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Abstract The past 20 years of research examining psychosis
risk factors has predominantly focused on “cold” cognitive
(i.e., non-affective) processes. Despite identification of poten-
tial cognitive and associated brain-based vulnerability
markers, our ability to identify those individuals at highest
risk for future psychosis has not substantially improved. Con-
sequently, researchers have begun to examine emotion-
processing deficits as potential psychosis vulnerability
markers. Here we propose that a particular emotion-
processing domain, cognitive control of emotion, is a potential
transdiagnostic mechanism underlying the heterogeneity of
clinical presentation and psychosocial impairments observed
in high-risk populations. Recent investigations indicate im-
paired cognitive control of emotion is observable across the
psychosis spectrum and relates to important clinical and psy-
chosocial outcomes relevant to the high-risk state. Moreover,
preliminary evidence indicates treatment interventions aimed
at improving cognitive control of emotion could reduce psy-
chotic symptoms and improve functioning. We highlight gaps
in current knowledge and propose five key avenues for future
investigations.

Keywords Psychosis risk . Prodromal . Psychosis
continuum . Cognitive control . Emotion regulation .
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Introduction

A substantial body of research demonstrates that untreated
psychotic illness is consistently associated with worse long-
term patient outcomes, including more severe clinical symp-
toms, poorer social and role functioning, and reduced quality
of life, as well as increased rates of hospitalization, suicide
attempts, violence, and difficulty achieving remission once
treatment is initiated [1, 2]. In an attempt to identify individ-
uals earlier in the development of psychotic illness, over the
past 20 years researchers have explored various high-risk
groups to better understand the processes that contribute to
the onset of psychosis. These high-risk groups include (1)
genetic high-risk (GHR) individuals who have a first-degree
relative with psychosis (for reviews, see Bora et al. [3] and
Shah et al. [4]); (2) “psychosis prone” (PP) individuals who
score highly on psychometric measures of dimensional
schizotypal personality traits [5, 6]; and (3) clinical high-risk
(CHR) individuals who demonstrate a cluster of attenuated
psychotic symptoms consistent with established criteria (for a
review, see Wood et al. [7]). To date, high-risk research has
predominantly focused on cognitive deficits and associated
psychosocial impairments. Cognitive deficits across multiple
domains are consistently observed in high-risk populations
[8], are associated with structural and functional abnormalities
in frontal and temporal regions [9], and predict symptom
severity, social functioning, and transition to psychosis [8,
10–12]. These cognitive deficits are considered to reflect a
domain-general impairment in cognitive control—the inhibi-
tory and facilitatory functions necessary to maintain task-
relevant processing and goal-oriented behavior—which may
represent a risk marker for future clinical and psychosocial
deterioration.

However, despite the identification of candidate clinical
[13, 14], cognitive [8], and brain-based [9] vulnerability
markers, our ability to identify those individuals at highest
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risk for future psychotic illness has not substantially im-
proved. Neurocognitive and clinical markers tend to have
low predictive power for transition to a psychotic disorder
[3, 10], and transition rates are relatively low—only 18–36 %
of CHR individuals develop a psychotic disorder within 2–3
years [7]. Moreover, CHR individuals who do not develop
psychosis but continue to meet high-risk criteria have sub-
stantial ongoing clinical and functional impairment [15–19].
Indeed, multiple studies have highlighted the diagnostic het-
erogeneity of CHR samples [16, 20], particularly in the con-
text of mood dysregulation; recent estimates indicate that
more than 70 % of CHR individuals have comorbid depres-
sion and/or anxiety [16].

Given the high rates of mood pathology in high-risk sam-
ples, there is growing consensus that the traditional boundary
between psychotic and affective symptoms is not as clear-cut
as previously thought [21••] and that the current approach to
risk identification, dominated by investigations of non-
affective processes and positive symptoms, may not be cap-
turing the full breadth of domains underlying psychosis risk.
A recent meta-analysis demonstrated that CHR status is
strongly biased toward risk for developing non-affective
psychoses (schizophrenia, schizophreniform disorder,
schizoaffective disorder), compared with affective psychoses
(bipolar disorder or depression with psychotic features) [22].
Failing to account for affective symptoms limits the predictive
value of CHR status for developing psychosis across the
spectrum of possible illness presentations, and may result in
the underestimation of transition to affective psychoses within
high-risk groups. Indeed, given that the intensity and severity
of psychotic symptoms fluctuate over time, most likely in the
context of affective symptoms and environmental stressors
[23••, 24••], the separation of psychotic and affective psycho-
pathology may not be useful for predicting long-term
trajectory or for developing interventions. Consistent with
this, and the observed heterogeneity of current psychotic
disorder categories, there are increasing calls for the concep-
tualization of psychosis in a dimensional model that empha-
sizes the interaction between the severity of psychotic and
affective symptoms and their consequent effects on daily life
functioning, rather than categorical transition points between
psychotic and not psychotic [24••]. This is particularly rele-
vant given the Research Domain Criteria (RDoC) initiative of
the National Institutes of Mental Health (NIMH), which seeks
to develop a research-driven classification system for mental
disorders based on neurobiologically informed dimensions
that could better parse shared and unique variance across
psychiatric disorders [25]. The most radical interpretation of
this would be to do away with diagnostic categories and
arbitrary transition points entirely, and instead characterize
an individual’s psychopathology along a set of dimensions
of neurobiological causal mechanisms that better account for
the complex interactions of psychotic and affective symptoms

so often observed in patients. However, before this radical
nosological shift can even be considered, we must first delin-
eate the common and divergent biobehavioral mechanisms of
affective and psychotic symptomatology to better predict ill-
ness trajectory and identify specific treatment targets within
the boundaries of the current system.

Consequently, there is renewed interest in potential
transdiagnostic biobehavioral mechanisms that can account
for the concurrent psychotic and mood symptoms typically
observed in high-risk populations [26, 27]. One candidate
domain is emotion processing. The ability to identify, under-
stand, and use emotional information in one’s environment, as
well as the ability to regulate one’s own emotional state, is
increasingly connected to mental health and well-being in
daily life and may be especially important for mood regulation
and adaptive social behavior [28, 29]. Consequently, high-risk
researchers have begun to examine emotion-processing defi-
cits as potential vulnerability markers for psychosis [30].

Here we focus on a particular aspect of emotion processing
that may contribute to increased risk for psychosis: cognitive
control of emotion—the recruitment of cognitive control
mechanisms to regulate the experience and expression of
one’s emotional state and to control the influence of emotional
information on behavior [31]. We propose that examination of
cognitive control impairments in the context of emotion reg-
ulation presents a rich—and, as yet, relatively unexplored—
area for investigation of potential mechanisms underlying the
heterogeneity of clinical presentation and psychosocial im-
pairments observed during the high-risk state. This is not a
comprehensive review of cognitive control of emotion as a
field [see 32, 33] or the wealth of high-risk literature published
to date (see Shah et al. [4] and Fusar-Poli et al. [7]). Rather, we
seek to provide a timely summary of recent investigations of
cognitive control of emotion deficits and associated frontal–
limbic neural dysfunction, specifically in the context of the
psychosis risk state, in order to better direct future research
and facilitate its translation to the clinical setting. Accordingly,
we first present a rationale for the integration of cognition and
emotion in psychosis research, briefly define and describe the
neural mechanisms of cognitive control of emotion deter-
mined from studies in healthy individuals, and then review
recent investigations of cognitive control of emotion and its
contribution to psychological well-being and social function-
ing in psychotic and high-risk populations. Finally, we discuss
the implications for clinical settings and suggest future re-
search directions capable of bridging these findings to further
our understanding of psychosis.

Integrating Cognition and Emotion in Psychosis

Emotion dysregulation is a hallmark of psychosis, observable
in the high-risk phase preceding psychotic illness and
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predictive of symptoms and social dysfunction [13, 34, 35].
Mood and anxiety symptoms are present in the majority of
CHR [16, 20] and PP individuals [36], as well as in individ-
uals with a diagnosed psychotic disorder [37, 38]. Moreover,
comorbid mood and anxiety symptoms in high-risk popula-
tions relate to interpersonal sensitivity and paranoid ideation
[39], delusions [40], negative symptoms [41], increased risk
for transition to psychosis [35], and poorer psychosocial func-
tioning overall [16]. Collectively, this suggests that emotion
dysregulation may be part of the psychosis vulnerability pro-
file, possible due to reciprocal causal influence between
emotion dysregulation and psychotic symptoms—that is,
emotion dysregulation could give rise to psychotic symptoms,
and vice versa. For example, delusional content is often rep-
resentative of emotional concerns; persecutory delusions can
be conceptualized as delusional threat beliefs rooted in anxiety
[42], and the distressing and often traumatic nature of psycho-
sis could give rise to emotional disorders [43]. Further, psy-
chotic symptoms are prevalent in non-psychotic disorders,
suggesting that they occur more often in the context of emo-
tion dysregulation [21]. For example, individuals with anxiety
and/or depression are more likely to report delusional thought
content than individuals without mood disorders [40]. Simi-
larly, approximately 80 % of individuals who report
psychotic-like experiences in the absence of a diagnosable
psychotic disorder also have a diagnosis of a mood and/or
anxiety disorder [44]. Psychotic and affective symptoms have
also been shown to reciprocally exacerbate each other over
time: in a 10-year follow-up study, persistent depressive or
hypomanic symptomswere found to increase the likelihood of
psychotic symptoms, and persistent psychotic symptoms were
found to increase the likelihood of mood symptoms [45]. This
co-expression and reciprocal relationship suggests that shared
mechanisms underlie both affective and psychotic pathology
[45, 46]. Mounting evidence suggests that impaired cognitive
control of emotion, mediated by dysfunctional frontal–limbic
neural networks, is one such shared mechanism.

Cognitive control of emotion is fundamental for successful
navigation of an inherently social world. Social interactions
are affective in nature, especially interpersonal conflicts,
which can be emotionally challenging and require regulation
of negative emotional information for successful resolution
[47, 48]. These self-regulatory processes are reliant on cogni-
tive control mechanisms facilitated by the cingulo–frontal–
parietal cognitive control network [49, 50]. Dysfunction in the
cognitive control network, particularly the lateral prefrontal
cortex (LPFC), is a well-established neural impairment in
schizophrenia [51•] and high-risk populations [52–54], and
is thought to be a biomarker for psychotic illness [8, 51•].
However, how LPFC dysfunction confers vulnerability and
manifests in the core characteristics of psychosis is unknown.
The diathesis–stress model of psychosis posits that putative
biomarkers such as LPFC dysfunction lead to the

development and maintenance of symptoms when individuals
are exposed to an environmental stressor [55]. Consistent with
recent theories that social stress is one such environmental
stressor for psychosis [23••], one proposal is that LPFC dys-
function is a biological vulnerability, which, in the presence of
interpersonal stressors, contributes to symptoms and social
impairments via impaired cognitive control of emotion [56,
57].

Cognitive Control of Emotion: Definitions and Neural
Mechanisms

Cognitive control of emotion refers to the diverse set of
processes involved in the effortful control of the experience
and expression of our internal emotional states, as well as the
more automatic control of how external emotional informa-
tion influences behavior [31, 32, 58]. Here we adopt the
terminology of a recently proposed dual-process model [59•]
and refer to these two key cognitive control of emotion pro-
cesses as (explicit) emotion regulation (ER) and (implicit)
emotion conflict adaptation (ECA), respectively (see Table 1).
Investigations of ER predominantly employ reappraisal/
suppression paradigms in which ER processes are evaluated
on the basis of participants’ self-reported changes in their
emotion experience following voluntary engagement of cog-
nitive control of emotion mechanisms [32]. In contrast, ECA
research predominantly employs paradigms that require inhi-
bition of task-irrelevant emotional stimuli (most frequently,
negatively valenced) in order to focus on task-relevant re-
sponses (e.g., the facial-emotional Stroop task [60], faces–
houses task [61], emotional go/no-go task [62], and emotional
flanker tasks [63]), thus ECA processes are evaluated on the
basis of behavioral response patterns such as accuracy and
reaction time.

Neuroimaging studies in healthy individuals demonstrate
that both ER and ECA paradigms engage the same cognitive
control of emotion network characterized by frontal–limbic
connectivity between the domain-general cognitive control
network [64] and medial prefrontal and subcortical regions
associated with social and affective processing [31, 65] (see
Fig. 1). The cognitive control network comprises the lateral
prefrontal cortex (LPFC), particularly the dorsolateral prefron-
tal cortex (DLPFC), the anterior cingulate cortex (ACC), and
parietal regions [66]. The DLPFC is thought to maintain
rules and goals relevant to the current task, and, in the pres-
ence of conflicting information that might prompt prepotent
but inappropriate responses, exert “top-down” control to
direct neural processing toward the current goal [66, 67].
The ACC appears to detect the presence of response conflict
and signal the DLPFC when top-down control is needed to
maintain task-relevant processing [68, 69], while parietal re-
gions facilitate the shifting and orienting of attention toward
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task-appropriate stimuli [70]. During cognitive control of
emotion, this network interacts with regions associated with
social and affective processing, including the ventrolateral
prefrontal cortex (VLPFC), ventromedial prefrontal cortex
(VMPFC), insula, and amygdala, comprising a top-down
regulatory frontal–limbic network in which the DLPFC and
VLPFC exert inhibitory control over subcortical amygdala
pathways via projections from the VMPFC, modulating
emotion experience and regulating response to emotional
stimuli [65].

Studies in healthy individuals suggest LPFC function is
particularly relevant to an individual’s response to emotional
and interpersonal stressors. The less that individuals recruit
LPFC regulatory mechanisms during tasks that prompt ER,
the less self-regulation they report in everyday life; lower
VLPFC activity during the “Cyberball” social exclusion task,
in which participants play a virtual ball-tossing game with two
other players who eventually exclude them from the game
[71], predicts higher self-reported distress as a consequence of
that exclusion [72, 73]. This suggests that reduced engage-
ment of LPFC mechanisms in response to social rejection
reflects a failure to regulate emotions in response to interper-
sonal stressors that could impact social behavior. Similarly,

lower VLPFC activity when viewing negative facial expres-
sions of one’s romantic partner, considered an incidental form
of ER [74], predicts increased negative mood and maladaptive
behavior following conflict with that partner [56]. Collective-
ly, these data indicate that successful cognitive control of
emotion is reliant on intact LPFC function and that dysfunc-
tional engagement of lateral prefrontal control mechanisms in
the presence of a social/emotional stressor could contribute to
psychopathology and social deficits via impaired cognitive
control of emotion [56, 57].

Relevance of Cognitive Control of Emotion
to Transdiagnostic Psychosocial Outcomes

Consistent with this proposal, there is mounting evidence that
impaired cognitive control of emotion, particularly negative
emotional information, impacts a range of psychological and
social outcomes and thus could be a core transdiagnostic
mechanism that accounts for shared symptoms across diag-
nostic categories [26, 27]. Maladaptive ER strategies (e.g.,
suppression, rumination, self-blame, catastrophizing), com-
monly assessed using the Cognitive Emotion Regulation

Table 1 Explicit versus implicit cognitive control of emotion

Explicit ER Implicit ECA

Definition Explicit, effortful control of the experience and expression of
internal emotional states

Implicit, automatic control of the influence of external
emotional information on decisions and behavior

How is it assessed? Tasks that present emotional stimuli and instruct individuals
to either react naturally (reactivity trials) or to regulate their
emotional response to the stimuli (regulation trials)

Tasks that require inhibition of task-irrelevant emotional
stimuli in order to focus on task-relevant responses. Task-
irrelevant emotional stimuli either presented concurrently
(distractors) or sequentially (primes)

Strategies Adaptive: reappraisal, problem solving, acceptance Effortful/attentional/inhibitory control
Maladaptive: suppression, rumination, catastrophizing, self-
blame

Tasks and measures Reappraisal/suppression paradigm [32]
CERQ [75]

Facial-emotional Stroop task [60]

Emotional go/no-go task [62]

Emotional flanker task [63]

Faces–houses tasks [61]

Findings in non-psychosis psychopathology

Behavioral Maladaptive strategies associated with worry/anxiety [76],
depression [77, 78], and substance use [79]

Impaired ECA associated with depression [80], anxiety [81],
and BPD [82]

Neuroimaging Increased activation in DLPFC during ER following
antidepressant treatment associated with reduced
depressive symptoms [120]

Reduced ACC and LPFC activation during ECA in anxiety
[84]; reduced DLPFC and increased amygdala activation
in depression [85]

Findings in psychosis-spectrum samples

Behavioral Suppression associated with more severe paranoia [87],
auditory hallucinations [88], and poorer social functioning
[94]

Impaired ECA associated with paranoia [99], disorganized
symptoms [100], and reduced positive affect [108]

Neuroimaging Reduced frontal–limbic connectivity during reappraisal in
schizophrenia [103] and PP [104]

Reduced LPFC, medial PFC, and ACC activation during
ECA in schizophrenia [105] and PP [104]

ACC anterior cingulate cortex, BPD borderline personality disorder, CERQ Cognitive Emotion Regulation Questionnaire, DLPFC dorsolateral
prefrontal cortex, ECA emotion conflict adaptation, ER emotion regulation, LPFC lateral prefrontal cortex, PFC prefrontal cortex, PP psychosis
proneness
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Questionnaire (CERQ) [75], are increasingly recognized as
vulnerability factors that contribute to the development
and maintenance of psychopathology [28], particularly
disorders characterized by affective instability, such as
anxiety [76], depression [77, 78], and substance use
[79]. Similarly, impaired performance on ECA paradigms
requiring inhibition of irrelevant negative emotional stim-
uli has been observed in depression [80], anxiety [81],
borderline personality disorder [82], and those at risk for
developing a mood disorder [83]. Moreover, dysfunction-
al activation in the frontal–limbic cognitive control net-
work during ER and ECA has been linked to anxiety [84],
depression [85], and risk for future depressive episodes
[86]. Further, preliminary evidence also suggests a link to
socially relevant behaviors, such as responding to inter-
personal conflict: dysfunctional lateral prefrontal activa-
tion during affectively challenging tasks (e.g., viewing
negative facial expressions of loved ones) relates to great-
er engagement in maladaptive behaviors in response to
interpersonal conflict, such as increased rumination and
substance use [56]—responses that could impact interper-
sonal relationships. However, this putative link between
LPFC-mediated cognitive control of emotion mechanisms
and social behavior has yet to be demonstrated directly.

Collectively, these data indicate that impairments in the
ability to regulate responses to emotional and social stressors
contribute to symptoms (particularly affective) across multiple
disorders and could potentially impact socially relevant be-
haviors. Given that mood disturbance is pervasive across the
psychosis spectrum, and that social functioning impairments
are uniquely predictive of psychosis onset [13], researchers
have begun to examine the role of cognitive control of emo-
tion deficits in psychosis.

Impaired Cognitive Control of Emotion
in Psychosis-Spectrum Samples

To date, investigations of cognitive control of emotion in
psychosis-spectrum samples are limited and have predomi-
nantly been conducted in individuals high in psychosis prone-
ness (PP) and individuals with a psychotic disorder, with a few
studies in GHR samples and only one study in CHR. Howev-
er, preliminary findings indicate that dysfunctions similar to
those observed in mood and anxiety disorders are present
across the psychosis spectrum.

Behavioral studies examining ER in PP samples indicate
that reliance on maladaptive ER strategies, such as suppres-
sion, is associated with more severe psychotic symptoms,
including paranoia [87] and auditory hallucinations [88], and
that this effect may be more pronounced in the context of
interpersonal stress [89]. Impaired emotional awareness and
use of suppression is associated with worse social functioning
in individuals with a diagnosis of schizophrenia [90–92] and
CHR individuals [93•]. Moreover, these impairments appear
to contribute to symptoms and social functioning impairments
over and above neurocognitive deficits [91, 93•, 94]. Studies
using ECA paradigms present similar findings. PP individuals
demonstrate impaired inhibition of irrelevant negative faces
during a flanker task [63], and increased negative word inter-
ference on the emotional Stroop task [95]. Similarly, GHR
individuals show increased emotion interference effects on
working memory performance, particularly in male subjects
[96], and on emotional Stroop tasks [97]. In schizophrenia,
impaired emotional Stroop performance relates to persecutory
delusions [98], paranoia [99], and symptoms of disorganiza-
tion [100]. Additionally, negative affective primes have been
shown to negatively bias valence judgments of neutral

Fig. 1 Neural regions engaged
during cognitive control of
emotion. During cognitive control
of emotion, the cognitive control
network, comprising the
dorsolateral prefrontal cortex
(DLPFC), anterior cingulate
cortex (ACC), and superior
parietal regions, interacts with the
ventrolateral prefrontal cortex
(VLPFC), ventromedial
prefrontal cortex (VMPFC),
insula, and amygdala to form a
top-down regulatory frontal–
limbic network in which DLPFC
and VLPFC regions exert
inhibitory control over subcortical
amygdala pathways via
projections from the VMPFC
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Chinese characters [101], as well as social judgments of
trustworthiness [102]—a direct example of how impaired
cognitive control of emotion might relate to social processes.

Neuroimaging investigations parallel these findings and,
consistent with the proposal that cognitive control of emotion
deficits arise from dysfunctional activation in frontal–limbic
circuitry, demonstrate reduced frontal–limbic connectivity
during reappraisal in schizophrenia and bipolar patients
[103] and in high-PP individuals [104]. Similarly, abnormal
activation in the LPFC regions has been observed in schizo-
phrenia patients during an emotional multisource interference
task [105] and in PP individuals during the emotional Stroop
task [106]. Moreover, Modinos and colleagues [107••] were
able to distinguish between high- and low-PP individuals on
the basis of neural activation in the frontal–limbic cognitive
control of emotion network when viewing negative pictures.
In PP individuals, failure to recruit lateral prefrontal regions
when viewing socially accepting and rejecting faces has been
shown to predict exacerbations of psychotic symptoms in
response to interpersonal conflict [108••], further supporting
the proposal that dysfunctional lateral prefrontal activation
and reduced frontal–limbic connectivity is a psychosis vul-
nerability marker that impacts symptoms and adaptive re-
sponses to social stressors.

In summary, although studies examining cognitive control
of emotion deficits in psychosis spectrum samples are limited,
the findings indicate that impairments on ER and ECA para-
digms, most likely caused by dysfunctional frontal–limbic
connectivity, may be a key characteristic of the psychosis
continuum that contributes to symptom onset and functional
impairments. However, the contribution of cognitive control
of emotion deficits to transition to a psychotic illness has yet to
be examined. In order to directly tie this putative vulnerability
marker to psychosis risk and outcomes, longitudinal prospec-
tive studies, especially in CHR samples, are necessary.

Developmental Considerations

The CHR state is most commonly observed in adolescents and
young adults. Moreover, the prevalence of psychotic-like
experiences in the general population is highest in adolescent
individuals, and some of these experiences, such as suspi-
ciousness and ideas of reference that are triggered during
stressful social interactions, may be part of normal social
development [109]. Given that adolescence is a period
of extensive neurodevelopment, particularly of prefrontal
structures and prefrontal–limbic connectivity [110, 111], and
a period in which individuals master adaptive ER strategies
such as positive reappraisal [112], it is possible that abnormal
neurodevelopment of impaired cognitive control of emotion
and the accompanying failure to develop adaptive ER strate-
gies is part of the developmental pathophysiology of

psychosis. Similarly, it is possible that successful development
of cognitive control of emotion mechanisms and accompany-
ing adaptive ER strategies during adolescence is one factor
that distinguishes individuals who remit from the high-risk
state from those who continue to meet CHR criteria. This
is consistent with the neurodevelopmental theory of psy-
chosis [113]; however, prospective longitudinal studies
examining cognitive control of emotion in the context of
neural and social development over the course of adoles-
cence in high-risk samples are needed in order to answer
this question.

Treatment Implications

Training individuals who tend to engage in maladaptive ER
strategies to use more adaptive strategies could reduce symp-
toms and improve functioning. Positive reappraisal and prob-
lem solving, both considered adaptive ER strategies, are
known to relate to lower depression and anxiety scores [76,
77], and there is growing evidence that cognitive therapy
(CT), which emphasizes problem-solving and reappraisal
skills, significantly reduces both positive and negative symp-
toms in CHR and first-episode patients [114–117]. However,
whether CT can prevent transition to psychotic illness is still
an open question [118]. Preliminary evidence indicates that
training in adaptive ER strategies effects change at the neural
level in frontal–limbic regions [119] and that normalization of
LPFC–limbic activation, as a consequence of either medica-
tion [120] or CT [121], relates to decreased symptoms in
depression and psychosis, respectively. Finally, a growing
body of research suggests that computerized cognitive and
social cognitive training can effect changes at both the neural
and behavioral level in schizophrenia [122] and high-risk
populations (see Fisher et al. [118]). Although these training
paradigms are not specific to cognitive control of emotion and
are still in the preliminary phases of clinical trials, they repre-
sent a new and exciting area of clinical intervention.

Conclusions and Future Directions

Cognitive control of emotion, encompassing the ability to
regulate one’s own emotional states and adjust the influence
of emotional information on one’s behavior, is essential for
effective navigation of an inherently emotional and social
world. Here we have reviewed converging lines of evidence
and propose that impaired cognitive control of emotion, me-
diated by dysfunctional frontal–limbic networks, is a potential
transdiagnostic mechanism underlying the heterogeneity of
clinical presentation and psychosocial impairments observed
in populations at high risk for psychosis. In brief, the current
literature suggests the following: (1) emotion dysregulation is
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a core characteristic of psychosis-spectrum populations, as
evidenced by the high prevalence of comorbid mood disorders
in high-risk and psychotic samples; (2) impaired cognitive
control of emotion is observable across the psychosis spec-
trum: maladaptive ER strategies are consistently observed in
high-risk and psychotic samples, and ECA paradigms reveal
an impaired ability to control the influence of irrelevant emo-
tional information in schizophrenia, GHR, and PP samples;
(3) emerging evidence suggests that cognitive control of emo-
tion deficits relate to important clinical and psychosocial
outcomes relevant to the high-risk state: maladaptive ER
strategies contribute to symptoms and social functioning im-
pairments in PP samples, and impairments on ECA para-
digms—and the associated dysfunctional activation in
frontal–limbic regions—relate to daily fluctuations in symp-
toms and socially relevant behavior in PP and psychotic
samples; (4) preliminary investigations indicate treatment
interventions aimed at improving cognitive control of emotion
(e.g., CT) could reduce psychotic symptoms and improve
functioning, possibly by effecting change at the neural level
in frontal–limbic regions.

Collectively, the evidence reviewed here indicates
impaired cognitive control of emotion may be a psychosis
vulnerability marker that contributes to both psychotic and
mood symptoms, and could be relevant to social functioning
impairments observed early in the development of psychotic
illness. However, the literature to date is fairly sparse, partic-
ularly in CHR samples; there remain many open questions
regarding the role of cognitive control of emotion impairments
in the transition to psychosis and long-term outcomes. Con-
sequently, we highlight five key avenues for future research
examining cognitive control of emotion as a psychosis vul-
nerability marker:

1. Studies examining cognitive control of emotion in
CHR samples are needed. As evidenced by our summary
of the literature to date, research examining cognitive con-
trol of emotion as a psychosis vulnerability marker has
predominantly been conducted in PP samples, as well as
a handful of studies in GHR individuals and those who
already have a diagnosed psychotic disorder. To our
knowledge, there is only one published study in CHR
individuals [93•], which examined cognitive control of
emotion indirectly via measures of emotional awareness,
rather than directly testing ER or ECA. For cognitive
control of emotion deficit to be identified as a vulnerability
marker, it must be observable across the psychosis spec-
trum and in all high-risk populations [123], thus further
investigations are needed before firm conclusions regard-
ing its status as a vulnerability marker can be made. To
maximize research progress, it will be important for the
field to use a set of agreed-upon tasks for assessing cogni-
tive control of emotion processes. This leads to our second
recommendation for future research.

2. The development of specific tasks for testing frontal–
limbic function during cognitive control of emotion that can
be used to detect impairments and are sensitive to change
(i.e., can be used to assess treatment efficacy and illness
trajectory) is necessary. This would help unify disparate lines
of research and facilitate comparison across studies and
neurodevelopmental stages. The Cognitive Neuroscience
Treatment Research to Improve Cognition in Schizophrenia
(CNTRICS) initiative has been successful in this mandate,
developing cognitive neuroscience paradigms that tap
neurocognitive biomarkers in psychosis that could serve as
measures of treatment effects in translational settings [124]. In
light of growing consensus that abnormalities in socio-
emotional processing are pervasive in psychosis, the
CNTRICS initiative has begun to identify paradigms for the
assessment of social and emotion-processing constructs [125].
This is still a relatively nascent area of research, however, with
no paradigms ready for use in clinical trials. Continued devel-
opment of valid and reliable tasks tapping socio-cognitive
neural mechanisms, particularly in the context of cognitive
control of emotion, will be essential for characterization of the
psychosis risk state, identification of specific predictors of
transition and long-term outcomes, and development of effec-
tive prevention and early intervention strategies.

3. Future research should examine impaired cognitive con-
trol of emotion in the context of positive ER. To date, inves-
tigations of cognitive control of emotion in psychosis-
spectrum samples have primarily focused on the inhibition
of negative emotional information. However, given that cog-
nitive control mechanisms are involved not just in inhibitory
but also in facilitatory processes (e.g., generation and mainte-
nance of goal representations [67]), impaired engagement of
cognitive control mechanisms to downregulate negative af-
fective information could be accompanied by a complemen-
tary deficit in the upregulation of positive affective informa-
tion. Failure to upregulate positive emotion may underlie
anticipatory pleasure deficits observed in psychosis
[126–128] and CHR individuals [129], and could contribute
to associated reward/motivational impairments thought to
contribute to negative symptoms of anhedonia and avolition
[130, 131]. Conversely, failure to downregulate positive emo-
tion may underlie approach-motivation and reward-
processing abnormalities observed in affective psychoses such
as bipolar disorder [132, 133]. Future investigations could
examine the differential contribution of inhibitory and facili-
tatory mechanisms of cognitive control of emotion to delin-
eate this further.

4. Prospective longitudinal studies are necessary for under-
standing the interaction of frontal–limbic neurodevelopment,
social development, and the emergence of cognitive control of
emotion abilities, both in healthy samples and in the psychosis
risk state. Emerging evidence in healthy samples demonstrates
that LPFC activation during ER in childhood and adolescence
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is similar to activation observed in adults but increases linearly
with age and is independent of emotional reactivity [134,
135]. This age-related increase in LPFC is coupled with
decreases in limbic activation and overall increased frontal–
limbic connectivity [136], indicating that over the course of
normal adolescent development, improved ER abilities are
facilitated by frontal–limbic neurodevelopment. However,
these data are all collected from cross-sectional healthy sam-
ples across varying age ranges; no studies have conducted
similar examinations in high-risk samples, and no longitudinal
research has been published. Longitudinal studies in high-risk
populations are needed to identify potential abnormalities in
the neurodevelopmental processes underlying the develop-
mental of cognitive control of emotion abilities. Moreover, it
will be important to examine relationships between abnormal
development of neural mechanisms of cognitive control of
emotion and psychosocial variables of interest, as this would
tie the putative vulnerability to the clinical phenomenology of
psychosis. This leads to our fifth, and final, suggestion for
future research.

5. Finally, prospective studies that meaningfully con-
nect neural indicators of mental processes (e.g., LPFC
dysfunction during cognitive control of emotion) to expe-
rience sampling data collected regarding daily life func-
tioning in high-risk samples will likely be key to further-
ing our understanding of the neural underpinnings of
behavioral and clinical phenotypes in psychosis. A grow-
ing body of literature demonstrates the utility of this
“brain-as-predictor” approach [137] for bridging the gap
between neuroscience research and behavioral outcomes
[138]. This may be particularly important for understand-
ing social behavior, because many of the important as-
pects of social interactions (e.g., social conflict) cannot be
realistically reproduced in laboratory settings, let alone in
the solo environment of an MRI scanner. Experience
sampling methods (ESM) are by no means new to psy-
chosis research. Important contributions to our under-
standing of daily life functioning in schizophrenia have
already been made in recent years, using the technique.
For example, ESM revealed that visual hallucinations
were reported more frequently than auditory hallucina-
tions [139], delineated anticipatory and consummatory
pleasure processes in patients with social anhedonia
[140]), and illuminated the nuanced relationship between
person–environment interactions and symptom fluctua-
tions [141]. Research in healthy individuals clearly dem-
onstrates the value of combining neuroimaging and ESM
data for understanding neural mechanisms underlying so-
cial and self-regulatory behavior: activity in frontal–-
limbic regions has been shown to relate to momentary
feelings of social rejection during daily social interactions
[142], successful smoking cessation [137], and response
to social conflict [56]. Extension of this methodology to

research examining cognitive control of emotion mecha-
nisms in the psychosis risk state would help directly tie
the putative biomarker to the clinical phenomenology of
the disease and could assist in the identification of pro-
cesses specifically predictive of transition to psychotic
illness.
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