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Background: Despite the demonstrated association between empathy and gambling at the behavioral level, limited neuroimaging research on empathy and gambling disorder (GD) has been conducted. Whether and how the brain network of empathy and that of gambling interact in disordered gamblers has not been investigated. This study aimed to address this research gap by examining the hierarchical organizational patterns, in which the differences of causal interactions of these networks between disordered gamblers and healthy controls were revealed.

Methods: Resting-state functional magnetic resonance imaging (fMRI) data of 32 disordered gamblers and 56 healthy controls were included in the formal analysis. Dynamic causal modeling was used to examine the effective connectivity within and between empathy and gambling networks among all participants.

Results: All participants showed significant effective connectivity within and between empathy and gambling networks. However, compared with healthy controls, disordered gamblers displayed more excitatory effective connectivity within the gambling network, the tendency to display more excitatory effective connectivity from the empathy network to the gambling network, and reduced inhibitory effective connectivity from the gambling network to the empathy network.

Conclusion: The exploratory study was the first to examine the effective connectivity within and between empathy and gambling networks among disordered gamblers and healthy controls. These results provided insights into the causal relationship between empathy and gambling from the neuroscientific perspective and further confirmed that disordered gamblers show altered effective connectivity within and between these two brain networks, which may be considered to be a potential neural index for GD identification. In addition, the altered interactions between empathy and gambling networks may also indicate the potential targets for the neuro-stimulation intervention approach (e.g., transcranial magnetic stimulation).
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1. Introduction

Gambling disorder (GD) has been defined as a persistent and recurrent problematic gambling pattern, which leads to clinical impairment or distress (1). According to the dual-processing model of decision-making (2, 3), individuals with GD may have deficits in both the impulsive system and the reflective system (4, 5), and imbalance between these two neurocognitive systems may lead them gradually to become addicted to gambling (6, 7). This study aimed to address the knowledge gap regarding the association between empathy and GD from the neurocognitive perspective (8).

Empathy, which has been defined as the ability to share emotions similar to others’ experiencing (i.e., emotional empathy) and take others’ perspectives (i.e., cognitive empathy) (9, 10), might play a protective role in the development of GD. In decision-making, emotional empathy allows individuals to feel what others are feeling, leading them to make better decisions for others from the altruistic perspective, whereas cognitive empathy helps them predict others’ mental states and make better decisions for themselves from a self-interest perspective (11). Thus, empathy might help individuals balance their impulsive and reflective systems by holding them back from making impulsive decisions and helping them to make more rational decisions (12, 13). In addition, individuals’ deficits in empathy would also increase their vulnerability to social isolation and emotional distress, which may drive them to adopt addictive behaviors, including gambling, in order to regulate the associated negative emotions (14–16). On the other hand, disordered gamblers tend to be less aware of their thoughts and emotions (17); indeed, ignorance about how one is feeling is associated with weaker empathic ability (18). A recent scoping review (8) pointed out that there was better empirical evidence for the association of empathy with gambling behaviors than with GD because only one empirical study had tested empathy in disordered gamblers. The study found that disordered gamblers showed the reduced level of empathy in the self-report measure and the worse perspective-taking task performance compared to their healthy counterparts (19). Considering the scarce knowledge, further research with other methodologies, including neuroimaging, should be conducted for investigating the relationship between empathy and GD from various perspectives. Indeed, the reduced level of empathy have been consistently observed in substance-related disorders (20–25) but whether and how empathy and behavioral addiction are linked is understudied. The knowledge about such links, if any, can benefit not only the understanding addiction in general but also interventions for GD. Thus, more research attention on empathy and GD, including the analysis of the connectivity of their brain networks from a neural perspective, is warranted.

There are plenty of neuroimaging studies revealing the neural substrates of empathy and gambling individually. The empathy network includes two neural circuits, namely, the emotional contagion system and perspective-taking system (26). When individuals observe others’ emotions and behaviors, the emotional contagion system automatically activates neural responses, which will be reactivated by similar experiences. For example, functional magnetic resonance imaging (fMRI) studies have shown consistently that when participants observe others’ facial expressions (e.g., pleasure, disgust, and pain), their inferior frontal gyrus (IFG) and insula are automatically activated (27–29). The emotional contagion system seems to be involved in basic processing, whereas cognitive perspective-taking involves a higher-order function. Brain regions, such as the medial prefrontal cortex (mPFC), the superior temporal sulcus, and the temporal poles, have been found to be involved when individuals engage in tasks related to understanding and inferring others’ thoughts, goals, and behaviors (30, 31). These studies have provided evidence that IFG, insula, mPFC, superior temporal sulcus, and temporal poles are the core brain regions of empathy.

For addiction-related behaviors (e.g., gambling in our case), another model of dual-processing neural systems is involved (7). First is the impulsive system, which automatically facilitates the processing of gambling-related cues and increases gamblers’ cravings. Several fMRI studies have found that, compared with healthy controls, disordered gamblers show altered activations in the orbitofrontal cortex (OFC), anterior cingulate cortex (ACC), and ventral striatum when they view gambling-related pictures and videos (32–35) and when they are waiting to see the outcomes of their gambling decisions (36). Another crucial neural system is the reflective system, which involves reflection and efforts to control oneself from a long-term perspective. For example, altered responses in OFC and ACC were found in disordered gamblers in inhibition tasks compared to healthy controls (37, 38). The striatum and OFC are important neural regions in reward prediction and value encoding (39, 40), and ACC is a core brain region in saliency processing and cognitive control (41). Despite the versatile functions of these brain regions, altered activations have been frequently found in both the left and right striatum, OFC, and ACC in those with GD while performing different tasks.

Despite the intimate correlation between empathy and gambling behaviors at the behavioral level, no published research appears to have examined whether and how empathy-related and gambling-related brain networks interact with each other. Determining how these networks influence each other may help us uncover the neural underpinnings of the relationship between empathic ability and gambling behaviors at the behavioral level. To achieve this, we need to define the empathy network and the gambling network for further analysis. As we summarized above, specific brain regions have been frequently identified during empathy tasks or among disordered gamblers. It was expected that the automatic meta-analysis could be conducted to identify empathy and gambling brain networks.

Whereas some studies have reported interactions among the frequently reported brain regions involved in empathy and/or gambling-related tasks (42–47), no study to date has examined the interactions between empathy and gambling regions at the network level. Whether there is a hierarchical organization among these two brain networks is also unknown. Dynamic causal modeling (DCM) can help determine how the activity of a particular brain region exerts on another brain region (48, 49) and thus capture the directed interactions between brain regions. Specifically, it can help determine whether a brain region has excitatory effects or inhibitory effects on another brain region. For example, DCM was used to show more inhibitory effects of the right posterior parietal cortex on the right insula among patients with bipolar disorder than the healthy controls and this difference was taken as evidence for the stronger inhibitory connection between these two brain regions as a potential source of bipolar disorder (50). Thus, DCM is a proper tool to explore how the brain nodes of empathy and gambling networks interact within and between networks. In addition, by utilizing a Bayesian contrast strategy (51), taking account of both the mean and uncertainty of regions of interest (ROIs)-based level causal interactions to calculate the network level causal interactions, we were able to summarize the hierarchical organization between these two functional networks.

In summary, this study aimed to explore the directed interactions between functional networks of empathy and gambling in a sample including both disordered gamblers and healthy controls who took MRI scans. We defined empathy and gambling networks by the automatic meta-analysis provided by Neurosynth. With a case-control study design, we hypothesized that there was significant effective connectivity within empathy and gambling networks as well as between networks of empathy and gambling in the common-group level (Hypothesis 1). In addition, compared with the healthy controls, the disordered gamblers were hypothesized to be significantly different in effective connectivity among brain nodes of within and between networks of empathy and gambling (Hypothesis 2). DCM was used to explore the directed interactions among brain regions of these two functional networks identified. Furthermore, Bayesian contrasts were adopted to reveal the hierarchical organization of empathy and gambling networks.



2. Materials and methods


2.1. Participants and procedures

The online and offline recruitment advertisements for eligible participants (who are Chinese adults aged ≥ 18 years) were posted in the corresponding author’s university, centers of the local non-governmental organizations for social services, and general communities. Moreover, the referral of participants by Sheng Kung Hui Macau Social Services Coordination Office, a non-governmental organization which particularly provided counseling services for gamblers and families, was also adopted in the recruitment procedure. Individuals interested in this project would contact with the trained research assistant, who then arranged each participant’s schedule for participation in this study (i.e., clinical interview, self-reported questionnaire survey, and MRI scan).

Before taking the MRI scan, all the participants were interviewed by a psychiatrist, who had more than 5 years of experience on diagnostic interview of mental disorders at the psychiatric department of a public hospital in China. In this study, exclusion criteria included any self-reported physical disease, psychosis resulting from general medical conditions, mental illnesses (e.g., major depression, bipolar disorder, manic episode, and anxiety disorder), other severe medical conditions (especially taking dopaminergic medications and substance abuse), and/or family history of psychosis. According to the psychiatrist’s diagnostic assessment for participants’ past-year gambling experience, 32 participants were classified into the disordered gambler group and 57 participants were assigned to the healthy control group. All these participants were right-handed, but the data of one of them was removed from further analyses due to severe head motion during the MRI scan.

All participants were also asked to asked to fill out a questionnaire with the items regarding their demographics (e.g., sex and age) and GD symptoms (i.e., nine items listed in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders) (1, 52, 53). With a yes-no response scale, they reported whether they had experienced any of the nine symptoms (e.g., “Has made repeated unsuccessful efforts to control, cut back, or stop gambling.”) during the past year. Finally, our valid sample for data analyses consisted of 32 disordered gamblers (28 males/4 females) and 56 healthy controls (46 males/10 females). The average age of the gamblers was 38.27 (±12.68) years, whereas the average age of the healthy controls was 24.50 (±4.72) years (Table 1); moreover, the effects of sex and age were controlled for in all analyses. In addition, the average score of GD symptoms of the disordered gamblers was 5.63 (±2.61), while that of the healthy controls was 0.98 (±1.69), as shown in Table 1. The study acquired ethics approval from the Panel on Research Ethics (Sub-panel on Biomedical Science and Engineering) of the corresponding author’s university (reference number: BSERE20-APP014-ICI-01). Every participant gave their written consent before taking part in the study.


TABLE 1    Demographic information of participants.
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2.2. MRI acquisition

MRI scans were obtained by a 3T Siemens Magnetom Prisma scanner (Siemens Healthineers, Erlangen, Germany). Every participant undertook a structural MRI scan for approximately 4 min and a resting-state functional MRI scan for 10 min. The parameters for the structural scan included that field of view (FOV) = 256 mm; slice number = 176; time of repetition (TR) = 2,300 ms; time of echo (TE) 2.26 ms; slice thickness = 1 mm. During the resting-state, the participants were instructed to fixate on a cross on a screen with a black background, focusing on no particular thing. The parameters for resting-state fMRI included that FOV = 192 mm; slice number = 65; slice thickness = 2 mm; TR = 1 s; TE = 30 ms; phase encoding direction = anterior-posterior (AP); flip angle = 60.



2.3. MRI data preprocessing

The preprocessing procedures of fMRI data were conducted by Data Processing and Analysis for (resting-state) Brain Imaging (DPABI) (54), a package based on MATLAB packages statistical parametric mapping (SPM) (55). Five volumes were removed from the original 600 volumes of resting-state MRI data for each participant to remove the effects of unstable factors at the beginning of the scan session. A total of 595 volumes of data were fed to perform realignment for head motion. The confounding effects, including constant, linear, and quadratic trends (56), 24 head motion parameters (57), the effects originated from white matter and cerebral fluid, as well as the regressors indicating bad head motion time points, were removed for further procedures. Before smoothing the data with a 4 mm Gaussian kernel, the data were normalized to a standard MNI space, taking advantage of each participant’s structural scan.



2.4. Regions of interest selection

The automatic meta-analysis provided by Neurosynth1 was used to generate the ROIs of empathy and gambling networks. The meta-analysis method used by Neurosynth is different from activation likelihood estimation (ALE) (58), or multi-level kernel density meta-analysis (MKDA) (59, 60). Neurosynth offers to conduct a two-way ANOVA testing for the presence of a non-zero association between a given term and voxel activation, while both ALE and MKDA are required to construct a null model by permutation methods. Compared with ALE and MKDA, Neurosynth is more time-saving and offers online automatic analysis. In addition, Neurosynth covers a broad range of journals, which could reduce the selection bias for included papers compared to manual searching and manual selection. In this study, empathy and gambling networks were defined to include the activated voxels, which have significant correlations with the corresponding terms empathy and gambling, respectively. Due to the various number of papers included in the meta-analysis of the terms, empathy and gambling, different sizes of clusters were generated for empathy and gambling networks. We cut the cluster size threshold for the empathy network at 150 voxels, whereas the threshold for significant clusters of the gambling network was above 50 voxels.



2.5. Extraction of volume of interest

The time series of each volume of interest (VOI) were extracted for each participant. Discrete cosine sets (ranging from 0.0078 to 0.1 Hz) were extracted as regressors to conduct a general linear model (GLM) to obtain voxels showing low-frequency fluctuations (uncorrected P < 0.05). In addition, all the voxels of an ROI within a gray matter mask were created as a group mask, in which the identified low-frequency voxels were included as VOI. At last, the principal eigenvariate for each VOI was extracted for further DCM analysis.



2.6. Dynamic causal modeling

Spectral DCM is a robust approach to exploring the causal connectivity among brain nodes in resting-state fMRI data (49). All the spectral DCM analyses were conducted with the DCM version 12.5 package of SPM version 7771. A fully connected model was created for each participant, after which all the parameters were estimated by a Bayesian model inversion method based on the observed cross-spectral density (49). The participants with explained model variance below 60% were removed for further analysis. After estimating the parameters of effective connectivity within each subject, a parametric empirical Bayes (PEB) framework (61, 62) was used to collate and model the parameters at the second level. During the same time, regressors, including diagnostic groups, age, sex, and head motion, were part of the PEB. The Bayesian evidence for all models were compared in order to select the best parameter set to explain the between-subject effects. To summarize the group-common and difference effects, Bayesian model averages were estimated to represent the group-average connection strengths (posterior probability, Pp > 0.90, indicating strong evidence for the connection strength).

To summarize the effective connections on a network level, we adopted the method used in previous studies (50, 51) to construct Bayesian contrasts to calculate the network-level average connection strengths instead of taking the arithmetic mean of the connection parameters. By utilizing a Bayesian contrast approach to obtain average connection strengths, the uncertainty (variance) of parameters could be considered. The posterior probability for Bayesian contrasts is used to indicate the kind of probability the average connection strength differs from 0. A posterior probability greater than 90% indicates strong evidence to suggest the existence of a network-level connection. This approach was taken to verify whether the effective connectivity within and between networks existed.




3. Results


3.1. ROIs selection for empathy and gambling networks

There were 187 studies included for meta-analysis for the empathy network on Neurosynth, whereas only 85 studies were included for the gambling network. Eight brain blue regions (Figure 1A), including left postcentral gyrus (L-postcen), left insula (L-ins), right supramarginal gyrus (R-SupraMarg), left superior temporal gyrus (L-STG), left mPFC (L-mPFC), right IFG (R-IFG), right temporal pole (R-tempole), and right superior temporal gyrus (R-STG), were identified for the empathy network, whereas four red brain regions (Figure 1B), including bilateral striatum (i.e., L-striatum and R-striatum), left ACC (L-ACC), and right OFC (R-OFC) were identified for the gambling network.


[image: image]

FIGURE 1
The brain regions identified for empathy and gambling networks. (A) The brain regions of the empathy network; (B) the brain regions of the gambling network.




3.2. Functional connectivity of empathy and gambling networks

As displayed in Figure 2, the within-network functional connections were higher than the between-network functional connections. This finding suggests that the brain networks revealed by online automatic meta-analysis are potentially similar to the brain networks partitioned by some clustering methods, such as the principal component analysis, showing stronger within-network connectivity.


[image: image]

FIGURE 2
The functional connectivity matrix of empathy and gambling networks.




3.3. Effective connectivity

As shown in Figure 3A, the group-common within-empathy and within-gambling networks’ effective connectivity showed strong evidence (Pp > 0.90) of being nearly excitatory. The brain nodes of the empathy network had excitatory effects on the brain nodes of the gambling network, while the brain nodes of the gambling network had inhibitory effects on the brain nodes of the empathy network across all participants. These patterns were demonstrated on a network level (Figure 3B). Specifically, the group-common average effective connectivity of the empathy network was 0.052 (Pp = 0.99), while the group-common average effective connectivity of the gambling network was 0.054 (Pp = 0.93). Effective connectivity of both within-empathy and within-gambling networks was excitatory. It was also revealed that the group-common effective connectivity from the empathy network to the gambling network was excitatory 0.030 (Pp = 0.98), whereas the group-common effective connectivity from the gambling network to the empathy network was inhibitory (effective connectivity = −0.062, Pp = 1).
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FIGURE 3
Group-common effects of effective connectivity among empathy and gambling networks. (A) The causal connections among brain nodes of empathy and gambling networks (Pp > 0.90); (B) the network-level common causal connections among empathy and gambling networks. Pp, posterior probability.


Compared with controls, those with GD showed increased or decreased excitatory effective connectivity among brain nodes of within-empathy and within-gambling networks (Figure 4A). Similar mixed patterns were also displayed in group different effective connectivity between empathy and gambling network brain nodes. At the network level, within the gambling network, excitatory effective connectivity increased in disordered gamblers (Figure 4B, Pp = 0.95), whereas, in comparison to healthy controls, no group differences in effective connectivity were found at the network level within the empathy network. One should note that the gamblers had marginally significant increased excitatory effective connectivity from the empathy network to the gambling network (Pp = 0.88) but reduced inhibitory effective connectivity from the gambling network to the empathy network (Pp = 0.91), which might contribute to higher activations within the gambling network.
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FIGURE 4
Group-different effects of effective connectivity among empathy and gambling networks. (A) The causal connections revealing group differences (Pp > 0.90) among brain nodes of empathy and gambling networks; (B) the network-level group differences of causal connections among empathy and gambling networks. Pp, posterior probability.


It should be noted that gender did have significant effects on the causal interactions within and between empathy and gambling networks (Pp = 0.91–0.98) at the network level of analysis. Therefore, the effects of age, gender and head motion, as covariates, were controlled for the group-common and group-difference effects in all the aforementioned results.




4. Discussion

The present study appeared to be the first to investigate the effective connectivity of empathy and gambling brain networks in disordered gamblers and healthy controls during rest. This exploratory study revealed the common hierarchical organization of empathy and gambling brain networks in both groups. In addition, it demonstrated that compared to healthy controls, the hierarchical organization of empathy and gambling brain networks in disordered gamblers was altered, which may be a potential characteristic index for GD.

Our neuroimaging data enriched the existing literature on the relationship between empathy and gambling, which has been mainly tested at the behavioral level. Consistent with Hypothesis 1, our results further revealed that the underlying brain networks of empathy and gambling have a specific hierarchical organization. We demonstrated that the excitatory connections within the empathy network and the gambling network were shared by participants with GD and healthy controls. The results of group-common effects of connectivity within empathy and gambling networks were generally consistent with previous functional connectivity studies in healthy participants. Specifically, the reported functional connectivity pattern of the insula (63) showed that the insula was positively correlated with IFG, STG, and postcentral gyrus (sensorimotor areas), and the reported functional connectivity pattern of the temporal pole (64) also revealed the positive correlations between the temporal pole and STG, mPFC, and IFG. In addition, there were positive correlations among ACC, OFC, and parts of the striatum (42, 65, 66). The current findings also indicated that the empathy network tends to excite the gambling network, whereas the gambling network inhibits the activations of the empathy network. These results echoed findings not only in the recent scoping review (8), pointing out the association between empathy and gambling, but also in previous empirical studies showing the positive correlations between temporal pole and ACC, OFC (64) and the negative correlations between the striatum and IFG, postcentral gyrus, supramarginal gyrus, and STG (65). In addition, a recent study by Zhang et al. (67) also found that brain areas involved in self-awareness and introspection (e.g., mPFC) had excitatory effects on the subcortical reward network (e.g., the striatum). Thus, our study expanded the knowledge regarding the bidirectional relationship between empathy and gambling brain networks, which may provide some insights for elucidating how empathy and GD influence each other on the behavioral level.

This study also found that participants with GD, compared with healthy controls, showed altered effective connectivity within the gambling network and between empathy and gambling networks. These results support Hypothesis 2 and are congruent with previous studies that showed that functional connectivity between reward-related networks (e.g., ACC and striatum) was stronger in the participants with GD in contrast to the healthy controls (68, 69). In addition, one effective connectivity study also reported that individuals with higher scores on disinhibition and impulsivity, which are common deficits in disordered gamblers, had lower inhibitory activity in the self-connection of OFC (70). Despite impaired empathy in disordered gamblers (19), one should note that the interactive organization within the empathy network of our disordered gambler group could not be significantly differentiated from that of our healthy control group. Further research must further examine the replicability of these findings across ages and cultural groups.

In addition to disordered gamblers’ increased effective connectivity within the gambling network, we also found that the participants with GD had a marginally significant increase in excitatory effects from the empathy network to the gambling network but reduced inhibitory effects from the gambling network to the empathy network, compared to the healthy controls. One should note that the increase excitatory effects and reduced inhibitory effects between empathy and gambling networks do not necessarily indicate higher or lower behavioral level related to empathy and GD. We only can speculate that all of these subtle but significant changes of causal interactions between empathy and gambling networks, together with the increased excitatory connections among brain nodes within the gambling network of disordered gamblers, contribute to the excessive activations of the gambling network, provided that other conditions remain unchanged. To our best knowledge, no previous study has explored the hierarchical organization of empathy and gambling brain networks in participants with GD. Despite a significant portion of studies showing a decrease in activation in the brain regions of the gambling network in those with GD (71, 72), a number of other studies have revealed an increase in activation in disordered gamblers, compared with healthy controls, during task performance. These studies have shown similar findings: positive correlations between disordered gamblers’ subjective craving for gambling or impulsivity scores and the activations of caudate or ACC (33, 73); a positive relationship between activations of ACC and the striatum and indifference to delayed reward in GD (74, 75); greater activation of ACC in relation to response inhibition performance in disordered gamblers (38); and increased activation of the OFC, right caudate when participants were engaged in high-risk gambling tasks (76). All of these results indicated that higher activations of OFC, ACC, striatum, and caudate predicted more severe levels of GD. Our findings supported the premise that higher activations within the gambling networks may stem from the altered hierarchical organization between empathy and gambling networks. Future studies are also recommended to make clear how the altered hierarchical organization between networks of empathy and gambling among disordered gamblers is associated with their disordered behavioral patterns.

Because empathy helps individuals make more rational decisions (12, 13), the empathy system may function to maintain a balance between gamblers’ impulsive and reflective systems. Moreover, the impaired interaction patterns between the empathy and impulsive systems, as well as reflective systems, is likely to disrupt this balance and exacerbate one’s vulnerability to GD. These two systems play important roles in GD from the bottom up and top down, respectively (77, 78), and more effective connectivity studies are recommended to incorporate these two pathways to understand the mechanisms of GD and design the interventions for GD. In our current study, the core brain regions involved in reward processing and cognitive control that comprise the gambling network are important components of the hypothesized impulsive and reflective systems at the neural level. The revealed hierarchical organization of empathy and gambling brain networks in disordered gamblers, compared to healthy controls, showed that the empathy network could readily excite the gambling network (marginally significant), while there were weakened inhibitory effects from the gambling network to the empathy network. These disruptive interactions between empathy and gambling networks, together with the tendency for increased excitatory connections within the gambling network in the GD group, might, at least in part, contribute to this group’s higher activations in the gambling network, which underlie the deficits in disordered gamblers. The disruptive pattern of effective connectivity between empathy and gambling networks may also be the potential neural indicator for early screening for GD. Furthermore, examining whether the disruptive interactions between empathy and gambling networks can be ameliorated by targeting those brain regions with altered interaction patterns during transcranial magnetic stimulation or other neuro-stimulation therapies may provide a promising direction for designing an effective integrated program for GD intervention.

Several limitations of this study should be noted. First, the smaller sample size of the GD group compared to the control group might reduce statistical power. However, compared with past neuroimaging studies in GD (see the reviews) (71, 72), our sample size of disordered gamblers was relatively large, particularly considering the difficulty in reaching them due to their reluctance to seek help for GD (79). Second, there were more male participants than female participants in our study because of the higher GD prevalence among males than females (80). Therefore, future studies are warranted that incorporate a larger sample of disordered gamblers, probably with a cross-regional and cross-cultural design, with a similar male-to-female ratio in order to test whether reproducible results are obtained. Last but not least, trait impulsivity, which has been identified as one of the major pathways to GD (14, 81), was not measured in the present study. Considering that the core brain regions of the gambling network involved important brain areas of impulsivity, future studies are recommended to incorporate trait impulsivity into the analysis (e.g., the interactions between empathy and gambling networks are correlated with trait impulsivity) to further elucidate how the brain regions and their connectivity patterns observed are associated with GD.

In conclusion, our exploratory study appeared to be the first to examine the common hierarchical organization of empathy and gambling brain networks in disordered gamblers and healthy controls, and it also compared the causal relationship within and between empathy and gambling networks between these two groups. Results revealed the hierarchical organization of empathy and gambling networks, which provided useful insights into the bidirectional relationships between empathy and gambling and/or its disorder. In addition, the disruptive pattern of this hierarchical organization between empathy and gambling networks has the potential to be used as a neural marker for screening disordered gamblers. Also, the altered brain regions are the promising targets for neuro-stimulation interventions if the findings are reliably replicated in the larger-scale research in the future.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Panel on Research Ethics (Sub-panel on Biomedical Science and Engineering) of the University of Macau (reference number: BSERE20-APP014-ICI-01). The patients/participants provided their written informed consent to participate in this study.



Author contributions

HZ: conceptualization, writing—original draft, and writing—reviewing and editing. YH: methodology, formal analysis, and writing—original draft. ZY: funding acquisition and writing—reviewing and editing. YZ: methodology and writing—reviewing and editing. JY and DKCF: methodology. RC and LHNF: writing—reviewing and editing. AMSW: conceptualization, funding acquisition, supervision, and writing—reviewing and editing. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by the research grants of the University of Macau (grant number: CRG2020-00001-ICI). The funding source had no role in the study design, collection, analysis or interpretation of the data, writing the manuscript, or the decision to submit the manuscript for publication.



Acknowledgments

We would like to thank Dr. Zhang Zhifang, for her generous advice on data analysis, as well as all the study participants and research assistants.



Conflict of interest

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.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Footnotes

1     https://neurosynth.org/


References

1. American Psychiatric Association [APA]. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, DC: The American Psychiatric Association (2013).

2. Brocas I, Carrillo JD. Dual-process theories of decision-making: a selective survey. J Econ Psychol. (2014) 41:45–54. doi: 10.1016/j.joep.2013.01.004

3. Evans JSBT. Dual-processing accounts of reasoning, judgment, and social cognition. Annu Rev Psychol. (2008) 59:255–78. doi: 10.1146/annurev.psych.59.103006.093629

4. Brevers D, Noël X. Pathological gambling and the loss of willpower: a neurocognitive perspective. Socioaffect Neurosci Psychol. (2013) 3:21592. doi: 10.3402/snp.v3i0.21592

5. Olsen V, Lugo R, Sütterlin S. The somatic marker theory in the context of addiction: contributions to understanding development and maintenance. Psychol Res Behav Manag. (2015) 8:187–200. doi: 10.2147/PRBM.S68695

6. Hurel E, Challet-Bouju G, Bukowski N, Eyzop E, Grall-Bronnec M. Gambling and social cognition: a systematic review. Curr Addict Rep. (2019) 6:547–55. doi: 10.1007/s40429-019-00280-0

7. Noël X, Brevers D, Bechara A. A neurocognitive approach to understanding the neurobiology of addiction. Curr Opin Neurobiol. (2013) 23:632–8. doi: 10.1016/j.conb.2013.01.018

8. Wu AMS, Zhou H, Dang L, Chen JH. Is empathy associated with gambling and its addiction? A scoping review of empirical studies. J Gambl Stud. (2022): [Epub ahead of print]. doi: 10.1007/s10899-022-10130-w

9. Davis MH. Empathy: A Social Psychological Approach. Boulder, CO: Westview Press (1996). p. 260.

10. Preston SD, de Waal FBM. Empathy: its ultimate and proximate bases. Behav Brain Sci. (2002) 25:1–20. doi: 10.1017/S0140525X02000018

11. Kirman A, Teschl M. Selfish or selfless? The role of empathy in economics. Philos Trans R Soc B Biol Sci. (2010) 365:303–17. doi: 10.1098/rstb.2009.0192

12. Beadle JN, Paradiso S, Kovach C, Polgreen L, Denburg NL, Tranel D. Effects of age-related differences in empathy on social economic decision-making. Int Psychogeriatr. (2012) 24:822–33. doi: 10.1017/S1041610211002547

13. Pohling R, Bzdok D, Eigenstetter M, Stumpf S, Strobel A. What is ethical competence? The role of empathy, personal values, and the five-factor model of personality in ethical decision-making. J Bus Ethics. (2016) 137:449–74. doi: 10.1007/s10551-015-2569-5

14. Blaszczynski A, Nower L. A pathways model of problem and pathological gambling: pathways model of gambling. Addiction. (2002) 97:487–99. doi: 10.1046/j.1360-0443.2002.00015.x

15. Jauregui P, Estevez A. Predictive role of attachment, coping, and emotion regulation in gambling motives of adolescents and young people. J Gambl Stud. (2020) 36:1283–300. doi: 10.1007/s10899-019-09893-6

16. Wood RTA, Griffiths MD. A qualitative investigation of problem gambling as an escape-based coping strategy. Psychol Psychother Theory Res Pract. (2007) 80:107–25. doi: 10.1348/147608306X107881

17. Brevers D, Cleeremans A, Bechara A, Greisen M, Kornreich C, Verbanck P, et al. Impaired self-awareness in pathological gamblers. J Gambl Stud. (2013) 29:119–29. doi: 10.1007/s10899-012-9292-2

18. Bivona U, Riccio A, Ciurli P, Carlesimo G, Delle Donne V, Pizzonia E, et al. Low self-awareness of individuals with severe traumatic brain injury can lead to reduced ability to take another person’s perspective. J Head Trauma Rehabil. (2014) 29:157–71. doi: 10.1097/HTR.0b013e3182864f0b

19. Tomei A, Besson J, Grivel J. Linking empathy to visuospatial perspective-taking in gambling addiction. Psychiatry Res. (2017) 250:177–84. doi: 10.1016/j.psychres.2016.12.061

20. Ferrari V, Smeraldi E, Bottero G, Politi E. Addiction and empathy: a preliminary analysis. Neurol Sci. (2014) 35:855–9. doi: 10.1007/s10072-013-1611-6

21. Kim Y-T, Kwon D-H, Chang Y. Impairments of facial emotion recognition and theory of mind in methamphetamine abusers. Psychiatry Res. (2011) 186:80–4. doi: 10.1016/j.psychres.2010.06.027

22. Martinotti G, Nicola MD, Tedeschi D, Cundari S, Janiri L. Empathy ability is impaired in alcohol-dependent patients. Am J Addict. (2009) 18:157–61. doi: 10.1080/10550490802544391

23. Maurage P, Grynberg D, Noël X, Joassin F, Hanak C, Verbanck P, et al. The “Reading the Mind in the Eyes” test as a new way to explore complex emotions decoding in alcohol dependence. Psychiatry Res. (2011) 190:375–8. doi: 10.1016/j.psychres.2011.06.015

24. Onuoha RC, Quintana DS, Lyvers M, Guastella AJ. A meta-analysis of theory of mind in alcohol use disorders. Alcohol Alcohol. (2016) 51:410–5. doi: 10.1093/alcalc/agv137

25. Preller KH, Hulka LM, Vonmoos M, Jenni D, Baumgartner MR, Seifritz E, et al. Impaired emotional empathy and related social network deficits in cocaine users: empathy and mentalizing in cocaine users. Addict Biol. (2014) 19:452–66. doi: 10.1111/adb.12070

26. Shamay-Tsoory SG. The neural bases for empathy. Neuroscientist. (2011) 17:18–24. doi: 10.1177/1073858410379268

27. Decety J, Echols S, Correll J. The blame game: the effect of responsibility and social stigma on empathy for pain. J Cogn Neurosci. (2010) 22:985–97. doi: 10.1162/jocn.2009.21266

28. Jabbi M, Swart M, Keysers C. Empathy for positive and negative emotions in the gustatory cortex. NeuroImage. (2007) 34:1744–53. doi: 10.1016/j.neuroimage.2006.10.032

29. Saarela MV, Hlushchuk Y, Williams ACC, Schurmann M, Kalso E, Hari R. The compassionate brain: humans detect intensity of pain from another’s face. Cereb Cortex. (2006) 17:230–7. doi: 10.1093/cercor/bhj141

30. Frith CD, Singer T. The role of social cognition in decision making. Philos Trans R Soc B Biol Sci. (2008) 363:3875–86. doi: 10.1098/rstb.2008.0156

31. Van Overwalle F, Baetens K. Understanding others’ actions and goals by mirror and mentalizing systems: a meta-analysis. NeuroImage. (2009) 48:564–84. doi: 10.1016/j.neuroimage.2009.06.009

32. Crockford DN, Goodyear B, Edwards J, Quickfall J, el-Guebaly N. Cue-induced brain activity in pathological gamblers. Biol Psychiatry. (2005) 58:787–95. doi: 10.1016/j.biopsych.2005.04.037

33. Goudriaan AE, De Ruiter MB, Van Den Brink W, Oosterlaan J, Veltman DJ. Brain activation patterns associated with cue reactivity and craving in abstinent problem gamblers, heavy smokers and healthy controls: an fMRI study: neuroimaging cue reactivity in problem gamblers and smokers. Addict Biol. (2010) 15:491–503. doi: 10.1111/j.1369-1600.2010.00242.x

34. Limbrick-Oldfield EH, Mick I, Cocks RE, McGonigle J, Sharman SP, Goldstone AP, et al. Neural substrates of cue reactivity and craving in gambling disorder. Transl Psychiatry. (2017) 7:e992–992. doi: 10.1038/tp.2016.256

35. Potenza MN, Steinberg MA, Skudlarski P, Fulbright RK, Lacadie CM, Wilber MK, et al. Gambling urges in pathological gambling: a functional magnetic resonance imaging study. Arch Gen Psychiatry. (2003) 60:828. doi: 10.1001/archpsyc.60.8.828

36. van Holst RJ, Veltman DJ, Büchel C, van den Brink W, Goudriaan AE. Distorted expectancy coding in problem gambling: is the addictive in the anticipation? Biol Psychiatry. (2012) 71:741–8. doi: 10.1016/j.biopsych.2011.12.030

37. de Ruiter MB, Oosterlaan J, Veltman DJ, van den Brink W, Goudriaan AE. Similar hyporesponsiveness of the dorsomedial prefrontal cortex in problem gamblers and heavy smokers during an inhibitory control task. Drug Alcohol Depend. (2012) 121:81–9. doi: 10.1016/j.drugalcdep.2011.08.010

38. van Holst RJ, van Holstein M, van den Brink W, Veltman DJ, Goudriaan AE. Response inhibition during cue reactivity in problem gamblers: an fMRI study. PLoS One. (2012) 7:e30909. doi: 10.1371/journal.pone.0030909

39. O’Doherty J, Dayan P, Schultz J, Deichmann R, Friston K, Dolan RJ. Dissociable roles of ventral and dorsal striatum in instrumental conditioning. Science. (2004) 304:452–4. doi: 10.1126/science.1094285

40. Rolls E. The orbitofrontal cortex. Philos Trans R Soc Lond Ser B-Biol Sci. (1996) 351:1433–43. doi: 10.1098/rstb.1996.0128

41. Bush G, Luu P, Posner MI. Cognitive and emotional influences in anterior cingulate cortex. Trends Cogn Sci. (2000) 4:215–22. doi: 10.1016/S1364-6613(00)01483-2

42. Camara E. Functional connectivity of reward processing in the brain. Front Hum Neurosci. (2008) 2:19. doi: 10.3389/neuro.09.019.2008

43. Cox CL, Uddin LQ, Di Martino A, Castellanos FX, Milham MP, Kelly C. The balance between feeling and knowing: affective and cognitive empathy are reflected in the brain’s intrinsic functional dynamics. Soc Cogn Affect Neurosci. (2012) 7:727–37. doi: 10.1093/scan/nsr051

44. Kim SJ, Kim S-E, Kim HE, Han K, Jeong B, Kim J-J, et al. Altered functional connectivity of the default mode network in low-empathy subjects. Yonsei Med J. (2017) 58:1061. doi: 10.3349/ymj.2017.58.5.1061

45. Takeuchi H, Taki Y, Nouchi R, Sekiguchi A, Hashizume H, Sassa Y, et al. Association between resting-state functional connectivity and empathizing/systemizing. NeuroImage. (2014) 99:312–22. doi: 10.1016/j.neuroimage.2014.05.031

46. Tremblay M-PB, Deschamps I, Tousignant B, Jackson PL. Functional connectivity patterns of trait empathy are associated with age. Brain Cogn. (2022) 159:105859. doi: 10.1016/j.bandc.2022.105859

47. van Holst RJ, Chase HW, Clark L. Striatal connectivity changes following gambling wins and near-misses: associations with gambling severity. NeuroImage Clin. (2014) 5:232–9. doi: 10.1016/j.nicl.2014.06.008

48. Friston KJ, Harrison L, Penny W. Dynamic causal modelling. NeuroImage. (2003) 19:1273–302. doi: 10.1016/S1053-8119(03)00202-7

49. Friston KJ, Kahan J, Biswal B, Razi A. A DCM for resting state fMRI. NeuroImage. (2014) 94:396–407. doi: 10.1016/j.neuroimage.2013.12.009

50. Zhang Z, Bo Q, Li F, Zhao L, Wang Y, Liu R, et al. Altered effective connectivity among core brain networks in patients with bipolar disorder. J Psychiatr Res. (2022) 152:296–304. doi: 10.1016/j.jpsychires.2022.06.031

51. Zhou Y, Friston KJ, Zeidman P, Chen J, Li S, Razi A. The hierarchical organization of the default, dorsal attention and salience networks in adolescents and young adults. Cereb Cortex. (2018) 28:726–37. doi: 10.1093/cercor/bhx307

52. Wu AMS, Lai MHC, Tong K-K. Gambling disorder: estimated prevalence rates and risk factors in Macao. Psychol Addict Behav. (2014) 28:1190–7. doi: 10.1037/a0037603

53. Chui WY, Lee SK, Mok YL, Tsang CK. The diagnostic criteria of gambling disorder of DSM-5 in Chinese culture: by confirmatory factor analysis (CFA) and item response theory (IRT). In: M-T Leung, L-M Tan editors. Applied Psychology Readings. Singapore: Springer Singapore (2018). p. 73–86.

54. Yan C-G, Wang X-D, Zuo X-N, Zang Y-F. DPABI: Data processing & analysis for (resting-state) brain imaging. Neuroinformatics. (2016) 14:339–51. doi: 10.1007/s12021-016-9299-4

55. Institute of Neurology,. Statistical Parametric Mapping. (2022). Available online at: https://www.fil.ion.ucl.ac.uk/spm/ (accessed August 28, 2022).

56. Power JD, Barnes KA, Snyder AZ, Schlaggar BL, Petersen SE. Spurious but systematic correlations in functional connectivity MRI networks arise from subject motion. NeuroImage. (2012) 59:2142–54. doi: 10.1016/j.neuroimage.2011.10.018

57. Friston KJ, Williams S, Howard R, Frackowiak RSJ, Turner R. Movement-related effects in fMRI time-series: movement artifacts in fMRI. Magn Reson Med. (1996) 35:346–55. doi: 10.1002/mrm.1910350312

58. Turkeltaub PE, Eden GF, Jones KM, Zeffiro TA. Meta-analysis of the functional neuroanatomy of single-word reading: method and validation. NeuroImage. (2002) 16:765–80. doi: 10.1006/nimg.2002.1131

59. Etkin A, Wager TD. Functional neuroimaging of anxiety: a meta-analysis of emotional processing in PTSD, social anxiety disorder, and specific phobia. Am J Psychiatry. (2007) 164:1476–88. doi: 10.1176/appi.ajp.2007.07030504

60. Wager TD, Lindquist MA, Nichols TE, Kober H, Van Snellenberg JX. Evaluating the consistency and specificity of neuroimaging data using meta-analysis. NeuroImage. (2009) 45:S210–21. doi: 10.1016/j.neuroimage.2008.10.061

61. Friston KJ, Litvak V, Oswal A, Razi A, Stephan KE, van Wijk BCM, et al. Bayesian model reduction and empirical Bayes for group (DCM) studies. NeuroImage. (2016) 128:413–31. doi: 10.1016/j.neuroimage.2015.11.015

62. Zeidman P, Jafarian A, Seghier ML, Litvak V, Cagnan H, Price CJ, et al. A guide to group effective connectivity analysis, part 2: second level analysis with PEB. NeuroImage. (2019) 200:12–25. doi: 10.1016/j.neuroimage.2019.06.032

63. Cauda F, D’Agata F, Sacco K, Duca S, Geminiani G, Vercelli A. Functional connectivity of the insula in the resting brain. NeuroImage. (2011) 55:8–23. doi: 10.1016/j.neuroimage.2010.11.049

64. Fan L, Wang J, Zhang Y, Han W, Yu C, Jiang T. Connectivity-based parcellation of the human temporal pole using diffusion tensor imaging. Cereb Cortex. (2014) 24:3365–78. doi: 10.1093/cercor/bht196

65. Di Martino A, Scheres A, Margulies DS, Kelly AMC, Uddin LQ, Shehzad Z, et al. Functional connectivity of human striatum: a resting state fMRI study. Cereb Cortex. (2008) 18:2735–47. doi: 10.1093/cercor/bhn041

66. Margulies DS, Kelly AMC, Uddin LQ, Biswal BB, Castellanos FX, Milham MP. Mapping the functional connectivity of anterior cingulate cortex. NeuroImage. (2007) 37:579–88. doi: 10.1016/j.neuroimage.2007.05.019

67. Zhang M, Gao X, Yang Z, Han S, Zhou B, Niu X, et al. Abnormal resting-state effective connectivity in reward network among long-term male smokers. Addict Biol. (2022) 27:e13221. doi: 10.1111/adb.13221

68. Koehler S, Ovadia-Caro S, van der Meer E, Villringer A, Heinz A, Romanczuk-Seiferth N, et al. Increased functional connectivity between prefrontal cortex and reward system in pathological gambling. PLoS One. (2013) 8:e84565. doi: 10.1371/journal.pone.0084565

69. Piccoli T, Maniaci G, Collura G, Gagliardo C, Brancato A, La Tona G, et al. Increased functional connectivity in gambling disorder correlates with behavioural and emotional dysregulation: evidence of a role for the cerebellum. Behav Brain Res. (2020) 390:112668.

70. Parkes L, Tiego J, Aquino K, Braganza L, Chamberlain SR, Fontenelle LF, et al. Transdiagnostic variations in impulsivity and compulsivity in obsessive-compulsive disorder and gambling disorder correlate with effective connectivity in cortical-striatal-thalamic-cortical circuits. NeuroImage. (2019) 202:116070. doi: 10.1016/j.neuroimage.2019.116070

71. Moccia L, Pettorruso M, De Crescenzo F, De Risio L, di Nuzzo L, Martinotti G, et al. Neural correlates of cognitive control in gambling disorder: a systematic review of fMRI studies. Neurosci Biobehav Rev. (2017) 78:104–16. doi: 10.1016/j.neubiorev.2017.04.025

72. van Holst RJ, van den Brink W, Veltman DJ, Goudriaan AE. Brain imaging studies in pathological gambling. Curr Psychiatry Rep. (2010) 12:418–25. doi: 10.1007/s11920-010-0141-7

73. Hinvest NS, Elliott R, McKie S, Anderson IM. Neural correlates of choice behavior related to impulsivity and venturesomeness. Neuropsychologia. (2011) 49:2311–20. doi: 10.1016/j.neuropsychologia.2011.02.023

74. Miedl SF. Altered neural reward representations in pathological gamblers revealed by delay and probability discounting. Arch Gen Psychiatry. (2012) 69:177. doi: 10.1001/archgenpsychiatry.2011.1552

75. Miedl SF, Wiswede D, Marco-Pallarés J, Ye Z, Fehr T, Herrmann M, et al. The neural basis of impulsive discounting in pathological gamblers. Brain Imaging Behav. (2015) 9:887–98. doi: 10.1007/s11682-015-9352-1

76. Power Y, Goodyear B, Crockford D. Neural correlates of pathological gamblers preference for immediate rewards during the iowa gambling task: an fMRI study. J Gambl Stud. (2012) 28:623–36. doi: 10.1007/s10899-011-9278-5

77. Pettorruso M, Zoratto F, Miuli A, De Risio L, Santorelli M, Pierotti A, et al. Exploring dopaminergic transmission in gambling addiction: a systematic translational review. Neurosci Biobehav Rev. (2020) 119:481–511. doi: 10.1016/j.neubiorev.2020.09.034

78. Pettorruso M, Miuli A, Di Natale C, Montemitro C, Zoratto F, De Risio L, et al. Non-invasive brain stimulation targets and approaches to modulate gambling-related decisions: a systematic review. Addict Behav. (2021) 112:106657. doi: 10.1016/j.addbeh.2020.106657

79. Riley BJ, Lawn SJ, Crisp BR, Battersby MW. “When I’m not angry I am anxious”: the lived experiences of individuals in a relationship with a non-help-seeking problem gambler—A hermeneutic phenomenological study. J Soc Pers Relatsh. (2020) 37:2529–50. doi: 10.1177/0265407520928581

80. Subramaniam M, Wang P, Soh P, Vaingankar JA, Chong SA, Browning CJ, et al. Prevalence and determinants of gambling disorder among older adults: a systematic review. Addict Behav. (2015) 41:199–209. doi: 10.1016/j.addbeh.2014.10.007

81. Ledgerwood DM, Petry NM. Subtyping pathological gamblers based on impulsivity, depression, and anxiety. Psychol Addict Behav. (2010) 24:680–8. doi: 10.1037/a0019906


OPS/images/fpsyt-14-1083465-t001.jpg
Disordered Healthy Statistics
gambler control

Number N=32 N =56 -
Age 38.28 £ 12.68 24.50 £ 4.72 t=7.30,

p <0.001
Gender 28/4 46/10 K =0.44,
(male/female) p=051
Gambling disorder 5.63 + 2.61 0.98 + 1.69 t=10.12,
symptom p <0.001






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Altered hierarchical organization between empathy and gambling networks in disordered gamblers



		1. Introduction



		2. Materials and methods



		2.1. Participants and procedures



		2.2. MRI acquisition



		2.3. MRI data preprocessing



		2.4. Regions of interest selection



		2.5. Extraction of volume of interest



		2.6. Dynamic causal modeling







		3. Results



		3.1. ROIs selection for empathy and gambling networks



		3.2. Functional connectivity of empathy and gambling networks



		3.3. Effective connectivity







		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/fpsyt-14-1083465-g004.jpg
From the gambling network B
to the empathy network

I Within the empathy network

L-postcen |
L-Ins | 0.1
L-STG | 0.05 Pp = 0.91
L-mPFC |
To R-IFG 0 :
Gambling Empathy
SR Network Network
R-STG | -0.05
L-ACC
‘ - 0.008
0.1 = ().
R-OFC Pp=0.95 P = 0.88
L-striatum
R-striatum ‘ 0.15
S P O 0 O 0 e 00 O O &
P N SN RPN K S
From the empathy network Qo‘o\ - @‘} FC & \Q@Qo PN q.-o S — ;
Y S T S e N Q.’CJQQ N Q DY Within the gambling network

From





OPS/images/fpsyt-14-1083465-g003.jpg
From the gambling network

Within the empathy network
| Sl ‘ | to the empathy network

L-postcen |
L-Ins | 0.1
R-SupraMarg |
L-STG |
L-mPFC

TO R-IFG |

-0.062
0.05 Pp=1

0 Gambling Empathy

R-tempole |
R-STG |
L-ACC |
R-OFC

Network Network

-0.05

Pp=0.93 0.030 Pp=0.99
Pp=0.98

L-striatum

R-striatum

From the empathy network &
to the gambling network |V






OPS/images/fpsyt-14-1083465-g002.jpg
Within the empathy network

Between the networks of

empathy and gambling

L-postcen

L-Ins

R-SupraMarg |

L-STG

L-mPFC

R-IFG

R-tempole

R-STG

L-ACC

R-OFG

L-striatum

R-striatum

Between the networks of | &
empathy and gambling

108

10.7

106

04

03

0.2

Within the gambling network






OPS/images/cover.jpg
' frontiers | Frontiers in Psychiatry








OPS/images/fpsyt-14-1083465-g001.jpg










OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry







OPS/images/email.jpg





