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Abstract

Purpose of Review—Deficits in social cognition are an important determinant of social
functioning in schizophrenia, a core feature of the illness that persists despite treatment. Recent
research in neuroplasticity-based therapeutics show that neural systems supporting core cognitive
skills improve after targeted cognitive training, suggesting that social cognition, and concomitant
social functioning, may be improved by targeting the neural systems supporting social cognition.
However, the success of this approach depends on the extent to which the social brain is
malleable. We review the neural effects of training programs focused on improving social
cognition in healthy, schizophrenia, and other clinical samples.

Recent Findings—The current literature suggests that the neural mechanisms underlying social
cognition show neuroplastic changes after behavioral training and these neural changes confer
concomitant benefits to social cognition and social behavior. Most research in schizophrenia has
focused on emotion recognition, and while emotion recognition training has behavioral and neural
benefits for schizophrenia, more advanced social cognitive processes need to be examined.

Summary—The data suggest that targeting neural systems underlying social cognition through
socially-focused behavioral interventions may improve social functioning impairments in
schizophrenia. Questions remain regarding how to optimize training, which should be addressed in
future work.
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Introduction

The ability to navigate the social environment is a robust predictor of health, well-being,
social status, and occupational achievement. The social world —interacting with others,
understanding social context, and developing interpersonal relationships— is particularly
challenging for people with schizophrenia. These social difficulties do not improve after
standard treatments [1,2], and contribute to chronic functional disability [3,*4]. New
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treatments for social impairment are necessary, but, thus far, treatment development has
been stymied by limited knowledge about the neural systems supporting social behavior.

Here, we review recent advances in social and cognitive neuroscience that support
neuroplasticity-based approaches for treating social impairment in schizophrenia. It is well-
established that poor social functioning in schizophrenia is caused, in large part, by
behavioral deficits in social cognition — a suite of abilities, including emotion recognition,
self-regulation, and theory of mind (ToM) (i.e. understanding the mental states of others)
[*5,6-8]. Recent research demonstrates the following: 1) Social cognitive skills depend on
the activity and connectivity of specific brain regions. These include regions primarily
involved in emotion processing — amygdala, somatosensory-related cortex (SRC), ventral
striatum, and medial orbitofrontal cortex (MOFC); cognitive control (used in self-regulatory
processes) — lateral prefrontal cortex (LPFC), anterior cingulate cortex (ACC), and superior
parietal lobe; and theory of mind — superior temporal sulcus (STS), temporoparietal junction
(TPJ), posterior cingulate, and medial prefrontal cortex (MPFC) [9]; 2) Schizophrenia is
associated with neural dysfunction in these regions, and the degree of dysfunction is related
to social cognitive performance and real-world social behavior [*10,11]; and 3) Cognitive
deficits related to neural dysfunction in schizophrenia can be improved through behavioral
interventions, such as computer-based cognitive training, that promote neuroplasticity. More
specifically, intense behavioral practice of a cognitive skill (e.g., working-memory),
improves the underlying neural system supporting that skill, and learning-induced neural
changes are related to better cognitive performance [**12,13-19]. These data indicate that
neuroplasticity-based approaches could improve social impairment in schizophrenia.
Theoretically, social cognition training would enhance the function of underlying neural
systems, and these neural changes will improve social cognition, which, in turn, will
improve social functioning. Moreover, with clearly defined neural targets and reliable neural
outcome measures, this proposed mechanism can now be tested.

Below we review: 1) the theory behind neuroplasticity-based approaches, 2) evidence of
neuroplasticity in systems supporting social behavior in healthy and clinical populations;
and 3) questions to be addressed in future research.

What is a “neuroplasticity-based approach” and how does it differ from

other treatments?

Neuroplasticity is an inherent property of the human adult brain that allows for experience-
dependent, including learning-induced, changes to neural function [20]. That is, neural
function shapes our experience, while, at the same time, our experience shapes neural
function. Given that cognition is an emergent property of neural function [12], the dynamic
and reciprocal relationship between brain and experience provides an avenue for
remediating neural-based deficits in cognition. Neuroplasticity-based treatments capitalize
on the brain’s capacity to change by manipulating the content and context of experience to
target specific neural systems and shape neural response. For example, cognitive training
programs aimed at improving LPFC function in schizophrenia consist of intense behavioral
practice of cognitive skills, such as working-memory, that recruit LPFC activity. The
repeated engagement of LPFC and associated regions refines LPFC activity and strengthens
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functional connectivity with other regions in the working-memory network. Training
exercises are designed to enhance the context for learning which optimizes learning-induced
neuroplasticity. Learning is enhanced when training is: (a) intensive and adaptive: difficulty
is kept high such that task demands are always higher than the participant’s neurocognitive
capacity; (b) engaging: requiring directed attention; and (c) reinforcing: correct responses
are rewarded. These characteristics promote mativation and elicit neuromodulators, such as
dopamine and acetylcholine, which enhance the molecular basis of learning (e.g., synaptic
plasticity) [21,22]. Cognitive training programs that incorporate these principles produce
neural changes that are associated with behavioral improvements in cognition (including
social cognition) and day-to-day functioning for healthy individuals [17,18], people with
schizophrenia [19,**23], and people at risk for schizophrenia [**24].

Neuroplasticity-based treatments are distinguished from other treatments by their explicit
design to treat problematic behavior by targeting the underlying neural cause and promoting
enduring neural changes that will, ultimately, facilitate behavioral improvement. This “brain
first” approach is different than behavioral interventions, such as social skills training, which
focus on the external behavior. It also differs from other neuroscience-based approaches,
such as psychopharmacological interventions, which are not, necessarily, designed to create
long-lasting changes to neural structure and function.

Can principles of neuroplasticity be used to improve social impairment?

Evidence of neuroplasticity after targeted cognitive training in schizophrenia suggests that
targeted social cognition training may have similar benefits. However, social cognition
differs from cognition in a number of ways, and it is unclear how these differences may
influence the efficacy of neuroplasticity-based training. The neural systems for social-
emotional processing may not be as malleable and/or may not respond to the same training
characteristics. While there is indirect evidence that neural systems for social-emotional
processing are malleable by social experience, such as long-periods of social deprivation
[25-30], the degree of malleability and the characteristics that promote positive neural
changes are unknown. Moreover, the social world is highly complex; compared to working
memory, social processes may not be as easily isolated and targeted through behavioral
training. Social functioning is a reciprocal and context-dependent process in which multiple
social and emotional skills influence relationships over time. These dynamic elements of
social interactions may not translate easily to training programs and social dilemmas rarely
have a single “correct” answer. Furthermore, the notion that social cognition and behavior
could be improved through non-social means (e.g., computer-based training that does not
involve human-to-human interaction) seems counterintuitive. Yet, the ability to manipulate
content, dose, and intensity of social input via computer-based programs could be an
efficient avenue for strengthening the targeted neural circuits. Theoretically, strengthening
the neural circuits for social processing should enhance the real-world experience of social
encounters which would then boost motivation to have additional social experiences,
creating a positive, self-sustaining interplay between brain function and behavioral
experience.
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Emotion Recognition

Social cognition training in schizophrenia has largely focused on emotion recognition and
basic ToM skills that involve identifying the mental states of others from observable cues.
These social cognitive processes are ideal testing grounds for neuroplasticity-based
interventions targeting social behavior. Emotion recognition relies on a well-defined neural
network, including the amygdala, superior temporal sulcus (STS), and somatosensory-
related cortex (SRC). Emotion recognition skills and associated neural mechanisms are
disrupted in schizophrenia-spectrum populations and strongly related to functional outcome
[31,32]. Both neural and behavioral performance can be reliably measured, and the
computer-based behavioral measures are easily converted into training exercises with
characteristics that promote neuroplasticity.

Hooker et al. [**33,34] investigated the neural effects of 50 hours of auditory-based
cognitive training plus social cognition training consisting of emation recognition and basic
ToM in individuals with schizophrenia. On a facial emotion recognition task, fMRI results
demonstrated that, compared to the control intervention of placebo computer games,
cognitive plus social cognitive training was associated with neural activity increases in the
amygdala and SRC - key regions of the emotion recognition network. Importantly, training-
related increases in these regions predicted improvement on a standardized behavioral test of
emotion processing. Programs that just include computerized facial emotion training are also
associated with neural changes in fMRI [35] and electrophysiological measures, including
ERP changes in a parietal-temporal-occipital network implicated in face processing [36],
and MEG-related increases in alpha power, which is related to facial emotion recognition
[37].

Eack et al. [38] evaluated gray matter volume (GMV) changes in patients who underwent
either two years of Cognitive Enhancement Therapy (CET), a treatment that combines
group-based social skills training with computer-based cognitive exercises, or Enriched
Supportive Therapy (EST). Compared to EST, CET participants demonstrated greater GMV
preservation in the hippocampus, parahippocampal gyrus, and fusiform gyrus, and increased
GMV in the amygdala — regions that support emotion processing, ToM, memory, and
prospection. Moreover, CET-related GMV effects related to performance gains on
behavioral tests of social cognition.

To date, only one social cognitive training study has evaluated the association between
training-related neural changes and social functioning changes. Subramaniam et al. [39]
investigated the effects of 50 hours of computer-based cognitive training combined with
training in facial affect recognition and basic ToM (similar to [33,34]) on source monitoring
(i.e., distinguishing the source of experiences as being internal versus external); a process
that recruits structures involved in self-referential processing and ToM, namely MPFC.
Compared to placebo computer games, schizophrenia patients who received active training
demonstrated pre-to-post training normalization of MPFC activation, and MPFC activity
post-training was associated with better social functioning 6-months later.
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In summary, neural networks supporting different aspects of social cognition appear
malleable in response to emotion recognition and basic ToM training in schizophrenia.
These neural changes are associated with performance gains on social cognitive tasks, and
preliminary evidence suggests training-related changes can confer benefits to social
functioning.

Self-Regulation/Cognitive Control of Emotion

The regulation of emotional experience/expression and the ability to control the influence of
emotion on behavior, termed cognitive control of emotion [40], is a core component of self-
regulation necessary for navigating social interactions, particularly interpersonal conflicts
[41,42]. Cognitive control of emation comprises a continuum of processes, ranging from
controlling attention to and changing the meaning of perceived/experienced emotions, in
which cognitive control circuitry modulates emotion processing regions to control the
impact of emotion on experience and behavior [40]. Mounting evidence indicates impaired
cognitive control of emotion may be characteristic of the schizophrenia-spectrum [43],
arises from dysfunctional activation in cognitive control regions, particularly LPFC [43],
and contributes to symptom exacerbation and maladaptive response to social stressors
[44,45]. Consequently, interventions that are designed to improve cognitive control of
emotion could improve social functioning.

Training studies have predominantly focused on the neural effects of training the explicit
and volitional (i.e. effortful) down-regulation of negative/undesirable emotions and the
implicit attentional control away from negative stimuli. For example, Cognitive Behavioral
Therapy (CBT) trains explicit and volitional emotion regulation by emphasizing high-level
cognitive strategies, such as problem-solving and reappraisal. CBT is associated with
reduced symptoms [46—49] and normalization of LPFC-limbic activation in schizophrenia
[50,51], and increased dorsal MPFC with accompanying behavioral gains during reappraisal
in social anxiety disorder (SAD) [52]. Thus, explicit training of volitional emotion
regulation via CBT effects change in the targeted neural circuitry.

Similarly, Mindfulness, the active, non-judgmental orientation and maintenance of attention
to one’s current psychophysiological state [53], has been shown to improve well-being,
emotional reactivity, and behavioral regulation in multiple clinical populations [54]. In
schizophrenia, preliminary behavioral evidence indicates that 12 weekly 90-minute group
sessions combining CBT skills training and 10-minutes of mindfulness meditation practice
leads to significant pre-to-post improvements in symptoms, well-being, and daily
functioning [55].

Neuroimaging studies indicate that Mindfulness Based Stress Reduction (MBSR), a program
comprising eight weekly 2.5-hour group classes in meditation (i.e., breath focus, body scan,
open monitoring) and a 1-day meditation retreat, is a particularly promising approach. In
SAD individuals, participation in MBSR showed pre-to-post training neural activation
changes in cognitive control of emotion circuitry and concomitant improvements in explicit
emotion regulation using reappraisal [56]. Similarly, an RCT comparing MBSR to Aerobic
Exercise in SAD, MBSR training produced increased activation in LPFC and parietal
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regions, and decreases in amygdala during reappraisal [57]. These training related changes
may be specific to MBSR’s mindful meditation component, which likely promotes flexible
attentional engagement to negative emotional information and improves volitional attention
regulation [58], processes known to be impaired in schizophrenia and associated with social
impairment [44]. However, to date, no neuroimaging investigations of mindfulness have
been conducted in schizophrenia-spectrum samples.

Training in automatic inhibitory control of emotion may transfer gains to volitional emotion
regulation strategies. Twenty days of working memory training on an N-back task utilizing
emotional faces as target stimuli resulted in increased efficiency in cognitive control
circuitry in healthy individuals [59]. Participants who received training showed reduced
LPFC activation during medium cognitive load trials, but increased LPFC activation and
accompanying behavioral performance gains on high cognitive load trials. Notably,
participants in the training group also demonstrated increased recruitment of attention and
cognitive control related regions when regulating emotional response through reappraisal,
indicating that training gains can transfer across emotion regulation processes.

Attentional Bias Modification (ABM) targets the attentional control processes involved in
emotion perception and experience. ABM use computerized training paradigms to alter
attention to emotional stimuli, most commonly using a dot-probe task designed to train
attention away from threat-related information (e.g. angry faces). Behavioral studies show
ABM results in improved attentional control and accompanying symptom reductions in
anxiety, depression, and substance use disorders [60]. Preliminary evidence suggests this
effect is mediated by alteration of prefrontal systems involved in the inhibitory control of
attention to emotional information. Using fMRI in a sample of healthy individuals,
Browning et al. [61] demonstrated altered activation in dorsal and ventral LPFC and changes
in connectivity between LPFC and face-sensitive sensory cortex following a single ABM
training session. ERP evidence is consistent with this [62]. However, the longevity of ABM-
induced neural changes and their effect on social functioning remains unknown, and no
studies have examined the use of ABM in schizophrenia.

In summary, evidence suggests that training volitional emotion regulation and automatic
inhibitory control of emotional information results in changes to cognitive control of
emotion circuitry and that these changes may confer benefits to well-being. However,
research examining the trainability of emotion regulation in schizophrenia, and the potential
benefits to social functioning, needs further investigation.

Theory of Mind and Prosocial Behavior

To improve social functioning in schizophrenia, social cognitive skills, such as emotion
regulation and theory of mind, must be used to in the service of prosocial behavior. For
example, emotion regulation could impact social functioning in schizophrenia via deficits in
the up-regulation of emotions and prosocial feelings, which could contribute to the social
anhedonia [45] and reduced reward-related motivation [63] observed in schizophrenia. One
such prosocial feeling is compassion, the understanding of another’s difficult situation
(reliant on ToM) along with the expression of concern and desire to relieve their distress
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[64]. The goal of compassion training is to extend feelings of prosocial concern and warmth
towards others through meditative/mindfulness practice. Compassion training often involves
a theoretical introduction to mindfulness and compassion and skill teaching by a trained
instructor, followed by guided practice. During practice, participants perform a mindfulness
exercise to orient themselves to the present moment, contemplate someone who they already
feel compassion for, and then practice extending those sentiments to others.

Neuroimaging studies in healthy individuals indicate that compassion training leads to
changes in neural circuitry supporting ToM, positive emotion, and affiliation. Compared to
memory training, compassion training produced activity increases in MOFC, ventral
striatum,, and ventral tegmentum, while watching videos depicting others in distress [65].
Interestingly, compared to memory training, empathy training (focusing on another’s
distress) led to increased negative affect and activation in the pain network [66], consistent
with data indicating empathy can be emotionally costly [67]. Subsequent compassion
training reversed this increase in negative affect, increased positive affect, and led to
increased activity in ventral striatum, pregenual anterior cingulate, and MOFC.

Compared to cognitive reappraisal training, compassion training produced increased
prosocial behavior on an economic decision-making task accompanied by altered activation
in inferior parietal cortex, dorsal LPFC (DLPFC), and DLPFC functional connectivity with
ventral striatum (nucleus accumbens, specifically) [68]. Thus, compassion training may
promote prosocial behavior via increased engagement in cognitive control-related prefrontal
neural circuitry and its connectivity to emotion processing and reward-related regions.

Compassion training also confers beneficial changes to the neural circuitry involved in ToM.
Lutz et al. [69] found that compared to non-expert compassion meditators, expert
compassion meditators showed increased neural activity in posterior cingulate cortex and
right posterior STS/TPJ when listening to sounds of distress. Mascaro et al. [70] found that
compassion training versus a health discussion class led to increased activity in left inferior
frontal gyrus, DMPFC, and left STS during a mental state decoding task. Neural changes
were related to task performance.

Thus, compassion training appears to modulate several networks including those involved in
positive affect, ToM, and prosocial behavior. Given the importance of these networks for
effective social functioning, compassion training may ameliorate social impairments in
schizophrenia. Preliminary behavioral investigations in schizophrenia have shown beneficial
effects of compassion training on symptoms and well-being [71-73], but training-related
neural effects and putative social functioning improvements have not been investigated.

Conclusion

The studies reviewed here suggest that the social brain is malleable in response to social
cognition training and that training-related changes in neural systems underlying social
cognition are related to improvement in social cognition performance. Given the strong
association between social cognition and social functioning, the reviewed training programs
and their variants represent fruitful avenues for improving social impairment in
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schizophrenia. Notably, the evidence indicates that social cognition can, in some cases, be
improved through non-social methods such as computer-based training. The advantages of
computer-based training programs are substantial; given that they more directly target
pathophysiological processes, can be delivered through the internet, completed independent
of a clinic setting, and may be less stigmatizing.

There is still much work to be done. Many of the training methods reviewed here have not
been tested with schizophrenia-spectrum samples. In addition, some training programs, such
as compassion training, were not designed to promote neuroplasticity. With regard to these
and other social skills interventions, a key question is how to maximize changes to the
neural systems of social behavior that will be enduring and self-sustaining. It is also
unknown how altering the modality (e.g., computerized games versus in-person groups),
intensity, and length of treatment, specific target of treatment (e.g., emotion processing
versus ToM), and how person-specific factors such as premorbid functioning, motivation,
and expectations, affect neural outcomes.

Acknowledgments

Financial Support and Sponsorship

Some of the research reviewed in this paper was supported, in part, by NIH grants RO1 MH105246 and R44
MH09179 as well as a NARSAD/Brain Behavior Research Foundation Independent Investigator Award.

References

1. Swartz MS, Perkins DO, Stroup TS, Davis SM, Capuano G, Rosenheck RA, Reimherr F, McGee
MF, Keefe RS, McEvoy JP, et al. Effects of antipsychotic medications on psychosocial functioning
in patients with chronic schizophrenia: findings from the NIMH CATIE study. Am J Psychiatry.
2007; 164:428-436. [PubMed: 17329467]

2. Keefe RS, Bilder RM, Davis SM, Harvey PD, Palmer BW, Gold JM, Meltzer HY, Green MF,
Capuano G, Stroup TS, et al. Neurocognitive effects of antipsychotic medications in patients with
chronic schizophrenia in the CATIE Trial. Arch Gen Psychiatry. 2007; 64:633-647. [PubMed:
17548746]

3. Couture SM, Penn DL, Roberts DL. The functional significance of social cognition in
schizophrenia: a review. Schizophr Bull. 2006; 32(Suppl 1):S44-63. [PubMed: 16916889]

*4., Fett AK, Viechtbauer W, Dominguez MD, Penn DL, van Os J, Krabbendam L. The relationship
between neurocognition and social cognition with functional outcomes in schizophrenia: a meta-
analysis. Neurosci Biobehav Rev. 2011; 35:573-588. The only meta-analysis on the association
between social cognition and functional outcomes in schizophrenia. [PubMed: 20620163]

*5. Savla GN, Vella L, Armstrong CC, Penn DL, Twamley EW. Deficits in domains of social
cognition in schizophrenia: a meta-analysis of the empirical evidence. Schizophr Bull. 2013;
39:979-992. The most recent meta-analysis on social cognitive deficits in schizophrenia.
[PubMed: 22949733]

6. Bora E, Yucel M, Pantelis C. Theory of mind impairment in schizophrenia: meta-analysis.

Schizophr Res. 2009; 109:1-9. [PubMed: 19195844]

7. Sprong M, Schothorst P, Vos E, Hox J, van Engeland H. Theory of mind in schizophrenia: meta-
analysis. Br J Psychiatry. 2007; 191:5-13. [PubMed: 17602119]

8. Kohler CG, Walker JB, Martin EA, Healey KM, Moberg PJ. Facial emotion perception in
schizophrenia: a meta-analytic review. Schizophr Bull. 2010; 36:1009-1019. [PubMed: 19329561]

9. Stanley DA, Adolphs R. Toward a neural basis for social behavior. Neuron. 2013; 80:816-826.
[PubMed: 24183030]

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dodell-Feder et al.

Page 9

*10. Dodell-Feder D, Tully LM, Lincoln SH, Hooker CI. The neural basis of theory of mind and its
relationship to social functioning and social anhedonia in individuals with schizophrenia.
Neuroimage Clin. 2014; 4:154-163. An interesting example of how neural acitvity associated
with social cognition (theory of mind in this study) is associated with social funcitoning and
other social phenomena associated with schizophrenia, namely social anhedonia. [PubMed:
24371798]

11. Hooker CI, Bruce L, Lincoln SH, Fisher M, Vinogradov S. Theory of mind skills are related to
gray matter volume in the ventromedial prefrontal cortex in schizophrenia. Biol Psychiatry. 2011;
70:1169-1178. [PubMed: 21917239]

**12. Merzenich MM, Van Vleet TM, Nahum M. Brain plasticity-based therapeutics. Front Hum
Neurosci. 2014; 8:385. An excellent recent review on neuroplasticity-based treatment. [PubMed:
25018719]

13. Cramer SC, Sur M, Dobkin BH, O’Brien C, Sanger TD, Trojanowski JQ, Rumsey JM, Hicks R,

Cameron J, Chen D, et al. Harnessing neuroplasticity for clinical applications. Brain. 2011,
134:1591-1609. [PubMed: 21482550]

14. Draganski B, May A. Training-induced structural changes in the adult human brain. Behav Brain
Res. 2008; 192:137-142. [PubMed: 18378330]

15. Lovden M, Wenger E, Martensson J, Lindenberger U, Backman L. Structural brain plasticity in
adult learning and development. Neurosci Biobehav Rev. 2013; 37:2296-2310. [PubMed:
23458777]

16. May A. Experience-dependent structural plasticity in the adult human brain. Trends Cogn Sci.
2011, 15:475-482. [PubMed: 21906988]

17. Klingberg T. Training and plasticity of working memory. Trends Cogn Sci. 2010; 14:317-324.
[PubMed: 20630350]

18. Buschkuehl M, Jaeggi SM, Jonides J. Neuronal effects following working memory training. Dev
Cogn Neurosci. 2012; 2(Suppl 1):S167-179. [PubMed: 22682905]

19. Subramaniam K, Luks TL, Garrett C, Chung C, Fisher M, Nagarajan S, Vinogradov S. Intensive
cognitive training in schizophrenia enhances working memory and associated prefrontal cortical
efficiency in a manner that drives long-term functional gains. Neuroimage. 2014; 99:281-292.
[PubMed: 24867353]

20. Pascual-Leone A, Amedi A, Fregni F, Merabet LB. The plastic human brain cortex. Annu Rev
Neurosci. 2005; 28:377-401. [PubMed: 16022601]

21. Nahum, M.; Lee, H.; Merzenich, M. “Principles of Neuroplasticity-Based Rehabilitation” in
Chainging Brains - Applying Brain Plasticity to Advance and Recover Human Ability. In:
Merzenich, M.; Nahum, M.; Van Vleet, TM., editors. Progress in Brain Research. VVol. 207.
Elsevier; 2013. p. 141-171.

22. Fisher M, Holland C, Subramaniam K, Vinogradov S. Neuroplasticity-based cognitive training in
schizophrenia: an interim report on the effects 6 months later. Schizophr Bull. 2010; 36:869-879.
[PubMed: 19269924]

**23. Nahum M, Fisher M, Loewy R, Poelke G, Ventura J, Nuechterlein KH, Hooker CI, Green MF,
Merzenich M, Vinogradov S. A novel, online social cognitive training program for young adults
with schizophrenia: A pilot study. Schizophr Res Cogn. 2014; 1:e11-e19. An interesting example
of neuroplasticity-based social cognitive training. They find that people with schizophrenia
showed training-related improvements in standardized social cognition measures and social
functioning. [PubMed: 25267937]

**24. Hooker ClI, Carol EE, Eisenstein TJ, Yin H, Lincoln SH, Tully LM, Dodell-Feder D, Nahum M,
Keshavan MS, Seidman LJ. A pilot study of cognitive training in clinical high risk for psychosis:
initial evidence of cognitive benefit. Schizophr Res. 2014; 157:314-316. Another interesting
example of neuroplasticity-based social cognitive training in individuals at clinical high risk for
psychosis. They find that 40 hours of combined cognitive plus social cognitive training in
emotion recognition and theory of mind was associated with positive changes in cognition, some
of which were associated with improvements in role functioning. [PubMed: 24954429]

25. Schubert M1, Porkess MV, Dashdorj N, Fone KC, Auer DP. Effects of social isolation rearing on

the limbic brain: a combined behavioral and magnetic resonance imaging volumetry study in rats.
Neuroscience. 2009; 159:21-30. [PubMed: 19141315]

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dodell-Feder et al.

26.

27.

28.

29.

30.

31.

32.

* %k

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10

Hoffman RE. A social deafferentation hypothesis for induction of active schizophrenia. Schizophr
Bull. 2007; 33:1066-1070. [PubMed: 17631618]

Santiesteban I, Banissy MJ, Catmur C, Bird G. Enhancing social ability by stimulating right
temporoparietal junction. Curr Biol. 2012; 22:2274-2277. [PubMed: 23122848]

Kim P, Evans GW, Angstadt M, Ho SS, Sripada CS, Swain JE, Liberzon I, Phan KL. Effects of
childhood poverty and chronic stress on emotion regulatory brain function in adulthood. Proc Natl
Acad Sci U S A. 2013; 110:18442-18447. [PubMed: 24145409]

Kumaran D, Melo HL, Duzel E. The emergence and representation of knowledge about social and
nonsocial hierarchies. Neuron. 2012; 76:653-666. [PubMed: 23141075]

Hackman DA, Farah MJ, Meaney MJ. Socioeconomic status and the brain: mechanistic insights
from human and animal research. Nat Rev Neurosci. 2010; 11:651-659. [PubMed: 20725096]

Taylor SF, Kang J, Brege IS, Tso IF, Hosanagar A, Johnson TD. Meta-analysis of functional
neuroimaging studies of emotion perception and experience in schizophrenia. Biol Psychiatry.
2012; 71:136-145. [PubMed: 21993193]

Li H, Chan RC, McAlonan GM, Gong QY. Facial emotion processing in schizophrenia: a meta-
analysis of functional neuroimaging data. Schizophr Bull. 2010; 36:1029-1039. [PubMed:
19336391]

33. Hooker ClI, Bruce L, Fisher M, Verosky SC, Miyakawa A, D’Esposito M, Vinogradov S. The
influence of combined cognitive plus social-cognitive training on amygdala response during face
emotion recognition in schizophrenia. Psychiatry Res. 2013; 213:99-107. This study
demonstrates that combined cognitive plus social cognitive training results in beneficial changes
to brain regions associated with social cognition, and how these brain changes support improved
behavioral performance. [PubMed: 23746615]

Hooker CI, Bruce L, Fisher M, Verosky SC, Miyakawa A, Vinogradov S. Neural activity during
emotion recognition after combined cognitive plus social cognitive training in schizophrenia.
Schizophr Res. 2012; 139:53-59. [PubMed: 22695257]

Habel U, Koch K, Kellermann T, Reske M, Frommann N, Wolwer W, Zilles K, Shah NJ,
Schneider F. Training of affect recognition in schizophrenia: Neurobiological correlates. Soc
Neurosci. 2010; 5:92-104. [PubMed: 19821187]

Luckhaus C, Frommann N, Stroth S, Brinkmeyer J, Wolwer W. Training of affect recognition in
schizophrenia patients with violent offences: behavioral treatment effects and electrophysiological
correlates. Soc Neurosci. 2013; 8:505-514. [PubMed: 23879268]

Popova P, Popov TG, Wienbruch C, Carolus AM, Miller GA, Rockstroh BS. Changing facial
affect recognition in schizophrenia: effects of training on brain dynamics. Neuroimage Clin. 2014;
6:156-165. [PubMed: 25379427]

Eack SM, Hogarty GE, Cho RY, Prasad KM, Greenwald DP, Hogarty SS, Keshavan MS.
Neuroprotective effects of cognitive enhancement therapy against gray matter loss in early
schizophrenia: results from a 2-year randomized controlled trial. Arch Gen Psychiatry. 2010;
67:674-682. [PubMed: 20439824]

Subramaniam K, Luks TL, Fisher M, Simpson GV, Nagarajan S, Vinogradov S. Computerized
cognitive training restores neural activity within the reality monitoring network in schizophrenia.
Neuron. 2012; 73:842-853. [PubMed: 22365555]

Ochsner KN, Silvers JA, Buhle JT. Functional imaging studies of emotion regulation: a synthetic
review and evolving model of the cognitive control of emotion. Ann N Y Acad Sci. 2012;
1251:E1-24. [PubMed: 23025352]

Heatherton TF, Wagner DD. Cognitive neuroscience of self-regulation failure. Trends Cogn Sci.
2011; 15:132-139. [PubMed: 21273114]

Hooker CI, Gyurak A, Verosky SC, Miyakawa A, Ayduk O. Neural activity to a partner’s facial
expression predicts self-regulation after conflict. Biol Psychiatry. 2010; 67:406-413. [PubMed:
20004365]

Tully LM, Niendam TA. Beyond “cold” cognition: exploring cognitive control of emotion as a risk
factor for psychosis. Current Behavioral Neuroscience Reports. 2014; 1:170-181.

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dodell-Feder et al.

Page 11

44. Tully LM, Lincoln SH, Hooker CI. Lateral prefrontal cortex activity during cognitive control of
emotion predicts response to social stress in schizophrenia. Neuroimage Clin. 2014; 6:43-53.
[PubMed: 25379415]

45. Hooker CI, Benson TL, Gyurak A, Yin H, Tully LM, Lincoln SH. Neural activity to positive
expressions predicts daily experience of schizophrenia-spectrum symptoms in adults with high
social anhedonia. J Abnorm Psychol. 2014; 123:190-204. [PubMed: 24661170]

46. Addington J, Epstein I, Liu L, French P, Boydell KM, Zipursky RB. A randomized controlled trial
of cognitive behavioral therapy for individuals at clinical high risk of psychosis. Schizophr Res.
2011; 125:54-61. [PubMed: 21074974]

47. Morrison AP, Barratt S. What are the components of CBT for psychosis? A Delphi study.
Schizophr Bull. 2010; 36:136-142. [PubMed: 19880824]

48. Morrison AP, French P, Walford L, Lewis SW, Kilcommons A, Green J, Parker S, Bentall RP.
Cognitive therapy for the prevention of psychosis in people at ultra-high risk: randomised
controlled trial. Br J Psychiatry. 2004; 185:291-297. [PubMed: 15458988]

49. Phillips LJ, McGorry PD, Yuen HP, Ward J, Donovan K, Kelly D, Francey SM, Yung AR.
Medium term follow-up of a randomized controlled trial of interventions for young people at ultra
high risk of psychosis. Schizophr Res. 2007; 96:25-33. [PubMed: 17611080]

50. Kumari V, Fannon D, Peters ER, Ffytche DH, Sumich AL, Premkumar P, Anilkumar AP, Andrew
C, Phillips ML, Williams SC, et al. Neural changes following cognitive behaviour therapy for
psychosis: a longitudinal study. Brain. 2011; 134:2396-2407. [PubMed: 21772062]

51. Kumari V, Peters ER, Fannon D, Antonova E, Premkumar P, Anilkumar AP, Williams SC,
Kuipers E. Dorsolateral prefrontal cortex activity predicts responsiveness to cognitive-behavioral
therapy in schizophrenia. Biol Psychiatry. 2009; 66:594-602. [PubMed: 19560121]

52. Goldin PR, Ziv M, Jazaieri H, Weeks J, Heimberg RG, Gross JJ. Impact of cognitive-behavioral
therapy for social anxiety disorder on the neural bases of emotional reactivity to and regulation of
social evaluation. Behav Res Ther. 2014; 62:97-106. [PubMed: 25193002]

53. Kabat-Zinn J. Wherever you go, there you are: Mindfulness meditation in everyday life. Hyperion.
1994

54. Keng SL, Smoski MJ, Robins CJ. Effects of mindfulness on psychological health: a review of
empirical studies. Clin Psychol Rev. 2011; 31:1041-1056. [PubMed: 21802619]

55. Chadwick P. Mindfulness for psychosis. Br J Psychiatry. 2014; 204:333-334. [PubMed:
24785766]

56. Goldin PR, Gross JJ. Effects of mindfulness-based stress reduction (MBSR) on emotion regulation
in social anxiety disorder. Emotion. 2010; 10:83-91. [PubMed: 20141305]

57. Goldin P, Ziv M, Jazaieri H, Hahn K, Gross JJ. MBSR vs aerobic exercise in social anxiety: fMRI
of emotion regulation of negative self-beliefs. Soc Cogn Affect Neurosci. 2013; 8:65-72.
[PubMed: 22586252]

58. Goldin P, Ziv M, Jazaieri H, Gross JJ. Randomized controlled trial of mindfulness-based stress
reduction versus aerobic exercise: effects on the self-referential brain network in social anxiety
disorder. Front Hum Neurosci. 2012; 6:295. [PubMed: 23133411]

59. Schweizer S, Grahn J, Hampshire A, Mobbs D, Dalgleish T. Training the emotional brain:
improving affective control through emotional working memory training. J Neurosci. 2013;
33:5301-5311. [PubMed: 23516294]

60. Wiers RW, Gladwin TE, Hofmann W, Salemink E, Ridderinkhof KR. Cognitive bias modification
and cognitive control training in addiction and related psychopathology mechanisms, clinical
perspectives, and ways forward. Clinical Psychological Science. 2013:2167702612466547.

61. Browning M, Holmes EA, Murphy SE, Goodwin GM, Harmer CJ. Lateral prefrontal cortex
mediates the cognitive modification of attentional bias. Biol Psychiatry. 2010; 67:919-925.
[PubMed: 20034617]

62. Eldar S, Bar-Haim Y. Neural plasticity in response to attention training in anxiety. Psychol Med.
2010; 40:667-677. [PubMed: 19627649]

63. Kring AM, Moran EK. Emotional response deficits in schizophrenia: insights from affective
science. Schizophr Bull. 2008; 34:819-834. [PubMed: 18579556]

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Dodell-Feder et al.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 12

Keltner, D.; Goetz, J. Encyclopedia of social psychology. Thousand Oaks (CA): Sage Publications;
2007. Compassion; p. 159-161.

Klimecki OM, Leiberg S, Lamm C, Singer T. Functional neural plasticity and associated changes
in positive affect after compassion training. Cereb Cortex. 2013; 23:1552-1561. [PubMed:
22661409]

Klimecki OM, Leiberg S, Ricard M, Singer T. Differential pattern of functional brain plasticity
after compassion and empathy training. Soc Cogn Affect Neurosci. 2014; 9:873-879. [PubMed:
23576808]

Lamm C, Decety J, Singer T. Meta-analytic evidence for common and distinct neural networks
associated with directly experienced pain and empathy for pain. Neuroimage. 2011; 54:2492—
2502. [PubMed: 20946964]

Weng HY, Fox AS, Shackman AJ, Stodola DE, Caldwell JZ, Olson MC, Rogers GM, Davidson
RJ. Compassion training alters altruism and neural responses to suffering. Psychol Sci. 2013;
24:1171-1180. [PubMed: 23696200]

Lutz A, Brefczynski-Lewis J, Johnstone T, Davidson RJ. Regulation of the neural circuitry of
emotion by compassion meditation: effects of meditative expertise. PL0oS One. 2008; 3:€1897.
[PubMed: 18365029]

Mascaro JS, Rilling JK, Tenzin Negi L, Raison CL. Compassion meditation enhances empathic
accuracy and related neural activity. Soc Cogn Affect Neurosci. 2013; 8:48-55. [PubMed:
22956676]

Johnson DP, Penn DL, Fredrickson BL, Kring AM, Meyer PS, Catalino LI, Brantley M. A pilot
study of loving-kindness meditation for the negative symptoms of schizophrenia. Schizophr Res.
2011; 129:137-140. [PubMed: 21385664]

Laithwaite H, O’Hanlon M, Collins P, Doyle P, Abraham L, Porter S, Gumley A. Recovery After
Psychosis (RAP): a compassion focused programme for individuals residing in high security
settings. Behav Cogn Psychother. 2009; 37:511-526. [PubMed: 19765353]

Mayhew SL, Gilbert P. Compassionate mind training with people who hear malevolent voices: a
case series report. Clin Psychol Psychother. 2008; 15:113-138. [PubMed: 19115433]

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 May 01.



1duosnuepy soyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuep Joyiny

Dodell-Feder et al.

Curr Opin Psychiatry. Author manuscript; available in PMC 2016 May 01.

Page 13



