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Previous studies have examined the neural correlates of emotion regulation and the neural changes that are evoked by music exposure. However, the link between music and emotion regulation is poorly understood. The objectives of this review are to (1) synthesize what is known about the neural correlates of emotion regulation and music-evoked emotions, and (2) consider the possibility of therapeutic effects of music on emotion dysregulation. Music-evoked emotions can modulate activities in both cortical and subcortical systems, and across cortical-subcortical networks. Functions within these networks are integral to generation and regulation of emotions. Since dysfunction in these networks are observed in numerous psychiatric disorders, a better understanding of neural correlates of music exposure may lead to more systematic and effective use of music therapy in emotion dysregulation.
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INTRODUCTION

In the past two decades, considerable interest has emerged toward identifying neural substrates of emotion regulation (ER) (e.g., Davidson et al., 2000; Scherer and Zentner, 2001; Ochsner and Gross, 2005; Beauchaine et al., 2011; Campbell-Sills et al., 2011; Hilt et al., 2011; Cole et al., 2013; Beauchaine, 2015a,b). At the same time, interest in emotion-related neural processes evoked by music stimuli has also increased (Blood and Zatorre, 2001; Brown et al., 2004; Koelsch et al., 2006; Koelsch, 2010, 2014). Although it has long been known that exposure to music affects emotional experience and expression (Blood and Zatorre, 2001; Scherer and Zentner, 2001; Koelsch et al., 2013a,b), surprisingly little research has addressed the link between music and ER. This may be an important oversight, as effects of music on emotion regulatory processes may have therapeutic implications for a variety of clinical disorders, as we discuss below. Our major goal in writing this review is to explore what is known about the neural correlates of ER and music-evoked emotion, and to consider possible use of music therapy for emotion dysregulation.

EMOTION REGULATION

Emotion regulation (ER) includes the abilities to monitor, evaluate, and modify one's internal and external emotional reactions, and suppress aversive behavior toward others, in the service of adaptive functioning (e.g., Thompson, 1994; Gross and Thompson, 2007; Niven et al., 2009). ER invokes a set of complex processes across subjective experience (feeling states), cognitive responses (thoughts), autonomic responses (e.g., cardiac reactivity), and emotion-related behaviors (e.g., bodily actions, facial expressions). At times ER is automated, yet at other times it is effortful, requiring effective modulation of subcortically-mediated impulses by cortical brain regions (see Davidson, 2002; Heatherton, 2011; Heatherton and Wagner, 2011; Beauchaine, 2015b; Beauchaine et al., 2017).

Several volitional strategies to regulate emotions have been specified, including altering attention a situations, reinterpreting the meaning of situations (e.g., McRae et al., 2010), and change the nature of situations (e.g., Diamond and Aspinwall, 2003). Neural structures implicated in ER include frontal brain regions including the OFC, the ventrolateral PFC (vlPFC), and the dorsolateral PFC (dlPFC), depending on the emotion being regulated (for reviews see Gross and Thompson, 2007; Beauchaine, 2015b; Beauchaine et al., 2017). These frontal regions provide top-down inhibition of subcortical, limbic circuits that generate emotion, including the amygdala, hippocampus, insula, fusiform gyrus, and striatum, among others (Brendel et al., 2005; Kalisch, 2009; Dell'Osso et al., 2010; Holtmann et al., 2013; Sitaram et al., 2014). In fact, the amygdala (Kalisch, 2009; McRae et al., 2010), hippocampus (Phelps, 2003; Sripada et al., 2013), fusiform gyrus (Pollatos and Gramann, 2012; Fonville et al., 2014), striatum (Koelsch, 2014), and thalamus (Cheung et al., 2006) are all implicated in emotional reactivity, whereas the OFC (Ito, 2004; Rempel-Clower, 2007), vlPFC, dlPFC (Elliott, 2003; Chan et al., 2008; Levy and Wagner, 2011), and anterior insula (Sitaram et al., 2014) are implicated in effortful regulation of emotion (see Schulze et al., 2011).

MUSIC AND EMOTION

Music has clear and measurable effects on emotional experience, and is almost universal in its emotional appeal (Scherer and Zentner, 2001; Peretz and Zatorre, 2005). Indeed, studies on neural correlates of music-evoked emotions have shown that music affects the functions implicated in emotion processing (i.e., amygdala, hippocampus, anterior congulate cortex, nucleus accumbens, and orbitofrontal cortex. See Blood and Zatorre, 2001; Peretz and Zatorre, 2005; Koelsch, 2010, 2014). Some researchers put forward that music may have an impact on emotion regulation (Koelsch, 2010, 2014; Moore, 2015) and may also improve the ability of emotion regulation when using music (especially with happy and pleasant feelings) as an intervention strategy on emotional regulation (Moore, 2013). Moore (2013) provided evidence that music evokes neural responding in the same regions that are implicated in effective ER. However, it should be noted that evoking emotions is not equivalent to ER; the former is passive whereas the latter usually involves goal-directed maintenance of appropriate emotional reactions. Thus, ER includes processes through which a person maintains behavior by modulating one or more aspects of emotion, with neural correlates involving an interplay among brain regions involved in emotion generation and executive control (Moore, 2013; Beauchaine et al., 2017). Below, we synthesize findings from studies that report on effects of music–evoked emotions, arranging our review across levels of neural functions, beginning with subcortical functions involved in emotion generation, and ending with cortical functions involved in ER (see Beauchaine, 2015b; Beauchaine and Zisner, in press).

Subcortical Emotion Generation

Amygdala

Among other functions, the amygdala serves to initiate, integrate, maintain, and terminate emotions (Goldin et al., 2008; Pessoa, 2008). Early studies on amygdala indicated that it responds to diverse stimuli, including unpleasant music, that elicit negative feeling states (LeDoux, 1989; Gosselin et al., 2006; Koelsch et al., 2006; Lerner et al., 2009). Interestingly, such amygdala activation is decreased by both music improvisation (Limb and Braun, 2008) and pleasant music (Blood and Zatorre, 2001; Koelsch et al., 2006; Juslin and Västfjäll, 2008). Other studies demonstrate that the amygdala is also activated by positive stimuli (Pessoa et al., 2002; Hou, 2007), including music (Ball et al., 2007). Recent studies show that both the superficial and laterobasal subareas of amygdala are sensitive to pleasant and joyful music (Mueller et al., 2011; Koelsch, 2014). Furthermore, increased functional connectivity is observed between the superficial amygdala and the nucleus accumbens (NAcc), and between the superficial amygdala and the mediodorsal thalamus, when listening to joyful music compared to fear-evoking music (Koelsch et al., 2013a; Koelsch, 2014).

Especially, the laterobasal amygdala, which consists of the lateral, basolateral, basomedial, and paralaminar nuclei, is the amygdalar input structure for auditory and sensory information, and is involved in evaluation and learning of both positive and negative stimuli (Holland and Gallagher, 2004; Roozendaal et al., 2009). This region activates in response to both joyful and unpleasant music (Mitterschiffthaler et al., 2007; Koelsch, 2014), and appears to code the positive or negative reward value of assorted stimuli, including music (Koelsch, 2014). Notably, the laterobasal amygdala receives direct projections from the auditory cortex (LeDoux, 2000), and through such projections, the auditory cortex modulates laterobasal amygdala activity in response to complex sounds with emotional valence (Kumar et al., 2012). Thus, the amygdala shares interconnections with several integrative computational hubs, and exhibits increased functional activity and connectivity during emotional experience, including music-evoked emotion (Koelsch, 2014).

Hippocampus

The hippocampus is a limbic structure that plays important roles in spatial navigation and consolidation of information from short-term memory to long-term memory (Kesner and Dakis, 1995; Hartley et al., 2007). It is also involved in emotion (Phelps, 2004; Richter-Levin, 2004), including the responses to music with both positive (e.g., peaceful, joyous) and negative (e.g., unpleasant, sad) feeling states (Juslin and Västfjäll, 2008; Mueller et al., 2011; Trost et al., 2012). Functional connectivity between the hippocampus and the hypothalamus increases music-evoked joy, which supports the notion that the hippocampus is involved in music-evoked positive emotions, which in turn initiate neuroendocrine responses associated with reduced in emotional stress (Chanda and Levitin, 2013; Koelsch, 2014). Individuals with low capacity to experience positive emotions show decreased hippocampal volumes, and exhibit reduced neuronal activity in the hippocampus in response to musical stimuli (Koelsch et al., 2013a; Koelsch, 2014). Moreover, during the experience of negative music-evoked emotion, hippocampal activity may indicate automatic inhibitory processes to prevent hippocampal damage in response to acoustic stressors (Koelsch et al., 2006; Koelsch, 2014).

The laterobasal amygdala is implicated in regulating neural input to the hippocampus, and in inhibition (down-regulation) of hippocampal neural reactivity to unpleasant sounds (Roozendaal et al., 2009; Koelsch, 2010). Hippocampal damage can result in symptoms of depression and post-traumatic stress disorder (Koelsch, 2014). Drug and alcohol abuse can induce function damage to the hippocampus via reduced neurogenesis and loss of hippocampal neurons (Videbech and Ravnkilde, 2004; Warner-Schmidt and Duman, 2006). Moreover, lesions to the parahippocampal cortex and hippocampal subiculum result to music-evoked unpleasant emotions (Gosselin et al., 2006).

Nucleus Accumbens (NAcc)

The NAcc, part of the ventral striatum, responds strongly to emotion (Floresco, 2015). It also responses to reward feeling such as the both primary and secondary reinforcers (e.g., food, water, money, sex) and pleasant music (Brown et al., 2004; Salimpoor et al., 2011; Trost et al., 2012). Studies show increased neural activity in the NAcc during music-evoked feelings of pleasure and reward (e.g., Blood and Zatorre, 2001; Menon and Levitin, 2005; Koelsch et al., 2006; Juslin and Västfjäll, 2008; Trost et al., 2012). Positron emission tomography (PET) studies indicate increased dopamine (DA) in the NAcc during exposure to pleasant music, which is probably released by mesencephalic DA neurons located in the ventral tegmental area (VTA; Menon and Levitin, 2005). A fMRI study showes the increased functional connectivity between the NAcc involved mesolimbic reward circuitry with released DA and other cortical regions (i.e., auditory cortices, ventromedial prefrontal regions) involved in sound perception, both of which then contributed to the esthetic rewards during music listening (Salimpoor et al., 2011). Thus, music-evoked pleasure is mainly associated with activation of the mesolimbic DA reward in NAcc pathway (see Koelsch, 2014).

Additional subcortical regions also respond to music-evoked emotions, including the insula, which may automatically regulate and represent/integrate emotionally relevant interoceptive sensory information, such as visceral reactions to music stimuli (Craig, 2009). Music that evokes positive emotions also elicits activity in the thalamus and putamen (the latter is part of the striatum; see Badgaiyan, 2010) via DA release (Pessoa et al., 2002; Trost et al., 2015). The thalamus is implicated in arousal and attentional processes (Paus, 2000), and its activation correlates with increased emotional saliency (Blood and Zatorre, 2001; Trost et al., 2015).

Cortical Emotion Regulation

Anterior Cingulate Cortex (ACC)

The ACC is involved in decision-making, impulse control, and error-monitoring (Bechara, 2005; Noel et al., 2006; Boes et al., 2009), and in evaluating and modulating emotional reactions (Bush et al., 2000; Luu and Posner, 2003; Etkin et al., 2011). The ACC is activated by music stimuli that generate both pleasant (Blood and Zatorre, 2001) and sad (Berns and Moore, 2012) feeling states. ACC activation correlates with music modes (e.g., major vs. minor) and tempos (fast vs. slow) that convey happy vs. sad distinctions (Blood and Zatorre, 2001; Green et al., 2008; Koelsch, 2010; Lee et al., 2011; Moore, 2013). The left ACC is involved primarily in music rhythm- and melody-based working memory, though more strongly for rhythm (Jerde et al., 2011; Moore, 2013), and is activated when listening to favorable or energetic music (Brown et al., 2004). In contrast, the right ACC is activated during free generation tasks such as creative improvisation and pseudo-random performance (De Manzano and Ullén, 2012; Moore, 2013). There is increased activity in the ventral ACC compared to the dorsal ACC when listening to music (Green et al., 2008; Moore, 2013). Thus, ACC activation occurs when listening to music, when engaged in making music, and when attending to specific music characteristics (see Moore, 2013).

Orbitofrontal Cortex (OFC)

The OFC is a cortical structure that is involved intricately in reward valuation and ER (Olson et al., 2007; Koelsch, 2010; Rouw et al., 2011; Beauchaine and Zisner, in press). Neuroimaging studies show music-induced increases in neural activity in OFC regions, and demonstrate that music can modulate orbitofrontal activity (Juslin and Västfjäll, 2008; Koelsch, 2010, 2014). Compared to the left OFC, the right OFC is activated during listening to negatively-valenced music and disliked songs (Berns and Moore, 2012). Some studies also demonstrate left OFC activity, whether participants listen to positive preferred music or unpleasant negative music (Blood and Zatorre, 2001; Flores-Gutierrez et al., 2007; Fujisawa and Cook, 2011). Of potential importance, music training can improve such OFC responses (Miendlarzewska and Trost, 2014), and gray matter loss/atrophy in the OFC is correlated positively with impairment of emotional responses to music (Omar et al., 2011; Koelsch, 2014). In addition, as above mentioned, the OFC and NAcc have an interactive effect on gaining reward during music listening (Salimpoor et al., 2011). Therefore, the OFC is responsible for emotion feeling as well as reward valuation.

Prefrontal Cortex (PFC)

The PFC—a large brain region that covers most of the frontal lobes, is integral to effective ER (see e.g., Juslin and Västfjäll, 2008; Hilt et al., 2011; Beauchaine, 2015b; Beauchaine and Zisner, in press). The left PFC subserves positive emotional functions during listening to light, happy and joyful music, whereas the right PFC subserves negative emotional functions during aversive music presentations (Davidson et al., 2000; Eldar et al., 2007; Hou, 2007). Furthermore, the dorsolateral PFC (dlPFC) is founded to be activated during music improvisation (De Manzano and Ullén, 2012; Moore, 2013), and the ventrolateral PFC (vlPFC), located on the inferior frontal gyrus, is activated more during aversive music (Xiang et al., 2006; Hou, 2007). Another study confirmed this finding, and indicated that the vlPFC is activated when listening to dissonant music (Mutschler et al., 2010). In addition, vlPFC activation occurs during imagined singing, perhaps reflecting its role in emotional recall (Kleber et al., 2007; Moore, 2013).

Cortical-Subcortical Networks of Emotion Regulation

Studies show that volitional regulation of emotion occurs through top-down cortical inhibition of subcortically generated affective states which is facilitated by cortical-subcortical connectivity (see e.g., Monk et al., 2008; Shannon et al., 2009; Pessoa and Adolphs, 2010; Beauchaine, 2015a). Music-evoked changes in amygdalar, hippocampal, NAcc, OFC, and PFC activation indicate that functions involved in emotion generation and regulation are affected by music stimuli. For example, during presentation of music, there is increased activation in the laterobasal amygdala, which shares functional interconnections with the hippocampus gyrus, whereas the superficial amygdala is connected functionally to the NAcc and OFC (Mitterschiffthaler et al., 2007; Koelsch, 2010).

The NAcc, ACC, insula, and hippocampus are all activated while participants listen to pleasant music (Blood and Zatorre, 2001; Brown et al., 2004). NAcc activation is observed concurrent with activation in the ventral tegmental area (VTA) and hypothalamus (Menon and Levitin, 2005). This suggests that hemodynamic changes observed in the NAcc reflect dopaminergic activity, since projections from the VTA to the NAcc form the dopaminergically-mediated “reward circuit” (Janata, 2009), including projections from the lateral hypothalamus to the VTA and NAcc (Koelsch, 2010).

The hippocampus shares dense reciprocal connections with structures involved in regulation of autonomic, hormonal, and immune system activity, including the amygdala, thalamus, hypothalamus, cingulate gyrus, and insula (Koelsch, 2010; McEwen and Gianaros, 2010). Thus, the hippocampus has major projections to both subcortical and cortical structures involved in emotional processing and its regulation (Koelsch, 2010).

POTENTIAL USE OF MUSIC THERAPY FOR EMOTION DYSREGULATION

In contrast to ER, the inability to modulate emotions in service of adaptive behavior is referred to as emotion dysregulation, which often has adverse consequences for mental health (Beauchaine, 2001; Saxena et al., 2011). In fact, emotion dysregulation characterizes most psychiatric disorders (Beauchaine, 2015a,b; Beauchaine and Thayer, 2015), including internalizing disorders (Mayberg et al., 2005; Cooney et al., 2010; Rajappa et al., 2012; Miranda et al., 2013), externalizing disorders (Beauchaine et al., 2007, 2017), autism (Ito, 2004; Neuhaus et al., 2014), post-traumatic stress disorder (PTSD; e.g., Falconer et al., 2008), obsessive-compulsive disorder (e.g., Milad and Rauch, 2012), and borderline personality disorder (BPD; e.g., Crowell et al., 2009; Sauder et al., 2016), among others (see Beauchaine, 2001; Beauchaine and Thayer, 2015). Individuals with BPD, for example, who suffer from poorly regulated impulsivity (see e.g., Derbidge and Beauchaine, 2014), exhibit frontolimbic dysfunction that includes striatal under-responding to incentives (Sauder et al., 2016), amygdalar hyperreactivity to emotion evocation (Bechara, 2005), and frontal hypoactivation during both types of tasks (Perez-Rodriguez et al., 2012; Sauder et al., 2016). Thus, limbic regions are not sufficiently modulated by the OFC and PFC—cortical substrates of effective ER (Crowell et al., 2009). Affected individuals also exhibit stronger functional connectivity between the amygdala and PFC during fear conditioning (Soloff et al., 2012). Finally, they exhibit structural brain abnormalities, such as reduced volumes in the OFC, dlPFC, amygdala, and hippocampus—all of which are implicated in ER (Kuhlmann et al., 2013; Niedtfeld et al., 2013; O'Neill et al., 2013; Krause-Utz et al., 2014). These findings suggest collectively that emotion dysregulation derives from ineffective modulation of subcortical emotion generation systems by cortical emotion regulation systems (Beauchaine, 2015b; see also Churchwell et al., 2009; Hilt et al., 2011). Although we discuss BPD as an illustrative example, similar findings apply to diverse forms of psychopathology across both the internalizing (depression, panic, anxiety) and externalizing (ADHD, CD, substance related disorders) spectra (see Monk et al., 2008; Shannon et al., 2009; Beauchaine and McNulty, 2013; Plichta and Scheres, 2014; Beauchaine, 2015b; Beauchaine and Thayer, 2015).

Evidence that music alters neural activity in these same functions and networks should encourage (1) more detailed investigations into the neural correlates of therapeutic effects of music, and (2) possible use of music in treatment of emotion dysregulation. At present, music has demonstrated the effects on depression through behavioral treatment, and is associated with reduced emotional reactivity in sadness-inducing contexts. For example, compared to depressed individuals who just receive standard care only, those who receive Active Music Therapy (AMT, the one which gives the person, the possibility to create his own acoustic with the help of musical instrument or with the voice. See Laura et al., 2015) plus standard care show greater improvement in depression and anxiety symptoms at 3-month follow-up (Erkkila et al., 2011). Neuroimaging studies show that listening to music can induce positive feelings and functional changes in the subcortical limbic structures as well as the frontal cortical regions that are implicated in depression and emotion dysregulation, music therapy therefore holds promise in helping depressed patients improve functioning of affect generating and affect regulating brain systems (Moore, 2013). By using the Music in Mood Regulation (MMR) therapy and fMRI, Carlson et al. (2015) found the responded activity of medial prefrontal cortex (mPFC) to the Discharge strategy (a method of MMR that makes negative feelings to be expressed. See Carlson et al., 2015), which reflected the improved scores on depression and anxiety. This neuroimaging study confirmes the active role of mPFC in the suppression of negative mood (Ochsner and Gross, 2005; Murakami et al., 2015) and also suggests that music can be applied with maladaptive patterns of emotion regulation (Carlson et al., 2015).

Therefore, given effects of music on the functions implicated in emotion regulation, music therapy, including strategic use of emotion-dampening music stimuli, might be beneficial for those with other chronic emotion dysregulation problems, such as individuals with BPD. As outlined above, those who are affected by BPD show impaired amygdalar, hippocampal, ACC, OFC, and dlPFC function (Nunes et al., 2009; Pessoa et al., 2012; Soloff et al., 2012; Niedtfeld et al., 2013), with resulting ER difficulties. Although certain behavioral methods help to treat chronic emotion dysregulation observed in BPD (see Linehan, 1993; Lynch et al., 2007; Ritschel et al., 2012), such methods primarily involve re-interpretation of external cues such as facial expressions and body movements, from which rapid assumptions about others' underlying thoughts and feelings states are gleaned (Bateman and Krawitz, 2013). More recently, focus has shifted to interoceptive exposure in which internal emotional states (e.g., anxiety) are altered toward changing negative emotions (e.g., Otto et al., 2005; Baker et al., 2007). Through music therapy, clients improve their affective states and behaviors by using music experiences such as free improvisation, singing, listening to, discussing, and moving to music to achieve treatment goals that improve ER (Otto et al., 2005). Music therapy may also result in reduced quantity of pharmacological agents administered, or even replace medication in some cases (Tournaire and Theau-Yonneau, 2007; Lindsey, 2009). Thus far, however, almost no studies have explored direct effects of music exposure on emotion dysregulation, so feasibility has yet to be demonstrated.

FUTURE DIRECTIONS

Future studies are needed to systematically investigate the efficacy of music therapy among those with ER difficulties, and to evaluate effects of such therapy on neural functions and networks that subserve core ER. Thus, there is a need for additional research, especially given how important adaptive ER skills are for mental health, responses to stress, and the capacity to develop healthy relationships. Given that music may naturally facilitate ER (Moore, 2013), music-based treatment may enhance adaptive neuro-developmental responses by providing real-time interactive opportunities to manage emotionally evocative experiences (Moore, 2015). Future research will tell.

AUTHOR CONTRIBUTIONS

JH: put forward the review idea, read lietrature, organize article structure, write and revise manuscript; BS: read lietrature, organize article structure, help revise manuscript; ACN: help organize article structure, revise manuscript based on his research experience (mental and brain disorder); CS: revise manuscript based on his research experience (emotion and brain function); JZ: revise manuscript based on her research experience (emotion education and neural basis); HZ: provide the reference to article structure, help revise on music and emotion section; TB: help revise the manuscript on article structure, logical organization and language (to be more professional and native).

FUNDING

This research is sponsored by: (1) Peak Discipline Construction Project of Education and Large Instruments Open Foundation at East China Normal University; (2) The 58th China Postdoctoral Science Foundation Funded Project (No. 2015M580303); Beijing Institute for Brain Disorders (BIBD-PXM2013_014226_07_000084).

REFERENCES

 Badgaiyan, R. D. (2010). Dopamine is released in the striatum during human emotional processing. Neuroreport 21, 1172–1176. doi: 10.1097/WNR.0b013e3283410955

 Baker, F., Gleadhill, L., and Dingle, G. (2007). Music therapy and emotional exploration: exposing substance abuse clients to the experiences of non-drug-induced emotions. Arts Psychother. 34, 321–330. doi: 10.1016/j.aip.2007.04.005

 Ball, T., Rahm, B., Eickhoff, S. B., Schulze-Bonhage, A., Speck, O., and Mutschler, I. (2007). Response properties of human amygdala subregions: evidence based on functional MRI combined with probabilistic anatomicalmaps. PLoS ONE 2:e307. doi: 10.1371/journal.pone.0000307

 Bateman, A. W., and Krawitz, R. (2013). Borderline Personality Disorder: An Evidence-Based Guide for Generalist Mental Health Professionals. New York, NY: Oxford University Press.

 Beauchaine, T. (2001). Vagal tone, development, and Gray's motivational theory: toward an integrated model of autonomic nervous system functioning in psychopathology. Dev. Psychopathol. 13, 183–214. doi: 10.1017/S0954579401002012

 Beauchaine, T. P. (2015a). Respiratory sinus arrhythmia: a transdiagnostic biomarker of emotion dysregulation and psychopathology. Curr. Opin. Psychol. 3, 43–47. doi: 10.1016/j.copsyc.2015.01.017

 Beauchaine, T. P. (2015b). Future directions in emotion dysregulation and youth psychopathology. J. Clin. Child Adolesc. Psychol. 44, 875–896. doi: 10.1080/15374416.2015.1038827

 Beauchaine, T. P., and McNulty, T. (2013). Comorbidities and continuities as ontogenic processes: toward a developmental spectrum model of externalizing behavior. Dev. Psychopathol. 25, 1505–1528. doi: 10.1017/S0954579413000746

 Beauchaine, T. P., and Thayer, J. F. (2015). Heart rate variability as a transdiagnostic biomarker of psychopathology. Int. J. Psychophysiol. 98, 338–350. doi: 10.1016/j.ijpsycho.2015.08.004

 Beauchaine, T. P., and Zisner, A. (in press). Motivation, emotion regulation, and the latent structure of psychopathology: an integrative and convergent historical perspective. Int. J. Psychophysiol. doi: 10.1016/j.ijpsycho.2016.12.014

 Beauchaine, T. P., Gatzke-kopp, L., and Mead, H. K. (2007). Polyvagal theory and developmental psychopathology: emotion dysregulation and conduct problems from preschool to adolescence. Biol. Psychol. 74, 174–184. doi: 10.1016/j.biopsycho.2005.08.008

 Beauchaine, T. P., Neuhaus, E., Zalewski, M., Crowell, S. E., and Potapova, N. (2011). Effects of allostatic load on neural systems subserving motivation, mood regulation, and social affiliation. Dev. Psychopathol. 23, 975–999. doi: 10.1017/S0954579411000459

 Beauchaine, T. P., Zisner, A., and Sauder, C. L. (2017). Trait impulsivity and the externalizing spectrum. Annu. Rev. Clin. Psychol. 13. doi: 10.1146/annurev-clinpsy-021815-093253

 Bechara, A. (2005). Decision making, impulse control and loss of willpower to resist drugs: a neurocognitive perspective. Nat. Neurosci. 8, 1458–1463. doi: 10.1038/nn1584

 Berns, G. S., and Moore, S. E. (2012). A neural predictor of cultural popularity. J. Cons. Psychol. 22, 154–160. doi: 10.1016/j.jcps.2011.05.001

 Blood, A. J., and Zatorre, R. J. (2001). Intensely pleasurable responses to music correlate with activity in brain regions implicated in reward and emotion. Proc. Natl. Acad. Sci. U.S.A. 98, 11818–11823. doi: 10.1073/pnas.191355898

 Boes, A. D., Bechara, A., Tranel, D., Anderson, S. W., Richman, L., and Nopoulos, P. (2009). Right ventromedial prefrontal cortex: a neuroanatomical correlate of impulse control in boys. SCAN 4, 1–9. doi: 10.1093/scan/nsn035

 Brendel, G. R., Stern, E., and Silbersweig, D. (2005). Defining the neuro-circuitry of borderline personality disorder: functional neuroimaging approaches. Dev. Psychopathol. 17, 1197–1206. doi: 10.1017/S095457940505056X

 Brown, S., Martinez, M. J., and Parsons, L. M. (2004). Passive music listening spontaneously engages limbic and paralimbic systems. Neuroreport 15, 2033–2037. doi: 10.1097/00001756-200409150-00008

 Bush, G., Luu, P., and Posner, M. (2000). Cognitive and emotional influences in anterior cingulate cortex. Trends Cogn. Sci. 4, 215–222. doi: 10.1016/S1364-6613(00)01483-2

 Campbell-Sills, L., Simmons, A. N., Lovero, K. L., Rochlin, A. A., Paulus, M. P., and Stein, M. B. (2011). NeuroImage functioning of neural systems supporting emotion regulation in anxiety-prone individuals. Neuroimage 54, 689–696. doi: 10.1016/j.neuroimage.2010.07.041

 Carlson, E., Saarikallio, S., Toiviainen, P., Bogert, B., Kliuchko, M., and Brattico, E. (2015). Maladaptive and adaptive emotion regulation through music: a behavioral and neuroimaging study of males and females. Front. Hum. Neurosci. 9:466. doi: 10.3389/fnhum.2015.00466

 Chan, R. C., Shum, D., Toulopoulou, T., and Chen, E. Y. (2008). Assessment of executive functions: review of instruments and identification of critical issues. Arch. Clin. Neuropsychol. 23, 201–216. doi: 10.1016/j.acn.2007.08.010

 Chanda, M. L., and Levitin, D. J. (2013). The neurochemistry of music. Trends Cogn. Sci. 17, 179–193. doi: 10.1016/j.tics.2013.02.007

 Cheung, C. C., Lee, T. M., Yip, J. T., King, K. E., and Li, L. S. (2006). The differential effects of thalamus and basal ganglia on facial emotion recognition. Brain Cogn. 61, 262–268. doi: 10.1016/j.bandc.2006.01.008

 Churchwell, J. C., Morris, A. M., Heurtelou, N. M., and Kesner, R. P. (2009). Interactions between the prefrontal cortex and amygdala during delay discounting and reversal. Behav. Neurosci. 123, 1185–1196. doi: 10.1037/a0017734

 Cole, P. M., Hall, S. E., and Hajal, N. J. (2013). “Emotion dysregulation as a risk factor for psychopathology,” in Developmental Psychopathology, 2nd Edn, eds T. P. Beauchaine and S. P. Hinshaw (Hoboken, NJ: John Wiley and Sons), 341–373.

 Cooney, R. E., Joormann, J., Eugène, F., Dennis, E. L., and Gotlib, I. H. (2010). Neural correlates of rumination in depression. Cogn. Affect. Behav. Neurosci. 10, 470–478. doi: 10.3758/CABN.10.4.470

 Craig, A. D. (2009). How do you feel—now? The anterior insula and human awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

 Crowell, S. E., Beauchaine, T. P., and Linehan, M. (2009). A biosocial developmental model of borderline personality: elaborating and extending Linehan's theory. Psychol. Bull. 135, 495–510. doi: 10.1037/a0015616

 Davidson, R. J. (2002). Anxiety and affective style: role of prefrontal cortex and amygdala. Biol. Psychiatry 51, 68–80. doi: 10.1016/S0006-3223(01)01328-2

 Davidson, R. J., Jackson, D. C., and Kalin, N. H. (2000). Emotion, plasticity, context, and regulations: perspectives from affective neuroscience. Psychol. Bull. 126, 890–909. doi: 10.1037/0033-2909.126.6.890

 De Manzano, Ö., and Ullén, F. (2012). Goal-independent mechanisms for free response generation: creative and pseudo-random performance share neural substrates. Neuroimage 59, 772–780. doi: 10.1016/j.neuroimage.2011.07.016

 Dell'Osso, B., Berlin, H., Serati, M., and Altamura, A. C. (2010). Neuropsychobiological aspects, comorbidity patterns and dimensional models in borderline personality disorder. Neuropsychobiology 61, 169–179. doi: 10.1159/000297734

 Derbidge, C., and Beauchaine, T. P. (2014). “A developmental model of self-inflicted injury, borderline personality, and suicide risk,” in Handbook of Developmental Psychopathology, 3rd Edn., eds M. Lewis and K. Rudolf (New York, NY: Springer), 521–542.

 Diamond, L. M., and Aspinwall, L. G. (2003). Emotion regulation across the life span: an integrative perspective emphasizing self-regulation, positive affect, and dyadic processes. Motiv. Emot. 27, 125–156. doi: 10.1023/A:1024521920068

 Eldar, E., Ganor, O., Admon, R., Bleich, A., and Hendler, T. (2007). Feeling the real world: limbic response to music depends on related content. Cereb. Cortex 17, 2828–2840. doi: 10.1093/cercor/bhm011

 Elliott, R. (2003). Executive functions and their disorders. Br. Med. Bull. 65, 49–59. doi: 10.1093/bmb/65.1.49

 Erkkila, J., Punkanena, M., Fachnera, J., Ala-Ruonaa, E., Pontio, I., Tervaniemi, M., et al. (2011). Individual music therapy for depression: randomised controlled trial. Br. J. Psychiatry 199, 132–139. doi: 10.1192/bjp.bp.110.085431

 Etkin, A., Egner, T., and Kalisch, R. (2011). Emotional processing in anterior cingulate and medial prefrontal cortex. Trends Cogn. Sci. 15, 85–93. doi: 10.1016/j.tics.2010.11.004

 Falconer, E., Bryant, R., Felmingham, K. L., Kemp, A. H., Gordon, E., Peduto, A., et al. (2008). The neural networks of inhibitory control in posttraumatic stress disorder. J. Psychiatry Neurosci. 33, 413–422.

 Floresco, S. B. (2015). The nucleus accumbens: an interface between cognition, emotion, and action. Ann. Rev. Psychol. 66, 25–52. doi: 10.1146/annurev-psych-010213-115159

 Flores-Gutiérrez, E. O., Díaz, J., Barrious, F. A., Favila-Humara, R., Guevara, M. A., Del Rio-Portilla, Y., et al. (2007). Metabolic and electric brain patterns during pleasant and unpleasant emotions induced by music masterpieces. Int. J. Psychophysiol. 65, 69–84. doi: 10.1016/j.ijpsycho.2007.03.004

 Fonville, L., Giampietro, V., Surguladze, S., Williams, S., and Tchanturia, K. (2014). Increased BOLD signal in the fusiform gyrus during implicit emotion processing in anorexia nervosa. NeuroImage 4, 266–273. doi: 10.1016/j.nicl.2013.12.002

 Fujisawa, T. X., and Cook, N. D. (2011). The perception of harmonic triads: an fMRI study. Brain Imaging Behav. 5, 109–125. doi: 10.1007/s11682-011-9116-5

 Goldin, P. R., McRae, K., Ramel, W., and Gross, J. J. (2008). The neural bases of emotion regulation: reappraisal and suppression of negative emotion. Biol. Psychiatry 63, 577–586. doi: 10.1016/j.biopsych.2007.05.031

 Gosselin, N., Peretz, I., Johnsen, E., and Adolphs, R. (2006). Amygdala damage impairs emotion recognition from music. Neuropsychologia 45, 236–244. doi: 10.1016/j.neuropsychologia.2006.07.012

 Green, A. C., Berentsen, K. B., Støkilde-Jørgensen, H., Wallentin, M., Roepstorff, A., and Vuust, P. (2008). Music in minor activates limbic structures: a relationship with dissonance? Neuroreport 19, 711–715. doi: 10.1097/WNR.0b013e3282fd0dd8

 Gross, J. J., and Thompson, R. A. (2007). “Emotion regulation: Conceptual foundations,” in Handbook of Emotion Regulation, ed J. J. Gross (New York, NY: Guilford Press), 3–24.

 Hartley, T., Bird, C., Chan, D., Cipolotti, L., Husain, M., and Vargha-Khadem, F. (2007). The hippocampus is required for short-term topographical memory in humans. Hippocampus 17, 34–48. doi: 10.1002/hipo.20240

 Heatherton, T. F. (2011). Neuroscience of self and self-regulation. Annu. Rev. Psychol. 62, 363–390. doi: 10.1146/annurev.psych.121208.131616

 Heatherton, T. F., and Wagner, D. D. (2011). Cognitive neuroscience of self-regulation failure. Trends Cogn. Sci. 15, 132–139. doi: 10.1016/j.tics.2010.12.005

 Hilt, L. M., Hanson, J. L., and Pollak, S. D. (2011). “Emotion dysregulation,” in Encyclopedia of Adolescence, Vol. 3, eds B. B. Brown and M. J. Prinstein (New York, NY: Elsevier), 160–169.

 Holland, P. C., and Gallagher, M. (2004). Amygdala–frontal interactions and reward expectancy. Curr. Opin. Neurobiol. 14, 148–155. doi: 10.1016/j.conb.2004.03.007

 Holtmann, J., Herbort, M. C., Wustenberg, T., Soch, J., Richter, S., Walter, H., et al. (2013). Trait anxiety modulates fronto-limbic processing of emotional interference in borderline personality disorder. Front. Hum. Neurosci. 7:54. doi: 10.3389/fnhum.2013.00054

 Hou, J. C. (2007). Research about the cognitive neuroscience of the “Mozart Effect”. Chin. J. Spec. Educ. 3, 85–91.

 Ito, M. (2004). “Nurturing the brain” as an emerging research field involving child neurology. Brain Dev. 26, 429–433. doi: 10.1016/j.braindev.2003.02.001

 Janata, P. (2009). The neural architecture of music-evoked autobiographical memories. Cereb. Cortex 19, 2579–2594. doi: 10.1093/cercor/bhp008

 Jerde, T. A., Childs, S. K., Handy, S. T., Nagode, J. C., and Pardo, J. V. (2011). Dissociable systems of working memory for rhythm and melody. Neuroimage 57, 1572–1579. doi: 10.1016/j.neuroimage.2011.05.061

 Juslin, P. N., and Vastfjall, D. (2008). Emotional responses to music: the need to consider underlying mechanisms. Behav. Brain Sci. 31, 559–621. doi: 10.1017/S0140525X08005293

 Kalisch, R. (2009). The functional neuroanatomy of reappraisal: time matters. Neurosci. Biobehav. Rev. 33, 1215–1226. doi: 10.1016/j.neubiorev.2009.06.003

 Kesner, R. P., and Dakis, M. (1995). Phencyclidine injections into the dorsal hippocampus disrupt long- but not short-term memory within a spatial learning task. Psychopharmacology 120, 203–208. doi: 10.1007/BF02246194

 Kleber, B., Birbaumer, N., Veit, R., Trevorrow, T., and Lotze, M. (2007). Overt and imagined singing of an Italian aria. Neuroimage 36, 889–900. doi: 10.1016/j.neuroimage.2007.02.053

 Koelsch, S. (2010). Towards a neural basis of music-evoked emotions. Trends Cogn. Sci. 14, 131–137. doi: 10.1016/j.tics.2010.01.002

 Koelsch, S. (2014). Brain correlates of music-evoked emotions. Nature Rev. Neurosci. 15, 170–180. doi: 10.1038/nrn3666

 Koelsch, S., Fritz, T., V Cramon, D. Y., Müller, K., and Friederici, A. D. (2006). Investigating emotion with music: an fMRI study. Hum. Brain Mapp. 27, 239–250. doi: 10.1002/hbm.20180

 Koelsch, S., Skouras, S., and Jentschke, S. (2013b). Neural correlates of emotional personality: a structural and functional magnetic resonance imaging study. PLoS ONE 8:e77196. doi: 10.1371/journal.pone.0077196

 Koelsch, S., Skouras, S., Fritz, T., Herrera, P., Bonhage, C., Kussner, M. B., et al. (2013a). The roles of superficial amygdala and auditory cortex in music-evoked fear and joy. Neuroimage 81, 49–60. doi: 10.1016/j.neuroimage.2013.05.008

 Krause-Utz, A., Winter, D., Niedtfeld, I., and Schmahl, C. (2014). The latest neuroimaging findings in borderline personality disorder. Curr. Psychiatry Rep. 12, 46–55. doi: 10.1007/s11920-014-0438-z

 Kuhlmann, A., Bertsch, K., Schmidinger, I., Thomann, P. A., and Herpertz, S. C. (2013). Morphometric differences in central stress-regulating structures between women with and without borderline personality disorder. J. Psychiatry Neurosci. 38, 129–137. doi: 10.1503/jpn.120039

 Kumar, S., Von Kriegstein, K., Friston, K., and Griffiths, T. D. (2012). Features versus feelings: dissociable representations of the acoustic features and valence of aversive sounds. J. Neurosci. 32, 14184–14192. doi: 10.1523/JNEUROSCI.1759-12.2012

 Laura, D., Sylvie, J., and Aurore, S. (2015). The effects of music therapy on anxiety and depression. Annu. Depress. Anxiety 2:1057.

 LeDoux, J. E. (1989). Cognitive-emotional interactions in the brain. Cogn. Emot. 3, 267–289. doi: 10.1080/02699938908412709

 LeDoux, J. E. (2000). Emotion circuits in the brain. Annu. Rev. Neurosci. 23, 155–184. doi: 10.1146/annurev.neuro.23.1.155

 Lee, Y. S., Janata, P., Frost, C., Hanke, M., and Granger, R. (2011). Investigation of melodic contour processing in the brain using multivariate pattern-based fMRI. Neuroimage 57, 293–300. doi: 10.1016/j.neuroimage.2011.02.006

 Lerner, Y., Papo, D., Zhdanov, A., Belozersky, L., and Hendler, T. (2009). Eyes wide shut: amygdala mediates eyes-closed effect on emotional experience with music. PLoS ONE 4:e6230. doi: 10.1371/journal.pone.0006230

 Levy, B. J., and Wagner, A. D. (2011). Cognitive control and right ventrolateral prefrontal cortex: reflexive reorienting, motor inhibition, and action updating. Ann. N.Y. Acad. Sci. 1224, 40–62. doi: 10.1111/j.1749-6632.2011.05958.x

 Limb, C. J., and Braun, A. R. (2008). Neural substrates of spontaneous musical performance: an fMRI study of jazz improvisation. PLoS ONE 3:e1679. doi: 10.1371/journal.pone.0001679

 Lindsey, P. L. (2009). Psychotropic medication use among older adults: what all nurses need to know. J. Gerontol. Nurs. 35, 28–38. doi: 10.3928/00989134-20090731-01

 Linehan, M. (1993). Cognitive-Behavioral Treatment of Borderline Personality Disorder. New York, NY: Guilford Press.

 Luu, P., and Posner, M. (2003). Anterior cingulate cortex regulation of sympathetic activity. Brain 126, 2119–2120. doi: 10.1093/brain/awg257

 Lynch, T. R., Cheavens, J. S., Cukrowicz, K. C., Thorp, S. R., Bronner, L., and Beyer, J. (2007). Treatment of older adults with comorbid personality disorder and depression: a dialectical behavior therapy approach. Int. J. Geriatr. Psychiatry 22, 131–143. doi: 10.1002/gps.1703

 Mayberg, H. S., Lozano, A. M., Voon, V., McNeely, H. E., Seminowicz, D., Hamani, C., et al. (2005). Deep brain stimulation for treatment-resistant depression. Neuron 45, 651–660. doi: 10.1016/j.neuron.2005.02.014

 McEwen, B. S., and Gianaros, P. J. (2010). Central role of the brain in stress and adaptation: links to socioeconomic status, health, and disease. Ann. N.Y. Acad. Sci. 1186, 190–222. doi: 10.1111/j.1749-6632.2009.05331.x

 McRae, K., Hughes, B., Chopra, S., Gabrieli, J. D., Gross, J. J., and Ochsner, K. (2010). The neural bases of distraction and reappraisal. J. Cogn. Neurosci. 22, 248–262. doi: 10.1162/jocn.2009.21243

 Menon, V., and Levitin, D. J. (2005). The rewards of music listening: response and physiological connectivity of the mesolimbic system. Neuroimage 28, 175–184. doi: 10.1016/j.neuroimage.2005.05.053

 Miendlarzewska, E. A., and Trost, W. (2014). How musical training affects cognitive development: rhythm, reward and other modulating variables. Front. Neurosci. 7:279. doi: 10.3389/fnins.2013.00279

 Milad, M. R., and Rauch, S. L. (2012). Obsessive-compulsive disorder: beyond segregated cortico-striatal pathways. Trends Cogn. Sci. 16, 43–51. doi: 10.1016/j.tics.2011.11.003

 Miranda, R., Tsypes, A., Gallagher, M., and Rajappa, K. (2013). Rumination and hopelessness as mediators of the relation between perceived emotion dysregulation and suicidal ideation. Cogn. Ther. Res. 37, 786–795. doi: 10.1007/s10608-013-9524-5

 Mitterschiffthaler, M. T., Fu, C. H., Dalton, J. A., Andrew, C. M., and Williams, S. C. (2007). A functional MRI study of happy and sad affective states induced by classical music. Hum. Brain Mapp. 28, 1150–1162. doi: 10.1002/hbm.20337

 Monk, C. S., Telzer, E. H., Mogg, K., Bradley, B. P., Mai, X., and Louro, H. M., et al. (2008). Amygdala and ventrolateral prefrontal cortex activation to masked angry faces in children and adolescents with generalized anxiety disorder. Arch. Gen. Psychiatry 65, 568–576. doi: 10.1001/archpsyc.65.5.568

 Moore, K. S. (2013). A systematic review on the neural effects of music on emotion regulation: implications for music therapy. Pract. J. Music Ther. 50, 198–242. doi: 10.1093/jmt/50.3.198

 Moore, K. S. (2015). Musical Contour Regulation Facilitation (Mcrf) to Support Emotion Regulation Development in Preschoolers: A Mixed Methods Feasibility Study. Doctoral dissertation of University of Missouri-Kansas City, 130–131.

 Mueller, K., Mildner, T., Fritz, T., Lepsien, J., Schwarzbauer, C., Schroeter, M., et al. (2011). Investigating brain response to music: a comparison of different fMRI acquisition schemes. Neuroimage 54, 337–343. doi: 10.1016/j.neuroimage.2010.08.029

 Murakami, H., Katsunuma, R., Oba, K., Terasawa, Y., Motomura, Y., Mishima, K., et al. (2015). Neural networks for mindfulness and emotion suppression. PLoS ONE 10:e0128005. doi: 10.1371/journal.pone.0128005

 Mutschler, I., Wieckhorst, B., Speck, O., Schulze-Bonhage, A., Hennig, J., Seifritz, E., et al. (2010). Time scales of auditory habituation in the amygdala and cerebral cortex. Cereb. Cortex 20, 2531–2539. doi: 10.1093/cercor/bhq001

 Neuhaus, E., Bernier, R., and Beauchaine, T. P. (2014). Social skills, internalizing and externalizing symptoms, and respiratory sinus arrhythmia in autism. J. Autism Dev. Disord. 44, 730–737. doi: 10.1007/s10803-013-1923-7

 Niedtfeld, I., Schulze, L., Krause-Utz, A., Demirakca, T., Bohus, M., and Schmahl, C. (2013). Voxel-based morphometry in women with borderline personality disorder with and without comorbid posttraumatic stress disorder. PLoS ONE 8:e65824. doi: 10.1371/journal.pone.0065824

 Niven, K., Totterdell, P., and Holman, D. (2009). A classification of controlled interpersonal affect regulation strategies. Emotion 9, 498–509. doi: 10.1037/a0015962

 Noel, X., Linden, M., and Bechara, A. (2006). The neurocognitive mechanisms of decision-making, impulse control, and loss of willpower to resist drugs. Psychiatry 3, 30–41.

 Nunes, P. M., Wenzel, A., Borges, K. T., Porto, C., Caminha, R., and De Oliveira, I. R. (2009). Volumes of the hippocampus and amygdala in patients with borderline personality disorder: a meta-analysis. J. Pers. Disord. 23, 333–345. doi: 10.1521/pedi.2009.23.4.333

 O'Neill, A., D'Souza, A., Carballedo, A., Joseph, S., Kerskens, C., and Frodl, T. (2013). Magnetic resonance imaging in patients with borderline personality disorder: a study of volumetric abnormalities. Psychiatry Res. 213, 1–10. doi: 10.1016/j.pscychresns.2013.02.006

 Ochsner, K. N., and Gross, J. J. (2005). The cognitive control of emotion. Trends Cogn. Sci. 9, 242–249. doi: 10.1016/j.tics.2005.03.010

 Olson, I. R., Plotzker, A., and Ezzyat, Y. (2007). The enigmatic temporal pole: a review of findings on social and emotional processing. Brain 130(Pt 7), 1718–1731. doi: 10.1093/brain/awm052

 Omar, R., Henley, S. M., Bartlett, J. W., Hailstone, J. C., Gordon, E., Sauter, D., et al. (2011). The structural neuroanatomy of music emotion recognition: evidence from frontotemporal lobar degeneration. Neuroimage 56, 1814–1821. doi: 10.1016/j.neuroimage.2011.03.002

 Otto, M. W., Powers, M. B., and Fischmann, D. (2005). Emotional exposure in the treatment of substance use disorders: conceptual model, evidence, and future directions. Clin. Psychol. Rev. 25, 824–839. doi: 10.1016/j.cpr.2005.05.002

 Paus, T. (2000). Functional anatomy of arousal and attention systems in the human brain. Prog. Brain Res. 126, 65–77. doi: 10.1016/S0079-6123(00)26007-X

 Peretz, I., and Zatorre, R. J. (2005). Brain organization for music processing. Annu. Rev. Psychol. 56, 89–114. doi: 10.1146/annurev.psych.56.091103.070225

 Perez-Rodriguez, M. M., Hazlett, E. A., Rich, E. L., Ripoll, L. H., Weiner, D. M., Spence, N., et al. (2012). Striatal activity in borderline personality disorder with comorbid intermittent explosive disorder: sex differences. J. Psychiatr. Res. 46, 797–804. doi: 10.1016/j.jpsychires.2012.02.014

 Pessoa, L. (2008). On the relationship between emotion and cognition. Nature Rev. Neurosci. 9, 148–158. doi: 10.1038/nrn2317

 Pessoa, L., and Adolphs, R. (2010). Emotion processing and the amygdala: from a ‘low road’ to ‘many roads’ of evaluating biological significance. Nat. Rev. Neurosci. 11, 773–783. doi: 10.1038/nrn2920

 Pessoa, L., Mckenna, M., and Gutierrez, E. (2002). Neural processing of emotional faces requires attention. Proc. Natl. Acad. Sci. U.S.A. 99, 1458–1463. doi: 10.1073/pnas.172403899

 Pessoa, L., Padmala, S., Kenzer, A., and Bauer, A. (2012). Interactions between cognition and emotion during response inhibition. Emotion 12, 192–197. doi: 10.1037/a0024109

 Phelps, E. A. (2003). Human emotion and memory: interactions of the amygdala and hippocampal complex. Curr. Opin. Neurobiol. 14, 198–202. doi: 10.1016/j.conb.2004.03.015

 Phelps, E. A. (2004). Human emotion and memory: interactions of the amygdala and hippocampal complex. Curr. Opin. Neurobiol. 14, 198–202. doi: 10.1016/j.conb.2004.03.015

 Plichta, M. M., and Scheres, A. (2014). Ventral–striatal responsiveness during reward anticipation in ADHD and its relation to trait impulsivity in the healthy population: a meta-analytic review of the fMRI literature. Neurosci. Biobehav. Rev. 38, 125–134. doi: 10.1016/j.neubiorev.2013.07.012

 Pollatos, O., and Gramann, K. (2012). Attenuated modulation of brain activity accompanies emotion regulation deficits in alexithymia. Psychophysiology 49, 651–658. doi: 10.1111/j.1469-8986.2011.01348.x

 Rajappa, K., Gallagher, M., and Miranda, R. (2012). Emotion dysregulation and vulnerability to suicidal ideation and attempts. Cogn. Ther. Res. 36, 833–839. doi: 10.1007/s10608-011-9419-2

 Rempel-Clower, N. L. (2007). Role of orbitofrontal cortex connections in emotion. Ann. N.Y. Acad. Sci. 1121, 72–86. doi: 10.1196/annals.1401.026

 Richter-Levin, G. (2004). The amygdala, the hippocampus, and emotional modulation of memory. Neuroscientist 10, 31–39. doi: 10.1177/1073858403259955

 Ritschel, L. A., Cheavens, J. S., and Nelson, J. (2012). Dialectical behavior therapy in an intensive outpatient program with a mixed-diagnostic sample. J. Clin. Psychol. 68, 221–235. doi: 10.1002/jclp.20863

 Roozendaal, B., McEwen, B. S., and Chattarji, S. (2009). Stress, memory and the amygdala. Nat. Rev. Neurosci. 10, 423–433. doi: 10.1038/nrn2651

 Rouw, R., Scholte, H., and Colizoli, O. (2011). Brain areas involved in synaesthesia: a review. J. Neuropsychol. 5, 214–242. doi: 10.1111/j.1748-6653.2011.02006.x

 Salimpoor, V. N., Benovoy, M., Larcher, K., Dagher, A., and Zatorre, R. J. (2011). Anatomically distinct dopamine release during anticipation and experience of peak emotion to music. Nat. Neurosci. 14, 257–262. doi: 10.1038/nn.2726

 Sauder, C. L., Derbidge, C. M., and Beauchaine, T. P. (2016). Neural responses to monetary incentives among self-injuring adolescent girls. Dev. Psychopathol. 28, 277–291. doi: 10.1017/S0954579415000449

 Saxena, P., Dubey, A., and Pandey, R. (2011). Role of emotion regulation difficulties in predicting mental health and well-being. J. Project. Psychol. Ment. Health 18, 147–155.

 Scherer, K. R., and Zentner, M. R. (2001). “Emotional effects of music: production rules,” in Music and Emotion: Theory and Research, eds P. N. Juslin and J. A. Sloboda (New York: NY: Oxford University Press), 361–392.

 Schulze, L., Domes, G., Krüger, A., Berger, C., Fleischer, M., Prehn, K., et al. (2011). Neuronal correlates of cognitive reappraisal in borderline patients with affective instability. Biol. Psychiatry 69, 564–573. doi: 10.1016/j.biopsych.2010.10.025

 Shannon, K. E., Sauder, C., Beauchaine, T. P., and Gatzke-Kopp, L. (2009). Disrupted effective connectivity between the medial frontal cortex and the caudate in adolescent boys with externalizing behavior disorders. Crim. Justice Behav. 36, 1141–1157. doi: 10.1177/0093854809342856

 Sitaram, R., Caria, A., Veit, R., Gaber, T., Ruiz, S., and Birbaumer, N. (2014). Volitional control of the anterior insula in criminal psychopaths using real-time fMRI neurofeedback: a pilot study. Front. Behav. Neurosci. 8:344. doi: 10.3389/fnbeh.2014.00344

 Soloff, P., Pruitt, P., Sharma, M., Radwan, J., White, R., and Diwadkar, V. (2012). Structural brain abnormalities and suicidal behavior in borderline personality disorder. J. Psychiatry Res. 46, 516–525. doi: 10.1016/j.jpsychires.2012.01.003

 Sripada, R. K., Marx, C. E., King, A. P., Rajaram, N., Garfinkel, S. N., Abelson, J. L., et al. (2013). DHEA enhances emotion regulation neurocircuits and modulates memory for emotional stimuli. Neuropsychopharmacology 38, 1798–1807. doi: 10.1038/npp.2013.79

 Thompson, R. A. (1994). Emotion regulation: a theme in search of definition. Monogr. Soc. Res. Child Dev. 59, 25–52. doi: 10.2307/1166137

 Tournaire, M., and Theau-Yonneau, A. (2007). Complementary and alternative approaches to pain relief during labor. Evid. Based Complement. Alternat. Med. 4, 409–417. doi: 10.1093/ecam/nem012

 Trost, W., Ethofer, T., Zentner, M., and Vuilleumier, P. (2012). Mapping aesthetic musical emotions in the brain. Cereb. Cortex 22, 2769–2783. doi: 10.1093/cercor/bhr353

 Trost, W., Frühholz, S., Cochrane, T., Cojan, Y., and Vuilleumier, P. (2015). Temporal dynamics of musical emotions examined through intersubject synchrony of brain activity. Soc. Cogn. Affect. Neurosci. 10, 1–17. doi: 10.1093/scan/nsv060

 Videbech, P., and Ravnkilde, B. (2004). Hippocampal volume and depression: a meta-analysis of MRI studies. Am. J. Psychiatry 161, 1957–1966. doi: 10.1176/appi.ajp.161.11.1957

 Warner-Schmidt, J. L., and Duman, R. S. (2006). Hippocampal neurogenesis: opposing effects of stress and antidepressant treatment. Hippocampus 16, 239–249. doi: 10.1002/hipo.20156

 Xiang, A., Zhang, Y., Zhang, Q., and Li, W. (2006). The activation of human affective system during music listening: a fMRI study. Chin. J. Clin. Psychol. 14, 205–214.

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 Hou, Song, Chen, Sun, Zhou, Zhu and Beauchaine. 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

Review on Neural Correlates of
Emotion Regulation and Music:
Implications for Emotion
Dysregulation









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychology





