the erosion of free will (Goldstein and Volkow, 2002, 2011; Hornak et al., 2004; Volkow et al., 2005, 2007). Consistent with previous studies of addiction (Ma et al., 2011; Li et al., 2016), our study provides new evidence for abnormal PFC functional connectivity in BQD individual, which suggests similar mechanism of the DMN activity in addiction.

The current study showed decreased functional connectivity in VMPFC and OMPFC/ACC in BQD individuals relative to healthy group, which is consistent with the model of addiction circuitry (Koob and Volkow, 2010; Volkow et al., 2012). The VMPFC and OMPFC were reported to be involved in salience attribution and goal-directed behaviors as well as the ACC in inhibitory control and awareness (Volkow et al., 1993, 2001; Hommer, 1999). A growing body of literature has showed that VMPFC, OMPFC, and ACC as key structures involved in cocaine-addicted (Volkow et al., 1993, 2005; Franklin et al., 2002; Bolla et al., 2003), methamphetamine-addicted (Volkow et al., 2001; Sekine et al., 2003), heroin-addicted (Sell et al., 2000), and marijuana-addicted subjects (Volkow et al., 1996). Improper modulation of these regions in addicted subjects has been suggested to underlie the enhanced incentive motivational value of drugs and the users’ loss of control over drug intake (Volkow and Fowler, 2000). In BQD individuals, decreased resting state spontaneous cerebral activity in MPFC and OFC was reported by Liu et al. (2016a). From a new perspective of brain functional network, our study reveals that BQD individuals showed decreased functional connectivity in VMPFC and OMPFC/ACC, which implies the disrupted network-level functional integration in these brain areas.

It is worth noting that the resting state functional connectivity in OMPFC/ACC was negatively correlated with BQD scores in BQD individuals. Previous resting state studies have identified the correlation between OMPFC/ACC and BQD. For example, Liu et al. (2016a) certificated that the BQD scores were negatively related to brain spontaneous cerebral activity in the ACC (Liu et al., 2016a). Additionally, an increasing number of neuroimaging studies have indicated that addicted subjects exhibited a reduction in striatal dopamine D2 receptor (Koob, 1992; Heinz et al., 2004), which are associated with reduced activity of the orbitofrontal cortex including OMPFC and ACC, resulting in the deregulation of frontal regions by dopamine in deficits in response inhibition and impulse control in addiction (Volkow et al., 2007). Consistent with these prior findings, our results provide new evidence for dysfunction in OMPFC/ACC in BQD and further suggest such dysfunction may serve as a specific biomarker during BQD development.

There are several other potential methodological limitations to the interpretation of the results. First of all, the causal relationship between changes in functional connectivity of the DMN and BQ use cannot be fully determined in current design, because our study can only be observed as a cross-sectional study. Secondly, the proportion of females in the sample was relatively small because of the reality of few BQD women. Thirdly, it is always possible that the results could be confounded by the use of other substances, such as cigarettes and wine, although all the recruited subjects resulted from the strict inclusion and exclusion criteria and there was no significant difference in cigarettes and wine between the BQD and healthy control group. Finally, despite of the important role of the DMN in BQD individuals, future studies are needed to explore the brain circuits involve in reward, memory and executive function.

CONCLUSION

Using ICA, we identified decreased functional connectivity within the anterior parts of the resting state DMN in BQD individuals relative to the healthy controls. There was significantly negative correlation between functional connectivity in OMPFC/ACC regions and the severity of BQD. Our results highlight the important role of the DMN in the pathophysiology of addiction and suggest that abnormal DMN activity may be a trait associated with BQD.

AUTHOR CONTRIBUTIONS

XZ and FY conceived and designed the experiments. HS, FW, and WL conducted the experiments and collected data. QZ and HS analyzed the results. XZ, QZ, and CJ wrote the main manuscript text. All authors reviewed the manuscript.

FUNDING

This research was supported by the National Natural Science Foundation of China (grant number 81301211 to XZ, QZ, and FY), Foundation for the Author of National Excellent Doctoral Dissertation of PR China (grant number 201411 to XZ), National Natural Science Foundation of Hunan Province of China (2016JJ4112 to XZ and FY).

ACKNOWLEDGMENTS

We are grateful to Dr. Yuan Zhong from School of Psychology, Nanjing Normal University, Nanjing, China and Wei Liao from Key Laboratory for Neuroinformation, School of Life Science and Technology, University of Electronic Science and Technology of China, Chengdu, China for their help on the image analysis. We thank all the participants and their families.

FOOTNOTES

1 http://dbm.neuro.uni-jena.de/vbm8

2 http://www.fil.ion.ucl.ac.uk/spm

3 http://www.restfmri.net

4 http://icatb.sourceforge.net/

REFERENCES

 American Psychiatric Association (APA) (2000). Diagnostic and Statistical Manual of Mental Disorders, 4th Edn. Washington, DC: APA.

Andrews-Hanna, J. R., Smallwood, J., and Spreng, R. N. (2014). The default network and self-generated thought: component processes, dynamic control, and clinical relevance. Ann. N. Y. Acad. Sci. 1316, 29–52. doi: 10.1111/nyas.12360

Ashburner, J., and Friston, K. J. (2005). Unified segmentation. Neuroimage 26, 839–851. doi: 10.1016/j.neuroimage.2005.02.018

Benegal, V., Rajkumar, R. P., and Muralidharan, K. (2008). Does areca nut use lead to dependence? Drug Alcohol Depend. 97, 114–121. doi: 10.1016/j.drugalcdep.2008.03.016

Bhat, S. J., Blank, M. D., Balster, R. L., and Nichter, M. (2010). Areca nut dependence among chewers in a South Indian community who do not also use tobacco. Addiction 105, 1303–1310. doi: 10.1111/j.1360-0443.2010.02952.x

Bolla, K. I., Eldreth, D. A., London, E. D., Kiehl, K. A., Mouratidis, M., Contoreggi, C., et al. (2003). Orbitofrontal cortex dysfunction in abstinent cocaine abusers performing a decision-making task. Neuroimage 19, 1085–1094. doi: 10.1016/S1053-8119(03)00113-7

Boucher, B. J., and Mannan, N. (2002). Metabolic effects of the consumption of Areca catechu. Addict. Biol. 7, 103–110. doi: 10.1080/13556210120091464

Chao-Gan, Y., and Yu-Feng, Z. (2010). DPARSF: a MATLAB toolbox for “Pipeline” data analysis of resting-State fMRI. Front. Syst. Neurosci. 4:13. doi: 10.3389/fnsys.2010.00013

Chen, F., Zhong, Y., Zhang, Z., Xu, Q., Liu, T., Pan, M., et al. (2015). Gray matter abnormalities associated with betel quid dependence: a voxel-based morphometry study. Am. J. Transl. Res. 7, 364–374.

Fox, M. D., and Raichle, M. E. (2007). Spontaneous fluctuations in brain activity observed with functional magnetic resonance imaging. Nat. Rev. Neurosci. 8, 700–711. doi: 10.1038/nrn2201

Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van Essen, D. C., and Raichle, M. E. (2005). The human brain is intrinsically organized into dynamic, anticorrelated functional networks. Proc. Natl. Acad. Sci. U.S.A. 102, 9673–9678. doi: 10.1073/pnas.0504136102

Franklin, T. R., Acton, P. D., Maldjian, J. A., Gray, J. D., Croft, J. R., Dackis, C. A., et al. (2002). Decreased gray matter concentration in the insular, orbitofrontal, cingulate, and temporal cortices of cocaine patients. Biol. Psychiatry 51, 134–142. doi: 10.1016/S0006-3223(01)01269-0

Ghani, W. M., Razak, I. A., Yang, Y. H., Talib, N. A., Ikeda, N., Axell, T., et al. (2011). Factors affecting commencement and cessation of betel quid chewing behaviour in Malaysian adults. BMC Public Health 11:82. doi: 10.1186/1471-2458-11-82

Goldstein, R. Z., Alia-Klein, N., Tomasi, D., Carrillo, J. H., Maloney, T., Woicik, P. A., et al. (2009a). Anterior cingulate cortex hypoactivations to an emotionally salient task in cocaine addiction. Proc. Natl. Acad. Sci. U.S.A. 106, 9453–9458. doi: 10.1073/pnas.0900491106

Goldstein, R. Z., Craig, A. D., Bechara, A., Garavan, H., Childress, A. R., Paulus, M. P., et al. (2009b). The neurocircuitry of impaired insight in drug addiction. Trends Cogn. Sci. 13, 372–380. doi: 10.1016/j.tics.2009.06.004

Goldstein, R. Z., and Volkow, N. D. (2002). Drug addiction and its underlying neurobiological basis: neuroimaging evidence for the involvement of the frontal cortex. Am. J. Psychiatry 159, 1642–1652. doi: 10.1176/appi.ajp.159.10.1642

Goldstein, R. Z., and Volkow, N. D. (2011). Dysfunction of the prefrontal cortex in addiction: neuroimaging findings and clinical implications. Nat. Rev. Neurosci. 12, 652–669. doi: 10.1038/nrn3119

Greicius, M. D., Krasnow, B., Reiss, A. L., and Menon, V. (2003). Functional connectivity in the resting brain: a network analysis of the default mode hypothesis. Proc. Natl. Acad. Sci. U.S.A. 100, 253–258. doi: 10.1073/pnas.0135058100

Gupta, P. C., and Warnakulasuriya, S. (2002). Global epidemiology of areca nut usage. Addict. Biol. 7, 77–83. doi: 10.1080/13556210020091437

Heinz, A., Siessmeier, T., Wrase, J., Hermann, D., Klein, S., Grüsser, S. M., et al. (2004). Correlation between dopamine D(2) receptors in the ventral striatum and central processing of alcohol cues and craving. Am. J. Psychiatry 161, 1783–1789. doi: 10.1176/appi.ajp.161.10.1783

Herzog, T. A., Murphy, K. L., Little, M. A., Suguitan, G. S., Pokhrel, P., and Kawamoto, C. T. (2014). The Betel Quid Dependence Scale: replication and extension in a Guamanian sample. Drug Alcohol Depend. 138, 154–160. doi: 10.1016/j.drugalcdep.2014.02.022

Hommer, D. W. (1999). Functional imaging of craving. Alcohol Res. Health 23, 187–196.

Hornak, J., O’Doherty, J., Bramham, J., Rolls, E. T., Morris, R. G., Bullock, P. R., et al. (2004). Reward-related reversal learning after surgical excisions in orbito-frontal or dorsolateral prefrontal cortex in humans. J. Cogn. Neurosci. 16, 463–478. doi: 10.1162/089892904322926791

 IARC Working Group on the Evaluation of Carcinogenic Risks to Humans (2004). Betel-quid and areca-nut chewing and some areca-nut derived nitrosamines. IARC Monogr. Eval. Carcinog. Risks Hum. 85, 1–334.

Koob, G. F. (1992). Neural mechanisms of drug reinforcement. Ann. N. Y. Acad. Sci. 654, 171–191. doi: 10.1111/j.1749-6632.1992.tb25966.x

Koob, G. F., and Volkow, N. D. (2010). Neurocircuitry of addiction. Neuropsychopharmacology 35, 217–238. doi: 10.1038/npp.2009.110

Kosten, T. R., Scanley, B. E., Tucker, K. A., Oliveto, A., Prince, C., Sinha, R., et al. (2006). Cue-induced brain activity changes and relapse in cocaine-dependent patients. Neuropsychopharmacology 31, 644–650. doi: 10.1038/sj.npp.1300851

Laird, A. R., Eickhoff, S. B., Li, K., Robin, D. A., Glahn, D. C., and Fox, P. T. (2009). Investigating the functional heterogeneity of the default mode network using coordinate-based meta-analytic modeling. J. Neurosci. 29, 14496–14505. doi: 10.1523/JNEUROSCI.4004-09.2009

Lee, C. H., Chiang, S. L., Ko, A. M., Hua, C. H., Tsai, M. H., Warnakulasuriya, S., et al. (2014). Betel-quid dependence domains and syndrome associated with betel-quid ingredients among chewers: an asian multi-country evidence. Addiction 109, 1194–1204. doi: 10.1111/add.12530

Lee, C. H., Ko, A. M., Warnakulasuriya, S., Ling, T. Y., Sunarjo, Rajapakse, P. S., et al. (2012). Population burden of betel quid abuse and its relation to oral premalignant disorders in South, Southeast, and East Asia: an Asian Betel-quid Consortium Study. Am. J. Public Health 102, e17–e24. doi: 10.2105/AJPH.2011.300521

Lee, C. Y., Chang, C. S., Shieh, T. Y., and Chang, Y. Y. (2012). Development and validation of a self-rating scale for betel quid chewers based on a male-prisoner population in Taiwan: the Betel Quid Dependence Scale. Drug Alcohol Depend. 121, 18–22. doi: 10.1016/j.drugalcdep.2011.07.027

Li, B., Liu, L., Friston, K. J., Shen, H., Wang, L., Zeng, L. L., et al. (2013). A treatment-resistant default mode subnetwork in major depression. Biol. Psychiatry 74, 48–54. doi: 10.1016/j.biopsych.2012.11.007

Li, Q., Li, Z., Li, W., Zhang, Y., Wang, Y., Zhu, J., et al. (2016). Disrupted default mode network and basal craving in male heroin-dependent individuals: a resting-state fMRI study. J. Clin. Psychiatry 77, e1211–e1217. doi: 10.4088/JCP.15m09965

Lin, C. F., Wang, J. D., Chen, P. H., Chang, S. J., Yang, Y. H., and Ko, Y. C. (2006). Predictors of betel quid chewing behavior and cessation patterns in Taiwan aborigines. BMC Public Health 6:271. doi: 10.1186/1471-2458-6-271

Liu, T., Li, J. J., Zhao, Z. Y., Yang, G. S., Pan, M. J., Li, C. Q., et al. (2016a). Altered spontaneous brain activity in betel quid dependence: a resting-state functional magnetic resonance imaging study. Medicine (Baltimore) 95:e2638. doi: 10.1097/MD.0000000000002638

Liu, T., Li, J., Zhao, Z. Y., Zhong, Y., Zhang, Z. Q., Xu, Q., et al. (2016b). Betel quid dependence is associated with functional connectivity changes of the anterior cingulate cortex: a resting-state fMRI study. J. Transl. Med. 14:33. doi: 10.1186/s12967-016-0784-1

Ma, N., Liu, Y., Fu, X. M., Li, N., Wang, C. X., Zhang, H., et al. (2011). Abnormal brain default-mode network functional connectivityin drug addicts. PLoS ONE 6:e16560. doi: 10.1371/journal.pone.0016560

Ma, X., Qiu, Y., Tian, J., Wang, J., Li, S., Zhan, W., et al. (2015). Aberrant default-mode functional and structural connectivity in heroin-dependent individuals. PLoS ONE 10:e0120861. doi: 10.1371/journal.pone.0120861

Maddock, R. J. (1999). The retrosplenial cortex and emotion: new insights from functional neuroimaging of the human brain. Trends Neurosci. 22, 310–316. doi: 10.1016/S0166-2236(98)01374-5

McClernon, F. J., Kozink, R. V., Lutz, A. M., and Rose, J. E. (2009). 24-h smoking abstinence potentiates fMRI-BOLD activation to smoking cues in cerebral cortex and dorsal striatum. Psychopharmacology (Berl) 204, 25–35. doi: 10.1007/s00213-008-1436-9

Mubeen, K., Kumar, C. N., Puja, R., Jigna, V. R., and Chandrashekar, H. (2010). Psychiatric morbidity among patients with oral sub-mucous fibrosis: a preliminary study. J. Oral Pathol. Med. 39, 761–764. doi: 10.1111/j.1600-0714.2010.00948.x

Northoff, G., Heinzel, A., de Grec, K. M., Bermpohl, F., Dobrowolny, H., and Panksepp, J. (2006). Self-referential processing in our brain–a meta-analysis of imaging studies on the self. Neuroimage 31, 440–457. doi: 10.1073/pnas.0504136102

Oakes, T. R., Fox, A. S., Johnstone, T., Chung, M. K., Kalin, N., and Davidson, R. J. (2007). Integrating VBM into the general linear model with voxelwise anatomical covariates. Neuroimage 34, 500–508. doi: 10.1016/j.neuroimage.2006.10.007

Raichle, M. E., MacLeod, A. M., Snyder, A. Z., Powers, W. J., Gusnard, D. A., and Shulman, G. L. (2001). A default mode of brain function. Proc. Natl. Acad. Sci. U.S.A. 98, 676–682. doi: 10.1073/pnas.98.2.676

Sekine, Y., Minabe, Y., Ouchi, Y., Takei, N., Iyo, M., Nakamura, K., et al. (2003). Association of dopamine transporter loss in the orbitofrontal and dorsolateral prefrontal cortices with methamphetamine-related psychiatric symptoms. Am. J. Psychiatry 160, 1699–1701. doi: 10.1176/appi.ajp.160.9.1699

Sell, L. A., Morris, J. S., Bearn, J., Frackowiak, R. S., Friston, K. J., and Dolan, R. J. (2000). Neural responses associated with cue evoked emotional states and heroin in opiate addicts. Drug Alcohol Depend. 60, 207–216. doi: 10.1016/S0376-8716(99)00158-1

Seo, D., Lacadie, C. M., Tuit, K., Hong, K. I., Constable, R. T., and Sinha, R. (2013). Disrupted ventromedial prefrontal function, alcohol craving, and subsequent relapse risk. JAMA Psychiatry 70, 727–739. doi: 10.1001/jamapsychiatry.2013.762

Trivedy, C. R., Craig, G., and Warnakulasuriya, S. (2002). The oral health consequences of chewing areca nut. Addict. Biol. 7, 115–125. doi: 10.1080/13556210120091482

Volkow, N. D., Chang, L., Wang, G. J., Fowler, J. S., Ding, Y. S., Sedler, M., et al. (2001). Low level of brain dopamine D2 receptors in methamphetamine abusers: association with metabolism in the orbitofrontal cortex. Am. J. Psychiatry 158, 2015–2021. doi: 10.1176/appi.ajp.158.12.2015

Volkow, N. D., and Fowler, J. S. (2000). Addiction, a disease of compulsion and drive: involvement of the orbitofrontal cortex. Cereb. Cortex 10, 318–325. doi: 10.1093/cercor/10.3.318

Volkow, N. D., Fowler, J. S., Wang, G. J., Hitzemann, R., Logan, J., Schlyer, D. J., et al. (1993). Decreased dopamine D2 receptor availability is associated with reduced frontal metabolism in cocaine abusers. Synapse 14, 169–177. doi: 10.1002/syn.890140210

Volkow, N. D., Fowler, J. S., Wang, G. J., Swanson, J. M., and Telang, F. (2007). Dopamine in drug abuse and addiction: results of imaging studies and treatment implications. Arch. Neurol. 64, 1575–1579. doi: 10.1001/archneur.64.11.1575

Volkow, N. D., Gillespie, H., Mullani, N., Tancredi, L., Grant, C., Valentine, A., et al. (1996). Brain glucose metabolism in chronic marijuana users at baseline and during marijuana intoxication. Psychiatry Res. 67, 29–38. doi: 10.1016/0925-4927(96)02817-X

Volkow, N. D., Wang, G. J., Fowler, J. S., and Tomasi, D. (2012). Addiction circuitry in the human brain. Annu. Rev. Pharmacol. Toxicol. 52, 321–336. doi: 10.1146/annurev-pharmtox-010611-134625

Volkow, N. D., Wang, G. J., Ma, Y., Fowler, J. S., Wong, C., Ding, Y. S., et al. (2005). Activation of orbital and medial prefrontal cortex by methylphenidate in cocaine-addicted subjects but not in controls: relevance to addiction. J. Neurosci. 25, 3932–3939. doi: 10.1523/JNEUROSCI.0433-05.2005

Wang, L., Zou, F., Zhai, T., Lei, Y., Tan, S., Jin, X., et al. (2016). Abnormal gray matter volume and resting-state functional connectivity in former heroin-dependent individuals abstinent for multiple years. Addict. Biol. 21, 646–656. doi: 10.1111/adb.12228

Warnakulasuriya, S., and Peters, T. J. (2002). Introduction: biology, medical and socio-economic aspects of areca nut use. Addict. Biol. 7, 75–76. doi: 10.1080/13556210020091428

Winstock, A. (2002). Areca nut-abuse liability, dependence and public health. Addict. Biol. 7, 133–138. doi: 10.1080/13556210120091509

 World Health Organization (1992). The ICD-10 Classification of Mental and Behavioural Disorders; Clinical Description and Diagnostic Guidelines. Geneva: World Health Organization.

Zhu, X., Wang, X., Xiao, J., Liao, J., Zhong, M., Wang, W., et al. (2012). Evidence of a dissociation pattern in resting-state default mode network connectivity in first-episode, treatment-naive major depression patients. Biol. Psychiatry 71, 611–617. doi: 10.1016/j.biopsych.2011.10.035

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Zhu, Zhu, Jiang, Shen, Wang, Liao and Yuan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
, frontiers
in Psychology

Disrupted Resting-State Default
Mode Network in Betel
Quid-Dependent Individuals





OPS/images/cross.jpg
3,

i





OPS/images/fpsyg-08-00084-t002.jpg
Brain regions BA X, y, 22 T voxels

VMPFC 10 363 -3 —12.90 69
OMPFC/ACC 11/32 -357 —15 —8.11 63
VMPFC, ventral medial frontal cortex; OMPFC, orbital medial frontal cortex;

ACC, anterior cingulate gyrus; BA, brodmann; a, Montreal Neurological Institute
coordinates.





OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-08-00084-g001.jpg
A BQD subjects

+93 I | +105 +121

B Control subjects

ZOi

10

0






OPS/images/fpsyg-08-00084-g002.jpg





OPS/images/fpsyg-08-00084-t001.jpg
Characteristics

Age (mean + SD years)
Gender (female/male)
Education (years)

BQDS

Duration of BQ (years)
Dosage of BQ (g/day)
Smoking status (c/day)
Alcohol status (g/month)
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