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Abstract

Aims: Disrupted affective processes are core features of psychosis; yet emotion reactivity and
emotion regulation impairments have not been fully characterized in individuals at clinical high-
risk for developing psychosis (CHR) or adolescents diagnosed with a psychotic disorder (AOP).
Characterizing these impairments may provide a fuller understanding of factors contributing to
psychosis risk and psychosis onset. Using cross-sectional and longitudinal data, we evaluated (1)
group-level effects of emotion reactivity and regulation, (2) stability of group-level effects over
time and age, (3) relationships between emotion reactivity and regulation, and (4) associations
between these measures and psychosocial functioning and clinical symptomatology.

Methods: Eighty-seven participants (CHR = 32, TD =42, AOP = 13; 12-25 years, 1-5 visits)
completed the Emotion Reactivity Scale, Difficulties in Emotion Regulation Scale, and Emaotion
Regulation Questionnaire. We assessed psychotic symptoms with the Structured Interview for
Prodromal Syndromes and measured real-world functioning with the Global Functioning: Social
and Role Scales. We used analysis of variance to assess Aim 1 and linear mixed models to address
Aims 2-4.

Results: CHR and AOP endorsed experiencing heightened levels of emotion reactivity and
greater difficulty utilizing emotion regulation strategies compared to TD. These impairments
were stable across time and adolescent development. Greater levels of emotion reactivity

were associated with greater emotion regulation impairments. Greater impairments in emotion
regulation were associated with lower social functioning and greater negative symptom severity.

Conclusion: Therapeutic interventions designed to reduce emotion reactivity and improve
one’s ability to utilize emotion regulation strategies may be effective in reducing clinical
symptomatology and improving real-world functioning in CHR and AOP.
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1| INTRODUCTION

Disrupted affective processes are core features of psychosis (Roff & Knight, 1978; Walker
& Davis, 1993). Greater affective dysfunction in psychosis is associated with impaired daily
functioning, reduced quality of life, increased likelihood of relapse, and greater cognitive
impairments (Booij et al., 2018; Chapman et al., 2020; Fialko et al., 2006; Kimhy et

al., 2012; Myin-Germeys et al., 2001). Detailed characterization of emotion reactivity and
regulation deficits in individuals across the psychosis spectrum will aid in the development
of optimal intervention techniques to reduce clinical symptoms and improve real-world
functioning.

Emotion reactivity is the extent to which an individual experiences emotions, that is,

how intense, fast, and long one experiences emotions in response to stimuli (Nock et al.,
2008). Heightened stress-sensitivity — increased emaotion reactivity to stressful situations —
is observed across the psychosis spectrum, including individuals at clinical high-risk for
developing psychosis (CHR; Booij et al., 2018; DeVylder et al., 2013, 2016; Myin-Germeys
et al., 2001; Reininghaus et al., 2016). However, broader aspects of emotion reactivity

have not been assessed in CHR or adolescents diagnosed with a psychotic disorder (AOP).
Comparing CHR individuals to an-age matched group with an established psychotic disorder
diagnosis (i.e., the AOP group) will provide insights about whether emotion reactivity

is elevated as a function of psychotic symptom severity and to what extent the emotion
processing abnormalities are present prior to the onset of a full-blown psychotic disorder.

It is also unknown to what extent emotion reactivity in psychosis is associated with
difficulties in emotion regulation, that is, the ability to cope with or alter one’s emotions

in response to an emotionally eliciting event. Heightened levels of emotion reactivity may
predispose an individual to experience difficulties in emotion regulation (Campos et al.,
1989; Davidson, 2003; lIzard, 1990; Porges et al., 1994; Thompson, 1994); furthermore,
these two processes may influence real-world functioning in different ways. Also, given
that emotion reactivity and regulation are associated with distinct neurobiological pathways
(Dugré et al., 2019; Frank et al., 2014; Fusar-Poli et al., 2009; Gyurak et al., 2011; Kohn
etal., 2014; Lee et al., 2012; Phillips et al., 2008; Pozzi et al., 2021; Taylor et al., 2012),
identifying the extent to which CHR and/or AOP individuals experience elevated emotion
reactivity and/or difficulty engaging in effective emotion regulation strategies may inform us
about possible mechanisms underlying psychosis onset.

The most commonly used self-report measure of emotion regulation is the Emotion
Regulation Questionnaire (Gross & John, 2003), based on Gross’ model of emation
regulation (Gross, 1998a, 1998b). This model posits that emotion regulation consists of
the modulation of emotional arousal through (1) cognitive reappraisal, the cognitive effort
required to change the emotional impact of a situation, and (2) expressive suppression, the
inhibition of emotionally expressive behaviours. In adults with schizophrenia, increased
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engagement in cognitive reappraisal is associated with better social functioning, while
increased engagement in expressive suppression is associated with poorer clinical outcomes
(Badcock et al., 2011; Chapman et al., 2020; Gross & John, 2003; Henry et al., 2008; Kimhy
et al., 2012; Perry et al., 2011). Recent evidence finds that, compared to healthy controls,
individuals across the psychosis spectrum engage in less cognitive reappraisal, but do not
differ in reported levels of expressive suppression (Chapman et al., 2020). Furthermore,
though this study examined individuals across the psychosis spectrum (i.e., psychotic-like
experiences, CHR individuals, and individuals with a psychotic disorder diagnosis), the
comparisons were conducted in three separate studies and were not able to directly compare
whether the level of emotion regulation impairments varied as a function of psychotic
symptom severity.

While Gross’s model focuses on controlling one’s level of arousal in an emotion-eliciting
situation, a model by Gratz and Roemer expands upon that definition of emotion regulation
to include the awareness, understanding, and acceptance of emotions, as well as the ability
to act appropriately regardless of one’s emotional state (Gratz & Roemer, 2004). The
Difficulties in Emotion Regulation Scale (DERS, Gratz & Roemer, 2004) assesses emotion
regulation within this expanded model context. In adults, responses to the DERS shared
unique variance with anxiety symptoms, after accounting for the two specific emotion
regulation strategies of the ERQ (Bardeen & Fergus, 2014). Though the ERQ is important
for capturing variability in affective disturbances across the psychosis spectrum (Badcock et
al., 2011; Chapman et al., 2020; Henry et al., 2008; Kimhy et al., 2012; Perry et al., 2011),
the DERS may capture additional insights about how emotion regulation impairments and
how they are related to symptoms and functioning in CHR and AOP.

Psychosis often develops during the transition from adolescence to adulthood, when
affective processes are still developing (Blakemore, 2008, 2012; Blakemore et al., 2010).
There is evidence that emotion reactivity levels and engagement in emotion regulation
strategies change across normative adolescent development (Claes et al., 2014; Gullone et
al., 2010; Teixeira et al., 2015). In adolescents 12—20 years old, older ages were associated
with higher emotion reactivity levels (Claes et al., 2014). Another study of youth 9-15
years old found that younger participants reported engaging in more expressive suppression,
as well as more cognitive reappraisal (Gullone et al., 2010). Consistent with this work,
another study found that 9th graders endorsed engaging in more cognitive reappraisal, as
well as more expressive suppression in comparison to older counterparts (Teixeira et al.,
2015). Characterization of age-associated disruptions in emotion reactivity and regulation
in adolescents and young adults experiencing psychosis-spectrum symptoms is important
for understanding factors contributing to the development of affective disturbances in adults
with psychosis.

Using cross-sectional data, we examined group differences (CHR vs. AOP vs. typically
developing adolescents and young adults, TD) in self-reported emotion reactivity levels
and emotion regulation strategies. With longitudinal data, we assessed the stability of these
differences across time and age, as well as the relationship between emotion reactivity and
regulation. We also used the longitudinal data to assess how emotion reactivity and emotion
regulation measures were related to clinical symptomatology and real-world functioning
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in adolescents across the psychosis-spectrum. We hypothesized that, in comparison to

TD, CHR and AOP would endorse overall higher emotion reactivity levels and greater
impairments in emotion regulation. Based on previous literature (Claes et al., 2014; Gullone
etal., 2010; Teixeira et al., 2015), we predicted that, regardless of group status, on average,
older adolescents would report heightened levels of emotion reactivity, less engagement

in cognitive reappraisal and more engagement in expressive suppression. We expected

that heightened emotion reactivity levels would be associated with greater impairments

in emotion regulation. Finally, we expected impaired emotion reactivity and regulation

to be associated with greater severity in clinical symptoms and/or lower social and role
functioning.

METHODS

Participants

The final sample consisted of 87 unique individuals (12-25 years, 1-5 visits). The sample
was derived from two naturalistic studies of CHR and AOP conducted at the University
of Pittsburgh; thus, the length of time in between visits varied (mean length of time
between visits: 280.5 days, range: 79-1081 days). Please see Table S1 for the number

of visits for each participant. The sample consisted of individuals at clinical high-risk for
developing psychosis (CHR, A= 32 unique participants), adolescents with a psychotic
disorder diagnosis (AOP, /= 13 unique participants), and demographically comparable,
typically-developing adolescents and young adults (TD, A= 42 unique participants). Based
on the Structured Interview for Psychosis-Risk Syndromes (SIPS, McGlashan et al., 2014),
CHR participants met criteria for one of three conditions: (1) attenuated/subthreshold
psychotic symptoms; (2) transient, recent-onset psychotic symptoms; or (3) a substantial,
recent drop in functioning in conjunction with schizotypal personality disorder diagnosis
or a first-degree relative with a psychotic disorder. AOP participants were 12—18 years
old and met DSM-1V criteria for a schizophrenia-spectrum diagnosis (i.e., schizophrenia,
schizoaffective disorder, or schizophreniform disorder), based on information gathered
during a Structured Clinical Interview for DSM-IV Axis | Disorders (First et al., 2009).
TD participants were recruited from the community and excluded from participation if
they displayed evidence of any major mental disorder or psychosis-risk syndrome, based
on information gathered during clinical interviews. Participants were excluded if they had
a neurological disorder that affected performance on study tasks, insufficient fluency in
English, an estimated 1Q of <70, or if they endorsed substance or alcohol abuse and/or
dependence within the past 6 months.

All participants underwent a verbal and written informed consent process. Subjects <18
years provided written assent, while their parent or guardian completed written consent. The
University of Pittsburgh Institutional Review Board approved all procedures.

Clinical measures

A master’s-level trained clinician assessed participants on the SIPS positive, negative,
disorganized and general symptoms scales. Individual symptoms are rated from zero
(absence of symptoms) to six (psychotic level of symptoms). This measure has shown
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excellent inter-relatability (Meyer et al., 2005; Miller et al., 2003). We used the sum of the
positive and negative SIPS symptom scores as separate dimensional psychotic symptoms
measures.

Global functioning: Social and roles scales

Real-world functioning was measured using the Global Functioning: Social Scale (GFS)
and Global Functioning: Role Scale (GFR). These scales were specifically developed

for younger individuals (Cornblatt et al., 2007) and measure the quality and quantity of
personal relationships (GFS) or one’s performance in daily school or work roles (GFR).
Functioning is measured on a 10-point scale, with 1 representing ‘extreme dysfunction” and
10 representing ‘superior functioning’.

Coghnition
A Full Scale 1Q estimate was derived from two subtests (Vocabulary and Matrix Reasoning)

of the Wechsler Abbreviated Scale of Intelligence as a measure of general intellectual
functioning (Wechsler, 2011).

Emotion reactivity

Emotion reactivity was evaluated using the Emotion Reactivity Scale (ERS; Nock et al.,
2008). The ERS is a 21-item self-report questionnaire that measures how one experiences
emotions in response to sensory input. A higher ERS score reflects higher reactivity

to emotive stimuli. The total score consists of three subscales: sensitivity, arousal, and
persistence. Table S2 includes subscale definitions, examples, and score ranges for the
subscales.

Emotion regulation

Emotion regulation was evaluated using two questionnaires: the ERQ (Gross & John,

2003) and DERS (Gratz & Roemer, 2004). The ERQ consists of two subscales: Cognitive
Reappraisal (6 items) and Expressive Suppression (4 items). Items rated from 1 (strongly
disagree) to 7 (strongly agree). The DERS consists of 36-items that measure engagement in
specific emotion regulation strategies. Items are rated on from 1 (almost never) to 5 (almost
always). The DERS consists of six subscales: Nonacceptance of Emotional Responses,
Difficulties in Engaging in Goal Directed Behaviour, Impulse Control Difficulties, Lack

of Emotional Awareness, Limited Access to Emotion Regulation Strategies, and Lack of
Emotional Clarity. Please see Tables S3 and S4 for questionnaire details.

STATISTICAL ANALYSES

We used R version 4.0.0 (R Core Team, 2020) to conduct all statistical analyses. To
compare demographic variables between groups, we performed univariate analyses of
variance (ANOVA) for continuous variables and ;(2 tests for categorical variables. This
demographic comparison was restricted to baseline, cross-sectional data. We used the
baseline, cross-sectional data to first examine group differences (CHR vs. AOP vs. TD) on
emotion reactivity and emotion regulation strategies. Here, each independent observation
(participant) had data from one visit. In this cross-sectional analysis, we conducted
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univariate ANOVAs with each affective measure as the dependent variable (total ERS, total
DERS, ERQ Cognitive Reappraisal, and ERQ Expressive Suppression scores) and group
status as the independent variable. We conducted simple effects comparisons on significant
interactions or group effects using emmeans (Lenth, 2020). For all models, we included
sex and age as covariates. We also conducted post-hoc analyses of emotion reactivity and
regulation subscales.

To examine the effects of age and maturation on group differences, we used the longitudinal
data to conduct separate linear mixed models for each affective measure. We examined the
fixed effects of age, group, and visit, as well as the interaction between these variables.

To account for the non-independence of longitudinal data (multiple visits), participant was
included as a random effect (intercept).

Using these fixed and random effects, we built linear mixed models to assess the relationship
between emotion reactivity (predictor) and emotion regulation (dependent variable) and the
relationship between the affective measures and total positive and negative symptoms and/or
social and role functioning measures.

To ensure that possible confounds were not driving results, we re-ran all analyses covarying
for 1Q, antipsychotic medication status, and parental socioeconomic status (SES).

RESULTS

Participant information is reported in Table 1. All three groups were matched on age, sex
and race. In comparison to TD, CHR and AOP had lower SES levels, lower 1Q, and higher
levels of clinical symptomatology.

CHR and AOP youth report elevated emotion reactivity levels and greater emotion

regulation impairment in comparison to TD

On the ERS, there was a significant group effect on overall self-reported emotion reactivity
(F=27.5, p<.001, g=<0.001, Table 2, Figure 1). In comparison to TD, CHR (£=7.0,
p<.001) and AOP (¢= 4.4, p< .001) reported experiencing elevated emotion reactivity.
Differences were observed across all ERS subscales (Table S5, Figure S1A).

On the ERQ, a significant group effect was observed for cognitive reappraisal (F= 9.2,
p<.001, g<.001) and expressive suppression (F=4.1, p=.02, g= 0.02,Table 2). In
comparison to TD, CHR reported less engagement in cognitive reappraisal (£=-4.3, p<
.001); however, there was not a statistically significant difference between AOP and TD (¢
=-0. 96, p=.34). In comparison to CHR, AOP reported more engagement in cognitive
reappraisal (£= 2.0, p=.04). Compared to TD, AOP were more likely to engage in
emotionally expressive behaviour (¢= 2.9, p<.001). However, there was not a statistically
significant difference between CHR and TD (¢= 1.7, p=.08) in expressive suppression.
There was also a significant group effect on total DERS score (F=44.3, p<.001, g< 0.001,
Table 2). In comparison to TD, CHR (¢= 6.4, p<.001) and AOP (¢= 8.5, p<.001) endorsed
overall greater emotion regulation impairments. Impairments were present across all DERS
subscales (Table S6, Figure S1B).
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For most measures, these results remained significant when SES, 1Q, and antipsychotic
medication status were added to the model (Tables S7 and S8).

4.2 | Levels of emotion reactivity and regulation are consistent across adolescent
development

In the longitudinal data, we found that, for all groups, emotion reactivity and regulation
impairments remained consistent and stable across age (Figure 2, Table S9) and visit (Figure
S2, Table S10). There were no interactions between group and age or group and visit on any
affective measure (Table S11).

4.3 | Emotion reactivity is associated with greater impairment in engaging in emotion
regulation

Across all groups, there was a significant effect of ERS Total Score on emotion regulation,
with higher emotion reactivity associated with greater impairment on the DERS (/2 = 0.16)
and less reported engagement in Cognitive Reappraisal (72 = 0.05) (Table 3). However,
there was no significant effect of ERS Total Score on ERQ Expressive Suppression (/2

< 0.01); please see Table S12 and Figure S3 for details. After correction for multiple
comparisons, there were no significant interactions of age, group, or visit on the relationship
between emotion reactivity and emotion regulation measures (Table S13). Please see
Supplemental Text for reports of trend-level interactions.

4.4 Greater emotion regulation impairment was associated with greater negative
symptom severity and lower social functioning in CHR and AOP

In CHR and AOP, greater negative symptom severity was associated with less cognitive
reappraisal (8= -0.27, t=-2.4, p=.02, g=0.09, Figure 3) and greater overall impairment
onthe DERS (8=0. 31, t=2.4, p=.02, g=0.09, Figure 3). There was also a relationship
between lower social functioning and greater impairment on the DERS (8= -0.30, t=-2.1,
p=.04, g=0.31, Figure 3c). See Tables S14 and S15 for complete results.

5| DISCUSSION

We found elevated emotion reactivity levels and emotion regulation impairments in
individuals at clinical high risk for developing psychosis (CHR) and adolescents with a
psychatic disorder (AOP) in comparison to typically developing adolescents and adults
(TD). These effects were stable across age and time. Emotion reactivity levels accounted
for a small, yet statistically significant portion of the variance in emotion regulation (5—
16%). Finally, greater emotion regulation impairments are associated with lower social
functioning and greater severity of negative symptoms. These findings provide a detailed
characterization of heightened emotion reactivity and impaired emotion regulation in
adolescents and young adults across the psychosis spectrum.

5.1| Global emotion reactivity levels are elevated in CHR and AOP

In comparison to TD participants, we found that emotion reactivity levels were similarly
elevated in CHR and AOP and comparable to emotion reactivity levels endorsed by
adolescents and young adults experiencing diverse psychopathologies (Nock et al., 2008).

Early Interv Psychiatry. Author manuscript; available in PMC 2023 June 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vines et al.

5.2

Page 8

All assessed aspects of emotion reactivity were elevated in these two groups. There is an
extensive amount of literature linking stress sensitivity to psychotic symptoms (Booij et al.,
2018; DeVylder et al., 2013, 2016; Myin-Germeys et al., 2001; Myin-Germeys & van Os,
2007; Reininghaus et al., 2016); our work expands upon this evidence and shows that other
aspects of emotion reactivity are also elevated in the psychosis spectrum. In the future, it
may be important to incorporate techniques from evidence-based interventions known to
reduce emaotion reactivity (e.g., Dialectical Behavioural Therapy or DBT, Linehan, 2014,
2018) as therapeutic strategies for CHR and AOP. In DBT, individuals are taught specific
techniques to reduce emotional arousal (e.g., holding an ice cube or engaging in intense
exercise), and shorten the persistence of emotional arousal (e.g., participating in distracting
activities). Finally, this work also adds to the large body of evidence showing that elevated
emotion reactivity is a transdiagnostic feature of many psychiatric disorders (Bylsma et al.,
2008, 2011; Carthy et al., 2010; McLaughlin et al., 2010).

CHR and AOP report impairments in utilizing emotion regulation strategies

Similar to previous work in adults with psychosis (Badcock et al., 2011; Chapman et al.,
2020; Henry et al., 2008; Kimhy et al., 2012; Perry et al., 2011), CHR and AOP reported
increased difficulty engaging in effective emotion regulation strategies. This study builds
additional support to the existing literature that emotion regulation abnormalities are present
in individuals at CHR (Chapman et al., 2020; Gruber et al., 2018; Kimhy et al., 2016;
Lincoln et al., 2018). Furthermore, heightened levels of emotion reactivity and impairments
in emotion regulation reported by CHR and AOP are similar in magnitude to those observed
in adolescents diagnosed with other psychiatric disorders (Becerra et al., 2013; Zhang et al.,
2018). Taken together, these findings underscore the importance of emotion regulation as

a transdiagnostic risk factor for many psychiatric disorders. Although it is well-recognized
that emotion regulation impairments are transdiagnostic risk factors of internalizing and
externalizing disorders (e.g., Drabick et al., 2010; Heleniak et al., 2016; Malhi et al., 2017;
Weissman et al., 2019), emation dysregulation is not commonly evaluated as a possible risk
factor for later transition to a psychotic disorder in CHR. Given that the emotion regulation
impairments in CHR were not diminished when we covaried for cognitive abilities (Table
S8), which have been identified as significant predictors of psychosis conversion (Kim et al.,
2011; Riecher-Rossler et al., 2009; Seidman et al., 2010, 2016), it is possible that emotion
regulation impairments may account for unique and additional variance in our ability to
predict conversion to psychaosis. Indeed, other affective processes (e.g., emotion recognition)
have been shown to be significant predictors of conversion to psychosis (Allott et al., 2014;
Corcoran et al., 2015).

It should also be noted that emotion reactivity and emotion regulation did not vary as

a function of psychosis symptom severity. Recent behavioural and electrophysiological
evidence supports our findings as other studies find that individuals with established
psychatic disorders and CHR individuals exhibit similar levels of neural and behavioural
disruption in emation regulation (Chapman et al., 2020; Kim et al., 2021). Similar findings
have been observed in social cognition impairments (Addington et al., 2008; Piskulic et
al., 2016). In conjunction with findings indicating that elevated emotion reactivity and
emotion regulation impairments are present in many psychiatric disorders (Bylsma et al.,
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2008, 2011; Carthy et al., 2010; Drabick et al., 2010; Heleniak et al., 2016; Malhi et al.,
2017; McLaughlin et al., 2010; Weissman et al., 2019), it is likely that emotion processing
impairments are indicative of more general psychopathology.

5.3| Emotion reactivity levels and emotion regulation abilities are stable across time and

age
Though some studies have found that adolescence is a time of significant increases in
emotion reactivity and changes in emotion regulation abilities (Claes et al., 2014; Gullone
etal., 2010; Teixeira et al., 2015), we found that average emotion reactivity and emotion
regulation levels were similar from adolescence through adulthood, and across multiple
visits. Our results suggest that emotion reactivity and emotion regulation are stable, trait-
like features in adolescents and young adults across the psychosis spectrum. Alternatively,
reported age-associated effect sizes are often small to medium, so we may have been
underpowered to detect an age effect.

5.4 | Emotion reactivity and emotion regulation are related, yet distinct processes in
CHR, AOP and TD

We found that in all groups, there was a small, yet distinct relationship between emotion
reactivity and emotion regulation. Individuals with elevated levels of emotion reactivity

had greater impairment in their ability to regulate emotions. Given that emotion reactivity
levels accounted for a small, yet statistically significant portion of the variance in emotion
regulation (5-16%), our findings add to previous works showing that emotion regulation
and reactivity are distinct, yet related constructs (Salsman & Linehan, 2012; Veilleux et

al., 2014; Zelkowitz & Cole, 2016). Emotion reactivity and regulation have known neural
underpinnings. Emotion reactivity is associated with increased activation in the amygdala,
visual and temporal cortices, and thalamus (Fusar-Poli et al., 2009; Guyer et al., 2008;
Pfeifer et al., 2011; Pozzi et al., 2021), while emotion regulation is associated with activation
of the dorso- and ventrolateral prefrontal cortices and the anterior cingulate cortex (Frank

et al., 2014; Hare et al., 2005; Kohn et al., 2014; Ochsner et al., 2002; Pozzi et al., 2021).
Thus, the variation unique to these processes may be driven by these distinct neural systems.
Given that connectivity between regions underlying both processes is disrupted across the
psychosis spectrum (e.g., amygdala-prefrontal connectivity, Anticevic et al., 2011, 2013;
Gee et al., 2012; Jalbrzikowski et al., 2019; Liu et al., 2014; Modinos et al., 2010), it is
plausible that connectivity between regions from the two networks underlies the shared
processes.

5.5| Emotion regulation impairments are related to social functioning and negative
symptoms in CHR and AOP

Greater levels of emotion regulation impairments are associated with lower social
functioning and greater negative symptom severity in CHR and AOP. This is consistent
with findings in adults with established psychosis (Henry et al., 2008; Kimhy et al., 2012;
Perry et al., 2011). Because there are strong ties between social functioning and negative
symptoms in adults with a psychotic disorder diagnosis (Kalin et al., 2015; Robertson et

al., 2014), in the future it will be important to examine emotion regulation as a possible
moderator or mediator of this relationship. Furthermore, we identified relationships between
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clinical symptomatology/psychosocial functioning and emotion regulation, but not emotion
reactivity. Thus, interventions targeting emotion regulation improvement may have the
strongest impact on symptoms and functioning in CHR and AOP populations.

In follow-up studies, it will be informative to further probe the observed relationship
between emotion regulation and social functioning. In a related body of literature,
researchers found that individuals with a schizophrenia diagnosis, as well as CHR
individuals, exhibit substantial emotion awareness (alexithymia) deficits (Kimhy et al.,
2012, 2016). Furthermore, alexithymia deficits impact psychotic symptom severity during
daily functioning (Kimhy, 2020). Thus, it is possible that a relationship between better
emotion regulation and higher social functioning exists because individuals who can
accurately identify and label their emotions have better emotion regulation abilities,
which then influences functioning. Future studies should examine alexithymia deficits as
a possible mediator or moderator of the relationship between emotion regulation and social
functioning.

Limitations

There were several limitations to our study. We were not able to assess the extent to which
affective disruptions predicted conversion to psychosis because only two CHR participants
transitioned to a psychotic disorder at follow-up. Given the relevance of affective processes
to the development of psychosis (Allott et al., 2014; Corcoran et al., 2015), it will be
important to assess how emotion reactivity levels and emotion regulation abilities improve
the ability to predict who will develop a psychotic disorder. Also, we are limited by

our sample size. The individual group samples were modest and our findings should be
replicated in an independent sample. Furthermore, though we employed a longitudinal
design, we did not have enough power to assess within-subject change by including a term
for a random slope. Instead, consistent with previous literature (Taylor et al., 2016), having
multiple measurements on the same individual likely reduces phenotypic measurement error
and increases statistical power for group-level inferences. In the future, it will be important
to assess within-subject change in emotion reactivity and emotion regulation in CHR and
AQP. Also, we did not directly assess substance use, which is related to emotion regulation
capabilities (Fox et al., 2008; Gottfredson & Hussong, 2013; Weiss et al., 2017). Future
studies should investigate the relationships between substance use, emotion regulation
abilities, and psychotic symptoms. Finally, it will also be important to see how self-report
emotion reactivity and regulation measures compare to ‘in-the-moment’ assessments (e.g.,
Niendam et al., 2018) or laboratory experiments (Gruber et al., 2018; Lincoln et al., 2018).

CONCLUSIONS AND FUTURE DIRECTIONS

We find that there are global, elevated emotion reactivity levels and overall emotion
regulation impairments in CHR and AOP, these impairments are stable across time

and age, and impairments in emotion regulation are related to clinical symptoms and
social functioning in psychosis-spectrum youth. In the future, to better understand neural
mechanisms underlying emotion regulation, we plan to examine how neural circuitry
associated with the cognitive control of emotion and affective processes in schizophrenia
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(e.g., Jimenez et al., 2019; Tully et al., 2014) relates to behavioural indicators of emotion
regulation in psychosis spectrum youth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Mean Z-score and standard error plots of emotion reactivity total score on the Emotion
Reactivity Scale (ERS total score), emotion regulation total score on the Difficulties in
Emotion Regulation Scale (DERS total score), Cognitive Reappraisal on the Emotion
Regulation Questionnaire (ERQ cognitive reappraisal), and Expressive Suppression on the
Emotion Regulation Questionnaire (ERQ expressive suppression) for clinical high risk
youth (CHR, purple) and adolescents with a psychosis disorder (AOP, blue), in reference
to typically developing youth (TD) mean and standard deviation. CHR and AOP youths
endorsed significantly higher levels of emotion reactivity, and impaired use of emotion
regulation strategies on the DERS, less engagement in cognitive reappraisal, and more
engagement in expressive suppression compared to TD youth
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FIGURE 2.

Relationship between age and emotion reactivity (ERS total score), emotion regulation
(DERS total score), cognitive reappraisal (ERQ cognitive reappraisal), and expressive
suppression (ERQ expressive suppression) in clinical high-risk for developing psychosis
(CHR, purple), adolescent-onset psychosis (AOP, blue), and typically developing (TD,
orange) across development. Over time, levels of (a) global emotion reactivity, (b) overall
impairment in emotion regulation via the DERS, and (c) engagement in cognitive reappraisal
and (d) expressive suppression remain stable across development in CHR, AOP, and TD.
DERS, Difficulties in Emotion Regulation Scale; ERQ, Emotion Regulation Questionnaire;

ERS, Emotion Reactivity Scale

Early Interv Psychiatry. Author manuscript; available in PMC 2023 June 21.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Vines et al.

—
[
~
—
O
~

30 < cum 30
AOP

1] [2]
£ £ .
2 L2
a 20| - . . o 20 —_
£ = ws S -
@\ \\. B . = . @\ o . ,4./
[} =20 ® e
g 10 S IERERVE  ars
[=2} o
D (7] -
z z

0 0

2 4 6 40 80 120 160
ERQ Cognitive Reappraisal Score DERS Total Score
FIGURE 3.

Page 20

()

9
o
£
s 8 i
5
[~
w -8 _
5 =
S 6 = \,\
(]
8 5
K]
(O]

4 . %

40 80 120 160

DERS Total Score

Relationships between the affective measure and real-world functioning and psychotic

symptoms in clinical high-risk for developing psychosis (CHR,

purple) and adolescent-onset

psychosis (AOP, blue) over time (1-5 visits). Within the combined CHR and AOP groups,
(a) greater impairments in emotion regulation (DERS total score) are associated with lower
social functioning (global social functioning). (b) Greater emotion regulation impairments
(DERS total score) are associated with greater severity in negative symptoms. (¢) More
engagement in cognitive reappraisal (ERQ cognitive reappraisal) is associated with less
severity in negative symptoms. DERS, Difficulties in Emotion Regulation Scale; ERQ,
Emotion Regulation Questionnaire; ERS, Emotion Reactivity Scale
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