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Editorial on the Research Topic

Cognition in Mood Disorders

INTRODUCTION

Mood disorders are common, complex, and one of the main causes of morbidity worldwide (1).
There has been an increasing recognition that cognitive dysfunction is a central aspect of most
mood disorders, as well as being closely related to the functional impairment that these disorders
commonly cause (2, 3). Therefore, appropriate assessment and management of cognitive
impairment(s) in mood disorders is important for the optimal treatment of these disorders more
broadly. Research in these areas is ongoing and has the potential to improve our understanding of
the neurobiological and neuropsychological mechanisms underpinning cognitive dysfunction in
affective illness. In addition, developing tools to measure cognitive deficits more objectively, may
augment the diagnosis of affective disorder and support current, and future efforts, to improve the
classification of psychological symptoms and processes in psychiatry (4). This could allow for the
identification of patterns of cognitive deficits which may be more amenable to certain treatments or
may be of prognostic utility.

In this editorial, we seek to summarize and organize the research literature published in this
special Research Topic — Cognition in Mood Disorders. In this special edition, research papers
published within this topic will be discussed within the following headings: the neurobiology of
cognition, experimental models for understanding cognition, potential predictive cognitive markers,
and the assessment and management of cognitive dysfunction, in mood disorders.
NEUROBIOLOGY OF COGNITIVE DYSFUNCTION IN MOOD
DISORDER

This special issue includes a focus on the neurobiological underpinnings of cognitive impairment in
different mood disorders. King et al. explored the relationship between neuroinflammatory
processes, dysfunction in glutamate neurotransmission, and subsequent cognitive deficits in
depression (with a focus on learning and memory). Magnetic resonance spectroscopy of the
anterior cingulate cortices of a group of patients with bipolar II disorder and healthy controls, found
no difference in anterior cingulate glutamate or inflammatory markers; although poor performance
g January 2020 | Volume 10 | Article 101315
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on one of the cognitive tasks, was predictive of a poorer response
to psychological therapy. The study was a pilot and generated key
hypotheses for future higher-powered studies.

Gao et al. investigated differences in the functioning of the
default mode and executive control networks in depressed
patients versus a group of controls, using resting state
functional magnetic resonance imaging (rs-MRI). A treatment
naïve group was chosen to eliminate any potential confounding
effect of antidepressant use on neural response. These depressed
participants were found to have lower and higher network
homogeneity (NH) in different parts of the default mode
network. They were also found to have reduced executive
function compared to controls. These finding suggest that
changes in executive function and the default mode network
occur independently of treatment effects in depression.

Wang et al. used transcranial doppler and 320 slice- computed
tomography (CT) scanning to measure regional cerebral blood flow
velocity and regional cerebral blood flow respectively, in manic
patients compared to a group of patients with major depression and
healthy volunteers. The authors explain that although such whole
brain perfusion scanning using CT has seen use in cerebrovascular
disease, its use in psychiatry is relatively novel. Regional cerebral
blood flow and velocity was increased in the left medial temporal
lobe and the right hippocampus in manic patients compared to the
other groups. As the authors state, it would have been of additional
interest to have a bipolar depression group as a comparison group
in their study. Advances in neuroimaging, as shown inWang et al.'s
study and the others in this issue, have allowed for more rigorous
and quantitative assessment of previously uncharted areas of
cognition in psychiatry.

Neuropsychological Experimental Models
for Understanding Cognition
The studies summarised in this section have used
neuropsychological experiments involving healthy participants
and/or participants with affective illnesses to analyse specific
aspects of cognition of relevance to affective disorders.

Walsh et al. and Chase et al. studied reward processing in
healthy volunteers and in bipolar disorder respectively. In Walsh et
al.'s study, the administration of a single dose of bupropion (a
noradrenaline and dopamine reuptake inhibitor) led to statistically
significant differences in emotional processing, but not reward
processing, compared to placebo. Using a cued reinforcement
reaction time task, Chase et al. found all groups (depressed
bipolar, euthymic bipolar, unipolar depression and healthy
controls), showed similar reaction time performance in the task,
although the euthymic bipolar group showed an increase in
commission error rate in high reward conditions. The results of
the study provided some evidence for response-calibration deficits
that were specific to patients with bipolar disorder.

The other three studies in this section sought to explore the
relationship between depressive symptom burden and metacognition
(Payne et al.), cognitive control of emotional conflict in clinical versus
varying degrees of trait anxiety (Yu et al.) and the association between
social cognition and paranoia (Savulich et al.). Payne et al. provide
evidence of an association between increasing depressive symptom
Frontiers in Psychiatry | www.frontiersin.org 26
burden, a greater tendency to adjust levels of confidence in response
to new evidence, and lower overall confidence levels. They point to
the need in their study to replicate their findings with a sample of
patients with clinical depression. Yu et al. demonstrated that deficits
in cognitive control of emotional conflict were present in individuals
with high trait anxiety, with more severe deficits occurring in
generalised anxiety disorder. They hypothesized that trait anxiety
may produce these impairments, potentially leading to clinically
significant levels of anxiety. Savulich et al. showed that paranoid
thinkingmay reduce cooperation in the pursuit of mutual reward and
that delusional ideations can predict maladaptive feelings of shame
when experiencing interpersonal harm in a moral emotional
processing task.

As these studies have shown, experimental neuropsychological
experimental models are important in forming and testing
hypotheses about relationships between cognition and other
symptom domains that may mediate the relationship between
mood disorder and subsequent cognitive impairment.

Potential Predictive and Diagnostic
Cognitive Markers in Mood Disorders
Two further articles review the literature to assess the potential of
cognitive deficits as predictors of treatment response in depression
(Groves et al.) or as intermediate diagnostic phenotypes in bipolar
disorder (Kessing and Miskowiak). Evidence from the review by
Groves et al. is mixed. Some studies in the review demonstrated an
association between poorer baseline cognitive functioning
(particularly in executive function and attention) and poorer
treatment response, although other studies failed to find this, and
this association was also affected by the treatment used (different
antidepressants, antidepressant and psychotherapy etc). Due to the
methodological heterogeneity of studies included in the Groves
et al. review, a qualitative synthesis of these studies was performed.
Kessing and Miskowiak concluded there was not enough evidence
that cognitive deficits in bipolar disorder were sufficiently specific
to the disorder, to serve as useful intermediate diagnostic
phenotypes. Therefore, more research is needed to see if
cognitive impairments specific to bipolar disorder can be identified.

Smirnova et al. presented interesting data which suggests that
linguistic analysis of information produced by healthy participants
or participants with mild depression and “normal sadness”, can
distinguish between these three groups. Participants with mild
depression tended to produce longer responses, with their written
responses presented more in a narrative than analytical manner
compared to healthy controls. Participants with mild depression
also tended to use more colloquialisms, tautologies and single
clause sentences compared to healthy controls.

Using a prospective study design over a period of 2.5 years, Ruhe
et al. investigated whether specific biases in emotional processing,
remained in patients with remitted recurrent depression, and
whether these deficits could predict illness recurrence. They found
that compared to the study control group, such patients had
persisting negative attentional biases toward faces and self-
relevant characteristics with a negative valence, and tended to
misclassify neutral faces as expressing anger or disgust. These
differences were not predictive of future depressive recurrence.
January 2020 | Volume 10 | Article 1013
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Assessment and Treatment of Cognitive
Dysfunction in Mood Disorders
The final section of this article outlines the articles which may
be the closest to direct clinical translation, as they concern the
evidence for the assessment and management of cognitive
dysfunction in depression (Zuckerman et al.; Fiorillo et al.),
schizoaffective disorder (Lopez-Fernandez et al.) and a trial
protocol comparing personalised vs standard therapy for the
treatment of cognitive dysfunction in depression (Knight et al.)

Zuckerman et al. emphasize the lack of any gold standard test of
cognitive impairment in major depression and the unsuitability of
current assessment measures to measure it (e.g., Hamilton-
Depression Rating Scale). The use of cognitive behavioural
therapy, cognitive remediation therapy, pharmacotherapy and
neurostimulation techniques (e.g., transcranial magnetic
stimulation), were also outlined in this review. On the other
hand, Fiorillo et al. focus on the available validated tools for
assessing objective and subjective cognitive dysfunction major
depression, such as the Screen for Cognitive Impairment in
Psychiatry-Depression (SCIP-D – a measures objective cognitive
dysfunction) and the Cognitive complaints in Bipolar Disorder
Rating Assessment (“COBRA” – a measure of subjective aspects of
cognitive dysfunction) (5).They also outline the need to move
towards achieving full recovery of function as the main therapeutic
target in major depression, rather than just clinical remission.

Lopez-Fernandez et al. performed a systematic review on the
effectiveness of cognitive remediation therapies in schizoaffective
disorder, finding some evidence that they can be effective in
improving social cognition and neurocognition. These
conclusions were however limited by the relatively small of
studies available for review and their design limitations.

Knightetal’s.proposedclinicaltrialwillfinishrecruitingpatientsin
2019andaimstocompareapersonalisedtherapeuticregimetargeting
cognitive impairment, social cognition, and emotional processing
problems, to standard treatment for each of these domains. The
personalized therapy will be more tailored and intensive; i.e., a
greater number of sessions will be assigned to areas of cognitive
dysfunctionwhichweremoremarkedat baseline assessment.
Frontiers in Psychiatry | www.frontiersin.org 37
CONCLUSION

The research presented in this issue reflects the diversity and depth
of the research into cognition in mood disorders. The exciting
articles in this Research Topic give a real insight into the various
methodological approaches being used in this research area to
illuminate mechanisms, treatment targets, and clinical translation
of work in the area of cognition in mood disorders. For example,
one promising area of translation is the use of cognitive test
batteries to predict treatment in identifying earlier treatment
response to depression, and work on this is ongoing (6). Other
future areas could include the integration of cognitivemarkers into
systems of diagnostic classification (such as future revisions of the
DSM-V and ICD-11), or to develop personalised treatment
regimes, developed to effectively address specific cognitive
deficits. The current articles provide a fantastic primer in an area
whose significance is increasingly evident, andwhich is developing
in new and exciting directions.
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depressive disorder—rationale, 
design, and Characteristics of the 
Cognitive and Emotional recovery 
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Discipline of Psychiatry, University of Adelaide, Adelaide, SA, Australia

introduction: Psychosocial dysfunction is associated with poor longitudinal course of 
depression and is not sufficiently addressed by existing pharmaceutical or psychological 
treatments. The aim of the current study is to evaluate the efficacy of a novel intervention 
designed to improve psychosocial function in depressed individuals. Impaired cognition, 
emotion processing, and social cognition appear to underlie (i.e., cause) psychosocial 
dysfunction in depression. The current treatment will target functioning in these domains 
(i.e., cognition, emotion, social cognition) with repeated training tasks, following the 
rationale that therapeutic benefits will arise in psychosocial functioning. It is expected 
that personalizing treatment by participants’ baseline functioning will enhance clinical 
efficacy, by comparison with standard treatment in which baseline functioning is not 
considered.

Methods: The study is a randomized, controlled treatment (RCT), in which the efficacy of 
a personalized and standard intervention will be compared. Sixteen treatment sessions 
will be administered over an 8-week period. These treatments are designed to improve 
cognition, emotion processing and social cognition. Assessments of psychosocial func-
tioning, as well as a number of secondary outcomes, will occur at baseline, 4 weeks 
(mid-RCT), 8 weeks (end of RCT), and in the observational period at baseline (week 
9) and 3 and 6 months post-RCT. Recruitment will commence in July 2017, including 
subjects diagnosed with major depressive disorder according to DSM-IV-TR criteria.

discussion: This research will provide new insight into the roles of cognition, emotion 
processing, and social cognition in psychosocial dysfunction in depression. In addition, 
the relative clinical efficacy of personalized versus standard treatment approaches will 
be assessed.

Ethics and dissemination: This study has been approved by the human research 
ethics committees of the Royal Adelaide Hospital and the University of Adelaide (ethics 
code: R20170611). The study has been registered with the Australia and New Zealand 
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Clinical Trials Registry Registration number: ACTRN12617000899347, web link: http://
www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12617000899347p. 
The results of the current study will be published in academic journals following com-
pletion of recruitment in 2019. Data will be owned and retained by the University of 
Adelaide, with access restricted to the research team responsible for the study.

Keywords: depression, cognitive training, cognitive remediation, psychosocial functioning, social cognition, 
emotion processing

introduCtion

Depression is the leading cause of mental illness worldwide, 
affecting approximately 322 million individuals (1). The illness 
is characterized by prolonged negative mood, anhedonia, and 
impaired cognition. Depressed individuals also demonstrate 
significantly impaired psychosocial function, indicated by 
diminished organizational, occupational, and social ability (2, 3). 
In addition to the substantial burden of depression on the daily 
lives of individuals (4) depression impacts on a societal level by 
reducing occupational productivity (5, 6). Established therapies 
(e.g., psychotherapy, CBT) and pharmaceutical treatments are 
costly and lead to high rates of recurrence in the long term (6). 
As a consequence, there is a clear need to develop alternative and/
or complimentary treatments for depression.

It is possible that existing treatments for depression under-
perform because they do not sufficiently address psychosocial 
functioning (2, 7). Psychosocial function can be defined 
on a micro level as our day-to-day ability to contend with 
environmental and social tasks (e.g., maintaining work and 
relationships), and on a macro level as the pursuit of significant 
life outcomes (e.g., self-actualization) (7). Previous work has 
operationalized these dimensions, such that quantitative and 
psychometrically valid assessments of psychosocial impair-
ment have been established (7–9). Psychosocial functioning 
appears to be related to a number of other functional outcomes 
(e.g., positive future outlook, ability to derive pleasure from 
life events), suggesting that psychosocial function contributes 
to mental health in general (10, 11). Psychosocial dysfunction 
is prevalent in depressed individuals and does not appear to 
improve even in patients who are symptomatically recovered 
(3). Ongoing psychosocial dysfunction may lead to recurrent 
episodes of depression, as impaired functioning negatively 
interacts with cognitive and emotional vulnerability in previ-
ously depressed individuals (2, 12–14).

Existing evidence indicates that cognitive, emotional, and 
social cognitive factors underlie deficits in psychosocial func-
tioning (11, 13–16). The proposed study follows this model, 
stipulating that improvements in cognition, emotion, and social 
cognition should flow on to psychosocial functioning. Given the 
importance of this model in the current study, the relationship 
between the three underlying domains and psychosocial func-
tioning will be explored.

Cognitive impairment
According to DSM-5 criteria the cognitive symptoms of major 
depressive disorder (MDD) are impaired decision making, 
management of attention, and coordination and maintenance of 

information in working memory (17). Research has also identi-
fied deficits in verbal ability (18), visuospatial processing (19), 
and psychomotor speed (19). The finding that cognitive deficits 
occur across multiple domains suggests that depression inter-
feres with underlying cognitive faculties, and with the coordina-
tion of cognitive subsystems, rather than interfering a specific 
modality of cognition. Our cognitive abilities are crucial to daily 
functioning, and to the severity of several cognitive difficulties 
associated with depression (e.g., hyper-sensitivity to negative 
feedback). Cognitive treatments target improvement of cold 
cognition, with the rationale that increasing functioning will 
benefit performance in hot cognitive tasks, and hence improve 
experience of everyday life, psychosocial functioning, and day-
to-day functioning. In addition, cognitive impairments may 
mutually interact with emotional and social factors to maintain 
or exacerbate depression, or lead to recurrent episodes (14, 16).

Psychosocial and cognitive impairments in depression and 
in other illnesses are associated with elevated levels of several 
inflammatory cytokines (20, 21). Research by the Baune group 
(22, 23) demonstrated that IL-8, IL-1beta, and tumor necrosis 
factor (TNF) are associated with memory, processing speed 
and motor function in the elderly. In addition, inflammatory 
C-reactive protein (CRP) may also be associated with depression 
symptoms (24), and the neurotransmitters 5HT, DA, and NE 
appear to be related to psychological stress (25). Investigating 
biomarkers for psychosocial functioning and cognitive dysfunc-
tion presents a valuable area for research, as there is potential 
for developing objective measurements of dysfunction predis-
position, for improving our understanding of the neurological 
mechanisms of depression and associated poor psychosocial 
functioning (e.g., neurotrophic theory), and for improving 
pharmacological treatments that address not only symptoms 
of depression but also psychosocial functioning and workplace 
functioning.

A large body of work has investigated the selective treatment 
of impaired cognition in depression with cognitive reme-
diation programs (2, 5, 26), which typically involve repeated 
completion of cognitive tasks over several weeks. The results 
of such programs generally reveal that patients improve on 
measures of executive, visuospatial, and verbal function (2). 
These results support the theory that repeated activation of 
brain regions via cognitive treatment increases neuroplasticity 
and improves neural function (27). Although cognitive gains 
following remediation programs are relatively consistent, the 
transfer of this benefit to occupational function, resilience, 
and psychosocial functioning are not well established (15). It is 
possible that transfer of cognitive skills does not reliably occur 
because remediation programs do not also address impaired 
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Social Cognition
Social cognition refers to the perception, identification, and 
interpretation of social information in interpersonal interaction 
(16). Maintaining function in this domain involves incorporat-
ing information from a range of social cues including prosody, 
facial expression, body language, verbal content, and theory 
of mind. Research has identified that social cognition may be 
impaired in individuals with depression, though the social 
cognitive deficit is less severe than in other psychiatric illnesses 
(e.g., schizophrenia) (37, 38). However, social cognition deficits 
in depression should not be overlooked, as issues with social 
interaction are associated with suicidality (39), and with severity 
of depression symptoms (40, 41).

Given the complexity of social interactions, it stands to rea-
son that cognitive functions (e.g., attention, processing speed) 
are crucial in maintaining fluid and adaptive social ability. 
Likewise, emotional recognition and bias play an important role 
in identification and perception of social information. Impaired 
emotion recognition may cause incorrect or biased assessment 
of social interaction, which may exacerbate depressed mood 
and lead to further negative social interactions (16). In turn, 
negative social experiences may lead to subsequent avoidance of 
interpersonal interactions, further enhancing feelings of isola-
tion and impaired mood. The interplay between social cogni-
tion, emotion, and general cognition further highlights the need 
for an integrated treatment approach. In addition, the broad 
and inter-related deficits associated with social cognitive issues 
suggest this factor contributes substantially to psychosocial 
functioning. This being said, the link between social cognition 
and psychosocial functioning has only recently been empirically 
investigated (16), and pilot data from our group suggest this 
relationship; supporting the need for the current research.

Social cognition is typically evaluated by one’s ability to read 
facial emotions (42). Depressed persons are typically impaired 
in facial affect recognition, in part due to a tendency to nega-
tively interpret facial emotions (43). A plausible explanation is 
that impaired attention and emotional interpretation may cause 
depressed individuals to focus on mood-congruent (i.e., nega-
tive) features of facial affect. Other studies of social cognition 
employ videos of social interactions, which are intended to be 
more naturalistic and contain more dynamic social features 
(i.e., body language, prosody, verbal information) (44, 45). 
These tasks emphasize theory of mind, as reliance on syntactic 
and visual information alone is insufficient to detect nuanced 
social interactions (e.g., sarcasm). Social cognition can also be 
measured with prosody tasks, in which several syntactically 
identical sentences are presented with different emotional 
intonations.

The current treatment will use an integrated approach in 
which cognitive remediation and cognitive training techniques 
are employed with cognitive, emotional, and social cognitive 
stimuli. While traditional cognitive training has been shown to 
increase psychosocial functioning (46, 47), it is expected that the 
addition of emotional and social training domains will extend 
and enhance this effect. Similar techniques have been employed 
to address emotional and social impairment in other psychiatric 
illnesses, including bipolar (48) and schizophrenia (49). The 

social cognitive skills and emotional processing, which may 
negatively interact with cognition on depression outcomes. The 
following paragraphs discuss the role of emotion processing and 
social cognition in MDD, and highlight how an integrated and 
personalized treatment approach may be critical to maximizing 
treatment outcomes.

Emotion Processing
Our experience of emotion is fundamentally linked to cogni-
tion. Evidence for this link is demonstrated at a neurological 
level by overlap in activation patterns of cognitive processes and 
emotional experience (28–30). The phenomenological parallels 
of emotion and cognition are consistent with cognitive models 
of depression (31), which stipulate that interplay between cogni-
tive vulnerability and negative emotion both lead to and sustain 
MDD. Specifically, cognitive models stipulate that attention and 
memory systems are biased to focus on negative information, 
suppress adaptive coping strategies (e.g., flexibility), and encour-
age maladaptive strategies (e.g., rumination) (32). The critical 
importance of emotion processing in coping and information 
processing supports the importance of this factor in determin-
ing overall psychosocial functioning (15).

The close overlap between emotion and cognition suggests that 
cognitive remediation should not neglect the role of emotion in 
treatment programs (33). Previous work in cognitive–emotional 
treatment has shown promising results in the implementa-
tion of working memory tasks with valenced stimuli (34, 35). 
Iacoviello et al. (35) conducted a study comparing the benefit of 
an integrated cognitive–emotional treatment task with that of a 
pure cold cognitive treatment task for subjects with MDD. The 
results showed that the integrated cognitive-emotional training 
resulted in greater reduction in depression symptoms and nega-
tive self-referential biases. By contrast, both the cold cognition 
and integrated tasks resulted in similar gains in attention and 
working memory performance. These findings are consistent 
with the notion that cognition and emotion are closely linked, 
and imply that an integrated treatment approach may result in 
broader transfer of therapeutic benefit.

Recent work by Wu et  al. (36) suggests that dysfunctional 
emotion processing may play a crucial role in the develop-
ment and maintenance of geriatric depression. The authors 
evaluated the positive effect of reminiscence therapy, in which 
older female patients with depression symptoms verbally 
recounted earlier life experiences by viewing pictures of past 
events. A clinical nurse encouraged the patient to recount these 
memories from different perspectives, and highlighted positive 
comparisons with the patients’ current lives. Posttreatment 
anxiety and depression symptoms were reduced, suggesting that 
encouraging flexible and positive retrieval of episodic memory 
may attenuate negative emotion processing. It is possible that 
emotional dysregulation may play a greater role in geriatric 
depression than in standard MDD, as the elderly often lack suf-
ficient social support and experience rapid physiological decline 
(36). Taken together, these findings suggest that older subjects 
in the current treatment may benefit from emotion processing 
training tasks focused on redressing negative social biases and 
negative self-evaluations.
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results of these studies suggest that social and emotional training 
may provide benefits in domains of daily life (e.g., occupational 
functioning). The clinical efficacy of these strategies in treating 
major depression has not yet been evaluated and is hence a 
primary interest of the current study. It is expected conducting 
remediation and training in three domains (i.e., cognition, emo-
tion processing, and social cognition) will improve psychosocial 
functioning to greater extent than is achieved by treating cogni-
tion alone.

Personalization
Given the multifaceted nature of impairment in depression, it 
is reasonable to assume that deficits will not occur in a uniform 
nature within individuals. Certain individuals may be disad-
vantaged specifically in domains of emotional processing, while 
others are more disadvantaged in terms of cold cognitive ability 
or social cognition. Previous interventions may not have led to 
consistent improvements in psychosocial functioning because 
individual differences in domain-specific impairment were not 
addressed. In fact, existing interventions assume that group 
means (i.e., norms) reflect impairment at an individual level, 
and hence that a generalized treatment approach is sufficient. 
Given the heterogeneity of impairment observed between indi-
viduals with MDD (12), it is possible that a standard treatment 
approach is not optimal (50). In particular, standard treatment 
approaches may misappropriate resources and time to clinical 
domains which are not relevant or helpful to the individual. In 
contrast, personalized approaches tailor treatment by targeting 
baseline deficits within individuals, enabling treatment to focus 
on impaired domains, while also spending less time address-
ing more functional domains. Personalization may improve 
treatment efficiency and efficacy, in contrast to the traditional 
standard approach.

The current investigation will evaluate the personalized 
approach, by comparing psychosocial functioning following a 
personalized intervention and a standard (i.e., non-personalized) 
intervention. The personalized intervention will tailor treatment 
tasks around baseline individual deficits, such that the indi-
vidual’s most impaired domains receive the greatest attention. 
Given the importance of cognition, emotion processing, and 
social cognition in determining psychosocial functioning, the 
CERT-D treatment will be tailored by patterns of impairment 
observed in these three domains. For example, a participant who 
demonstrates severe cognitive impairment will receive a greater 
number of treatment sessions devoted to cognition, with fewer 
sessions devoted to emotion processing and social cognition. 
Overall, it expected that both personalized and standard treat-
ments will result in improved psychosocial functioning, which 
is expected to be retained over a 6-month observational period. 
However, it is predicted that the clinical effect on psychosocial 
function will be greater following personalized, relative to stand-
ard, treatment.

In summary, the cognitive and emotional recovery training 
program for depression (CERT-D) study will evaluate a novel 
treatment for depression, employing an integrated cognitive, 
emotional and social cognitive approach. The primary outcome 
will be change in psychosocial function over the intervention 

and subsequent observational period. Performance in several 
secondary domains will also be evaluated, including depres-
sion symptom severity, resilience, occupational functioning, 
cognitive failures, and functional disability. In addition, the 
study will examine biomarkers of cognitive and psychosocial 
dysfunction in depression, providing an opportunity to expand 
our knowledge of this domain. This research will advance 
the field by evaluating the efficacy of integrating training of 
cold cognition with emotion processing and social cognition. 
The integrated approach contrasts with traditional cognitive 
remediation, which has primarily focused on the improvement 
and application of executive training. In addition, the current 
methods allow evaluation of the relative clinical efficacy of per-
sonalized and standard treatment approaches in remediating 
psychosocial dysfunction in MDD.

MEtHodS

objectives
The primary objective of the CERT-D is to evaluate whether treat-
ing cognition, emotion processing, and social cognition leads to 
immediate and longitudinal benefit in psychosocial functioning. 
To achieve this objective, participants will complete either a 
personalized or standard (non-personalized) treatment devoted 
to increasing performance in these domains. Participants in the 
personalized group will receive a tailored treatment incorporat-
ing a greater number of sessions devoted to their domain(s) of 
primary baseline dysfunction. By contrast, the standard treat-
ment group will complete a pre-established battery of treatment 
independent of baseline deficits.

The key hypotheses and aims of the current study are as follows:

Hypothesis 1: Overall, psychosocial functioning will be improved 
at 8 weeks [end of randomized, controlled treat-
ment (RCT)] relative to baseline. Psychosocial 
functioning in the observational period (post-
RCT) will not decline at 3 and 6 months relative 
to post-RCT baseline.

Related Aim: To evaluate which subdomains of psychosocial 
function (e.g., autonomy, social relationships) are 
sensitive to change over time from the CERT-D.

Hypothesis 2: Performance in secondary outcome measures 
will improve at 8 weeks relative to baseline, and 
will be retained over a 6-month observational 
period. Secondary outcomes include occupatio-
nal functioning, cognitive failures, functional 
disability, resilience, and depression symptom 
severity.

Hypothesis 3: It is expected that the personalized treatment group 
will display greater psychosocial improvement at 
8 weeks (compared to baseline) than subjects who 
complete a standard treatment.

Hypothesis 4: Biological and genomic signatures will be asso-
ciated with psychosocial functioning, as well as 
cognitive, emotional, and social cognitive perfor-
mance.
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Study design and recruitment
The CERT-D study will commence in July 2017. The study will 
be a RCT, comparing the clinical efficacy of a personalized and 
standard intervention. Psychosocial functioning is considered 
the primary outcome. An effect size of approximately d = 0.5 is 
expected with regards to change in psychosocial function over 
the intervention. Given the intended sample size of 100, the study 
will achieve statistical power of 89% (1 − β = 89). The rationale 
for this “medium” effect size is that previous interventions have 
found positive outcomes approximate to this magnitude (5, 35), 
for example in cognitive functioning.

The trial will include 16 treatment sessions designed to 
improve cognition, emotion processing, and social cognition 
administered over an 8-week period. Assessments will occur at 
baseline, 4 weeks (mid-RCT), 8 weeks (end of RCT), and in the 
observational period at baseline (week 9) and 3 and 6 months 
post-RCT (see Figure 1). Assessments will measure psychosocial 
functioning, cognition, emotional state, social cognition, as well 
as occupational functioning, depression symptom severity, 
functional disability, cognitive failures, and resilience. Three 
assessment visits will also include taking blood for biomarker 
and genetic analysis. Recruitment will include individuals 
between the ages of 18 and 75, who will be invited to participate 
via research clinics of the Department of Psychiatry, University 
of Adelaide, and within the Central Health Network in Adelaide, 
South Australia. It could be argued that the age range should 
be restricted to younger adults (<60), such that subjects with 
geriatric depression are excluded. However, recent work has 
suggested that cognitive training strategies are efficacious in the 
treatment of geriatric depression (47, 51, 52). Given the current 
intervention shares many components of traditional cognitive 
training, it is suggested that the CERT-D intervention should 
benefit older (i.e., 60–75 years) patients.

inclusion and Exclusion Criteria
Individuals with mild–moderate MDD according to DSM-IV-TR 
criteria (17) will be recruited for the current study. Severely 
depressed subjects will not be included, as the complexity from 
treatment tasks would likely result high rates of deterrence. 
Subjects identified through screening with bipolar or anxiety 

disorders will be excluded, as will subjects with schizophrenia, a 
learning disorder, eating disorder or a pervasive developmental 
disorder. Subjects with current brain injury or impairment which 
could affect cognitive function (e.g., neurodevelopmental disor-
ders, dementia) will be excluded. In addition, subjects will be 
withdrawn following subsequent severe brain/head injury, devel-
opment of dementia, psychosis, or development of neurological 
conditions such as multiple sclerosis or Parkinson’s disease.

Ethics
The CERT-D has been approved by the Human Research Ethics 
Committees at the Royal Adelaide Hospital (approval number: 
R20170611) and The University of Adelaide (approval number: 
R20170611). All details of participant involvement will be con-
veyed to study participants both in writing and verbally before 
informed consent is obtained.

There are no severe adverse effects expected to result from 
the current treatment. However, participants will be withdrawn 
from treatment if they demonstrate a significant increase in 
depression symptom severity [20% increase in Montgomery 
Asberg Depression Rating Scale (MADRS) score] and referred 
to their treating psychiatrist or GP.

randomization Process
After screening, subjects will be randomly allocated with com-
puter software to receive either personalized or standard (non-
personalized) treatment (see Figure  2). In both the standard 
and personalized intervention groups each treatment session 
will consist of domain-specific tasks. Every treatment session 
will be repeated at least once, to ensure that subjects have the 
opportunity to practice the treatment tasks.

Personalized treatment
Personalized interventions will be tailored to address subjects’ 
most impaired domains. Domain-specific tests will be admin-
istered at baseline to determine the modality and degree of 
individual impairment. On the basis of baseline deficits, subjects 
in the personalized group will be allocated to one of four potential 
treatment arms; (1) high cognition treatment, (2) high emotion 
treatment, (3) high social cognition treatment, and (4) broad 
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impairment treatment (see Figure 2). Subjects will be allocated to 
streams 1, 2, or 3 if impairment is primarily represented in one of 
the three baseline domains. In treatment arms, 1–3 subjects will 
complete a greater number of intervention sessions devoted to the 
domain of primary dysfunction. Subjects who are significantly 
impaired in two or more domains will be allocated to broad 
impairment treatment. Broad impairment treatments will incor-
porate a similar number of intervention sessions in each domain, 
but will be initiated more gradually (i.e., initial treatment sessions 
will be shorter in duration) and will use simpler tasks.

Standard treatment
Subjects allocated to the standard (i.e., non-personalized) inter-
vention will receive an identical intervention regardless of base-
line impairment. The standard intervention will be comprised  
of approximately an equal number of treatment sessions in each 
domain. Unlike broad impairment treatment, standard treat-
ment sessions will be the full duration from the outset and the 
difficulty curve of treatment tasks will be steeper.

CliniCal, SElF-rEPort, and 
CognitiVE aSSESSMEntS

Screening
Participants will be screened for presence of MDD with the MINI 
600 Neuropsychiatric Diagnostic Interview. The MINI is well 
validated and has demonstrated high specificity and sensitivity, 
as well as close concordance with the American Psychiatric 
Association Diagnostic Criteria (SCID), and the Composite 
International Diagnostic Interview (ICD-10) (53, 54). The 
MADRS will also be administered as a measure of depression 
symptom severity (55).

assessment Visits (Baseline—6 Months 
Post-rCt)
In total, six assessments of functioning and performance will 
occur over the CERT-D timeline (see Figure  1). In the inter-
vention period, subjects will complete assessments at baseline, 

4 weeks (mid-RCT), and 8 weeks (end of RCT). The observational 
period will comprise assessments in week 9 (baseline post-RCT), 
as well as 3 and 6 months post-RCT.

Psychosocial Functioning
Psychosocial functioning will be assessed with the Functioning 
Assessment Short Test (FAST); a clinician administered 24-item 
scale. The FAST includes questions which gauge subjects’ abilities 
across several psychosocial domains of daily living (e.g., auton-
omy, leisure, financial issues). The FAST takes approximately 
6  min to complete (9) and will be administered by a clinician 
blind to experimental group allocation.

Cognitive Functioning
Cognitive functioning will be assessed with the THINC-it tool; 
a digitally administered screening instrument for cognitive 
impair ment in depression. The THINC-it involves four objec-
tive tests of cognitive performance, including choice reaction 
time, a 1-back memory task, the Trail Making Test Part B and 
digit symbol substitution. The THINC-it also includes a 5-item 
component of the self-reported perceived deficit questionnaire, 
as an indication of retrospective cognitive dysfunction (56).

Emotion
Participants’ emotional state will be assessed with the Positive 
and Negative Affect Schedule (PANAS), which requires subjects 
to indicate the intensity of current and recent emotions. Scores 
are calculated separately for positive and negative emotions, with 
higher scores indicating greater intensity. The separability of posi-
tive and negative mood scores enables discriminate bilateral mood 
evaluation, which is not possible with unilateral scales or with 
measures of depression symptom severity alone. The PANAS has 
well-supported psychometric properties, including high internal 
consistency and convergent and discriminant validity (57, 58).

Social Cognition
The Weschler Adult Intelligence Scale Advanced Clinical 
Solutions Social Cognition Test (WAIS-IV-ACS) will be used 
to assess participants’ social cognition. This component of the 
WAIS was developed in response to the finding that memory for 
faces and affect recognition was independent of other cognitive 
abilities, suggesting a unique neuropsychological construct in 
social cognition (38). The test involves three tasks designed to 
identify social cognitive impairment: Affect Naming, Prosody-
Face Matching, and Prosody-Pair Matching.

Depression Symptom Severity
Depression symptom severity will be assessed with the MADRS 
and the Structured Interview Guide of the Hamilton Anxiety and 
Depression Scale (SIGH-AD). The SIGH–AD is a 31-item struc-
tured interview that combines the Hamilton Depression Scale 
(HAM-D, 17 items) and the Hamilton Anxiety Scale (HAM-A, 
14 items) (59).

Work Productivity
Two scales will be used to evaluate occupational functioning: 
The Endicott Work Productivity Scale (EWPS) and the Work 
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Productivity and Impairment Questionnaire (WPAI). Both the 
EWPS and WPAI are self-report questionnaires designed to 
measure occupational productivity (60, 61). Importantly the 
EWPS measures overall occupational impairment, whereas 
the WPAI measures the extent to which a particular issue  
(e.g., depression) negatively affects occupational functioning.

Resilience
Resilience will be assessed with “The Resilience Scale” (62). 
The scale involves completing a 26-item Likert scale, of which 
each item makes a broad statement measuring the participants’ 
perceived resilience (e.g., “I usually manage one way or another”). 
The Resilience Scale has shown high internal consistency and 
concurrent validity (63), as well as validation with a number of 
age and ethnic groups (64).

Functional Disability
Disability in daily life will be evaluated with the Sheehan 
Dis ability Scale (65, 66). This will involve participants self-
reporting the extent to which depression symptoms disrupt 
three domains: (1) work/school, (2) social life, and (3) family 
life/home responsibilities. The Sheehan disability scale achieves 
high internal consistency (0.89) and concurrent validity, with 
high scores are indicative of mental health disorders (65).

Cognitive Failures
Cognitive failures can be defined as everyday slips of memory 
and attention (e.g., forgetting a colleague’s name). The current 
study will evaluate cognitive failures with the Cognitive Failures 
Questionnaire (CFQ), which gages the frequency of cognitive 
failures experienced in the past 6 months. The CFQ appears to 
have acceptable construct validity, as factor analysis has indicated 
that CFQ items load primarily to a single construct (67).

Blood Specimen
Blood taking will occur at baseline, week 8 (end of RCT), and 
at 6  months post-RCT. These samples will enable analyses of 
biomarker associations with psychosocial functioning, as well 
as the effect of the CERT-D intervention on biomarker levels. 
Blood serum analyses will include of evaluation of cytokine 
concentration (e.g., IL-8, TNF), CRP levels, and neurotransmit-
ter activity. Samples will be stored in secure refrigerators with 
stringent access rights at the Adelaide Health and Medical 
Sciences building.

CErt-d intErVEntion dEtailS

The intervention is comprised of 16 total treatment sessions. 
Each session will be devoted to one of the underlying domains of 
psychosocial functioning targeted by the CERT-D (i.e., cognition, 
emotion processing, social cognition). Tasks completed within 
sessions will be presented in both digital and pen and paper 
formats. Several digital tasks will be completed with the psychol-
ogy experiment building language (PEBL) software (68), which 
incorporates a number of freely distributed psychological tests 
presented in a game-like manner. Other treatment tasks will be 
administered in a pen and paper format.

Cognition treatment
Cognition treatment sessions will involve cold cognition tasks, 
with the expectation that subjects’ performance in these tasks 
will improve over time. The researcher will emphasize the value 
of cold cognitive skills in everyday life and discuss transfer of 
these skills to functional domains (e.g., psychosocial function-
ing). Each cognition session will focus on one of three cognitive 
modalities: Executive functioning, visuospatial working memory, 
and verbal working memory (69). Executive treatment sessions 
will focus on attention, inhibition, problem solving and mental 
updating (70). Executive tasks include Berg’s card sorting test, 
symbol counting, and the Stroop task (68). Visuospatial treat-
ment sessions will focus on spatial learning, mental rotation, and 
spatial coordination (71), including map learning (72), figure 
learning, Corsi blocks (73), and matrix rotation tasks (68). Verbal 
treatment sessions will target verbal sequencing, reading span, 
and digit span (74). Verbal training will utilize immediate and 
delayed verbal memory tasks in the SCIP battery (75), and the 
reading span and digit span tests in PEBL (68).

Emotion Processing treatment
The aim of emotion processing sessions will be to address negative 
emotional biases and cognitive-emotional (i.e., “hot cognition”) 
impairment in depression. Training tasks will attempt to increase 
participants’ performance in hot cognitive tasks, in which 
depressed patients typically underperform (34). In addition, the 
subject will be encouraged to discuss any cognitive–emotional 
issues which arise in these training sessions, which the expecta-
tion that raising awareness and understanding may help subjects 
cope with and overcome emotional dysfunction (e.g., emotional 
avoidance, poor reappraisal) (32). Emotional treatment tasks 
include emotional brain storming (49), an emotional n-back (35), 
and emotion word list tasks (76). Taken together, these tasks are 
intended to embed emotional stimuli within traditional cognitive 
remediation techniques (e.g., the n-back task). These strategies 
are based on the rationale that improving cognitive management 
and processing of emotional material will reduce negative atten-
tional and cognitive biases in subjects with MDD (35).

Social Cognition treatment
Social cognitive training sessions will involve targeting per-
formance in domains of facial affect recognition, prosody 
detection, body language, and interpersonal communication. 
Taken together, it is intended that social cognitive treatment will 
improve subjects’ ability to synthesize a broad spectrum of social 
information, make clearer theory of mind judgments, and reduce 
social tension and avoidance. The researcher will emphasize the 
importance of social cognition in everyday life and encourage 
participants to exercise acquired social skills outside of treatment 
sessions. Social cognition training tasks will include a “reading 
the mind in the eyes” task (77), an interpersonal word list task 
(78) and theory of mind scenarios (44, 45). These tasks are 
designed to improve the evaluation of facial affect, verbal tone, 
and body language, while also highlighting the pitfalls of making 
unfounded or overly negative assumptions about others’ inten-
tions and emotions.
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intErVEntion outCoMES, analySES, 
and diSSEMination

The primary outcome of the CERT-D will be psychosocial func-
tioning. Specifically, it is expected that psychosocial functioning 
will improve at 8 weeks (end of RCT) relative to baseline. Post-
RCT psychosocial functioning is expected to be maintained over 
the 6  months observational period. Performance in secondary 
outcome measures is expected to demonstrate a similar effect 
of treatment. Secondary outcomes include depression symptom 
severity, occupational functioning, resilience, functional disabil-
ity, and perceived cognitive failures. In addition, the personal-
ized treatment group is expected to show greater improvement 
over time relative to the standard treatment group. Finally, the 
association between biomarkers and psychosocial and cognitive 
performance before and following treatment will be evaluated.

Statistical analyses will be performed with a mixed model 
ANOVA with time (baseline, 8  weeks, baseline post-RCT, 
3  months post-RCT, 6  months post-RCT) and treatment type 
(personalized, standard) as independent variables. Psychosocial 
functioning (FAST score) will be the dependent variable. It is 
expected that overall psychosocial functioning will improve at 
post-treatment relative to baseline, and that this improvement 
will be greater in the personalized treatment arm relative to the 
standard treatment arm. Biomarker analyses require specifically 
tailored software and will ultimately be entered into simple and 
stepwise linear regression analyses. These analyses will determine 
whether individual biomarkers (e.g., CRP), or combinations of 
biomarkers, are related to cognition (i.e., THINC-it performance) 
or psychosocial functioning.

Within the personalized treatment group, further analyses 
will evaluate whether there are any differences in psychosocial 
functioning owing to the domain-specific treatment groups. 
That is, will there be any differences in post-RCT psychosocial 
functioning between the high cognition, high emotion, and high 
social cognition treatment groups? Given the novelty of the cur-
rent treatments, these analyses will be exploratory. As with the 
primary outcome, analyses for this outcome will be conducted 
with mixed model ANOVAs.

The anonymized data obtained in the current study will be 
owned by the University of Adelaide, with access restricted to 
the research team responsible for the project. The results of the 
CERT-D study will be published in scientific journals, which will 
discuss clinical efficacy of personalized and standard approaches 
in light of the data obtained. The authors will also conduct a public 
lecture to discuss the broader topic of personalized psychiatry, 
which will include dissemination of outcomes in the current study.

diSCuSSion

Existing literature suggests that psychosocial functioning is 
associated with depression severity and with longitudinal treat-
ment outcomes (2, 3). Mutual interaction between psychosocial 
domains (e.g., work productivity, socializing) in depressed 
persons may exacerbate, maintain, or lead to recurrent depres-
sion. As an example, poor cognitive functioning may lead to 
issues maintaining work, which will cause financial strain and 

lead to reduced social interactions and impaired affect. Given the 
importance of psychosocial functioning in depression recovery, 
the development of treatments designed to target psychosocial 
functioning is justified.

Current research by the Baune group suggests that cognitive, 
emotional, and social cognitive domains underpin psychosocial 
functioning (12, 16). The CERT-D will target these domains with 
repeated training sessions over an 8-week intervention period. 
Cognitive and cognitive–emotional treatment approaches for 
depression have received empirical support (2, 32, 35). Initial 
research suggests treating social cognition may also be beneficial 
(16, 79, 80); however, further evidence is needed to establish the 
efficacy of treating social cognitive functioning in depression. 
The CERT-D study addresses this gap in knowledge by evaluating 
a treatment approach integrating all three underlying domains 
of psychosocial functioning (i.e., cognition, emotion process-
ing, and social cognition). Treatment benefits of the CERT-D 
are intended to transfer to occupational functioning, resilience, 
functional abilities, and cognitive performance. Reinforcing 
improved performance and positive interaction between these 
domains is expected to develop a framework which encourages 
and rewards reduction of depression symptoms.

The directionality of recovery in the CERT-D is divergent 
from traditional depression therapies. That is, existing therapies 
(e.g., psychotherapy) target reduction in negative depression 
symptoms with the expectation that improvements in functional 
and psychosocial domains will follow. By contrast, the current 
treatment targets psychosocial and functional improvements 
from the outset. Importantly, the CERT-D integrates treatment 
across cognitive, emotional, and social domains rather than 
focusing on one of these domains alone. Integrating treatment 
across multiple domains is intended to counteract negative 
feedback between impaired domains which may occur in more 
selective treatments.

A possible disadvantage of administering training across three 
domains is that treatment benefits to cold cognitive functioning 
(e.g., executive functioning) will be attenuated in comparison 
to traditional cognitive remediation. Reduced executive gains 
in the CERT-D treatment could result from the equal emphasis 
given to social, emotional, and cognitive domains, as opposed to 
focusing purely on cold cognition. However, we do not anticipate 
this issue to be a crucial issue for two key reasons: (1) emotional 
and social–cognitive training demand similar cognitive effort 
and are equally complex in comparison to traditional cognitive 
training. As a result, emotional and social training may also 
benefit executive functioning. (2) Individuals who demonstrate 
significantly impaired cold cognition will be allocated to the 
“High Cognition” program within the personalized arm. This 
treatment program emphasizes cognitive treatment above emo-
tional and social domains, and will hence evaluate the efficacy 
of predominantly cognitive training, relative to training all three 
domains in the “standard” treatment group. If cognition training 
alone is identified as having greater clinical efficacy than the inte-
grated training approach, then this finding will also contribute to 
the value of the current study.

In summary, the CERT-D will make three primary contribu-
tions: (1) the evaluation of a novel psychological treatment for 
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depression. Psychosocial function is considered the primary 
outcome, and is expected to be improved by integrated treatment 
of underlying domains. (2) The comparison of the relative clini-
cal efficacy of personalized and standard treatment approaches. 
Taking baseline deficits into account may enable more efficient 
and effective psychosocial recovery, as impaired domains receive 
greater attention. In combination, contributions (1) and (2) 
may lead to the development of an intervention which could be 
conducted in parallel or in lieu of other treatments for depression. 
(3) The current study will also improve our understanding of the 
genomic, neurological and biological correlates of psychosocial 
and cognitive dysfunction in depression. Taken together, these 
findings will advance the field of personalized psychiatry by 
evaluating the relative efficacy of a standard and personalized 
treatment approach, in addition to testing the overall value of 
targeting psychosocial deficits in MDD.

EtHiCS StatEMEnt

This study will be carried out in accordance with the recommen-
dations of the NHMRC national statement on ethical conduct 

in human research, Royal Adelaide Hospital HREC with writ-
ten informed consent from all subjects. All subjects will give 
written informed consent in accordance with the Declaration 
of Helsinki. The protocol was approved by the Royal Adelaide 
Hospital HREC and the University of Adelaide HREC.
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Background: It has been observed that trait anxiety easily leads to conflict maladap-
tation under conflict circumstances. However, it remains unclear whether the precise 
neural mechanisms underlying the effects of high trait anxiety (HTA) on cognitive control 
are consistent in high trait anxious individuals, with and without anxiety disorders.

Methods: The present study recruited 29 healthy volunteers with low trait anxiety (LTA), 
37 healthy volunteers with HTA, and 23 patients with generalized anxiety disorder (GAD). 
All participants completed demographic information and self-report measures of trait 
anxiety and depression. Then, they performed the emotional flanker task with event- 
related potentials (ERPs) recorded.

results: Behavioral data manifested that, relative to LTA individuals, GAD patients 
displayed prolonged response times and increased error rates, while HTA individuals 
showed intact response times and accuracies. Event-related potential (ERP) data 
revealed that HTA individuals exhibited a trend toward more negative N2 amplitudes 
for conflict detection. By contrast, both HTA and GAD individuals displayed decreased 
P3 amplitudes for conflict resolution. ERP results indicated that both HTA and GAD 
individuals exhibited conflict maladaptation on the N2 amplitude. Correlation analyses 
also showed that the increased anxiety symptoms were associated with longer reaction 
times, more error rates, lower P3 amplitudes, and more perturbations in conflict adapta-
tion on reaction times and N2 amplitudes.

conclusion: Our results demonstrated a severely impaired cognitive control in GAD 
patients while a moderately impaired cognitive control in HTA individuals. Trait anxiety 
can indeed serve as a predominant factor at the onset and in the maintenance of GAD. 
Therefore, the trait anxiety reducing strategies may provide significant therapeutic gains.

Keywords: trait anxiety, conflict detection, conflict resolution, conflict adaptation effect, generalized anxiety 
disorder

inTrODUcTiOn

Increasing evidence has demonstrated that trait anxiety is related to impaired executive control 
of attention (1). The attentional control theory (ACT) proposed that anxiety is closely related 
to cognitive deficits (2), which makes it difficult for anxious individuals to efficiently inhibit 
distraction information. Therefore, anxiety has been considered to be able to inhibit attention, 
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and it may be harder for trait anxious individuals to suppress 
threat-related irrelevant stimuli (2, 3). These deficits primarily 
affect processing efficiency, without adverse effects on perfor-
mance effectiveness (1). Thus, in some cases participants with 
high anxiety show no greater evidence of disrupted attentional 
control behaviorally, but need to use more cognitive resources 
to perform at a level-standard relative to persons with low anxi-
ety. These viewpoints, however, have not been systematically 
tested.

The face flanker paradigm allows for the efficient investiga-
tion of trait anxious individuals’ patterns of cognitive control, 
thereby illuminating how attention allocation is impacted by 
interactions between the target and distractor (4, 5). Reaction 
time interference by emotionally incongruent stimuli was 
observed in almost every individual (6, 7). That is, participants 
exhibit faster response speed when the distractor expressions are 
identical with the target expression. A large number of studies 
also showed that the emotional conflict generated by the previ-
ous incongruent trial can activate a regulatory mechanism which 
helps individuals to improve emotional conflict regulation on 
the current incongruent trial (8–10). Therefore, task perfor-
mance was optimized. Likewise, performance on postcongruent 
congruent trials is often superior to that on postincongruent 
congruent trials. This across-trial effect has been termed as 
“emotional conflict adaptation” (11).

Event-related potential (ERP) studies have found that, in 
the conflict control processing, N2 and P3 components are 
associated with conflict detection and conflict resolution, 
respectively (12, 13). The conflict N2 component is a negative 
deflection peaking at about 200–300 ms after stimulus onset. It 
is derived from the anterior cingulate cortex and serves as an 
indicator of response conflict (10). It has been demonstrated 
that the N2 component on incompatible trials is larger than that 
on compatible trials (14, 15). When participants are attending 
more to flanker information than target information, a larger 
N2 amplitude will be elicited (16, 17). Empirical research found 
that, compared to healthy individuals, patients with generalized 
anxiety disorder (GAD) showed decreased N2 amplitudes for 
conflict adaptation in non-emotional flanker task that may be 
influenced by compensatory activity (18).

The P3 component is a positive-going ERP that peaks approxi-
mately 300–500 ms after stimulus presentation which serves as a 
marker of the active suppression of a motor response (i.e., conflict 
resolution) (19, 20). Most studies assume the flanker P3 to be 
functionally similar to the P3a (21, 22), reflecting activation in 
prefrontal brain (23). Research suggested that the P3 component 
elicited by stimulus conflict is larger for incongruent trials than 
that for congruent ones (13, 24) and proposed that the larger P3 
amplitude elicited by incongruent trials is related to a more care-
ful assessment of the stimulus to determine the correct response. 
According to previous studies, the P3 is reduced in clinical groups 
such as those with schizophrenia and ADHD (25, 26). Longer 
P3 latency elicited by incongruent trials implies the increased 
stimulus evaluation or categorization time (13, 27). These behav-
ioral and neural markers of conflict control can capture subtle 
differences in cognitive processing and serve as ideal indicators 
for identifying cognitive deficits in trait anxiety.

Although dysfunctional forms of cognitive processing in 
trait anxiety have been well evidenced, more extensive studies 
are necessary, because findings related to emotional regulation 
mainly restricted to persons diagnosed with GAD. Recent 
research in non-clinical anxiety revealed that there are different 
components of anxiety-related cognitive control, which have 
different clinical implications (29). However, so far, few studies 
have directly examined the mechanisms responsible for the 
effect of trait anxiety on cognitive control based on clinical and 
non-clinical individuals simultaneously. Therefore, in this study, 
healthy individuals with low levels of trait anxiety [low trait anxi-
ety (LTA)], healthy individuals with high levels of trait anxiety 
(HTA), and trait anxious patients with a diagnosis of GAD were 
recruited and emotional flanker task was adopted to examine 
two issues (1): how trait anxiety affects processing efficiency 
and performance effectiveness for HTA and GAD individuals 
separately? (2) Whether trait anxiety inevitably elicits conflict 
maladaptation. Based on empirical and theoretical evidence, 
we hypothesize that: (1) relative to LTA individuals, HTA ones 
should display at a level-standard performance effectiveness at 
the expense of processing efficiency, while GAD patients have 
shortfalls in both performance effectiveness and processing effi-
ciency (2). For both HTA and GAD individuals, trait anxiety will 
impair conflict detection and conflict resolution, thereby leading 
to conflict maladaptation.

MaTerials anD MeThODs

Participants
This study was approved by the ethics committee of Third 
Mili tary Medical University of China. The total sample was 
consisted of three subgroups: LTA, HTA, and GAD. All of 
them provided written consent after a detailed explanation of 
the study aims and procedures. Participants received 50 RMB 
for their time.

Initially, through announcements (intranet, Internet, and 
local poster), 1,539 healthy persons aged from 16 to 45 were 
recruited to take part in a mass screening by assessing their levels 
of trait anxiety (30, 31). Subsequently, persons in the lower 27% 
of the trait anxiety distribution [State-Trait Anxiety Inventory 
(STAI_T) ≤ 33] were assigned to the LTA group, and the ones 
in the higher 27% of the trait anxiety distribution (STAI_T ≥ 40) 
were assigned to the HTA group.

Individuals who were willing to take part in the following 
experiments were asked to complete the Center for Epidemiologic 
Studies Depression Scale (CES-D) (32), fill basic personal infor-
mation, and report the past history of disease. The inclusion 
criteria in the present study for the normal participants were 
as follows: (1) no less than 9 years of education; (2) normal or 
corrected-to-normal vision; (3) provided informed consent to 
take part in the present research; (4) no evidence of substance 
abuse or dependence in the past 3 months; and (5) no mental and 
cognitive disorders or brain injury.

High trait anxious patients diagnosed with GAD were recruited 
from the outpatient clinic of Xinqiao Hospital and Daping Hospital 
of Chongqing, China. Prior to participation, they were diagnosed 
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FigUre 1 | Graphical representation of trials and experimental conditions. cC, congruent trials preceded by congruent trials; cI, incongruent trials preceded  
by congruent trials; iI, incongruent trials preceded by incongruent trials; iC, congruent trials preceded by incongruent trials.
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by two licensed clinical psychologists. Diagnoses were confirmed 
using the Chinese Version of Mini-International Neuropsychia-
tric Inventory (33, 34). Then, they completed measures of trait 
anxiety, depression, and detailed information regarding the 
inclusion criteria. The inclusion criteria for the GAD participants 
were as follows: (1) aged between 16 and 45 years; (2) no less 
than 9  years of education; (3) normal or corrected-to-normal 
vision; (4) with heightened level of trait anxiety (STAI_T ≥ 40); 
(5) no evidence of substance abuse or dependence in the past 
3  months; (6) no history of schizophrenia, bipolar disorder, 
organic mental disorder or brain injury; and (7) no treatment 
of electric shock, repetitive transcranial magnetic stimulation, 
deep brain electrical stimulation, or other electromagnetic 
techniques in the past 6 months. Study enrollment included 29 
LTA individuals, 37 HTA individuals, and 23 patients with GAD.

Materials and Tasks
Self-Report Measures
The trait subscale of Spielberger’s STAI_T (30) was used to 
measure the level of trait anxiety. This subscale consists of 
20 items that can indicate individuals’ tendency to perceive 
stressful situations as dangerous or threatening. Answers were 
given on a 4-point Likert scale. This measure has adequate 
psychometric properties. Internal consistency was Cronbach’s 
alpha = 0.950 for STAI_T in the current study. The CES-D (32) 
was adopted to measure the level of depression. The CES-D is a 
self-report scale specifically designed for epidemiological stud-
ies to assess the presence of clinical and non-clinical symptoms 
of depression in the general population. The CESD consists of 
20 items with adequate psychometric properties (35). Internal 
consistency for the sample was Cronbach’s alpha  =  0.953 for 
CES-D in this study.

Apparatus and Stimuli
All stimuli were presented on a 17-inch Lenovo CRT monitor 
with a resolution of 1,024  ×  768 pixels. E-Prime 2.0 Software 
Package was used to run the emotional flanker task. Participants 
were seated about 70 cm from the computer screen and performed 
emotional flanker task.

Emotional Flanker Task
Photos of 24 different people (12 female, 12 male) showing happy 
or angry emotional expressions (the ratio was 1:1) were chosen 
from the standardized native Chinese Affective Picture System 
(CAPS) (36). On each trial, the target face (2.05° × 2.37°) was 
surrounded by two flanker faces that owned either congruent 
or incongruent emotion with the target on right and left sides. 
Target and flankers always appeared at the same positions on 
the black background. Participants were instructed to respond 
to the emotion of the central face by pressing “f ” button for 
happy faces and “j” for angry ones while ignoring the flanker 
faces. Participants were encouraged to respond to the stimuli 
as quickly and accurately as possible. There was one practice 
block and four experimental blocks. The task consisted of 
25 practice trials and 196 experimental trials. Four photos 
used in the practice block did not disappear in the following 
experimental blocks. Each trial began with a fixation cross 
displayed on the center of the screen for 500 ms. The fixation 
cross was then replaced by a target face with two flankers located 
at the left and right of each target. Stimuli were presented in 
a pseudorandom order and remained on the screen until the 
participant responded. A varying interstimulus interval was 
set between 800 and 1,500 ms. There was a break between each 
block. Completion of the experiment required about 15  min. 
The schematic experimental procedure of the emotional flanker 
task is illustrated in Figure 1.
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TaBle 1 | Demographic and questionnaire data for participants (mean ± SD).

low trait anxiety (29) high trait anxiety (36) generalized anxiety disorder (21) P

Education Less than high school 0 1 (2.9%) 3 (14.3%) 0.100
Completed high school 25 (89.3%) 24 (68.6%) 7 (33.3%)
Junior college or Bachelor’s degree 3 (10.7%) 6 (17.1%) 10 (47.6%)
Graduate 0 4 (11.4%) 1 (4.8%)

% Female 21.43 19.44 42.86 0.189
Age 23.85 ± 4.10 24.11 ± 6.16 27.19 ± 7.11 0.161
STAI-T 28.32 ± 3.43 46.49 ± 5.11 57.86 ± 8.31 <0.001
CES-D 1.25 ± 1.71 13.51 ± 9.92 31.14 ± 13.67 <0.001
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The flanker task comprised four types of experimental condi-
tions according to the match between the current and the previous 
trial: congruent—Congruent (cC), congruent—Incongruent (cI), 
incongruent—Incongruent (iI), and incongruent—Congruent 
(iC). According to Nieuwenhuis et  al. (37), index of conflict 
adaptation effect (CAE) on RT (CAERT) can be computed as fol-
lows: CAERT = (RTcI − RTcC) − (RTiI − RTiC). Formulas used to 
calculate CAEs on error rates, N2 and P3 components are similar 
to the aforementioned one.

ERP Recording and Analysis
The experiment was conducted in a dimly lit and electrically 
shielded room. Each participant was asked to sit still and minimize 
blinks and movements during electroencephalography (EEG) 
recording. A high-density EEG recording was acquired with a 
QuickAmp amplifier using 64 Ag/AgCl electrodes. All electrodes 
were referenced on line to the Cz position with a ground electrode 
on AFz. Horizontal and vertical electrooculogram signals were 
recorded with four bipolar electrodes placed on the outer canthus 
of each eye as well as above and below the right eye. The EEG 
activity was amplified using 0.01–100  Hz band-passed filters 
and sampled at 1,000 Hz. Impedance was kept below 5 kΩ for 
all electrodes.

MATLAB 2013b (MathWorks, USA) and the EEGLAB13.4.4b 
toolbox (38) were used to conduct offline EEG analyses. For 
offline analysis, the EEG data were filtered using a bandpass 
between 0.5 and 30 Hz and re-referenced to the average of the 
two mastoids. Then, the data were segmented into epochs rang-
ing from 200 ms prestimulus to 700 ms post-stimulus. Baseline 
correction was performed using the prestimulus interval. Epochs 
were rejected if the voltage deviated more than 5 SD values of 
the probability distribution. Finally, the runica function of 
EEGLAB was used to perform independent components (ICs). 
ICs identified as muscle activity, eye movements, eye blinks, or 
other types of noise were removed from the EEG signal.

The mean amplitudes were calculated from latency win dows 
of ±10 ms around the maximum peaks latencies identified from 
the mean global field power (28) that were obtained including 
all participants and all conditions for each type of stimulus. 
Two late ERP components were used to test predictions from 
the conflict monitoring model: the frontal N2 and the central 
P3. The N2 component was measured as the most negative 
local amplitude between 200 and 300 ms post-stimulus on the 
average of five fronto-central electrodes (Fz, FCz, FC1, FC2, 
and Cz). The P3 component was measured as the most positive 

local amplitude between 300 and 500 ms post-stimulus on the 
average of five centro-parietal electrodes (Cz, CPz, CP1, CP2, 
and Pz).

Data analysis
Outliers were removed in keeping with recommendations from 
Ratcliff (39). Participants with mean accuracy less than 75% 
were excluded from analysis, which resulted in the exclusion of 
one participant from the LTA group, two participants from the 
HTA group, and two participants from the GAD group. Trials 
that involved incorrect responses and RTs exceeding 3 SD from 
mean RTs (1.63%) were eliminated from the data. Besides that, 6 
participants were excluded due to their EEG data loss resulting 
from machine fault, and 7 participants were excluded because of 
too few effective ERP epochs (no less than 20 each condition). 
Finally, there are 84 valid participants for the behavioral data and 
66 valid participants for the ERP data.

IBM SPSS software V18 (IBM Corp., Armonk, NY, USA) was 
used for further statistical analyses. Controlling for three socio-
demographic variables (age, gender, and educational level), a series 
of 3 (group: LTA, HTA, and GAD) × 2 (trial type: congruent and 
incongruent) repeated measures analysis of variance (ANOVA) 
were conducted on mean RTs and error rates as well as on the 
latencies and amplitudes of N2 and P3 components in order to 
assess the main effects and interactions. The indexes of CAE on 
behavior and ERP data were calculated separately according to 
the calculation formula of CAE. Subsequently, one-way ANOVA 
was carried out to examine the study group difference. According 
to the Greenhouse–Geisser method, the degrees of freedom for 
all repeated measures ANOVAs were corrected. The correlations 
between trait anxiety and RTs, error rates, and ERP data were 
also examined.

Using Lilliefors significance correction, Kolmogorov–Smirnov 
statistic analysis verified that behavioral results and ERP data 
approximated normal distribution (for complete sample or each 
group separately, Ps =  0.239–0.101 >  0.05). For all analyses in 
this study, the significance level was set at P < 0.05. Results are 
presented as mean ± SD.

resUlTs

Demographics and self-report Data
Table  1 shows participant characteristics. The LTA, HTA, and 
GAD groups did not significantly differ in gender, age or education 
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TaBle 2 | Mean RTs and error rates in emotional Flanker task (mean ± SD).

lTa hTa gaD

Congruent (RT) 637.41 ± 88.88 656.75 ± 92.42 930.40 ± 149.09†‡

Incongruent (RT) 627.92 ± 83.36 653.35 ± 94.82 909.84 ± 150.00†‡

Congruent (error rate) 1.49 ± 1.83 1.31 ± 1.96 2.13 ± 2.04‡

Incongruent (error rate) 1.30 ± 2.04 1.43 ± 2.01 2.88 ± 2.42†‡

cC (RT) 635.56 ± 89.43 659.35 ± 97.20 937.45 ± 150.72†‡

cI (RT) 629.83 ± 86.54 650.85 ± 99.01 926.18 ± 158.99†‡

iC (RT) 639.19 ± 89.89 654.23 ± 91.10 923.76 ± 153.92†‡

iI (RT) 625.89 ± 82.75 656.02 ± 94.96 927.78 ± 135.15†‡

Conflict adaptation 
effect (CAE) (RT)

7.57 ± 30.30 −10.29 ± 46.17 −15.28 ± 86.76

cC (error rate) 1.04 ± 1.65 1.43 ± 2.46 1.98 ± 2.33
cI (error rate) 1.48 ± 2.83 1.31 ± 1.83 2.68 ± 2.56†‡

iC (error rate) 1.93 ± 2.66 1.19 ± 2.16 2.28 ± 2.79‡

iI (error rate) 1.12 ± 1.84 1.55 ± 2.44 2.90 ± 3.20†‡

CAE (error rate) 1.26 ± 3.60 −0.48 ± 2.67 −0.10 ± 4.91

LTA, low trait anxiety; HTA, high trait anxiety; GAD, generalized anxiety disorder; cC, 
congruent trials preceded by congruent trials; cI, incongruent trials preceded by 
congruent trials; iI, incongruent trials preceded by incongruent trials; iC, congruent  
trials preceded by incongruent trials.
†There was a statistically significant difference between this group and the LTA group 
(P < 0.05).
‡There was a statistically significant difference between this group and the HTA group 
(P < 0.05).
Sociodemographic variables were included as covariates for all analyses.
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which indicated that these groups well matched with respect 
to demographic variables. As expected, there were significant 
group differences in trait anxiety and depression (Ps <  0.001). 
Specifically, participants with GAD had significantly higher 
levels of STAI-T and CES-D compared to those of LTA and HTA 
groups (Ps <  0.001), while participants in the HTA group had 
significantly greater STAI-T and CES-D scores than those of the 
LTA group (P < 0.001).

Behavioral results
Descriptives of mean RTs and error rates in each condition in 
the emotional flanker task are presented in Table 2. Controlling 
for three sociodemographic variables, a two-way repeated 
measures ANOVA on mean RTs was conducted with group 
as the between-subjects variable and trial type as the within-
subjects variable. Neither the interaction of group and trial type 
[F(2,81) = 0.251, P = 0.779, ηP

2 0 006= . ], nor the main effect of 
trial type [F(1,81) = 0.467, P = 0.496, ηP

2 0 006= . ] reached statisti-
cal significance. Nevertheless, a significant main effect of group 
was found [F(2,81)  =  51.299, P  <  0.001, ηP

2 0 568= . ]. Post hoc 
comparisons between groups showed that RTs of the GAD group 
(928.84 ± 140.86) were significantly longer than those of the LTA 
(630.31 ± 82.83, P < 0.001) and HTA groups (655.06 ± 93.18, 
P < 0.001). No significant difference was found between the LTA 
and HTA groups (P = 0.380).

Similar results were obtained by a two-way repeated measures 
ANOVA on error rates. Both the interaction of group and trial 
type [F(2,81) = 1.594, P = 0.210, ηP

2 0 039= . ] and the main effect 
of trial type [F(1,81)  =  0.366, P  =  0.547, ηP

2 0 005= . ] far from 
significance. However, the main effect of group was found to 
be significant [F(2,81) = 3.904, P = 0.024, ηP

2 0 091= . ]. Post hoc 
multiple comparisons showed that error rates for the GAD group 

(2.51  ±  1.95) were significantly larger than those for the LTA 
(1.38 ± 1.68, P = 0.023) and HTA groups (1.37 ± 1.85, P = 0.009), 
and no significant difference was observed between the LTA and 
HTA groups (P = 0.795).

Also, the indexes of CAE on RTs and error rates were calcu-
lated. After controlling for three sociodemographic variables, a 
one-way ANOVA was performed to check the group difference 
in CAE. There was no significant difference among these three 
groups in CAE of RTs, F(2,81) =  0.903, P =  0.410. A similar 
result was observed in CAE of error rates, F(2,81)  =  1.305, 
P = 0.277.

erP Data
Figure  2 shows stimulus-locked ERPs for compatible and 
incompatible stimuli from midline electrode sites (FCz, Cz, CPz,  
and Pz). Peak amplitudes and latencies for N2 and P3 compo-
nents are listed in Table 3.

After controlling for three sociodemographic variables, a 
two-way repeated measures ANOVA on N2 amplitude showed 
no significant main effect of group [F(2,63) = 1.082, P = 0.346, 
ηP

2 0 035= . ] or trial type [F(1,63) = 0.254, P = 0.616, ηP
2 0 004= . ].  

However, the interaction effect of group and trial type yielded 
a clear tendency to significance [F(2,63)  =  2.898, P  =  0.063, 
ηP

2 0 008= . ]. After controlling for sociodemographic variables, 
multiple comparisons showed that HTA individuals had more 
negative N2 peak amplitudes (−2.58  ±  3.50) relative to GAD 
patients (−0.29  ±  2.85, P  =  0.039) for incompatible trials. N2 
amplitude of the LTA group (−1.66 ± 3.22) did not differ from 
those of the HTA and GAD groups (P = 0.428, P = 0.184, respec-
tively). No group difference was observed for compatible trials 
on N2 amplitude (P  >  0.05). For the N2 latency, main effects 
of group [F(2,63) = 2.143, P = 0.126, ηP

2 0 067= . ] and trial type 
[F(1,63) = 1.392, P = 0.243, ηP

2 0 023= . ], and the interaction effect 
[F(2,63)  =  2.194, P  =  0.144, ηP

2 0 035= . ] were not statistically 
significant.

Likewise, P3 amplitude and latency were separately subjected 
to repeated measures ANOVAs. For the P3 amplitude, after 
controlling for sociodemographic covariates, neither the interac-
tion effect [F(2,63) = 2.341, P = 0.105, ηP

2 0 072= . ] nor the main 
effect of trial type [F(1,63) = 0.001, P = 0.972, ηP

2 0 001= . ] reached 
significance. However, we found a significant main effect of group 
[F(2,63) = 8.268, P = 0.001, ηP

2 0 216= . ] such that the LTA group 
exhibited more positive P3 amplitudes (9.94  ±  0.60) than the 
HTA and GAD groups (amplitude  =  7.01  ±  0.59, P  =  0.001; 
amplitude = 6.52 ± 0.66, P < 0.001, respectively). No significant 
difference was observed between the HTA and GAD groups 
(P = 0.553). For the P3 latency, it was showed that the main effect 
of group [F(2,63) = 0.182, P = 0.672, ηP

2 0 003= . ], the main effect 
of trial type [F(1,63)  =  0.540, P  =  0.468, ηP

2 0 009= . ], and the 
interaction effect [F(2,63) = 0.348, P = 0.708, ηP

2 0 011= . ] were 
far from statistical significance.

We also calculated the indexes of CAE on N2 and P3. To 
check whether the CAE was influenced by trait anxiety, one-way 
ANOVAs were separately performed for N2 and P3 amplitudes 
and latencies after controlling for age, gender, and educational 
level. There was a significant difference in CAE on the N2 ampli-
tude across study groups [F(2,63) = 4.598, P = 0.014, ηP

2 0 133= . ].  
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TaBle 3 | Amplitude (microvolts) and latency (milliseconds) of event-related 
potential components in emotional Flanker task (mean ± SD).

lTa (n = 23) hTa (n = 24) gaD (n = 19)

Compatible_N2 amplitude −1.66 ± 3.22 −2.29 ± 3.69 −0.97 ± 2.87
Incompatible_N2 amplitude −1.78 ± 3.65 −2.58 ± 3.50 −0.29 ± 2.85
Compatible_N2 latency 221.60 ± 20.67 218.87 ± 19.10 226.79 ± 20.88
Incompatible_N2 latency 216.82 ± 19.73 216.11 ± 19.74 229.58 ± 20.42

Compatible_P3 amplitude 10.09 ± 3.54 6.97 ± 2.80 6.31 ± 2.56
Incompatible_P3 amplitude 9.79 ± 3.33 7.05 ± 2.84 6.73 ± 2.34
Compatible_P3 latency 404.53 ± 67.42 423.04 ± 54.59 432.75 ± 50.95
Incompatible_P3 latency 401.75 ± 54.65 420.54 ± 44.62 434.57 ± 48.45

LTA, low trait anxiety; HTA, high trait anxiety; GAD, generalized anxiety disorder.

FigUre 2 | Stimulus-locked event-related potentials for the low trait anxiety (LTA), high trait anxiety (HTA), and generalized anxiety disorder (GAD) groups  
in compatible and incompatible conditions at FCz, Cz, CPz, and Pz sites.
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Post hoc multiple comparisons showed that the LTA group 
had a larger index of CAE on the N2 amplitude (0.57 ±  2.22) 
relative to the HTA (−1.34 ± 2.85, P = 0.012) and GAD groups 
(−1.90 ± 2.57, P = 0.011). By contrast, indexes of CAE on N2 
latency, P3 amplitude, and P3 latency did not vary across study 
groups (P = 0.228, P = 0.537, P = 0.370, respectively).

correlation analyses
To examine the relationship between trait anxiety scores and 
behavior data, N2 and P3 components across a range of symp-
tom severity, we included all participants in correlation analyses. 
Scores of trait anxiety were significantly related to RTs, Pearson’s 
r(84) = 0.602, P < 0.001. A similar result was obtained between 
scores of trait anxiety and error rates r(84) = 0.226, P = 0.038. 
On the other hand, trait anxiety was not related with N2 compo-
nent [r(66) = 0.126, P = 0.314 for N2 amplitude; r(66) = 0.175, 
P = 0.158 for N2 latency]. HTA is associated with decreased P3 
amplitude, r(66) = −0.465, P < 0.001, but not for trait anxiety and 
P3 latency, r(66) = 0.209, P = 0.091.

Associations between trait anxiety scores and the indexes of 
CAE for behavioral results and ERP data were also assessed by 
correlation analyses. Higher trait anxiety scores were associated 
with smaller CAE on RTs, Pearson’s r(84) = −0.219, P = 0.046, 
but not on error rates, r(84) = 0.165, P = 0.134. In addition, there 
was a significant correlation between trait anxiety and CAE on 
N2 amplitude, r(66) = −0.356, P = 0.003, indicating decreased 
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conflict adaptation for individuals with higher trait anxiety. 
However, no significant correlation was found between trait 
anxiety and the indexes of CAE on N2 latency, P3 amplitude, and 
P3 latency (P = 0.259, P = 0.328, P = 0.552, respectively).

DiscUssiOn

Using event-related brain potentials, we examined cognitive  
control in an emotional flanker task among non-clinical indi-
viduals with LTA, non-clinical individuals with HTA, and 
patients with GAD. The behavioral results revealed that GAD 
patients had prolonged response times and increased error 
rates in emotional flanker task as compared to LTA and HTA 
individuals. ERPs data demonstrated that in incompatible tri-
als, HTA individuals exhibited a larger N2 amplitude relative 
to GAD individuals. It was also suggested that HTA and GAD 
individuals had a smaller P3 amplitude than LTA individuals. 
Furthermore, CAE contrasts among three study groups showed 
that LTA individuals owned a better ability in conflict adaptation 
than the other two groups on N2 amplitude.

High trait anxiety individuals did not reveal prolonged 
response time and increased behavioral errors, but showed a 
trend of increased N2 amplitude, reflecting compensatory acti-
vation to conflict stimuli. Since a larger N2 amplitude may reflect 
greater resources being devoted to action monitoring (40, 41), 
our results suggested that individuals in the HTA group main-
tained intact work performance with low anxious individuals by 
recruiting greater cognitive resources and giving more effort. 
Therefore, our hypothesis that trait anxiety impaired processing 
efficiency rather than performance effectiveness for individuals 
with HTA was approved. Similar results were also obtained in 
the stop-signal task by Savostyanov et  al. (42). Greater EEG 
desynchronization was found in anxious individuals, indicat-
ing that more processing effort and resource allocation were 
required to inhibit a motor response. Coincidentally, ACT 
argues that in some cases people with high anxiety do not show 
greater evidence of disrupted attentional control behaviorally, 
but more cognitive resource was required to perform at a level-
standard with low anxious individuals (1, 2). Compared to the 
LTA group, HTA individuals exhibited weaker P3 components. 
On account of implications of N2 and P3 components, it was the 
first time to discover that HTA individuals had a high vigilance 
to the emotional conflict; however, they showed a deficit in emo-
tion regulatory capability. That is, HTA individuals appeared to 
have an overactive conflict detection process but poor ability 
to conflict resolution, which is not inconsistent with our study 
hypothesis.

By contrast, patients with GAD are associated with deficits 
in cognitive efficiency with prolonged response times and 
increased error rates. This is in high agreement with previ-
ous studies. For example, in an N-back task, Balderston et  al. 
reported that GAD patients showed an overall impairment in 
both accuracy and reaction time compared to controls (43). 
Similarly, another empirical study found that clinician-rated 
anxiety severity predicted slower and less accurate Stroop 
performance over and above the effect of GAD diagnosis (44).  

At the neural level, compared to HTA individuals, GAD patients 
revealed decreased N2 components, while compared to LTA 
individuals, GAD patients exhibited weaker P3 components. 
These results suggested that GAD patients could not utilize their 
limited cognitive resources to achieve the desirable performance 
outcome. Our results fit better with previous findings that GAD 
patients showed less activation in the dorsolateral prefrontal 
cortex, a region critical for cognitive control (43). Therefore, 
our hypothesis that trait anxiety impaired their processing 
efficiency and performance effectiveness for GAD patients was 
proved. Meanwhile, GAD was related to a poor ability to conflict 
detection and conflict resolution.

Our study found that the cognitive and neural processes 
implicated in conflict adaptation were altered in the HTA and 
GAD groups. At the neural level, a significant group difference 
was found in the index of CAE on N2 amplitude, indicating 
that the HTA and GAD groups revealed obvious perturba-
tions in emotional conflict adaptation as compared to the LTA 
group. Furthermore, both the HTA and GAD groups exhibited 
decreased P3 amplitudes. These results demonstrated that the 
ability for conflict resolution can be seriously impaired by trait 
anxiety, thereby resulting in their difficulty in conflict adapta-
tion. It agrees well with a most recent study which found that 
the P3 amplitude of target stimuli was reduced due to the 
influence of distraction on anxious individuals (45). This study 
also corroborates neuroimaging findings by demonstrating 
that GAD is associated with attenuated response to conflict, 
which results in impaired top-down control and emotional 
dysregulation (11).

These results are of great significance for the study of psychi-
atric diseases. It has been widely assumed that cognitive control 
studies in subclinical analog samples can be generalized to the 
corresponding clinical disorder (28). Our findings imply that 
the pattern of impaired cognitive control, as reported in the 
high trait anxious sample from normal populations, cannot be 
directly generalizable to clinical anxiety. We did find significant 
differences between the HTA and GAD groups. Specifically, 
different from HTA individuals who had intact performance 
effectiveness, GAD patients showed impaired cognitive function 
with prolonged response and poor accuracy in the emotional 
conflict task. Besides, HTA individuals recruited more cognitive 
resources to monitor conflict information than GAD patients. 
Nevertheless, they still have some consistent features in conflict 
control. Both HTA individuals and GAD patients had impaired 
processing efficiency and poor abilities to conflict resolution due 
to their failures in conflict adaptation and decreased P3 ampli-
tudes. These results can deepen and extend our understanding 
that GAD is associated with a severely impaired cognitive control, 
while HTA individuals appear to have a moderately impaired 
cognitive control.

Taken together, the current findings based on clinical and 
non-clinical individuals shed light on the essential relationship 
between trait anxiety and cognitive control. In addition, our 
results distinguish the features of HTA individuals and GAD 
patients in emotional conflict control. Nevertheless, similar to 
other studies, our result suffers from a number of limitations. 
First, the sample size is relatively small, and therefore, it is 
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insufficient to detect significant among-group differences in 
conflict adaptation on N2 amplitude. Nevertheless, the mag-
nitude of the trend makes our finding clinically meaningful. 
These results should be further verified. Second, the results 
were based on the emotional flanker task. According to a 
most recent study, anxious individuals preferentially allocate 
attention to emotional distractors who subsequently exhibit 
poorer cognitive performance (46). Etkin et al. also asserted 
that abnormal conflict processing for the clinical patients 
diagnosed with GAD only manifests in the regulation of emo-
tional conflict, rather than non-emotional conflict (11). Non-
emotional flanker task (e.g., arrows) may not elicit impaired 
cognitive control for the HTA and GAD groups. Therefore, 
our results need to be replicated and verified in non-emotional 
flanker stimuli. Third, state anxiety and trait anxiety are highly  
correlated. According to previous studies, they both have 
adverse effects on cognitive function (1, 2). However, state 
anxiety was not assessed in this study. Accordingly, state 
anxiety and trait anxiety need to be assessed simultaneously 
in future studies.

Despite these limitations, several key implications can be 
drawn to better understand the relationship between trait 
anxiety and conflict control in task. The results in the present 
study revealed that HTA individuals exhibited comparable 
performance effectiveness to LTA individuals at the expense of 
processing efficiency, while GAD patients had shortfalls in both 
performance effectiveness and processing efficiency. Moreover, 
HTA individuals revealed poor abilities for conflict resolution 
rather than for conflict detection, while individuals diagnosed 
with GAD had impaired conflict detection and conflict resolu-
tion functions. Our research provides a powerful support for 
the viewpoint that trait anxiety can elicit conflict adaptation 
impairments and suggest that trait anxiety is a predominant 
factor at the onset of and in the maintenance of GAD. Therefore, 
trait anxiety reducing strategies may provide significant thera-
peutic gains.

enD nOTes

The following images from the Chinese affective picture system 
were used in this study in the experimental blocks: angry: AF3, 
AF5, AF9, AF15, AF23, AM1, AM7, AM20, AM24, and AM33; 
happy: HF11, HF50, HF115, HF119, HF122, HM10, HM92, 
HM93, HM94, and HM97.
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Objectives: Deviations from typical word use have been previously reported in clinical 
depression, but language patterns of mild depression (MD), as distinct from normal 
sadness (NS) and euthymic state, are unknown. In this study, we aimed to apply the 
linguistic approach as an additional diagnostic key for understanding clinical variability 
along the continuum of affective states.

Methods: We studied 402 written reports from 124 Russian-speaking patients and 77 
healthy controls (HC), including 35 cases of NS, using hand-coding procedures. The 
focus of our psycholinguistic methods was on lexico-semantic [e.g., rhetorical figures 
(metaphors, similes)], syntactic [e.g., predominant sentence type (single-clause and 
multi-clause)], and lexico-grammatical [e.g., pronouns (indefinite, personal)] variables. 
Statistical evaluations included Cohen’s kappa for inter-rater reliability measures, a 
non-parametric approach (Mann–Whitney U-test and Pearson chi-square test), one-
way ANOVA for between-group differences, Spearman’s and point-biserial correlations 
to analyze relationships between linguistic and gender variables, discriminant analysis 
(Wilks’ λ) of linguistic variables in relation to the affective diagnostic types, all using 
SPSS-22 (significant, p < 0.05).

results: In MD, as compared with healthy individuals, written responses were longer, 
demonstrated descriptive rather than analytic style, showed signs of spoken and figu-
rative language, single-clause sentences domination over multi-clause, atypical word 
order, increased use of personal and indefinite pronouns, and verb use in continuous/
imperfective and past tenses. In NS, as compared with HC, we found greater use of 
lexical repetitions, omission of words, and verbs in continuous and present tenses. MD 
was significantly differentiated from NS and euthymic state by linguistic variables [98.6%; 
Wilks’ λ(40) = 0.009; p < 0.001; r = 0.992]. The highest predictors in discrimination 
between MD, NS, and euthymic state groups were the variables of word order (typical/
atypical) (r = −0.405), ellipses (omission of words) (r = 0.583), colloquialisms (informal 
words/phrases) (r = 0.534), verb tense (past/present/future) (r = −0.460), verbs form 
(continuous/perfect) (r = 0.345), amount of reflexive (e.g., myself)/personal (r = 0.344), 
and negative (e.g., nobody)/indefinite (r  =  0.451) pronouns. The most significant 
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between-group differences were observed in MD as compared with both NS and euthy-
mic state.

conclusion: MD is characterized by patterns of atypical language use distinguishing 
depression from NS and euthymic state, which points to a potential role of linguistic 
indicators in diagnosing affective states.

Keywords: euthymic state, language patterns, mild depression, negative pronouns, normal sadness, past tense 
verbs, personal pronouns, word use

inTrODUcTiOn

Mild depression (MD) is a common mental state (1), observed 
in 15% of the adult population (2), with only 23% receiving 
any treatment (3). MD is mostly related to life stresses (4) and 
[unlike moderate and severe major depressive disorder (MDD)] 
is poorly responsive to antidepressant medication (1, 5, 6).  
Nonetheless, MD [as distinct from subthreshold, minor depres-
sion (7) or normal sadness (NS) (8, 9)] is a serious medical 
condition causing professional and personal disabilities (10–12). 
Indeed, MD is associated with unemployment in 16% of cases 
(13). The chronic course of mild depressive symptoms within 
dysthymia brings an elevated suicidality risk, compared with 
MDD (14). MD is often prodromal to MDD (7, 15, 16). NS in 
the absence of clinical depression is also frequent (29.8%) in the 
general population (17).

The ICD-10 (18) diagnosis of MD requires four symptoms, 
whereas the DSM-V (19) criteria are based on seven main 
symptoms, and the Hamilton Depression Rating Scale (HDRS) 
gives an MD diagnosis threshold for scores ranging from 7 to 
17 as widely accepted by clinicians or cutoff scores from 8 to 
16 as suggested by the recent severity classification of HDRS 
(20–23). However, depression is heterogeneous and presents 
with highly variable clinical symptoms, so its diagnosis cannot 
be made merely by the number of symptoms, but should include 
their detailed analysis and causal relations (24–26). Diagnosis of 
MD was reported to be less stable compared with diagnosis of 
severe depression using ICD-10 criteria and was characterized 
by a fair level of agreement (kappa = 0.25) between clinicians 
compared with the moderate reliability in severe depression 
cases (kappa  =  0.53) (8, 27). The claimed high prevalence of 
MD is sometimes viewed with skepticism, given the question-
able reliability of psychiatric diagnoses in general (28), and 
especially with respect to the differentiation of MD from NS  
(8, 29). Correct recognition of subthreshold forms of NS is based 
upon the number, duration, and quality of presented symptoms 
(30). Despite the elaboration of criteria cited above, psychiatry 
still lacks objective clinical tests of symptoms comparable with 
those routinely used in other medical disciplines (31). Affective 
(e.g., decreased mood) and cognitive (e.g., negative content of 
thoughts) components of MD and NS are mostly expressed 
through language, while more severe forms of depression are 
also recognized by a motor component (e.g., slow bodily move-
ments). The search for objective indicators of MD vs. NS might 
help to increase the reliability of MD diagnosis. Andreasen and 
Pfohl (32) first showed that language is a specific marker of 
depression, and currently active study groups have concluded 

that an analysis of natural language processing could afford the 
foundation for developing objective diagnostic tests “based on 
dimensions of observable behavior” (33) (p. 904).

While a clinical interview remains the basic tool for diagnos-
ing depression (34), linguistic research has demonstrated that 
systematic analysis of language content reliably classifies patients 
into appropriate diagnostic groups (35, 36). Nguyen et  al. (37) 
report that computerized word counting techniques (38, 39) 
discriminate depression communities from other subgroups 
and also reveal strong online-language predictors of depression 
(40) and suicide (41). Aberrant written and spoken languages 
are frequently reported in patients with depression (42–46). 
Being a chronic affective disorder presenting either within mild 
depressive symptoms or with marked absence of pleasure in 
daily activities, dysthymia is characterized by increased speech 
flow, in contrast to the slowed speech typical of MDD (14). The 
excessive use of first-person singular pronouns (I) correlated 
with depression in many (22, 23, 38, 46, 47), but not all studies 
(48). Objective (me) and possessive (my) first-person pronouns 
were more frequent in speech of a group with depression, and 
predicted depression better than did subjective (I) pronouns 
(47). Elevated usage of first-person pronouns was attributed to 
self-focused attention or self-preoccupation (44, 47, 49). Among 
various measures of depressive self-focusing style, rumination 
(repetitions of the same, usually negative, information) has been 
mentioned in many studies (50–52). Other features of depres-
sion included elevated use of mental state verbs (think), words 
denoting causal relations (because) (53), greater use of general-
izing terms (everything, always), negation (nothing, never), and 
words referring to ambivalent emotional states (54, 55). The 
increased use of discrepancy words (should), possibly reflecting 
enhanced aspirations for the future (56), has been discussed as a 
marker of improvement with therapy for depression. Together, 
these promising results denote that “the styles in which people 
use words” represent no less meaningful information than “the 
content of what they say” about their symptoms (38) (p. 548). 
Nonetheless, language phenomena are still not widely considered 
for psychiatric diagnosis of affective states.

hypotheses
Given this background, we predicted that our exploratory analy-
sis of linguistic variables would reveal a set of word-use patterns 
for differentiation of MD from NS and euthymic state (see 
Russian/English examples in Table  1). Directional hypotheses. 
In accord with previous studies on lexico-grammatical variables 
(42), we predicted that MD patients would (1) make exces-
sive use of first-person/personal and other types of indefinite 
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Table 1 | Linguistic variables included in analysis.a

lexico-semantic variables

Categorical variables •	 Language type:
Narration (description of facts, states, e.g., «Сmалu  появляться мысли, что я наношу непоправимый психологический вред 
моему ребенку и мужу»/“I started having thoughts that I was causing irreparable psychological damage to my child and 
husband”)
Reasoning (assessment, causal relations search, e.g., «Я задавал себе вопрос, зачем мне нужно идти туда и не находил ни одного 
варианта ответа»/“I was asking myself: why do I have to go there; and couldn’t find an answer”)

Quantitative variables •	 Colloquialisms (informal words/phrases, e.g., «не хватает духу»/“don’t have enough spirit”)
•	 Tautologies (word and phrases repetitions, e.g., «делала это, делала это снова и снова»/“I was doing it, doing it again and 

again”)
•	 Lexical, semantic repetitions (e.g., «плакала и рыдала»/“I was crying and sobbing”)
•	 Figurative language/rhetorical figures:
Metaphors (figurative comparison, e.g., «погрязла в этом горе»/“I am drowning in this grief”)
Similes (direct comparison, e.g., «высохла как скелет»/“I was thin as a skeleton”)

syntactic variables

Categorical variables •	 Predominant sentence type:
Single-clause (e.g., «Близким от меня одни неприятности»/“I am just a source of trouble for my family and friends”)
Multi-clause (e.g., «Я не думала, что такой купол на меня опустится»/“I did not think that such a darkness (verbatim, cupola) 
would descend upon me”)
•	 Single-clause sentence type:
Impersonal (e.g., «Дальше только хуже»/“It only gets worse”)
Reduced (e.g., «Жизнь-болото»/“Life is a swamp”)
Complete (e.g., «Я просто хотел лежать на диване»/“I just wanted to lie on the couch”)
Incomplete (e.g., «Хочется не проснуться»/“Want to not wake up”)
•	 Multi-clause sentence type:
Complex (absence of causal relations between the clauses’ content within one sentence, e.g., «В последнее время я думала все 
чаще, что не нужна никому, никто мной не интересуется»/“Recently, I have been thinking more and more often, that nobody 
needs me, nobody cares”)
Compound (presence of causal relations between the clauses’ content within one sentence, e.g., «Я постоянно задаю себе 
вопрос, почему я такой стала»/“I keep asking myself why I became like this”)
•	 Word order:
Usual/typical (correct syntax rules, e.g., «Я оказалась выброшенной из жизни»/“I became a throw away from life”)
Unusual/atypical (e.g., «жизнь моя стала тяжелой»/“a life of mine became difficult”)

Quantitative variables •	 Unusual/atypical word order/rhetorical figures:
Ellipses (omission of words, e.g., «он мог делать это, я могла…, тоже»/“he could do it, I could too”)
Inversions (unusual/atypical/inverted word order, e.g., «никогда не чувствовала я так себя»/“never I have felt this way before”)

lexico-grammatical variables

Categorical variables •	 Person types of pronouns:
1st person singular («я»/“I”) or plural («мы»/“we”), 2nd person singular («ты»/“you”) or plural («Вы»/“you”), 3rd person singular 
(«он»/“he”) or plural («они»/“they”), absence
•	 Verb tenses types:
Continuous (e.g., «пыталась»/“was trying”), perfect (e.g., «сделала»/“have done”)
•	 Verb tenses:
Past (e.g., «страдала»/“was suffering”), present (e.g., «живу»/“am living”), future (e.g., «закончу»/“will complete”)

Quantitative variables •	 Pronoun types:
Indefinite (e.g., «что-либо»/“anything”), including Generalized (e.g., «все»/“everything”) and Negative (e.g., «никто»/“nobody”)
Personal (e.g., «я»/“I”), including possessive (e.g., «мое»/“my”) and reflexive (e.g., «себя»/“myself”)

aExamples in Russian and their translation to English are given in brackets.
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(generalized, negative) pronouns, reflecting words of gener-
alization, negation and ambivalent emotional states revealed 
in depression (54, 55). Non-directional hypotheses. Our specific 
hypotheses follow: Focusing on syntactic and lexico-semantic 
variables, we explored whether MD patients (2) predominantly 
used single-clause vs. multi-clause sentences and (3) narration 
vs. reasoning, as reflecting descriptive vs. analytic thought style. 
We predicted (4) an increased number of lexical (tautologies) 
and semantic repetitions in MD as a marker of ruminations 
and depressive self-focusing style (51, 52), and further explored 

whether MD (5) favors figurative language (metaphors, similes), 
and (6) unusual/atypical word order related to their emotionally 
overwhelmed state (54). Based on some previous studies and 
our own clinical experience, we also hypothesized that, since 
ruminations are mostly focused on past negative events, MD 
patients would express within lexico-grammatical variables (7) 
predominantly with the continuous (the imperfective tense of 
Russian verbs denoting uncompleted actions) rather than the 
perfect (perfective type/completed actions) form [state-of-being 
verbs (32)], and (8) the past rather than present or future tense 
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verbs [past vs. future in depression (57); negative schemas of the 
past in depression (58)]. Thus, we aimed to apply the linguistic 
approach as an additional diagnostic key for understanding 
clinical variability along the continuum of affective states.

MaTerials anD MeThODs

Participants
All 201 subjects gave written informed consent according 
to the Declaration of Helsinki to participate in the study. 
The research protocol was approved by the Samara State 
Medical University’s Ethics Committee in 2009. Patients were 
examined at the University’s Department of Psychiatry after 
referral from general practitioners, neurologists, and psycho-
therapists, and had not previously consulted a psychiatrist or 
been prescribed psychotropic medications before or during 
the brief period of investigation. The diagnoses were based 
on the results of clinical psychiatric interviews delivered 
by psychiatrists (Daria Smirnova and Gennadii Nosachev) 
and were coded using ICD-10 diagnostic criteria. Inclusion 
criteria for patients were (1) 20–60 years of age; (2) Russian 
as native language; (3) completion of secondary education;  
(4) absence of psychiatric comorbidities, as defined in the 
ICD-10 and examined with a clinical psychiatric interview 
in the University’s Department of Psychiatry, and (5) absence 
of any overt medical or neurological disorders, based on 
examination by general practitioners and neurologists upon 
referral from general practice, or, in the case of patients 
referred by local psychotherapists, as judged by physicians and 
neurologists at the University’s Psychiatric Hospital. These 
criteria yielded 124 patients (group MD: 94 females) of mean 
(SD) age 42 (12) years, coded according to the following ICD-
10 categories: (1) F32.0—mild depressive episode (n  =  27), 
(2) F41.2—mixed anxiety and depressive disorder (n  =  26), 
(3) F43.20—adjustment disorder, brief depressive reaction 
(n = 29), (4) F43.21—adjustment disorder, prolonged depres-
sive reaction (n  =  23), or (5) F43.22—adjustment disorder, 
mixed anxiety, and depressive reaction (n  =  19). The mean 
(SD) length of depressive state in MD cases was 40 (13) days. 
Most MD had a college or university degree (n = 66; 53%) and 
lived in an urban area (n = 96; 77%). During clinical interview, 
patients responded to the question about their life problems 
or stressors according to the categorization of potential life 
hazards presented in the rubric Z of ICD-10. The majority of 
patients (n = 63; 51%) mentioned problems with their primary 
social group, including family circumstances, 30 (24%), social 
environment, 22 (18%), employment and unemployment, and 
9 (7%), housing and economic circumstances.

Healthy controls (HC), including subgroups of normal 
healthy (NH) and individuals in a state of NS, were recruited 
from among volunteers invited by public announcement and 
signage. Each HC participant was interviewed separately by two 
psychiatrists (Daria Smirnova and Gennadii Nosachev) of the 
University’s Department of Psychiatry to confirm an absence of 
history of mental disorders in the past and any present diagnoses 
based on ICD-10 diagnostic criteria. Qualification of NS state 

in HC participants was consensus-based (Daria Smirnova and 
Gennadii Nosachev). Inter-rater reliability on categorization 
of NH vs. NS between two psychiatrists was high: k  =  0.894, 
p  <  0.001, 95% CI (0.795–0.993). HC included 77 age- and 
education-matched native Russian speakers (61 females) of 
mean (SD) age 40 (12) years. Among HC, 42 participants were 
designated as NH and 35 were qualified as being in a state of 
normal sadness (NS), based on reporting current life problems 
and low mood. The NS individuals were coded as having poten-
tial health hazards according to the following ICD-10 categories: 
Z56—problems related to employment and unemployment 
(n = 7), Z59—housing and economic circumstances (n = 14), 
Z60—social environment (n  =  4), and Z63—primary support 
group, including family circumstances (n = 10).

Data collection Procedures
Clinical psychiatric interviews were used as a database for psy-
chopathological evaluation. In the psycholinguistic approach, 
we focused on the written self-reports [on the topic (i) “The 
current state of life and future expectations” and (ii) “The 
meaning of life”] provided by all participants. The instruction 
on each of two topics was given orally by a researcher as fol-
lows: “Please write as much as you think is necessary and take 
as much time as you need to describe your current state of 
life and future expectations.” In total, 402 texts were analyzed 
by the research team, which included a psychiatrist (Daria 
Smirnova), linguist (Elena Sloeva), and clinical psychologist 
(Natalia Kuvshinova). While one rater (Daria Smirnova) was 
necessarily informed about the clinical state of the individuals 
(patients or HC), the other two raters were blind regarding the 
group assignment. Both blind raters analyzed the entire sample 
regarding linguistic variables. The HDRS (21 items) validated 
Russian version was administered to all subjects. HDRS raters 
were not blind to MD group, as patients had been referred with 
the preliminary diagnosis of depression. As for the HC group, 
HDRS scores have been recorded before the HC (NH vs. NS) 
group allocation.

Psycholinguistic analysis
Written samples were analyzed with respect to the number of 
words in the text using MS Word properties and hand-coding 
procedures: (i) lexico-semantic [e.g., rhetorical figures (meta-
phors, similes)], (ii) syntactic [e.g., predominant sentence type 
(single-clause, multi-clause)], and (iii) lexico-grammatical 
[e.g., pronouns (indefinite, personal)]. We defined categorical 
variables according to the participant’s predominant usage 
of each relevant linguistic unit in each linguistic sample. For 
example, if a participant used 5 single-clause sentences and 
10 multi-clause sentences, then the estimate of the variable 
“Predominant sentence type” was specified as “multi-clause.” 
Quantitative variables were scored as quotients according to 
the number of the relevant units over a span of 10 sentences. 
In other words, if a participant used 6 metaphors across 20 
sentences, then the quotient of metaphors is equal to 3, calcu-
lated as the proportion per 10 sentences. All the variables are 
summarized in Table 1.
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statistical Data analysis
All data were checked for the assumption of normality using 
the Shapiro–Wilk test and by inspection of histograms. 
Differences between study groups were calculated using the 
non-parametric Mann–Whitney U-test, two-tailed, Pearson 
chi-square test, and one-way ANOVA, depending on the type 
of variables and number of groups compared. Spearman’s 
bivariate and point-biserial correlations were used to analyze 
relationships between linguistic data and demographic vari-
able of gender. Values of p < 0.05 were considered statistically 
significant. An inter-rater reliability analysis using the Cohen’s 
kappa statistic was performed to determine consistency 
between raters on categorization of NH and NS groups and on 
linguistic variables. Discriminant analysis (Wilks’ λ) was used 
to establish the level of significance in relation to diagnostic 
types based on linguistic variables. All statistical analyses were 
performed with the IBM SPSS Statistics 22 (59).

resUlTs

clinical Description of MD and ns
From the psychiatrist’s clinical perspective using the classi-
cal approach of descriptive psychopathology, a state of MD 
was characterized by the following signs and symptoms:  
(i) depressed mood, consisting of sadness, sorrow, irritability, 
despondency, or melancholy, (ii) mood swings during the day 
with predominant hypothymia, and (iii) more prominent mood 
changes in reaction to current life events. The depressive condi-
tion affected the patient’s quality of life and was perceived by 
the patient as a pattern of unwanted or even alien behavioral 
reactions. Furthermore, MD included partial anhedonia and 
distortion of self-image to reflect low self-esteem, lack of self-
confidence, and self-dislike. Patients also expressed difficulties in 
decision-making, as well as a pessimistic perception of current 
life events. Their complaints included a negative view of the past, 
with emphasis on committed mistakes and failures. Finally, MD 
was associated with loss of energy, fatigue and lack of interest 
in social activities. Their somato-autonomic dysfunction mani-
fested in sleep disturbances, changes in appetite, reduced libido, 
and asthenia.

In contrast to MD, self-perception in the NS subgroup was 
expressed as an adequate and appropriate reaction to current 
adverse life events. While NS participants described their 
emotional experience as a constant subjective feeling of dis-
satisfaction regarding objective life circumstances arising from 
external reasons, their ideation was focused on the details of their 
problematic life situation. The NS group continued their usual 
daily activities, but with some muting of interests and periods of 
ruminations accompanied by feelings of sadness. The NS further 
differed from MD in their focus on present difficulties while 
analyzing their decision-making and problem-solving strategies, 
and in that they commonly described future aspirations.

Psychometric Measures
In the MD group, the mean (SD) HDRS-21 total score was 
14.3 (2.20), which differed significantly from the NH and NS 

subgroups: HC-3.03 (0.89), NS-3.77 (0.65), NH-2.40 (0.50), 
using ANOVA F(2, 198)  =  4,110.05, p  <  0.001, η2  =  0.976,  
and with significant paired between-groups differences found 
using post  hoc Bonferroni correction (p  <  0.05; α  =  0.05), 
p < 0.001.

linguistic Features of MD as compared 
with ns and euthymic state
Mild depression patients produced longer written responses 
than HC (including NS and NH); the mean (SD) number 
of words per text was 311 (58) for MD vs. 209 (42) for NS 
and 197 (29) for HC, F(107, 93) = 4.17, p < 0.001, effect size 
η2 = 0.827. Written language of MD patients demonstrated dis-
tinct peculiarities. The effect sizes were intermediate or large 
for most differing variables of language (Tables 2 and 3). No 
significant and/or strong correlations were observed between 
linguistic variables and the factor of gender (all p > 0.05). The  
average inter-rater reliability on linguistic variables between 
two blind raters was high: k  =  0.840, p  <  0.001, 95% CI 
(0.807–0.865).

Lexico-Semantic Variables
Responses in MD patients, compared with those in HC, were 
organized more often as narration (MD: 106/124; 85%; HC: 
55/77; 71%) and less often as reasoning (MD: 18/124, 15%; HC: 
22/77, 29%), χ2(1) = 5.89, p = 0.015, effect size w = 0.171, i.e., 
more often in a descriptive rather than analytic manner. The 
NH employed more utterances based on reasoning (12/42; 
29%) than MD patients (18/124; 15%), χ2(1) = 4.19, p = 0.041, 
w = −0.159.

Mild depression patients used more colloquialisms or 
informal words/phrases (Table  2). Responses in MD also 
had more repetitions, both with respect to re-using the same 
words (tautologies) and to expressing the same idea multiple 
times (lexical and semantic repetitions). The MD group 
used significantly more metaphors and similes (figurative 
language) than HC (Table 2). In comparison with euthymic 
NH, the NS group was impoverished at the lexico-semantic 
sublevel, showing greater use of tautologies and repetitions, 
in general (Table 2).

Syntactic Variables
Ninety nine (80%) MD, compared with only two (2.6%) HC 
individuals, predominately used single-clause sentences, 
χ2(1) = 113.37, p < 0.001, w = 0.751. Among single-clause sen-
tences, reduced sentences appeared and often predominated in 
73% of MD (n = 91), compared with 17% of HC cases (n = 13), 
χ2(5)  =  141.34, p  <  0.001, w  =  0.839. Among multi-clause 
sentences, compound sentences were predominately used over 
complex sentences by the majority of the MD group (106/124, 
85%), and more often than in HC (56/77, 73%), χ2(1)  =  5.7, 
p = 0.017, w = 0.168. A predominant atypical/inverse word-order 
usage was also revealed in patients [MD: 124, 100%; HC: 5, 6.5%; 
χ2(1) = 180.66, p < 0.001, w = −0.948]. NS used atypical word-
order forms (ellipses and inversions) more often than participants 
in euthymic state (Table 2). There were no significant findings 
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Table 2 | Lexico-semantic and syntactic features in MD, NS, and healthy individuals.

linguistic variables 
(quotients)

Descriptive  
statistics

between-group  
comparisons

statistical 
variables

MD 
(n = 124)

control group MD vs. hc* MD vs.  
nh vs. ns*

hc (n = 77) subgroups Mann–Whitney  
U-test

One-way  
anOVa

nh (n = 42) ns (n = 35)

U effect 
size r

F df  
(2, 198)

effect 
size η2

Colloquialisms  
(informal words/ 
phrases)

Mean
SD

3.74
0.44

1.21
0.47

1.02
0.15

1.43
0.61

1,675.50 0.631 36.84 0.271

Tautologies  
(words/lexical 
repetitions)

Mean
SD

3.77
0.42

1.44
0.50

1.26
0.45

1.66
0.48

2,604.00 0.503 7.18 0.067

Lexical and  
semantic  
repetitions

Mean
SD

4.42
0.50

1.82
0.39

1.69
0.47

1.97
0.17

2,394.00 0.445 30.93 0.238

Rhetorical  
figures

Ellipses  
(omission  
of words)

Mean
SD

1.91
0.29

1.53
0.53

1.38
0.54

1.71
0.46

0.00 0.253 518.91 0.409

Inversions  
(unusual  
word order)

Mean
SD

4.00
0.00

1.08
0.27

1.00
0.00

1.17
0.38

923.50 0.934 104.49 0.839

Metaphors  
(figurative  
comparison)

Mean
SD

2.55
0.84

1.40
0.83

1.48
0.86

1.31
0.80

3,534.00 0.712 68.62 0.513

Similes (direct 
comparison)

Mean
SD

1.91
0.29

1.53
0.53

1.38
0.54

1.71
0.46

3,449.00 0.261 18.13 0.156

*p < 0.05.
HC, the entire healthy control group; NH, normal healthy participants with euthymic state; NS, normal sadness; MD, patients with mild depression.
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regarding the preferences in the sentence-type use in NS as 
compared with either NH or MD.

Lexico-Grammatical Variables
Patients’ responses contained significantly more personal and 
indefinite pronouns, compared with NS and HC (Table 3). Data 
showed greater usage specifically of first-person singular pro-
nouns (e.g., I, me, my) in MD (124/124, 100%) than in HC (55/77, 
71%), χ2(3) = 39.78, p < 0.001, w = 0.445. MD patients predomi-
nately used verbs in continuous tense [MD: 116/124, 94%; HC: 
26/77, 34%; χ2(1) = 81.87, p < 0.001, w = 0.638] and in past tense 
[MD: 124/124, 100%; HC: 2/77, 3%; χ2(2) = 192.67, p < 0.001, 
w = 0.979], mostly in first-person singular and impersonal forms 
[MD: 104/124, 84%; HC: 6/77, 8%; χ2(5)  =  69.38, p  <  0.001, 
w = 0.588]. While MD used more continuous verbs in the past 
tense, significantly and with large effect size as shown above, HC 
used perfect verbs (51/77, 66%) and verbs in the present (51/77, 
66%) and future tense (24/77; 32%). Language in NS, compared 
with NH, included more verbs in continuous form [NS: 19/35, 
54%: NH: 7/42, 17%; χ2(1) = 12.08, p = 0.001, w = 0.396] and in 
the present tense [NS: 31/35, 89%; NH: 20/42, 48%; χ2(1) = 20.57, 
p < 0.001, w = 0.517].

Mathematical Modeling of Diagnostic 
Types of MD, ns, and euthymic state
Discriminant analysis was performed to establish the level of dis-
tinction in linguistic features between investigated study groups. 
The elements of diagnostic types MD, NS, and NH included lexico-
semantic, syntactic, and lexico-grammatical variables, excluding 
the sentence-type indicators, which did not show significant 
differences in the between-group analysis for NS (Table 1). The 
model was elaborated using standard SPSS methods to generate 
a linear equation for calculation of discriminant tabs, as well as 
validation and refinement of the model’s adequacy. Integrated 
analysis of the discriminant functions revealed the high congru-
ity in classification. 92.5% of original and 89.6% cross-validated 
grouped cases were correctly classified. The analysis results 
confirm that our discriminant model significantly characterizes 
the study sample such that the set of linguistic variables dis-
criminates the states of MD, NS, and euthymic state in NH. The 
spread of the canonical values in the discriminant model reveals 
significant differences between MD, NS, and NH [98.6%; test of 
function 1 through 2: Wilks’ λ(40) = 0.009, p < 0.001, canoni-
cal correlation r = 0.992]. The structure matrix of discriminant 
analysis demonstrated that the highest significant predictors for 
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Table 3 | Pronouns use in MD, NS, and healthy individuals.

linguistic 
variables 
(quotients)

Descriptive  
statistics

between-group  
comparisons

statistical 
variables

MD (n = 124) control group MD vs. hc* MD vs.  
nh vs. ns*

hc (n = 77) subgroups Mann–Whitney  
U-test

One-way  
anOVa

nh (n = 42) ns (n = 35)

U effect 
size r

F df  
(2, 198)

effect 
size η2

Pronouns Indefinite  
(e.g., anything)

Mean 3.75 1.40 1.29 1.54 129.50 0.916 67.85 0.406
SD 0.52 0.54 0.46 0.61

Generalized  
(e.g., everything)

Mean 3.74 1.58 1.46 1.70 663.50 0.860 4.06 0.039
SD 0.52 0.60 0.52 0.64

Negative  
(e.g., nobody)

Mean 3.75 1.40 1.29 1.54 94.50 0.932 482.81 0.829
SD 0.51 0.50 0.41 0.60

Personal  
(e.g., I)

Mean 3.45 1.83 1.83 1.83 158.00 0.842 235.24 0.704
SD 0.52 0.52 0.49 0.57

Possessive  
(e.g., my)

Mean 3.75 1.58 1.45 1.74 600.00 0.782 153.13 0.607
SD 0.50 0.61 0.59 0.61

Reflexive  
(e.g., myself)

Mean 3.56 1.96 1.90 2.03 1,364.00 0.697 390.95 0.797
SD 0.54 0.50 0.58 0.38

*p < 0.05.
HC, the entire healthy control group; NH, normal healthy participants with euthymic state; NS, normal sadness; MD, patients with mild depression.
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classification of the three groups were the following variables:  
(i) ellipses (r = 0.583), (ii) colloquialisms (r = 0.534), (iii) the verb 
tense (r = −0.460), (iv) negative pronouns (r = 0.451), (v) word 
order (r = −0.405), (vi) verbs form (r = 0.345), and (vii) reflexive 
pronouns (r  =  0.344). Based on these data, we repeated the 
discriminant analysis using only variables with the highest pre-
dictability, which yielded similar results [98.3%; test of function 1 
through 2: Wilks’ λ(14) = 0.015, p < 0.001, r = 0.987] (Figure 1). 
As shown in Figure 1, MD stands out from NS and NH by func-
tion 1, and the centroids for all three groups are significantly dif-
ferent. Collinearity statistical analysis revealed that the variables 
of verb tense (Tolerance = 0.079, VIF = 12.736) and word order 
(Tolerance  =  0.075, VIF  =  13.335) may be responsible for the 
multicollinearity. However, the discriminant analysis excluding 
these variables demonstrated highly significant differentiation 
of diagnostic types MD, NS, and NH based on the remaining 
language indicators [97.2%; test of function 1 through 2: Wilks’ 
λ(34) = 0.020, p < 0.001, r = 0.982]. To specify the contribution of 
affective component on language use, we also performed another 
exploratory analysis including the subgroups of MD with and 
without anxious features, NS, and euthymic state [97.4%; test of 
function 1 through 3: Wilks’ λ(57) = 0.007, p < 0.001, r = 0.990] 
(Data Sheet S1 in Supplementary Material).

DiscUssiOn

By choosing the topics for written reports for patients, we 
intended the diagnostically relevant mental state to appear 
in the written speech, thus matching responses to the clinical 

interview and reflecting the context of past and present in the 
frame of the patients’ description of their depressed mood. We 
assigned the topics about future expectations and meaning 
of life to document the patients’ positive resources, motiva-
tions, and potential ability to use the context of the future as 
reflecting these perspectives for future recovery. However, we 
concede that these topics might have biased the emotional 
involvement in patients and thus influenced the content of 
written reports, as well as the writing style. Our study dem-
onstrated that language of MD patients was characterized 
by significant differences within the set of lexico-semantic, 
syntactic, and lexico-grammatical variables, as earlier shown 
within some language indicators for depression (32, 43, 44, 
46). In agreement with a report of increased speech flow in 
dysthymia, which is mostly characterized by mild depres-
sive symptoms with a chronic course (14), as distinct from 
the briefer responses in MDD (60), we found longer written 
responses emerged as a diagnostic sign for discrimination of 
MD and HC. As predicted, while providing longer responses, 
our MD patients predominantly used single-clause sentences, 
reduced utterances, and incomplete phrases with omission of 
words (ellipses), which reflects the language flow interruptions 
previously observed in studies of clinical depression (45, 60, 
61). We suppose that the pattern of frequent usage of rhetorical 
figures within phenomena of figurative language (metaphors, 
similes) and atypical word order (inversions, ellipses) in MD 
could be interpreted as arising from overt emotional domi-
nance in language content, following the concept presented 
by Pennebaker et  al. (38) about language features reflecting 

34
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FigUre 1 | Discriminant model of the diagnostic types of mild depression, normal sadness, and euthymic state in healthy participants, based on linguistic variables 
(excluding sentence-type analysis).
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emotional states and self-perception. According to language 
development theories (62), figures of speech/rhetorical figures 
are acquired early in age and their increased use may point to 
a regression toward earlier forms of language.

Our finding of increased usage of typically oral language 
expressions (colloquialisms), which was among the highest 
predictors for differentiation between MD, NS, and NH, together 
with unusual/atypical word order, confirmed the hypothesized 
predomination of conversational style over standard written 
language patterns in MD. Patients seemingly had a certain lack 
of flexibility, such they could not readily shift from oral conversa-
tion with the researcher into the written style appropriate for the 
self-reporting task. This resembles their difficulty in switching 
from depressive self-focused attention and ruminations (lexical/
word and semantic/topic repetitions) toward potential positive 
thinking and adaptive coping strategies (50–52).

We also established that, within multi-clause sentences, our 
MD patients more often used compound sentences (without 
causal relations between the clauses content with a sentence) 
than complex sentences (with causal relations between the 
clauses). This finding in MD stands somewhat in contrast to 
that of Pennebaker et al. (53), who found generally increased 
use of causation words (typical for compound-type rather than 
complex-type multi-clause sentences) in depression, although 
we did not explicitly rate causation words. In combination with 
the finding of a predominant use of the single-clause sentences, 
these properties of sentence use revealed a more frequent 
addressing to descriptive rather than analytic thought strategies. 
From a developmental point of view (62), descriptive strategies 

within narration may represent an early acquired or basal form 
of verbal behavior, in comparison with the mature analytic style 
within reasoning acquired later in life. This scenario suggests 
that MD entails regression in the style of using verbal strategies 
for organizing the discourse (62). While HC used a mature 
strategy, including both analysis of events and intellectual 
reflection (self-analysis and problem-solving behavior), intel-
lectual reflection in MD was subsumed by a sensual/emotional 
reflection within passive narration.

Consistent with previous findings on greater pronoun use 
within the context of depressive self-focusing or self-preoccu-
pation style (38, 44, 46, 47, 49, 52), we found that an increased 
number of personal (e.g., I), possessive (e.g., my), reflexive  
(e.g., myself) pronouns, gave significant discrimination of MD, 
NS, and NH. Higher use of personal pronouns was earlier des-
cribed for healthy participants of female gender (63), but this 
was not evident in our sample. Enlarged use of generalized  
(e.g., every thing) and negative (e.g., nobody) indefinite pronouns 
confirmed previously obtained data describing the overt emo-
tional dominance within generalization, negation, and polarity 
in emotional expression in depression (54, 55). Frequent use of 
negative pronouns may refer to the coping mechanisms of denial 
and negation associated with depressive symptoms or depressive 
personality traits (44). Insofar as pronouns lack semantic content 
in their word root, we suggest that their increased use in MD 
conveys loss of specific meanings in speech and could also be 
interpreted as a manifestation of semantic impoverishment; this 
is in keeping with data on reduced semantics in depression (64) 
and mild cognitive impairment (65).

35
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As we hypothesized, written language in MD was shifted into 
the past, reflected not only through ruminations about past life 
events within lexical and semantic repetitions but also in the 
increased frequency of past tense verbs (57, 58). This concurs 
with studies demonstrating that depressed patients use fewer 
discrepancy words (e.g., should), which typically symbolize 
aspirations for the future (56, 66). Our patients used more verbs 
in continuous/imperfective form, as earlier noted by Andreasen 
and Pfohl (32). The self-perception of time in MD within the 
past tense verbs emerged as an additional discriminative feature 
of the high predictability for differentiation of affective states in 
our study.

Our findings regarding the patterns of language use as a result 
of affect or mood influence may reflect not only symptomatic 
behavior and thinking within the affective states of MD or NS but 
could also be indicative of stable personality traits or defensive 
mechanisms, a possibility that requires further investigation (44). 
However, our discriminant model significantly differentiated the 
conditions of MD from NS and euthymia with a probability of 
98.6%. Another discriminant model using linguistic indicators 
significantly differentiated the states of MD with and without 
anxious features, NS and euthymia with the similar level of prob-
ability (97.6%). These data may support our hypothesis about 
the particular effect of affective component on the deviations in 
language use. This result, which confirms and extends the observa-
tions in depression by Oxman et al. (35), Desmet and Hoste (67), 
Kahn et al. (68), and others, also illuminates the role of assessment 
of verbal behavior in MD and NS for clarifying the continuum and 
variety of affective states.

limitations of the study and implications 
for Further research
We analyzed only written texts but did not record examples of 
natural oral speech flow. We used hand-coding procedures 
and did not apply the Linguistic Inquiry and Word Count (39) 
computer program elaborated to categorize the text into linguistic 
categories, because this does not yet exist for Russian language. 
Also, given the large number of variables examined in the study, 
we must consider the possible occurrence of type I errors related 
to interpretation of results. As no patients with psychiatric comor-
bidities were included, we accordingly isolated the influence of 
depressive affect on language. As such, we do not take a strong 
position related to the generalizability of findings in our sample 
but propose a broader investigation addressing these potential 
confounds. Future studies might benefit from examining the 
relationships between language patterns in patients with affec-
tive states and their personality traits, thus aiming to define the 
contribution of personality factors on language use.

We expect that these results will draw more attention to the 
diagnostic significance of language assessment in psychiatry and 
clinical disciplines and show that verbal behavior is a sensitive 
diagnostic marker in MD. We also suggest that this would encour-
age practitioners to attend not only to what the patient utters but 
also how it is spoken. There remains a need for more data regarding 
linguistic features of conversational language in depression and for 

generalization to different languages, so as to support a broader 
applicability of the concept of diagnostic criteria based on written 
language, and to support precise recommendations for guidelines 
in clinical practice. In relation to practical implementation, for 
example, these results might inform the development of a stand-
ard questionnaire for diagnosis of MD through written language 
patterns, designed to be administered by non-experts, and 
perhaps automatically scored. Present results lead us to contend 
that linguistic study could inform future clinical approaches to 
non-pharmacological treatment of MD. Such psychotherapeutic 
approaches would address not only language content but also 
language remediation or cognitive training of language style and 
structure. If symptoms are indeed partially organized by language 
structure, a treatment approach to normalizing of language might 
play a beneficial role in improving affective state.
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Objectives: While evidence that episodes of mania in bipolar I are associated with

changes in bioenergetic and regional cerebral blood flow (rCBF) and cerebral blood

flow velocity (rCBFV), both the regions and the extent of these changes have not yet

been defined. Therefore, we determined the pattern of regional cerebral perfusion mania

patients and using patients with major depressive disorder (MDD) as positive controls

and healthy participants as negative controls.

Methods: Twenty participants with mania, together with 22 MDD patients and 24

healthy volunteers, were recruited for this study. On all participants, Transcranial Doppler

(TCD) was conducted to measure rCBFV parameters, 320-slice CT was conducted to

measure rCBF in the different cerebral artery regions, and hematological parameters were

assessed. ANOVA and Pearson’s tests were used for the statistical analysis.

Results: Our data indicated that rCBF in the medial temporal lobe and hippocampus,

especially in the left medial temporal lobe and the right hippocampus, was increased in

themania group comparedwith the control andMDD groups (p< 0.01). In contrast, rCBF

in the medial temporal lobe and hippocampus was decreased in the depression group

(p < 0.01) compared with healthy controls. In addition, values of rCBFV in the bilateral

internal carotid arteries (ICAs) andmiddle cerebral arteries (MCA) were increased in mania

(p < 0.01) in comparison to the MDD group. Whole blood viscosity and hematocrit as

well as red blood cell sedimentation rate remained unchanged in all group (p > 0.05).

Conclusions: In mania, rCBF is increased in the medial temporal lobe and

hippocampus, with a corresponding increase in rCBFV in the same regions.

Keywords: mania bipolar disorder, depression, transcranial doppler ultrasound, 320-slice CT, mitochondria,

energy, blood flow
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INTRODUCTION

Symptomatically, mania in bipolar disorder is characterized by
increased energy (1). Conversely depression in bipolar disorder is
associated with decreased energy (2). There is evidence showing
increased resting energy expenditure in manic episode patients,
suggesting an altered regulation of energy and local cerebral
blood flow in mania (3). Takeda et al. have observed that the
brain advanced function is related to the changes in the cerebral
blood flow perfusion, and that both cerebral blood flow and
blood flow velocity in certain regions will change when human
emotion is changed (4). However, more work is required to better
understand the cerebral blood flow involved in bipolar disorder.

In vivo neuroimaging studies can assist in understanding
the neural regions involved in energy dysfunction in bipolar
disorder via analyzing blood flow and metabolic processes. A
meta-analysis of comprising 65 functional magnetic resonance
imaging (fMRI) studies of 1,074 healthy volunteers and 1,040
bipolar disorder cases, showed abnormal inferior frontal cortex
and medial temporal activation in bipolar disorder, especially,
in mania, inferior frontal cortex under activation has been
observed to relate to both emotional and cognitive processing
(5). A other study using positron emission tomography (PET)
suggests decreased activity in the anterior cingulated and caudate
using positron emission tomography (6). Studies of whole-
brain PET imaging examining glucose utilization have shown
increases in mania and decreases in depression (7). A recent
study with magnetic resonance spectroscopy (MRS) reports that
euthymic bipolar disorder subjects fail to replenish ATP from
phosphocreatine through creatine kinase (CK) enzyme catalysis
during tissue activation in the occipital lobe (8). A novel MRI
method sensitive to proton chemical exchange (affected by pH,
metabolite concentration, and cellular density) has been used
to study subjects with euthymic bipolar disorder vs. controls
(9), where consistent metabolic and structural abnormalities in
bipolar disorder particularly in cerebral white matter and the
cerebellum are discerned. However, other studies using single
photon emission computerized tomography (SPECT) report
that in comparison to controls, subjects with mania manifest
significantly reduced perfusion in many regions, including the
left frontal area, left anterior cingulate and parietal cortices
(10). Patients with unipolar depression have significantly lowered
perfusion than controls in most of the regions examined, mainly
in the anterior temporal and frontal cortices bilaterally; they also
have lowered perfusion in the right anterior temporal and frontal
areas, as well as the right middle temporal area and the right
thalamus, compared with manic patients (11).

At present, more and more techniques, including SPECT,
positron emission tomography (PECT), TCD, MRI, etc., have
been used for cerebral blood flow research. The above-
mentioned studies on cerebral blood flow in bipolar disorder
are inconsistented, and this methods are just semi-quantitative
measurement. The results are just ratio, rather than absolute
value of cerebral blood flow. TCD is convenient and easy to
do, but it just is a qualitative indicator (12). The PECT image
acquisition time is long and difficult to obtain (13). MR perfusion
is only used on MR machines with planar echo techniques and

cannot be used extensively (14). Since the 320-slice CT was
applied to the clinic, whole brain perfusion imaging technology
has been successfully applied to the study of cerebrovascular
diseases (15). Although both employ the same principle of
perfusion imaging, compared with traditional CT, 320-slice
CT can extend the original narrow coverage to 160mm, can
obtain the whole brain volume data one-time, and can quickly,
accurately and stereoscopically measure cerebral blood flow (16).
320-slice CT is more comprehensive for diagnosis and study of
cerebrovascular diseases.

In this study, monitoring rCBF using the novel imaging
technique our goal was to clarify the pattern of regional cerebral
perfusion in cerebral hemispheres of mania with bipolar I
disorder that offers quantitative and high-resolution cerebral
perfusion analyses, also furthermore in order to clarify its
potential utility to psychiatric disorder for possible diagnostic
and treatment response purposes.

Specifically, we aimed to compare rCBF in bipolar I
disorder to both MDD subjects and healthy individuals as
controls to clarify regional cerebral perfusion patterns in the
different cerebral areas. The main method employed was the
Toshiba Aquilion ONE 320 slice dynamic volume Computed-
Tomography (320 slice CT) whole brain one-stop scanning, in
combination with Transcranial Doppler (TCD) ultrasound and
hematological parameters, to assess rCBF and cerebral blood
flow velocity (rCBFV) and blood viscosity. Our novel use of this
technique in a study on depression has been outlined recently
(17).

MATERIALS AND METHODS

Subjects
Twenty patients with the manic phase of bipolar I disorder were
selected for the study. They were either hospitalized patients or
outpatients with episodes of mania in the Psychiatry Department
of Guizhou Medical University Hospital, GuiHang 300 Hospital
or the Second People’s Hospital of Guizhou Province, from July
of 2014 to May of 2016. All examinations were performed before
the patients received drug treatment, and all patients did not take
antipsychotics for a month before they were hospitalized. All the
patients met diagnostic criteria for a manic episode of bipolar
I disorder as defined by DSM-IV-TR (Elevated, exaggerated,
or irritated mood continues for at least one week, or less,
but scratching the extent of hospitalization. At the same time,
patients have exaggerated self-evaluation, reduced sleep, more
volubility, drifted idea, and so on. These symptoms do not meet
the criteria for mixed seizures and are not due to substance or
the direct physiological effects, but can result in obvious defects
in professional, daily social activities, interpersonal relationships)
(diagnosed by two clinicians), a Bech-Rafaelsen Manic Rating
scale (BRMS13) >14 (mean, 35.25 ± 10.12), a Hamilton
Depression Rating Scale (HAMD24)<8 scores, and a Self-Rating
Depression Scale (SDS) <50 scores. The diagnosis criteria for the
MDD group (n = 22) met with a Hamilton Depression Rating
Scale 24 (HAMD24) score of >20 points. A SDS score >53 were
used in this study.
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Exclusion criteria for all groups included, (i) no history for
taking drugs that could influence vessel compliance function
upon enrollment (such as stimulants, hypnotics or sedatives)
within 6 months, (ii) no other diseases of the nervous system,
in particular aneurysms involving the supra-aortic vessels and
chronic cerebral venous insufficiency, (iii) no active somatic
diseases (e.g., diabetes, hypertension, coronary heart disease, and
atherosclerosis) and (iv) no other significant mental disorders.

Twenty-four healthy volunteers, age and gender matched,
with a HAMD24 score <20 and without any histories of bipolar
I disorder, depression or significant somatic disorders were
selected as normal controls. The physical examinations of these
healthy controls were performed in the physical examination
center of Guizhou Medical University Hospital.

Ethics Statement and Consent
The study was approved by the Ethics of Human Investigation
Committee of Guizhou Medical University (NO: 20140016)
and all procedures were conducted in accordance with relevant
guidelines and regulations as well as with the updated
Declaration of Helsinki (18). The participants themselves or
legally authorized representatives had signed a written informed
consent and obtained safeguards in this study.

Hemorheologic Measurement
Venous blood (3ml) was collected in the morning (08:00–09:00)
from each participant, with heparin as an anticoagulant, and used
for analyses of blood viscosity (including high middle low shear
rates), hemoconcentration, hematocrit (HCT) and red blood
cell sedimentation with an instrument named automatic blood
rheometer (LBY-N6B, Beijing Precil Instrument Co. Ltd.).

Transcranial Doppler Screening Method
Each subject was assessed using the 2 MHz probe transcranial
color-coded Doppler (TCD) sonography (Germany, DWL-X
type), in accordance with the guideline of Hua-Yang TCD
ultrasound practice and with the diagnostic criteria (19), at 9:00
am on an empty stomach in a quiescent condition. The mean
flow velocity (Vm), systolic peak velocity (Vs), diastolic velocity
(Vd) in the middle cerebral artery (MCA), anterior cerebral
artery (ACA), and inferior cerebral artery (ICA) were detected
through different bone windows as we described previously
(17). The Pulsatility Index (PI) was calculated as PI = (peak
systolic velocity end diastolic velocity)/mean blood flow velocity.
Data was generated by the TCD analysis software via the trace
envelope of the measured arterial spectrum and a series of blood
flow parameter values.

Regional Cerebral Blood Flow
Measurement and Perfusion Image
Analysis Methods
After collection of clinical and demographic data, subjects were
studied using TCD screening. All subjects were measured for
rCBF in the different cerebral artery regions using the 320
slice CT (20) (Japan’s Toshiba Aquilion ONE, non-helical scan
mode, 912-channel, 16 cm coverage, lap rotation time 0.5 s, slice
thickness 0.5mm, vision 240mm). Assessment was done at 10:00

am on an empty stomach with the method described previously
(17). The area of interest was selected on the whole brain
perfusion image to measure regional cerebral blood flow (rCBF).
These interests are in line with the following requirements:
(1) Located between the Reid baseline cross-section and the
paracentral lobule cross-section. (2) Located in the frontal lobe,
temporal lobe, basal ganglia, and hippocampus. (3) The size
of the region of interest is 1 cm2. (4) The blood flow in the
area is greatly affected by the emotional state. (5) Avoid large
blood vessels. (6) Symmetrical selection. (7) The same position
is selected for each patient.

Statistical Analyses
Data were analyzed using SPSS Version 22.0 and presented as
means ± SEM. Chi-square of independent samples and one way
ANOVAwere used to determine the significant difference among
groups with P < 0.05 considered significant. Dunnett-t was
used to multiple comparisons. A series of Pearson’s correlations
were carried out to determine the strength and the relationship
between rCBF and rCBFV parameters, with 95% confidence
intervals used. Multiple linear regression was conducted to
analyze these factors (including age, mania and depression)
that influence rCBF and rCBFV. Simple randomization was
conducted using SAS version 9.1.

RESULTS

Clinical Features
All participants were selected with both age and gender matched.
Therefore, there were no significant difference among the bipolar
I disorder, MDD and control groups observed for demographic
variables in age (mania group: 19–60 years old mean 32.74
± 14.27 years old; control group: 19–60 years old, mean
42.29 ± 9.54; and depression group: 19–60 years old, mean
39.86 ± 14.25) and other parameters (including sex, blood
pressure, smoking, and hypertension), as shown in Table 1. In
addition, hematological parameters, including blood viscosity
(high middle low shear rate), hematocrit and red blood cell
sedimentation, did not show significant differences between the
depression and control groups (Table 2).

Comparisons of rCBF Among the Mania,
Depression, and Control Groups
Compared with the control and the depression groups, rCBF in
the medial temporal lobe and hippocampus was all increased
in manic patients (P < 0.005). In contrast, rCBF in the medial
temporal lobe and hippocampus was reduced in the MDD group
compared with the healthy controls (P< 0.05) (Figure 1D, photo
Figures 1A–C, left: temporal lobe, right: hippocampus). Notably
from Figure 1E, rCBF in the left medial temporal lobe and right
hippocampus was much higher in the mania group than in the
depression group (P < 0.05).

Comparisons of rCBFV Among the Mania,
Depression, and Control Groups
Compared with the control and depression groups, the values
of Vs, Vd, and Vm of rCBFV in the left ICA and MCA were
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TABLE 1 | Comparisons of demographic variables amongdifferent groups.

Factors Groups Mania

(n= 20)

Control

(n= 24)

Depression

(n= 22)

F/X2 P-value

Age 32.74 ± 14.27 42.29 ± 9.54 39.86 ± 14.25 3.156 0.052

Sex M 8 (40%) 10 (41%) 8 (36.4%) 2.825 0.086

F 12 (60%) 14 (59%) 14 (63.6%)

Smoking Yes 4 (20%) 6 (25%) 5 (22.7%) 1.375 0.548

No 16 (80%) 18 (75%) 17 (77.3%)

Alcohol drinking Yes 17 (85%) 20 (83.3%) 16 (72.7%) 1.394 0.532

No 3 (15%) 4 (16.7%) 6 (27.3%)

Hypertension(>140/90 mmHg) Yes 4 (20%) 5 (20.8%) 7 (31.8%) 1.524 0.439

No 16 (80%) 19 (79.2%) 15 (68.2%)

TABLE 2 | Comparisons of hematological parameters among the mania, normal and depression groups (x̄ ± s).

Items Mania

(n= 20)

Control

(n= 24)

Depression

(n= 22)

P-value

High shear rate (mPa.s/150S 21) 4.44 ± 0.61 4.53 ± 0.45 4.21 ± 0.50 0.900

Middle shear rate

(mPa.s/60S 21)

5.32 ± 0.72 5.36 ± 0.58 5.04 ± 0.60 0.925

Low shear rate (mPa.s/10S 21) 9.35 ± 1.92 8.71 ± 1.23 8.32 ± 1.40 0.901

Hematocrit 0.46 ± 0.04 0.45 ± 0.03 0.45 ± 0.03 0.971

Red blood cell sedi

-mentation (mm/h)

28.17 ± 11.61 35.39 ± 5.54 34.47 ± 7.35 0.803

increased in the mania group, and the Vs and Vm values in the
right ICA and MCA (P < 0.05). In contrast, the values of Vs, Vd,
and Vm of rCBFV in the left ICA and left MCA were decreased
in the depression group, and the Vs and Vm values in the
right MCA and the right ICA, compared with the control group
(P < 0.05). However, no significant differences were discerned in
values of PI and RI of rCBFV in the ICA and MCA among all
three studied groups (Figures 2A,B).

Relationship Between rCBF and rCBFV in
Mania
There was a positive correlation between rCBFV and rCBF in
the left medial temporal lobe and the right hippocampus in the
mania group, such that there was a positive relationship between
rCBFV (including MCA-L-Vs, MCA-L-Vd, MCA-L-Vm, MCA-
R-Vs, MCA-R-Vd, MCA-R-Vm, ICA-L-Vs, ICA-L-Vd, ICA-L-
Vm, ICA-R-Vs, ICA-R-Vd, and ICA-R-Vm) and rCBF in the
medial temporal lobe and the hippocampus in the mania group
(r = 0.815, P < 0.05) (Figures 3A,B).

The Effects of Mania, Depression, and Age
on rCBF and rCBFV
We found that age and depression had negative effects on rCBF in
the medial temporal lobe and hippocampus, and rCBFV in MCA
and ICA, while manic had positive effects on rCBF in the medial
temporal lobe and hippocampus, and rCBFV in MCA and ICA.
In particular, both manic and depression can still affected rCBF
in the medial temporal lobe and hippocampus, and rCBFV in

MCA and ICA after the exclusion of age (Tables 3, 4) (R= 0.376,
P < 0.05).

DISCUSSION

Using 320 slice CT imaging to measure rCBF and rCBFV in
MDD, as articulated in our previous study (17), is novel in
psychiatry study and leads to the observations that rCBFV is
positively correlated with the corresponding vascular rCBF in
both gray and white matters, that prominent changes occur in
grey matter blood flow, and that rCBF of the left gray matter is
lower than its right counterpart in MDD. In this study, we use
this approach for the first time in study of mania in bipolar I and
obtain intriguing data.

Available information regarding perfusion and metabolic
activity in mania is quite controversial. Some studies show
increases in various brain regions (3, 21) while some others show
decreases (5, 8–10). Deckersbach observed increased rCBF in
the left dorsolateral prefrontal cortex in patients with bipolar
disorder, also associated with episodic memory and learning
(22). However, another study not only indicated significantly
reduced perfusion in the left frontal, anterior cingulate and
parietal cortices areas in mania patients but also showed a close
correlation between the severity of psychotic symptoms and
reduced rCBF (10). Hyper-perfusion of frontal and temporal
lobes was detected in patients with bipolar disorder, potentially
indicative of over-activation of these areas secondary to emotion
modulation (23). Ota M et al. reported that BD patients showed a
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FIGURE 1 | Comparisons of regional cerebral blood flow among the mania, depression and control groups. In the picture, red represents the highest rCBF, yellow

represents high rCBF, green represents low rCBF, and blue represents the lowest rCBF. (A) Perfusion image of the medial temporal lobe (Left) and hippocampus (Right

figure) cerebral blood flow in a mania patient (male, 38 years old). (B) Perfusion image of the medial temporal lobe (Left) and hippocampus (Right figure) cerebral blood

flow in a MDD patient (male, 40 years old). (C) Perfusion image of the medial temporal lobe (Left) and hippocampus (Right figure) cerebral blood flow in a normal

participant (male, 37 years old). (D) Comparison of regional cerebral blood flow among groups. aP < 0.05, compared with the control group, bP < 0.01, compared

with the MDD group. (E) Analyses of regional cerebral blood flow in left and right hemispheres among groups. aP < 0.05, compared with the depression group.

positive correlation between rCMR (region cerebral metabolism
rate) and rCBF in most regions (24). Benabarre et al. (25) found
that increased rCBF in cingulate cortex was associated with
decreased executive functioning in mania without treatment. In
particular, O’Connel et al. found increased rCBF in striatal and
temporal regions during the manic phase (26). Another study
showed a reduced global CMR in the depressed state compared
to controls (27), suggesting functional significance for increased
temporal blood flow in mania, with an overlay of significant
frontal and temporal lobe gray matter structural findings onto
functional findings (28).

We specifically studied the hippocampal function, looking at
its metabolism in mania. Roda et al. showed a progressive fall in
hippocampal and brain gray matter density in patients with BD
(29), while another study found changes in DNA methylation in
the human hippocampus in bipolar disorder and schizophrenia
(30). Hypothesizing as to the significance of increased blood
flow in mania, we need to include this information: in the
left hippocampus, there is decreased neuron integrity in mania
patients (31), there are decreased hippocampal volume in BD,
and we need to overlay the significance of structural findings onto
functional findings (32).
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FIGURE 2 | (A,B) Histogram of regional cerebral blood flow velocity of disease groups and the control group. *P < 0.05, Compared with the control group; 1P <

0.05, Compared with the depression group. ICA, internal carotid artery; MCA, middle cerebral artery; Vs, systolic velocity; Vd, diastolic velocity; Vm, mean velocity; PI,

pulsatility index; RI, resistance index.

In this study, we observed that rCBF in the left medial
temporal lobe and right hippocampus was increased in the
mania group, compared with the depression group. In Gonul
et al.’s report (13), during BD, increased rCMR and rCBF
were found in hyperactive subcortical limbic activity (including
ventral striatum and amygdala) using PET or SPECT image,
neuronal networks were thought to be regulated by serotonin in
the limbic system, and abnormal 5-HTT density distribution in
BD was relevant to the dysfunction of fronto-limbic network.

In Savitz et al.’s postmortem study in patients with bipolar
disorder, reduced amygdala and hippocampus volume were

observed as well (33). These structural changes positively
correlate with blood oxygenated level-dependent (BOLD) activity
or rCBF in response to affective or rewarding reaction after a
glutamate-driven excitotoxic process.

Paralleling the above neuroimaging findings, in this study,
we observed nascent evidence suggesting abnormalities
in cerebral blood flow in mania. Di Tommaso examined
perfusion lateralization and found right hyperperfusion and left
hypoperfusion during depression, with the converse pattern in
mania (34). Luo et al. observed that rCBFV increased in ACA,
MCA, posterior cerebral artery, and the vertebral basilar artery
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FIGURE 3 | (A) Correlation between regional cerebral blood flow and flow velocity in the medial temporal in the mania group. (B) Correlation between regional

cerebral blood flow and flow velocity the hippocampus in the mania group. Correlation coefficient of T-test, *P < 0.05. ICA, internal carotid artery; MCA, middle

cerebral artery; L, Left; R, right; Vs, systolic velocity; Vd, diastolic velocity; Vm, mean velocity.

in patients with mania (35). Agarwal observed increased CBV
in the left frontal and temporal regions in bipolar disorder
(23). Although we observe that the whole blood viscosity and
hematocrit are not significantly different among different groups,
this phenomenon still awaits further confirmation with many
more cases.

Results from limited studies using semi-quantitative

measurement do not necessarily objectively reflect rCBF
changes. In the study, we found that the values of Vs, Vd, and

Vm of rCBFV in the left ICA and MCA were increased in mania,

and the Vs and Vm values in the right ICA and MCA were
similarly increased. We also observed a positive relationship

between rCBFV and rCBF in the left medial temporal lobe and

the right hippocampus, suggesting increased rCBFV and rCBF

in the medial temporal lobe and hippocampus, largely in the left

medial temporal lobe and the right hippocampus region. The

increase in flow velocity is likely a compensatory mechanism to
increase the regional metabolic demands. However, whole blood

viscosity (including high middle low shear rate) and hematocrit
are not significantly different among the three groups in our
study. Of course, the changes of rCBFV and the rCBF in the brain
are often affected by complex factors including physical and
mental activity, sleep deprivation, temperature change, hydration
level, antipsychotics, lithium, etc. In our study, some exclusion
criteria were applied for all groups upon enrollment, including
drugs that influence vessel compliance function, diseases of the
nervous system, somatic diseases, or other significant mental
disorders.

The strength of this paper is the novelty of the use of CT
methodology. Given the scant literature of its use in psychiatry,
more replication studies of its utility would be invaluable. While
we used an active depression control group, the use of an active

TABLE 3 | Multiple linear regression analysis for association of covariate with rCBF.

Factors Medial temporal lobe Hippocampus

St B T P-value St B T P-value

Mania 0.206 1.785 0.032 0.197 1.546 0.021

Depression −0.170 −1.993 0.024 −0.155 −2.034 0.018

Age −0.321 −3.519 0.007 −0.345 −3.322 0.003

TABLE 4 | Multiple linear regression analysis for association of covariate with

rCBFV.

Factors ICA(Vs) MCA(Vs)

St B T P-value St B T P-value

Mania 0.234 1.667 0.018 0.285 2.243 0.005

Depression −0.166 −1.006 0.015 −0.236 −2.115 0.008

Age −0.254 −2.214 0.009 −0.245 −2.013 0.009

control group consisting of individuals with bipolar disorder in
the depressive phase would have greater face validity with regards
to our hypothesis. It would be useful to have other measures
of cerebral bioenergetics. The sample size, while solid for an
imaging study, was not extensive. Being able to contrast these
CT findings with a validated measure of blood flow, however,
increases the accuracy of these findings such as that these are
subjects to unrecognized residual confusion due to demographic
or other variables. Key more related clinical covariates need to
be considered in the future study. We chose specific cerebral
hemodynamic regions in patients with bipolar 1 disorder that
were obtained by drawing on various regions of interests, which
were perfused by the ICA, MCA, and ACA blood supplies, and
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then by comparing them with the ROIs of the normal and
depression patients. This captures representative rCBF, but not
the actual value of the cerebral region flow.

We acknowledge some limitations of this study, ours was a
relatively small sample taken from patients of different hospital
in Guiyang city and had rCBF assessment, this could result in
a possible bias, while changes in rCBF were shown, potential
clinical applications need further investigate. Secondly because
in recruited adults the hemodynamic specific regions in the brain
were obtained by regions of interests encompassing the regions of
white and graymatter, and then comparing themwith the regions
of the normal brain, this captured representative rCBF, there may
be little difference compared with the real value of the regions of
the brain.

CONCLUSIONS

Our results suggest that rCBF is increased in the medial
temporal lobe and hippocampus in mania patients. There are
prominent changes in the left medial temporal lobe and the right
hippocampus region, accompanied by increased rCBFV in the
left MCA and the right internal carotid artery (ICA). It will
be interesting to study how the changes observed in this study
respond to clinical therapy. We believe that the patients with
mania were found out the regional cerebral perfusion pattern,
realize more patients accompanying emotional high, thinking
active, energetic, along with the land transfer and cognitive
dysfunction may be linked to increased blood flow to the brain,

cerebral blood flow velocity, the rapid proposed theory support
for clinical application. Therefore monitoring rCBF in cerebral
hemispheres of mania is in order to clarify its potential utility
to psychiatric disorder for possible diagnostic and treatment
response purposes; furthermore, the treatment of patients with
mania in clinical work may pay more attention to the changes of
patients’ cerebral blood supply.
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Background: Research suggests that only 50% of patients with major depression

respond to psychotherapy or pharmacological treatment, and relapse is common.

Therefore, there is interest in elucidating factors that help predict clinical response.

Cognitive impairment is a key feature of depression, which often persists beyond

remission; thus, the aim of this systematic review was to determine whether baseline

cognitive functioning can predict treatment outcomes in individuals with depression.

Method: Studies examining cognitive predictors of treatment response in depression

were identified using Pub Med and Web of Science databases. Given the heterogeneity

of outcome measures, the variety of treatment protocols, and the differing ways in which

data was presented and analyzed, a narrative rather than meta-analytic review technique

was used.

Results: 39 studies met inclusion criteria. Findings in younger adult samples were

inconclusive. There was some evidence for a predictive effect of executive function

and to a lesser extent, psychomotor speed, on treatment response. There was no

evidence of learning or memory being associated with treatment response. In older-aged

samples, the evidence was much more consistent, suggesting that poor executive

function predicts poor response to SSRIs.

Conclusions: Findings from the present review suggest that certain aspects of cognitive

functioning, particularly executive function, may be useful in predicting treatment

response in depression. This is certainly the case in elderly samples, with evidence

suggesting that poor executive functioning predicts poor response to SSRIs. With

further research, baseline cognitive functioning may serve as a factor which helps

guide clinical decision making. Moreover, cognitive deficits may become targets for

specific pharmacological or psychological treatments, with the hope of improving overall

outcome.

Keywords: major depression, cognitive predictors, cognitive function, treatment response, relapse, remission,

executive function

48

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2018.00382
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2018.00382&domain=pdf&date_stamp=2018-08-28
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:richard.porter@otago.ac.nz
https://doi.org/10.3389/fpsyt.2018.00382
https://www.frontiersin.org/articles/10.3389/fpsyt.2018.00382/full
http://loop.frontiersin.org/people/558040/overview
http://loop.frontiersin.org/people/93580/overview
http://loop.frontiersin.org/people/542184/overview


Groves et al. Cognitive Predictors of Treatment Outcome

INTRODUCTION

Major depression is among the leading causes of global
disability (1) and although our understanding of the disorder
is growing, treatment outcomes remain unsatisfactory. Research
indicates that only 50% of patients respond to psychotherapy
or pharmacological treatment and relapse is common (2, 3).
Clinical factors predict differential response to treatments to a
limited extent, leaving clinicians to choose first-line treatment
on the basis of likely side effects, availability and their own
clinical experience (4). With each treatment failure, there is an
increased risk of both longer-term failure to respond to treatment
and of relapse (5). In this context, there has been increased
interest in elucidating factors that help predict clinical response
in depression, including cognitive factors, hormonal measures,
and neural markers.

Cognitive functioning is relatively easy to measure in clinical
practice, and if found to be predictive of treatment response,
it has the potential to be widely used. Evidence indicates
that depression is associated with widespread cognitive deficit,
including impairments in executive functioning, attention, verbal
learning and memory, visual learning and memory, emotional
processing and psychomotor speed (6). Although aspects of these
cognitive deficits may resolve following successful treatment for
some individuals, it is often the case that they persist beyond
remission (7, 8).

If baseline cognitive deficits are predictive of eventual
response, then such deficits could be targeted by specific
pharmacological or psychological treatments, in the hope of
improving overall outcome. For example, the antidepressant
Vortioxetine has been shown to improve psychomotor and
verbal memory function in moderate to severe depression (9),
while RU486 has been shown to improve spatial working
memory in the depressed phase of bipolar disorder (10).
Considerable research is currently occurring into psychological
techniques that aim to improve cognitive function in depression
(11). Indeed, studies that have specifically targeted executive
dysfunction in elderly depressed patients, have found positive
effects (12). However, due to the intensive nature of such
psychological treatments, it is likely that these techniques need
to be aimed at those who would have otherwise experienced
a more difficult and prolonged recovery. A further implication
of finding cognitive predictors of treatment response is that
if cognitive impairment is known to predict poorer outcomes,
then this may prompt a more aggressive approach in the
initial stages of treatment. For example, a clinician may
use a combination of psychotherapy and pharmacotherapy
in situations where only one of these modalities would have been
typically used.

The aims of the present review were therefore as follows:
(i) to examine findings from studies investigating cognitive
predictors of treatment response in depression, and (ii) to
examine the methodological issues arising from the studies that
have examined this. We reviewed all the available literature in
which cognitive testing was conducted at baseline, to determine
whether aspects of cognitive functioning would impact on
treatment outcomes.

Research Questions
1. Does baseline cognitive functioning predict treatment

outcomes in major depression?
2. Is the predictive relationship dependent on treatment

modality?

METHODS

Protocol and Registration
Details of the protocol for this systematic review were registered
on PROSPERO (42018081980) and can be accessed at
www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42018081980.

Search Strategy
Up to 1 December 2017, a systematic review of electronic
databases was carried out for relevant papers using Pub Med
and Web of Science. In the initial search, the following
search items were used “major depression” or “depression”
and “neuropsychological predictors” or “cognitive predictors”
and “treatment response.” To ensure inclusion of all available
articles, reference lists of all relevant papers were checked.
Further, Web of Science was used to review articles that had
cited the relevant articles found using the aforementioned search
strategies, enabling the inclusion of more recent publications.

Inclusion Criteria
Any peer-reviewed article involving baseline assessment of
cognitive functioning, a proposed active treatment of depression
and a follow up measure of depression severity, were included
in the present review. All subtypes of depression were also
included (unipolar or bipolar - depressed phase, psychotic
or non-psychotic). “Treatment” could be pharmacotherapy,
electroconvulsive therapy (ECT), transcranial stimulation (direct
current or magnetic), psychotherapy, or cognitive remediation
(CR). Studies were required to use adult samples, with all
participants 18 years of age or older.

Exclusion Criteria
Reasons for exclusion were: (i) use of a depressed sample
with comorbid major medical, neurological or endocrinological
conditions, (ii) inclusion of individuals scoring <24 on a Mini
Mental Status Exam (n = 6), and (iii) not presenting data on
baseline depression severity (n = 1). All studies were limited to
English-language publications.

Full Study Review
Articles were initially screened by two of the reviewers who
independently reviewed the titles and abstracts of studies, to
accept or reject for full text review. The same two reviewers
then examined the full texts of the studies that had passed
initial screening, to determine if they still met inclusion
criteria. If inclusion of a paper was unclear, then all three co-
authors discussed in order to achieve a consensus. Data was
extracted from eligible studies into a spreadsheet. For each
study, we extracted the following data: (1) characteristics of
the sample, including sample size, average age and baseline
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FIGURE 1 | PRISMA flow diagram of studies retrieved for the review.

depression severity, (2) study design, (3) cognitive tests used
during assessment, (4) response/remission criteria, and (5) study
outcomes.

RESULTS

Study Characteristics
Thirty-nine studies met inclusion criteria (see Figure 1 for flow
diagram of studies retrieved for review). Of these studies, 32
used pharmacotherapy as the primary treatment (18 single
antidepressant, 14 mixed antidepressant treatment); 1 study used
pharmacotherapy, psychotherapy and a combination thereof; 1
study used unrestricted pharmacotherapy treatment in addition
to ECT (the latter being the final treatment option); 1 study
used transcranial direct current stimulation; 1 study used deep
brain stimulation, and 3 studies used psychosocial interventions
(see Tables 1, 2). Regarding the term “mixed antidepressant
treatment,” we refer to a number of possible situations. Firstly,
open label treatment with a specific type of antidepressant
but with the option to use various antidepressants within
that class; secondly, open label treatment with any type of
antidepressant; and thirdly, a standardized treatment algorithm
allowing for treatment changes according to response. In one

of the pharmacological studies (47), a small proportion of the
sample received ECT in conjunction with pharmacotherapy (4
out of 100 participants). Given the small number of participants
receiving adjunctive ECT, it was decided to group this study with
others involving mixed antidepressant treatment. An additional
pharmacological study (55) utilized ECT as a final treatment
option. Given that 48% of the participants were treated with ECT,
it was decided to group this study with the “other biological”
treatment studies. One study utilized a naturalistic treatment
protocol (38), which meant that some of the participants received
no recognized treatment (n = 4). Because most participants
received some form of antidepressant medication, it was decided
to include the study in this review.

Studies used a range of cognitive tests and the clinical

characteristics of the depressed samples varied substantially
across studies. In this review, more emphasis is placed on those

studies with the greatest number of participants, as they have

more statistical power. While we did not formally rate the
quality of studies, we have discussed methodological strengths
and weaknesses and taken this into account in synthesizing
the evidence. In the sections that follow, the studies will be
briefly discussed according to treatment type, and findings will be
further divided into different cognitive domains. It is important
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to note that the way in which tests have been categorized in this
review may not align with the cognitive domains described in
the original studies; however, it was imperative to organize tests
in a standardized way. Given there is considerable overlap in
tasks assessing executive function and attention, it was decided
to combine both of these cognitive functions together. Further,
although workingmemory is sometimes classified under learning
and memory, in this review, it has been classified under the
umbrella term of executive functioning. For the purposes of this
review, samples containing participants ranging from 18 to 65
years will be referred to as adult samples, and those containing
individuals aged 65 and above, will be referred to as older-aged
samples.

Single Antidepressant Trials
Executive Function/Attention
Eleven studies examined the relationship between executive
function/attention and treatment outcomes in 13 adult samples
receiving antidepressant monotherapy. Four shorter treatment
trials (five samples), examined predictors of response to selective
serotonin reuptake inhibitors (SSRIs). Three samples showed
an association between poorer executive function/attention
performance and poor overall treatment response (total n= 268)
(13, 14, 20). Conversely, two samples showed no evidence of an
association (total n = 306) (17, 20). Etkin et al. (20) examined
predictors of response to Escitalopram (n = 217) and Sertraline
(n= 234). They found that impairment in attention and working
memory was associated with non-remission on Escitalopram;
however, this relationship was not seen with Sertraline (20). Of
the negative studies, Gudayol- Ferré et al. found no evidence of an
association between executive function or attention and overall
response to Fluoxetine (17); however, they did find an association
with early treatment response and time to remission (16, 18).
In their sample of 72 depressed patients, poorer attention and
spatial working memory were associated with poorer response at
4 weeks, but the opposite relationship was seen with “subsequent
thinking time” on the Stockings of Cambridge (16). Additionally,
the authors also found that those with poorer spatial working
memory performance were slower to remit at treatment-end;
thus, their findings with respect to attention and spatial working
memory are in line with the other positive studies (18).

In a longer treatment trial, Bastos et al. (25) examined
the relationship between executive function performance and
response to 24 months of treatment with Fluoxetine (n = 91),
psychodynamic psychotherapy (n= 90) or a combination thereof
(n = 90). The largely negative results were complex. Of 14
cognitive variables, higher scores on two (WAIS-III, Letter
Number Sequencing and Matrix Reasoning) were associated
with better response across all three treatments (Fluoxetine,
psychodynamic psychotherapy and the combination) and higher
scores on one (WAIS-III, Similarities) was associated with poorer
response (25).

Whilst one small study has found an association between
poorer executive function/attention performance and poor
response to SNRIs (n = 25) (21), a much larger study has found
no evidence of a relationship (n= 204) (20).

In a naturalisticmulti-center trial of 6–8 weeks of Agomelatine
(an antidepressant with a primarily melatonergic action)
treatment (n = 508), the number of omissions on the
D2 Cancellation Task (a measure of attention) predicted
clinical and functional remission in patients with moderate to
severe depression. Moreover, a dose-response relationship was
observed, whereby treatment outcomes were increasingly more
positive as less omission errors were made on the task (24).

One study has examined the relationship between baseline
executive measures and response to the combined dopamine and
noradrenaline re-uptake inhibitor, Bupropion. Herrera-Guzmán
et al. (n = 26) found that poorer performance on the Stockings
of Cambridge at baseline predicted poorer response to 8 weeks of
Bupropion treatment (15).

Three studies have examined cognitive predictors of Ketamine
response, with two (total n = 38) finding evidence of
an association between poorer executive function/attention
performance and better treatment response (19, 22). Murrough
et al. (22) (n = 25) found that responders to a single infusion of
Ketamine Hydrochloride performed significantly worse on tests
assessing working memory, than non-responders (22). In line
with this finding, Shiroma et al. (19) found that the likelihood
of responding to six infusions of Ketamine was greater in those
who demonstrated poorer attentional abilities at baseline (19). In
contrast, a second study by Murrough et al. (n = 43), showed no
association between executive function/attention performance
and treatment response (23).

Seven studies examined the relationship between executive
function/attention and treatment-related outcomes in response
to antidepressant (SSRI) monotherapy in older-aged samples.
Five of the studies found that deficits in executive functioning
were associated with poor remission rates/antidepressant
response (combined n= 341) (26, 28, 29, 32, 34, 35). In contrast,
one small study (n = 12) found no difference in executive
function performance between remitters and non-remitters
(30). One study (n = 13) examined the relationship between
executive function/attention and time to remission and found
that individuals with impaired executive functioning, as shown
by greater conflict scores on the Attention Network Test, took
longer to remit (31).

Psychomotor Speed
Ten studies examined the relationship between psychomotor
speed and response to antidepressant monotherapy, in 12 adult
samples. Four shorter treatment trials examined predictors of
response to SSRIs. In two samples (14, 20), slower psychomotor
speed was associated with poorer response to treatment (total
n = 254). In contrast, three samples showed no association
between SSRI treatment and psychomotor speed (n = 320) (13,
17, 20). In the large study by Etkin et al. slower psychomotor
speed was associated with non-remission to Escitalopram, but
not to Sertraline (20). One study examined the relationship
between psychomotor speed and 24 months of treatment with an
SSRI (25). The study found that slower psychomotor speed was
associated with poorer response to Fluoxetine treatment (n= 91).

No association was found between psychomotor speed and
response to SNRIs (n = 204) (20), Bupropion (n = 26) (15) and
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Agomelatine (n = 508) (24). Two studies (total n = 68) (22,
23) examining the relationship between psychomotor speed and
response to Ketamine found that slower psychomotor speed at
baseline predicted greater improvement in depressive symptoms
following treatment. Conversely, one Ketamine study (n = 13)
found no association (19).

Three studies have examined the relationship between
psychomotor speed and overall treatment response in older-aged
adults. None of the studies (total n = 594) found an association
between psychomotor speed and treatment response (27, 33, 34).
However, one study (n = 84) did find that slower psychomotor
speed was associated with slower response to treatment. Sneed
et al. (33) found that individuals with slower psychomotor speed
took longer to respond to Citalopram than those with faster
psychomotor speed; however, by the end of treatment (week 8),
both groups were equal in their level of response (33).

Verbal Learning and Memory
Eight studies examined the relationship between verbal learning
and memory, and treatment-related outcomes in response to
antidepressant monotherapy in adult samples. Seven shorter
treatment trials (total n = 885) (13, 15, 17, 19, 22, 23), plus one
long-term treatment trial (n = 91) (25), found no evidence of
an association between the two. Likewise, the four studies that
examined verbal learning and memory in older-aged samples
(total n = 616) found no relationship between verbal learning
and memory performance and treatment-related outcomes (26,
27, 33, 34).

Non-verbal Learning and Memory
Seven studies examined the relationship between non-verbal
learning and memory performance and treatment-related
outcomes in response to antidepressant monotherapy in adult
samples. Six shorter studies (total n = 204) (13, 14, 17, 19,
22, 23) and one longer-term study (n = 91) (25) found no
relationship between non-verbal learning and memory, and
treatment response. One study (n = 26) found that poorer non-
verbal memory performance was associated with better response
to a combined dopamine and noradrenaline re-uptake inhibitor
(26). In their 8-week trial of Bupropion, Herrera-Guzmán
et al. found that responders performed significantly worse on
a measure of visual memory (Paired Associates Learning) than
non-responders (15). One study has examined the association
between non-verbal learning and treatment response in older-
aged depression (n = 22); however, they found no evidence of
a relationship between the two (26).

Emotional Processing
Only two studies have examined the predictive nature of
emotional processing in relation to treatment response in
depression. In a younger adult sample, Etkin et al. (20) found
that slower emotion identification speed was associated with
non-remission to Escitalopram (n = 217), but not Sertraline
(n= 234) or Venlafaxine (n= 204) (20). In an older-aged sample
(n =12), Alexopoulos et al. (30) found no differences between
remitters and non-remitters in terms of their performance on

an emotional go/no-go task following 8 weeks of treatment with
Escitalopram (30).

Mixed Antidepressant Treatment
Executive Function/Attention
Ten studies examined the relationship between executive
function/attention and response to mixed antidepressant
treatment in 11 adult samples with depression. In five of the
samples (total n = 291), poorer executive function/attention
was associated with poorer response to various pharmacological
treatments (37, 39, 40, 42, 43). In a sample of particularly
severely depressed inpatients, Whithall et al. (40) found that
poorer executive function performance was associated with
negative clinical and functional outcomes in inpatients treated
with SSRIs or SNRIs. More perseverative errors on the shortened
Wisconsin Card Sorting Test (WCST) at baseline, was associated
with greater depression severity at follow-up. Further, more
perseverative errors on the WCST in addition to poorer event-
based prospective memory, was associated with poorer social
and occupational outcomes in their sample (40). In contrast, one
small study (n = 36) found the opposite relationship between
executive function performance and treatment response.
Crane et al. (45) found that more commission errors on the
Parametric Go/No-Go test predicted better treatment response
to Escitalopram or Duloxetine (45). Four samples (total n= 228)
showed no association between executive function/attention
performance and overall treatment response (36, 38, 41, 43, 44).

Four studies examined the relationship between executive
function/attention and treatment response in older-aged
samples. Two studies (total n = 159) found an association
between executive dysfunction and poor treatment response
(46, 47). In the largest positive study, Potter et al. (47) (n = 110)
found that remitters to a standardized treatment algorithm over
3 months had significantly fewer perseverative errors on the
Controlled Oral Word Association Task (COWAT) and better
performance on Digit Span Forward, than non-remitters (47).
Story et al. (48) (n = 177) examined response to a standardized
treatment algorithm over one year and found no association with
executive function performance (48). Additionally, in a 12-week
randomized controlled trial (RCT) comparing Olanzapine plus
Sertraline with Olanzapine plus placebo (n = 142), Bingham
et al. (49) found no association between baseline executive
functioning and depression scores post treatment (49). This
study did not present data separately for the two treatment
groups.

Psychomotor Speed
Eight studies examined the relationship between psychomotor
speed and treatment outcomes with mixed antidepressant
treatment in nine adult samples. Three samples (total n = 159)
showed an association between slower psychomotor speed and
poorer response to treatment (38, 42, 43). In the largest positive
study (n = 86), slower performance on Part A of the Trail
Making Test (TMT) was associated with greater depressive
symptomatology following 8 weeks of SSRI treatment in a sample
of adults with severe depression (42). In contrast, six samples
(total n = 283) showed no association between psychomotor
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speed and treatment response (39, 41, 43, 44). In a sample of 104
individuals with depression, Lin et al. (44) found no association
between psychomotor speed and improvement in HDRS scores
following 6 weeks of treatment (44).

Four studies examined the relationship between psychomotor
speed and treatment response in older-aged samples. One 6-
week study (n = 49) and one 12-month study (n = 177) found
an association between poorer psychomotor speed and poor
treatment response (46, 48), whilst two studies (n = 252) did
not (47). In the larger positive study (n = 177), Story et al.
(48) found that depressed older persons with better baseline
performance on the Symbol Digit Modalities Test, showed the
greatest improvement in depressive symptomatology at one-year
follow-up (48).

Verbal Learning and Memory
Five studies have examined the predictive value of verbal learning
and memory in relation to mixed antidepressant treatment
in adult samples. Spronk et al. (41) found that higher pre-
treatment verbal memory performance was associated with a
greater reduction in depressive symptoms, in a sample of 25
individuals with major depressive disorder (MDD) (41). Four
other studies found no association between verbal memory and
treatment response (total n= 157) (38–40).

Two studies have examined the relationship between verbal
learning and memory, and treatment response in older-aged
adults. Story et al. (48) (n = 177) found that depressed older
adults who performed well on verbal memory tasks prior to
being treated with a stepped approach, showed the greatest
improvement in depressive symptomatology at 1-year follow-up
(48). However, another study (n = 110) found no relationship at
3-month follow-up (47).

Non-verbal Learning and Memory
Three studies examined the relationship between non-verbal
learning and memory and treatment outcomes with mixed
antidepressant treatment in adults (38, 44), and none of the
studies found evidence that non-verbal learning and memory
predicts treatment response (total n = 181). Likewise, the
single study that examined non-verbal learning and memory
in older-aged samples found no association between the
two (n= 110) (47).

Emotional Processing
Only one study has examined the relationship between emotional
processing and treatment outcomes with mixed antidepressant
treatment in adults with depression. In the study by de Groot
et al. (36), there was no significant difference between responders
and non-responders in terms of their performance on a facial
expression recognition task at baseline (36).

Other Biological Treatments
Two studies have examined cognitive predictors (executive
function, verbal learning and memory, and psychomotor speed)
of treatment response to other biological treatments in younger
adult populations. Martin et al. (51) pooled data (total sample,
n = 57) from five clinical trials of anodal transcranial direct

current stimulation and found that better baseline performance
on the COWAT (a measure of executive functioning), was
associated with better response to transcranial stimulation (51).
McInerney et al. (52) examined cognitive predictors of 12months
of subcallosal cingulate gyrus deep brain stimulation (n = 20)
and found that better psychomotor speed, but greater executive
dysfunction, predicted better response to treatment (52).

One study examined cognitive predictors of treatment
response to other biological treatments in older-aged individuals.
Marcos et al. (55) assessed the predictive value of executive
functioning/attention, verbal learning and memory, non-verbal
learning and memory, and psychomotor speed, in a 12-week
antidepressant trial (n = 25). ECT was available if patients
failed to respond to pharmacological treatment, with 48% of the
sample receiving ECT at some point during the trial. The authors
found no association between cognitive function and response to
treatment (55).

Psychosocial Treatments
Two studies have examined cognitive predictors of psychosocial
treatment response in adults with depression (25, 50).
Kundermann (50) examined the predictive value of
executive function/attention, verbal learning and memory
and psychomotor speed, in a 3-week trial of Cognitive Behavior
Therapy (CBT) vs. CBT + sleep deprivation therapy (n = 19).
The authors found that better verbal fluency and declarative
verbal memory were associated with better clinical response
(percentage improvement on the HDRS) in those receiving CBT
alone. However, this relationship was not seen in the group
receiving CBT + sleep deprivation therapy. No association was
found between psychomotor speed and treatment response in
either of the two groups (50).

Bastos et al. (25) examined the relationship between executive
function, verbal learning and memory, and processing speed,
and response to 24 months of psychodynamic therapy (n = 90),
Fluoxetine (n = 91) or psychodynamic therapy with adjunctive
Fluoxetine treatment (n= 90). The authors foundmixed findings
in relation to the predictive value of executive functioning. Across
all three treatment groups, better Letter-Number Sequencing and
Matrix Reasoning scores, predicted lower depression symptoms
(BDI) at 24 months. Conversely, better Similarities scores
were associated with greater depression symptoms following
treatment. The authors also found that in those receiving
psychodynamic therapy or both treatments combined, better
Digit-Symbol Coding scores (i.e., faster psychomotor speed) were
associated with greater depression severity at follow-up (25).

Two studies have examined the association between
cognitive function and response to psychotherapy in older-aged
samples with depression (53, 54). Both examined executive
functioning/attention, verbal learning and memory, and
psychomotor speed. Both studies found executive functioning to
be the only domain associated with treatment-related outcomes.
Beaudreau et al. (53) (n = 46) found that poor baseline
performance on Part B of the TMT (a measure of cognitive
flexibility), detected 59.6% of individuals who responded to 12
weeks of either problem-solving therapy or supportive therapy.
In a 4-week trial of cognitive remediation, Morimoto et al. (54)
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found that higher TMT B-TMT A scores (indicative of greater
executive dysfunction) was associated with greater reduction in
Montgomery-Asberg Depression Rating Scale (MADRS) scores
following treatment (54).

DISCUSSION

Summary of Results
Since different treatments may act differently on brain circuitry
and there is evidence that modulation of specific receptors
or circuits may differentially affect cognitive function, it is
important in the first instance to divide the results of the
review into studies examining response to different treatment
modalities. In addition, whilst this review excluded studies that
included patients with likely onset of dementia (MMSE <24),
changes associated with aging, multiple episodes of depression
or late onset depression may result in a different pattern of
association in older samples. Therefore, we have separated the
results into adult and older-aged samples. In summary, the results
are as follows:

Executive Function/Attention
There was some consistency in findings from studies examining
response to SSRIs in adult samples. Three samples treated with
a single SSRI (13, 14, 20) (total n = 268) and two samples
openly treated with any SSRI (n = 123) (39, 42) showed that
reduced executive function was associated with poorer response.
In contrast, two single SSRI studies (total n = 306) showed
no association (17, 20). In older-aged samples, the findings
were much more consistent. Five studies showed an association
between executive function and overall response to SSRIs (total
n = 341) (26, 28, 29, 32, 34, 35), and one found an association
between executive function performance and time to remission
(31). Only one small study (n = 12) found no differences in
executive functioning between remitters and non-remitters (30).

In terms of other agents, one large study found that
poorer attention was associated with poorer response to a
melatonergic agent in an adult sample (n = 508) (24). There
was limited, or no evidence, of an association between executive
function/attention and response to SNRIs, Bupropion, Ketamine,
ECT or psychosocial treatments.

Psychomotor Speed
There was some evidence of a relationship between psychomotor
function and response to SSRIs in adult samples. Two samples
(total n = 254) showed that slower psychomotor speed was
associated with poorer response (14, 20). Additionally, one
longer-term SSRI study (n = 91) (25) and one sample openly
treated with any SSRI (n= 86) (42), showed the same association.
In contrast, three adult samples (n = 320) treated with a single
SSRI (13, 17, 20) and one sample openly treated with any SSRI
(39), showed no association. There was no association in older-
aged adults.

There was limited, or no evidence, of an association
between psychomotor speed and response to SNRIs, Bupropion,
Ketamine, Agomelatine, ECT or psychosocial treatments in adult
or older-aged samples.

Learning and Memory
There was limited evidence of a relationship between learning
and memory (verbal or non-verbal) and treatment response in
adult or older-aged samples.

Prediction of Response to Monoamine
Reuptake Inhibitors
As noted in the summary above, the data in younger participants
is dominated by the large study of Etkin et al. (20). The
sample randomly assigned to Escitalopram showed that executive
dysfunction was associated with poorer response, while there
was no such association for the other SSRI, Sertraline (20). The
authors speculated that the difference between Escitalopram and
Sertraline may relate to the exact pharmacodynamic properties
of the agents, the suggestion being that Escitalopram is a
more specific SSRI while Sertraline has more noradrenergic and
dopaminergic reuptake inhibition. The other related possibility
is that their findings were related to dose; however, the validity
of such explanations is not clear. The doses of all three
antidepressants in the international Study to Predict Optimized
Treatment in Depression (iSPOT) study were low (Escitalopram
12mg, Sertraline 62mg, Venlafaxine 83mg) (56). Evidence
does not suggest that Venlafaxine has significant effects on
noradrenaline re-uptake at this dose (57, 58). In vitro, Sertraline
has been shown to inhibit noradrenaline and dopamine reuptake
(59), but the extent to which this occurs at the doses used
in this study in vivo is unclear. Furthermore, neither of these
factors can explain the differential response whereby those
with poorer cognitive function were more likely to remit with
Sertraline/Venlafaxine and those with better cognitive function
were more likely to remit with Escitalopram. In the iSPOT study,
and in meta-analyses, there was no difference in overall efficacy
between these three antidepressants (56, 60). The analysis used in
this study was different from that used in all other studies, using a
cross-validated multivariate pattern classification approach. This
allows different variables to be weighted differentially in order
to obtain the best predictive model. As such, it is significantly
different from the simpler methods of examining association and
less comparable than the results from other studies.

Results for processing speed are similar to those for executive
function, with the largest study showing a relationship between
processing speed and response to treatment with Escitalopram
but not Sertraline or Venlafaxine (20). It has been suggested that
reduced psychomotor function indicates a particular subtype of
depression; melancholic depression (61). Further, it is suggested
that this responds preferentially to dual action drugs compared
with SSRIs or psychotherapy (62, 63). The association with
response to Escitalopram but not Venlafaxine could therefore
relate to a poor response of “melancholic” patients—in this
context indicated by psychomotor impairment—to Escitalopram
but not Venlafaxine. However, as noted, Venlafaxine at this dose
may vary little from a standard SSRI. It has been suggested
that measuring psychomotor function either by testing or
observation, is a better way of assessing a measurably different
(“melancholic”) group.
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Response to Other Agents and Biological
Treatments
A large study examining predictors of response to Agomelatine
(an antidepressant with a primarily melatonergic action), showed
that those who performed better on an attentional task were
more likely to achieve both clinical and functional remission
(24). The authors postulated that the ability to direct attentional
resources toward, and away from, emotionally-laden stimuli,
is critical for effective emotional regulation. Thus, attentional
deficits would likely impact one’s ability to regulate emotion;
thereby, contributing to persistent negative affect (24).

Interestingly, studies examining Ketamine found the opposite
relationship between cognitive functioning and treatment
response, with poorer neurocognitive performance, particularly
slower psychomotor speed, predicting greater improvement
in depressive symptoms (19, 22, 23). While preliminary, the
findings suggest that responders to Ketamine may show a
distinct cognitive profile compared with those who respond to
other types of antidepressants, such as SSRIs. Dopaminergic
transmission within prefrontal-subcortical circuits has been
implicated in several cognitive processes, including psychomotor
function (64); further, Ketamine has been shown to modulate
dopamine transmission within these brain regions (65, 66).
Although Ketamine’s exact mechanism of action is yet to be
fully elucidated, it is possible that its antidepressant effects are
through modulation of dopaminergic signaling. In line with this,
Bupropion is a relatively specific dopamine and noradrenaline
reuptake inhibitor, and Herrera-Guzmán et al. (15) found that
poorer executive function performance predicted better response
to Bupropion (n= 26).

Response to Psychotherapy
Few studies have examined cognitive predictors of response
to psychotherapy. Focusing on the short-term studies, one
study found that better executive functioning and verbal
memory were associated with better response to treatment
with CBT (50). Conversely, two studies found that executive
dysfunction predicted better response to Problem Solving
Therapy (PST) and supportive therapy (67), and cognitive
remediation (54). The discrepancy in findings may be due to
the nature of the psychosocial treatments being used. The latter
studies incorporated treatments that either targeted executive
dysfunction and its underlying pathophysiology (PST and
cognitive remediation) or did not rely heavily on executive
processes (supportive therapy). Therefore, it is possible that
treatments which support or improve executive functioning,
may facilitate clinical improvement in those experiencing such
cognitive deficits.

Data in Older-Age Samples
Particularly for executive function, data in older-age samples
are remarkably consistent. Most studies showed that impaired
executive function was associated with poorer response to
treatment. It is possible that this may be related to the
number of previous episodes, as both cognitive functioning and
treatment response decline with increasing depressive episodes
(68, 69). Some authors have suggested that executive dysfunction

is particularly prominent in the older-age individuals (70),
although not all studies have agreed (71). If executive function
is particularly prominent or frequent in these samples, then
this would reduce the likely dilution effect of including patients
with minimal deficit. One large study which illustrates this
effect was excluded from this review based on their use of
a different measure of response (functional measure) (12).
A treatment specifically designed to counteract the negative
prognostic effect of executive deficit, Problem Solving Therapy
(PST), was compared with supportive therapy in a sample of
old-age depressed patients. An advantage was seen for PST,
particularly in those patients with greater executive deficit. This
study is unique because it is enriched specifically for executive
impairment. It therefore addresses an issue which is particularly
important in this area—the dilution of findings by inclusion of
patients without cognitive impairment (72).

Neurobiological Underpinnings
As mentioned above, there appears to be some support for the
notion that executive dysfunction can predict treatment-related
outcomes, particularly in the elderly depressed; with deficits
in executive functioning/attention predicting poorer or slower
response to treatment. One reason for this finding may be that
impaired executive function performance serves as a marker
for dysfunction within the fronto-limbic circuits. Executive
functioning is sub-served by areas within the prefrontal cortex
and there is consistent evidence that depression is associated with
aberrant neural activity in these brain regions (73, 74). It has been
proposed that reduced prefrontal control over limbic activity
leads to impaired emotional regulation andmaladaptive thinking
patterns, such as rumination and worry, all of which are believed
to contribute to the development and maintenance of depression
(75, 76). Thus, poor performance on executive function tasks
may highlight key pathological processes that serve to not only
maintain depression but preclude response to treatment.

Methodological Issues
Although not an exhaustive list, the following section will discuss
the most pertinent methodological considerations related to the
studies included in the current review.

1. Standardizedmonotherapy vs. open label trials and algorithm-
based treatment—We have dealt with the results based on
the treatment used. It is important to note that there is a
fundamental difference between a trial of a single agent and
one which allows changes in treatment based on tolerance
and response. In monotherapy, for example, patients may
not respond because they cannot tolerate the treatment;
something which is unlikely to be directly related to cognitive
function. In contrast, open and algorithm-based treatment
trials permit changes to treatment if an agent is not tolerated,
and the patient may still be classified as a responder. These
trials have greater ecological validity and may more accurately
reflect the clinical implications of cognitive impairment in
determining real-life response. However, they do not give
accurate information regarding likelihood of response to one
agent compared with another.
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2. Length of trial–There is a marked difference between the
timing of the clinical outcome between trials (in this review
ranging from 24 h to 1 year). On one hand, a short
outcome may constrain the time available to respond, making
differentiation between patients less likely. However, longer
outcome times (e.g., 1 year) allow various other factors to
operate, thereby reducing the likelihood of finding a clear
association. For example, patients in such studies may respond
and then relapse within the time frame of the study. In older-
age samples, a longer outcome may also involve development
or progression of a neurodegenerative process, meaning
that cognitive impairment is in fact associated with further
cognitive decline.

3. Choice of outcome measure–Trials have used a variety of
ways of measuring response, including percentage reduction
in mood rating scale scores, rates of response and rates of
remission. The former keeps response on a dimension and is
likely to be more sensitive than a binary outcome. Especially
in short trials, remission is relatively infrequent and reduces
the sensitivity of the analysis; however, it is the optimal and
arguably most clinically-relevant outcome. Another related
issue is the utilization of multiple outcome measures. This
increases the number of comparisons being made and the
likelihood that an association may be purely due to chance.

4. Severity of depression at baseline–There are several issues
regarding depression severity at baseline. Firstly, placebo
response tends to be greater in milder depression, possibly
indicating less of a biological basis (77). Response in this case
is less likely to be biologically determined and therefore, less
likely to be influenced by cognitive impairment. Secondly,
a related issue is that in mild to moderate depression, the
percentage of patients who have cognitive impairment is
relatively low (78); hence, using such a sample will likely
dilute findings (see below). Thirdly, in milder depression,
the range of possible change on depression rating scales is
smaller, which ultimately reduces the likelihood of finding
an association between baseline cognitive functioning and
change in depressive symptomatology.
A related issue is the way in which severity of depression
has been accounted for in the analysis of the relationship
between cognitive variables and outcome. This is clearly
important since the relationship between cognitive function
and outcome may be mediated wholly or partly by severity
of depression. Most large studies accounted for this by some
form of covariate analysis. Other studies simply compared the
baseline depression rating score of responders compared with
non-responders, and if this was not significantly different,
concluded that this was not an important mediator of
difference in cognitive function. Clearly, this issue should be
addressed in future research.

5. Degree of cognitive impairment at baseline–It is less likely that
cognitive function will be associated with outcome in patients
whom are not classed as “cognitively impaired.” Having such
patients in a study will dilute findings, potentially to the
point of a genuine association not being demonstrated. Some
of the reviewed studies had control participants and indeed
found a difference between controls and the group overall

(20, 79), but this does not mean that all, or even a high
percentage of patients, were impaired (78). It is likely that
studies including more severely unwell patients have a higher
percentage of patients with significant cognitive impairment
and are therefore, more likely to show an association with
response. In the study of Etkin et al. (20), the importance
of this phenomenon is illustrated, with the predictive effect
of cognitive performance only applied in the group who,
compared with healthy controls, were significantly impaired.

6. Cognitive battery–Studies using a more extensive battery of
cognitive tasks may be more likely to show an association
with response simply because they have used multiple tests,
and an association with one of these may simply be a feature
of multiple comparisons. However, it could be argued that
certain aspects of, for example executive function, may be
more likely to affect response than others. Pimontel et al.
(80), in a meta-analysis of executive function tasks in the
elderly, conclude that only planning and organization (as
measured by a subtest of the Dementia Rating Scale) was
associated with response. Using composite scores for each
domain may reduce the problem of multiple comparisons, but
as noted, some may argue that this neglects individual aspects
of cognitive functioning. Very short batteries may measure
cognitive domains inadequately and result in false negative
findings. Additionally, cognitive tasks themselves may vary in
their sensitivity and suffer from ceiling effects. For example,
the Hopkins Verbal Learning Test may not measure verbal
learning and memory with adequate sensitivity, and even the
Rey Auditory Verbal Learning Test may be subject to ceiling
effects; thus, more sensitive tasks are needed (81).

7. Classification of drop-outs–Outcome can be analyzed either
by intention-to-treat or using only completers. Most studies
in the review classified patients as responders or remitters
based on pre-defined criteria and classified drop-outs as
non-responders/remitters. A small number, including one of
the largest studies in the review (20), examined change in
depression rating scale scores and therefore included in the
analysis only patients who completed follow-up rating scales.
However, they also undertook an intention-to-treat analysis
and a sensitivity analysis, showing that the method of analysis
made no difference in this case. The advantage of the former
is that it includes all patients and gives a potentially more
useful clinical result informing what the likely overall outcome
is for patients with differing cognitive profiles. However, the
relationship between cognitive function and outcome may be
altered by the group of patients who are particularly sensitive
to side effects which may not relate to cognitive function.

Limitations
There are several limitations of the current review. Firstly,
as is usual in English language-based reviews, only peer-
reviewed articles in the English language were included, which
may have resulted in some useful sources of evidence being
missed. Secondly, given the heterogeneity of outcome measures,
the variety of treatment protocols, and the differing ways in
which data was presented and analyzed, it was not possible to
use a meta-analytic technique. This meant that a quantitative
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result could not be produced. Thirdly, no formal risk of bias
methodology was utilized in the present review (e.g., Cochrane
risk of bias tool). However, differences in assessment were
discussed between the three co-authors and studies of greater
quality were given greater weight in synthesizing the evidence.
Further, methodological issues related to the reviewed studies are
discussed.

Recommendations for Future Research
1. Studies examining this issue will have low yield unless they

have a significant proportion of patients with significant
cognitive impairment. Selection of patients may require a
strategy to enrich samples, or simply to recruit more severely
depressed samples.

2. The issue of chance findings is important. We suggest that
studies employ a priori groupings of variables into domains
and utilize composite domain scores in analysis. This reduces
the number of variables examined. Secondary analyses can
examine individual variables to elicit any more specific
signals regarding detailed cognitive functions which may be
associated with response.

3. The majority of studies have employed outcome measures
of response or remission. Although it can be argued that
these are more clinically meaningful, examining response
on a dimensional scale (i.e., percentage change in mood
rating scale scores) is likely to be more sensitive; thereby,
increasing the likelihood of detecting an association between
cognitive functioning and response. One way to deal with
this issue is to be clear regarding which primary outcome
is to be related to cognitive function but to report other
associations in secondary analyses, thereby making these data
easily accessible for meta-analyses, but avoiding the problem
of multiple outcomes analyses.

4. It appears that “cold” (i.e., traditional) cognitive functions
have been the main focus in this area of research, with
only three studies having assessed the predictive nature of
emotional processing. There is strong evidence that depressed
individuals experience alterations in emotional processing
(e.g., negatively interpreting emotionally laden stimuli) (76,
82). Moreover, “hot” (i.e., emotional) cognitive processes are
believed to play a role in the development and maintenance of
depressive symptoms. Thus, more focus should be placed on
assessing the relationship between emotional processing and
treatment response.

Summary, Conclusions and Clinical
Implications
In younger patients, the data is inconclusive both regarding
the association between cognitive function and response to any
treatment, and regarding association with response to specific
treatments. The best evidence is for a predictive effect of
executive function, and with some support for an association
with psychomotor function. There is no evidence of learning
or memory being associated with treatment response. The main
methodological issue we believe is that samples were relatively
mildly depressed and therefore, likely contained few patients with
significant cognitive impairment. The evidence in older adults is
much more consistent and suggests that poor executive function
predicts poor response to SSRIs, with little evidence regarding
response to other agents. In line with this, one notable study
showed that specifically addressing executive dysfunction in the
elderly depressed, had positive effects (12).

It is apparent that this area of research is affected by a
number of important methodological issues, which need to be
addressed in order to help fully elucidate the relationship between
cognitive functioning and treatment outcomes in depression.
Nevertheless, the findings from the present review do suggest that
certain aspects of cognitive functioning, particularly executive
function, may be useful in predicting treatment response in
depression. This is certainly the case in older-aged samples,
with evidence suggesting that executive dysfunction can predict
poor response to SSRI treatment. The findings also indicate a
possible rationale for specifically targeting cognitive functioning
during treatment, as doing so may result in improved treatment
outcomes.
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Depressed Patients With Bipolar
Disorder
Henry W. Chase 1*, Jay C. Fournier 1, Haris Aslam 1, Richelle Stiffler 1, Jorge R. Almeida 2,

Barbara J. Sahakian 3 and Mary L. Phillips 1
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Psychiatry, Dell Medical School, University of Texas at Austin, Austin, TX, United States, 3Department of Psychiatry,

University of Cambridge, Cambridge, United Kingdom

A variety of evidence suggests that bipolar disorder is associated with disruptions of

reward related processes, although the properties, and scope of these changes are not

well understood. In the present study, we aimed to address this question by examining

performance of patients with bipolar disorder (30 depressed bipolar; 35 euthymic bipolar)

on a motivated choice reaction time task. We compared performance with a group of

healthy control individuals (n = 44) and a group of patients with unipolar depression

(n = 41), who were matched on several demographic variables. The task consists of

an “odd-one-out” discrimination, in the presence of a cue signaling the probability of

reward on a given trial (10, 50, or 90%) given a sufficiently fast response. All groups

showed similar reaction time (RT) performance, and similar shortening of RT following

the presentation of a reward predictive cue. However, compared to healthy individuals,

the euthymic bipolar group showed a relative increase in commission errors during the

high reward compared to low condition. Further correlational analysis revealed that in

the healthy control and unipolar depression groups, participants tended either to shorten

RTs for the high rather than low reward cue a relatively large amount with an increase in

error rate, or to shorten RTs to a lesser extent but without increasing errors to the same

degree. By contrast, reward-related speeding and reward-related increase in errors were

less well coupled in the bipolar groups, significantly so in the BPD group. These findings

suggest that although RT performance on the present task is relatively well matched,

there may be a specific failure of individuals with bipolar disorder to calibrate RT speed

and accuracy in a strategic way in the presence of reward-related stimuli.

Keywords: bipolar disorder, reinforcement (psychology), reaction time, motivation, major depressive disorder
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INTRODUCTION

Bipolar disorder (BD) is characterized by modified behavioral
and neural responsiveness to reward (1–3). Although individuals
with BD report a heightened desire to attain happiness (4),
patients’ lives are typically characterized by instability and
low levels of (eudaimonic) well-being (5). One potential
explanation for this discrepancy is that there is an imbalance
in the neural systems controlling the pursuit of reward.
Responsiveness to reward in BD may better reflect the arousing
or activating properties of reinforcement-related stimuli rather
than enhanced hedonic responses (6), akin to a non-specific
invigoration of behavior elicited by reward-related stimuli (7).
In general, invigoration is likely to be adaptive in a reward-rich
environment, but there may also be deleterious consequences
[e.g., (8)] which may be relevant for BD.

Alterations in the performance of BD on reinforcement
learning paradigms have been reported (9, 10), as well as altered
decision making (11), but these studies vary in their emphasis on
risk taking, blunted reward sensitivity and cognitive flexibility.
In the present study, we employed the Cued Reinforcement
Reaction Time (CRRT) task, amotivated reaction time task which
has been employed in studies of 5-HT (serotonin) manipulations
(12) and patients (13, 14). The reinforcement contingencies on
the task should prompt the participant to shorten their reaction
times on high reinforcement trials compared to the low trials, so
primarily the task is used as an index of the motivational impact
of cues on a simple cognitive task. In a previous investigation with
the CRRT (12), manipulation of central nervous system 5-HT
using acute tryptophan depletion (ATD) reduced reinforcement
related speeding in a group of healthy individuals. In addition,
the pattern of errors changed, with a relative reduction of errors
in the high reinforcement condition.

With regard to BD, we considered two hypotheses. First,
there may be generally inflated urgency across all rewarding
contexts, or a preference for speed over accuracy. Second,
there may be an impairment in the contextual calibration of
urgency. It is often assumed that increasing impulsivity is
broadly maladaptive [e.g., (15)]. However, there is also a concept
of “functional” impulsivity (16), in which rapid if inaccurate
decisions are necessary in order to obtain reward and are
thereby adaptive. Thus, impaired calibration could lead to hasty
and inaccurate decision making in reward-sparse environments
when accuracy is needed, but also excessively conservative
decision making in reward-rich environments. We performed
a detailed analysis of task performance to investigate these
possibilities.

We recruited four groups of participants (bipolar euthymic,
bipolar depressed,major depressive disorder (MDD), and healthy
controls), and hypothesized that the normal pattern of reward-
related speeding would be altered in individuals with bipolar
disorder. Note that these predictions are focused on the notion
that BD patients (euthymic or depressed) would show altered
impulsivity that would be detected on the CRRT paradigm. This
design allows the impact of mood state to be largely differentiated
from a BD-related trait abnormality. In a previous study with
unipolar depressed patients (14), we observed an overall intact

pattern of responding on the paradigm (i.e., similar reward-
related speeding to controls), and even enhanced performance
on some metrics. We also sought to determine whether a similar
finding could be identified in the present data set. Our analytical
strategy incorporated conventional reaction time (RT) and error
difference scores. To provide further support to our conclusions,
we supplemented this analysis with a simple reinforcement
learning-based approach, instantiated within a general linear
model (GLM).

METHODS

Participants
Thirty currently depressed adults with bipolar disorder (BPD)
type I, 35 currently Euthymic individuals with bipolar disorder
(BPE) type I, and 41 currently depressed adults with MDD
participated in the study. All BPE/BPD/MDD participants were
diagnosed according to DSM-IV criteria using the Structured
Clinical Interview for DSM-IV-Research-Version [SCID-P: (17)].
All BPD and MDD participants were in a Major Depressive
Episode, as determined by SCID-P criteria, at the time of
a functional magnetic resonance imaging (fMRI) scan which
occurred ∼1 week prior to the behavioral testing session at
which the present data was collected. Data obtained from
this scanning session have been previously reported (6, 18–
20). Current mood state was confirmed by having a Hamilton
Rating Scale for Depression (HRSD-25) ≥17 (21) and a Young
Mania Rating Scale [YMRS: (22)] score ≤10 on the day of the
test (unless it occurred <4 days after the scanning session),
although three BPD and five MDD individuals meeting SCID-
P criteria for depressive episode had a HRSD-25 score between
11 and 17 on the test day, while three BPE had scores of 17
or over. All participants also completed the Spielberger State
Anxiety Inventory on the test day (23). Prevalence of lifetime
comorbid anxiety and substance use disorders are reported in
Table 1. Importantly, all BPE/BPD/MDD participants were free
from alcohol/substance abuse or dependence for a minimum
of 3 months prior to the study (range: 4–235 months). Forty-
four healthy adult control participants (HC) with no previous
personal or family history of psychiatric illness in first-degree
relatives participated in the study. All HC participants were also
free of previous or current alcohol/illicit substance abuse. All
participants were right-handed and native English speaking. The
study protocol was approved by the University of Pittsburgh
Institutional Review Board. After complete description of
the study to the participants, written informed consent was
obtained.

Further exclusion criteria for all participants included history
of head injury, systemic medical illness, cognitive impairment,
premorbid IQ estimate <85 (as derived from the National Adult
Reading Test: NART), schizophrenia/schizo-affective disorder
and rapid cycling disorder. All included participants showed
<21 errors per condition/block, and <8 time-outs. The final
participant numbers per group listed above and in Table 1 do
not include a further three individuals with BPE and two with
MDD who were excluded due to poor task performance (>9
time outs). A high number of timeouts might have been reflective
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TABLE 1 | Demographic and clinical information for participants in the four groups.

Healthy controls Major depressive

disorder

Bipolar

depression

Bipolar euthymic Group differences

Gender (M:F) 15:29 9:32 6:24 12:23 X2 = 3.19, p = 0.36

Age (years; mean/S.D.) 33.60 (6.093) 32.29 (7.74) 32.15 (8.85) 32.62 (8.08) F (3, 146) < 1

NART IQ (mean/S.D.) 112.32 (9.53) 112.32 (9.53) 110.22 (10.047) 112.97 (9.30) F (3, 146) < 1

Years of Education (mean/S.D.) 6.41 (1.28) 6.10 (1.28) 5.30 (1.12) 6.31 (1.21) F (3, 146) = 5.47, p = 0.001

(BPD<all other groups)

HRSD 25 (mean/S.D.) 1.75 (1.97) 25.90 (6.14) 25.90 (6.099) 7.43 (6.87) F (3, 146) = 202.34, p < 0.001

Illness Duration (mean/S.D.) N/A 13.95

(7.66)

16.41 (8.18) 13.074 (7.60) F (2, 103) = 1.57, p = 0.21

Number of Manic Episodes N/A N/A 1.80 (0.96) 2.23 (1.46) F (1, 63) = 1.89, p = 0.17

Number of Depressive Episodes N/A 2.93 (1.37) 3.03 (1.33) 2.31 (1.66) F (2, 103) = 2.84, p = 0.063

YMRS (mean/S.D.) 0.41 (0.84) 3.17 (2.50) 4.33 (2.31) 2.31 (2.58) F (3, 146) =24.71, p < 0.001

State Anxiety (mean/S.D.) 27.25 (7.85) 55.63 (10.087) 53.80 (11.31) 33.97 (10.92) F (3, 146) = 79.29, p < 0.001

Lifetime Comorbid Anxiety

Disorders (W:WO)

0:44 30:11 22:8 11:24

Lifetime Substance Use

Disorders (W:WO)

0:44 15:26 12:18 14:21

Psychotropic Medication Load

(mean/S.D.)

0 (0) 2.44 (2.062) 3.53 (2.30) 3.09 (1.72) F (3, 146) = 33.77, p < 0.001

(HC<all patient groups, otherwise

no significant differences)

Antipsychotic (T:NT) 0:44 3:38 19:11 22:13

Antidepressant (T:NT) (includes

Buproprion)

0:44 30:11 12:18 12:23

Mood Stabilizer (T:NT) 0:44 6:35 16:14 23:12

Anxiolytic (predominantly

Benzodiazepine) (T:NT)

0:44 10:31 8:22 4:31

T:NT, taking: not taking; W:WO, with:without symptom.

of a failure to understand the instructions fully, and would
have resulted in a reduction in the number of trials in which
performance feedback was provided. Timeouts also reduce the
amount of data available for modeling within the GLM. Two
further participants (one BPE and one HC) were excluded on the
basis of a relatively poor GLM fit (log likelihood<1100/Z score
of the residual variance relative to overall mean Z>7; all included
participants log likelihood = 1150–1350), which was generally
reflective of abnormal performance (outliers) on one or more
metric.

Procedure
The paradigm was the same as that employed by Cools et al. (12).
Participants performed two short practice blocks (20 trials) of a
task, based on the circles task of Duncan et al. (24), in which they
had to select the odd-one-out of three stimuli, within 2,000ms.
The mean and standard deviation of the participant’s reaction
time on the second practice block were recorded, and used as the
“reward threshold” for the next stage of the task. Participants then
performed two longer blocks (96 trials each) of a similar task,
which contained a reinforcement component via the potential
to win points. Points rewards were available on some trials, and
were dependent on subjects’ accuracy and speed, as well as the
presence of rectangular cues which surrounded the area where
the circles were presented, and were presented before the circles

were presented. One cue predicted reward availability on 90%
of trials (high probability cue), the second on 50% (medium
probability cue), and the third on 10% of trials (low probability
cue). Colors used for these cues were always red, blue and yellow,
and subjects were randomly assigned to one of two mappings
between cue and reward probability. Of the 96 trials in each
block, 32 trials were performed with each cue type. There were 12
different arrays of three circles, and these were counterbalanced
within cues such that there were no cue repetitions, and only
two response repetitions occurred. If rewards were available on
a given trial and the subject responded both correctly and faster
than their reward threshold, the subject would receive 100 points,
a green smiling face and a flourish sound. If the same were
true, but the subject had responded slower than their reward
threshold, they would receive 1 point, a green smiling face and a
high frequency tone. Finally, if the subject was incorrect on trials
where reward was available, they would receive negative feedback
(a red frowning face and a low frequency tone, but no loss of
points). If reward was not available on a given trial, no feedback
was provided.

Data Analysis: Basic Analyses
First, raw RT data were transformed using a reciprocal transform
[see (25)]. For basic analyses, mean reciprocal RTs from correct
trials were calculated for each cue (high/medium/low) and block
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(first/second) separately. Repeated-measures ANOVA was then
conducted for the resulting variables, including effects of block
and cue as a within-participant factors, and the effect of group as
a between-participant factor. Following previous studies (26), we
also computed a measure of RT speeding, contrasting the high vs.
low reward probability cue following Z transformation of the raw
RT values (with reference to the mean and standard deviation for
all cues within a block).We focused on block 2 only, as the reward
contingencies were more likely to have been learned by that stage.
All parametric analyses were confirmed by including years of
education, age and gender as covariates. In all cases, findings
were similar and these analyses are not reported. Following the
suggestion of a reviewer, we also performed an additional analysis
involving number of manic episodes in the bipolar groups alone
(BPE/BPD).

Due to their non-normal distribution, error scores (per
block/cue) were analyzed using non-parametric tests (Kruskal–
Wallis test). Similar difference scores reflecting the effect of high
vs. low probability cues for block 2 were calculated to compare
with RT speeding metrics described above. Speed/accuracy
relationships were investigated in two ways: first, with a simple
Spearman’s Rho correlation; second, using ordinal logistic
regression. For the latter analysis, six error categories (−3 to +2
errors for high vs. low cue trials, block 2) containing roughly
similar numbers of individuals were created to reduce model
complexity.

Data Analysis: General Linear Model
As a follow up analysis, reciprocal RTs from the whole task
(both blocks) were fit within a single general linear model
[GLM: (25, 27)] separately for each participant. The goal of this
modeling was broadly to demonstrate that the data are consistent
with a Reinforcement Learning (RL) model, and that similar
findings could be obtained using different modeling approaches.
Our initial analyses suggested that the data did not provide
strong constraints over multiple possible free parameters—
specifically, the design did not allow unique identification of
these parameters. We therefore set them either on the basis of
prior work or to reflect a nominal magnitude ranking. These
arbitrary decisions were justified insofar as they were unlikely to
have a substantial impact on the overall pattern of data—at least
with respect to group differences. To correct for autocorrelated
properties of the timeseries, an AR(3) ARIMA model [see (25)]
was fit using MATLAB (regARIMA function), and fixed effects
at the subject level were thereby obtained. The model contained
the following components as independent (predictor) variables:
the first 5 trials per block [see (25)]; error trials; post error
trials; a linear trend to correct for non-specific improvement
on the task (trial number); and reward expectancy generated
from a reinforcement learning model. The latter component was
most relevant to our focus, and was derived from the following
equation:

Q(cue, t)← Q(cue, t)+ alpha∗(outcome(t)−Q(cue, t))

The learning rate (alpha) was set to 0.2 for win or no-win
outcomes [see (28)], but for punishment trials (signaled errors)

it was set to 0.3 to reflect an increased salience of this condition.
For 100 point wins, the outcome value was set to 3, and for
1 point wins it was set to 1. Trials on which responses were
too slow were excluded from the analysis. We focused on the
beta parameters associated with the Q-value regressor for further
analysis, examining whether there were group differences using
a combination of one-way ANOVA and a Bayesian test of the
null hypothesis (29), and also recapitulated the ordinal logistic
regression analysis described above using the Q-value beta value
instead of the RT speeding measure.

Effect of Medication
We computed: (1) medication load, an index that reflects
the number and dose of different medications, as in
our previous neuroimaging studies on bipolar disorder
[e.g., (30) and 2] identified medication status (taking vs.
not taking each of five main psychotropic medication
subclasses: mood stabilizers/antipsychotics/antidepressant/
anxiolytics/dopaminergic-antidepressants, e.g., Bupropion: see
Table 1). Medication load calculation was based on a binary
categorization of low and high dose groupings of antidepressants
and mood stabilizers; a binary categorization of antipsychotics
relative to mean effective daily dose of chlorpromazine
hydrochloride; and a binary categorization of benzodiazepine
dose relative to the recommended daily dose of each type of
benzodiazepines. If a participant was not taking a given class
of the medication, they would receive a score of 0, a low dose
would receive a score of 1 and a high dose would receive a score
of 2. Scores for each class of medication were added together
to produce the final medication load score. Details of the
patients’ medications are presented in Supplementary Table 1.
We tested whether the speed/accuracy relationships with the
bipolar groups described within the ordinal logistic regression
model were significant when medication (both main effect
and medication by RT speeding interaction) was concurrently
modeled.

RESULTS

Demographic Variables
The four groups were well matched for age, gender, and NART-
estimated IQ (see Table 1). The groups differed on years of
education, due to the BPD group showing a lower number of
years of education.

Reaction Times and Overall Performance
Analysis of variance (ANOVA) conducted on the reciprocal RTs
revealed a significant main effect of block [F(1, 146) = 48.38, p <

0.001], a significant main effect of cue [F(2.00,291.22) = 10.94, p <

0.001] and a significant block by cue interaction [F(1.99,290.98) =
15.73, p < 0.001]. The main effect of group was not significant
[F(3, 146) <1], neither were any significant interaction effects
involving group (p’s > 0.26). The robust effect of cue and cue by
block interaction supported the hypothesis that RTs are sensitive
to task contingencies. The presence of learning was further
supported by significant high vs. low reward (z-transformed) RT
differences in all four groups on the second block (t’s > 2.71, p’s
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< 0.011: see Figure 1). Raw RT and error scores are presented in
Table 2.

In terms of the number of points won overall, a significant
main effect of block was observed [F(1, 146) = 42.31, p < 0.001]
which reflected a general increase in points scored in block 2, but
no main effect of group [F(3, 146) = 1.34, p = 0.26]. A marginal
block by group interaction was also observed [F(3, 146) = 2.68,
p = 0.049]. Games-Howell non-parametric post hoc tests on the
changing score from block 1 to block 2 revealed that healthy
controls showed a relatively smaller increase in the number of
points across blocks, and this was significantly lower than the
BPD group (p = 0.014). No other significant findings were
observed.

FIGURE 1 | Reward-related speeding (high vs. low reward cue) on the second

block in all four groups. Higher scores on the Y axis indicate faster responding

for high vs. low reward cues. Units are 1/ms; error bars reflect standard error

of the mean; asterisks reflect the mean value being significantly greater than

zero (p’s < 0.05).

Errors
Overall, all three groups showed similar rates of overall
commission errors (χ2

<1.2, p’s > 0.7 across both blocks and
overall). Similar findings were seen with overall omission (“too
late”) errors (p’s > 0.45). Following the RT analysis by focusing
on relative errors for the high vs. low reward cue in the second
block, Kruskal–Wallis tests revealed a main effect of group (χ2

= 9.26, df = 3, p = 0.026). The only post-hoc test reaching
significance when corrected for the number of possible group (n
= 6) comparisons was the difference between control and BPE
individuals (Z = 2.76, p = 0.006), with BPE individuals making
relatively more errors in the high reward than the low reward
condition than the controls in the second block (see Figure 2).
The BPE group also tended to make relatively more errors on
high vs. low reward trials in the second block than the BPD
group (p = 0.027) and the MDD group (p = 0.090). Looking at
differential error rates within the groups, the BPE group was the
only group to show a significant difference between the block 2
stimuli in terms of error rates, showing significantly higher error
rates to the high compared to low reward stimuli (Z = 2.49, p
= 0.013). The three other groups showed similar error rates on
block 2 across stimuli. Finally, a difference between the groups
on high vs. low error rate was not seen on the first block (χ2

= 3.77, df = 3, p = 0.29). We also investigated the impact of
the number of prior manic episodes on the reward-related error
rate within the BPE/BPD groups. A significant relationship was
observed (ρ = −0.28, p = 0.027, n = 65), with relatively greater
errors on the high reward trials being observed in patients who
had experienced greater numbers of manic episodes.

Relationship of Speed and Accuracy
As described above, the strongest metric of reward-related
speeding was high vs. low reward RT difference on the second
block. If participants are differentially balancing speed and
accuracy, we might expect that, across individuals, shorter RTs in
the high reward condition would come at the cost of a relatively
increased error rate. Across all individuals, this hypothesis was
supported (ρ = 0.31, p < 0.001), and strongly in the HC (ρ =

TABLE 2 | Raw RT (ms units) and error scores (mean/standard deviation) for each group, for each block (1 and 2), and cue (high, mid, and low reward probability).

HC MDD BPD BPE

Block 1 Low RT 657.71 (115.85) 691.84 (155.07) 718.12 (186.63) 670.25 (158.89)

Block 1 Mid RT 657.40 (116.46) 700.02 (166.11) 739.03 (191.60) 683.16 (161.79)

Block 1 High RT 651.36 (117.03) 682.39 (157.19) 730.93 (189.76) 686.52 (177.71)

Block 2 Low RT 635.94 (112.85) 669.91 (153.75) 676.12 (159.03) 665.56 (165.75)

Block 2 Mid RT 625.67 (114.62) 659.35 (151.70) 665.75 (163.11) 655.66 (170.53)

Block 2 High RT 630.10 (121.57) 653.30 (152.25) 657.13 (159.34) 644.11 (156.42)

Block 1 Low Error 3.23 (3.33) 2.44 (2.11) 2.27 (2.18) 3.03 (2.83)

Block 1 Mid Error 2.91 (3.58) 2.68 (2.29) 2.20 (1.74) 2.97 (3.42)

Block 1 High Error 2.59 (2.60) 2.54 (2.45) 2.40 (1.98) 3.60 (3.87)

Block 2 Low Error 2.57 (2.94) 2.27 (2.06) 2.10 (1.79) 2.60 (2.67)

Block 2 Mid Error 2.39 (2.96) 1.66 (1.71) 2.07 (1.91) 2.34 (2.53)

Block 2 High Error 2.41 (3.21) 2.49 (2.42) 2.20 (2.21) 3.46 (3.56)
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FIGURE 2 | Reward-related error rate (high vs. low reward cue) on the second block in all four groups. Higher scores on the Y axis indicate more accurate responding

for high vs. low reward cues. Error bars reflect standard error of the mean; asterisks reflect the mean value being significantly greater than zero (BPE), or the BPE vs.

control difference being significant (p’s < 0.05).

0.43, p = 0.003) and MDD (ρ = 0.50, p = 0.001) individually.
In the BPE group, the relationship was significant if numerically
smaller (ρ = 0.37, p = 0.031), and was not present in the BPD
group (ρ =−0.27, p= 0.15: see Figure 3).

To model this finding more formally, we constructed an
ordinal logistic regression model in which we aimed to predict
the (high-low, block 2) errors from the amount of speeding
differentially across the groups. The model confirmed a large
main effect of high vs. low RT speeding (Wald = 13.00, p <

0.001). In addition, BPE showed main effect (Wald = 5.50, p
= 0.019) (i.e., overall difference in high vs. low errors), but the
BPE∗RT speeding interaction term was not significant (p= 0.35).
By contrast, the BPD group showed no significant main effect
(p = 0.29) but significant interaction term (Wald = 9.089, p =
0.003).

General Linear Model
The Q value of the cue, as derived from the RL model,
was related to RT as evidenced by a beta statistic that was
significantly different from zero across all individuals [t(149) =
6.32, p < 0.001]: trials where the cue value was higher had
shorter RTs. Value-related RT speeding was correlated with
block 2 high vs. low RT difference across all participants (r=
−0.49, p < 0.001). No main effect of group was seen on this
variable [F(3, 146) = 1.68, p = 0.17]. Moreover, a Bayesian test
of null hypothesis of currently depressed individuals (i.e., all
MDD/BPD participants) vs. currently non-depressed individuals
(all HC/BPE participants) revealed strong evidence for the null
hypothesis of no difference between the groups (Bayes Factor =
12.91). Finally, of the three significant findings in the ordinal

logistic regression model described in section Relationship of
Speed and Accuracy, the main effect of value-related speeding
(Wald = 4.91, p = 0.027), main effect of BPE (Wald = 3.41, p
= 0.065) and BDE∗value-related speeding (Wald = 5.88, p =
0.015), all at least trended in the same direction as previously,
while no further significant findings were observed.

Medication Effects
Including the presence of antipsychotic medications or mood
stabilizers in the ordinal logistic regression model described in
section General Linear Model reduced the effect of the BPE
main effect (p = 0.079 or p = 0.2 respectively), while mood
stabilizers themselves had a trend level effect (p = 0.063). A
clearer influence was seen with overall medication load, which
itself had a significant main effect (Wald = 4.23, p = 0.040) and
load by speeding interaction (Wald = 4.58, p = 0.032). In this
model, the BPE main effect was also reduced to marginal (p =
0.058). In all of these models, the significance of the BPD by
speeding interaction was unaffected. Importantly, when the effect
of antipsychoticmedication, mood stabilizers, ormedication load
were examined in the BPE group alone, no significant differences
in relative error rate were observed (all p’s>0.47). In other
words, differential medication status within BPE participants was
associated with similar patterns of reward-related error rates.

DISCUSSION

In the present study, we evaluated four groups of
participants - euthymic and depressed patients with bipolar
disorder, unipolar depressed individuals and healthy
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FIGURE 3 | Trade-off between increases in speed and accuracy for the high vs. low cue. (A) Between subject relationship between reward-related speed and

accuracy improvements across all four groups. Asterisks reflect correlations being significantly different from zero (p’s < 0.05). (B) Plot of the individual subject data

for the healthy control group alone, revealing the trade-off between speed and accuracy improvements. Note that a large proportion of individuals are in the upper

right-hand quadrant, suggesting overall reward-related improvements.

controls—on a motivated reaction time paradigm. Across
all individuals, significant, and similar RT speeding was observed
across all four groups. An analysis using RT differences was
confirmed with simple reinforcement learning (RL) model
instantiated within a GLM. Second, different pattern of cue-
related errors was observed in the BPE group: BPE individuals
showed higher rates of errors in the high vs. low reward
condition on block 2, whereas no other group showed this effect.
Complementing this finding, greater numbers of manic episodes
in the bipolar groups also predicted higher error rates in the
high vs. low reward condition, suggesting that there may be
dimensions of illness severity or chronicity which may generalize
across the bipolar groups.

Accounting for differences in RT clarified the relative
error rate finding further, as there were substantial individual
differences in RT/errors. Controls and MDD groups showed
strong negative relationships between high vs. low error
difference scores, and high vs. low RT difference scores. This
suggests that individuals adopt different strategies: on one end
of the spectrum, they might reduce RTs dramatically for high
reward cues at the cost of increased errors; at the other end,
they might reduce RTs slightly and show relatively low error rates
following the high reward cue. By contrast, both of the BD groups
showed a complication of this predicted relationship: the BPE
group showed an overall increase in errors in the high vs. low
reward cue, while the BPD group showed a decoupling of high
vs. low reward error rate and high vs. low RT.

Comparison With Previous Findings
Similar findings to the present were obtained by Mueller et al.
(31): youth with pediatric bipolar disorder showed a higher error
rate under the incentive condition of an anti-saccade task than
healthy controls, while similar performance between the groups
was seen on the no incentive condition, and on a pro-saccade
task. This type of finding is compatible with our observations,

insofar as the task incentives were associated with impaired
performance in the bipolar group.

Existing data on the speed/accuracy trade off (SAT) in major
depression are somewhat complex. Although MDD patients
might be expected to favor accuracy over speed, Dillon et al.
(32) demonstrated, using drift diffusion modeling of a flanker
task, that a slower executive control process is offset by a slower
prepotent bias. As a result, the SAT seen in MDD patients was
roughly similar to that seen in controls. We were unable to
replicate the finding of enhanced performance in MDD patients
that we had previously reported (14). The present study cannot
be considered an exact replication attempt, because the age of
the participants was different between the samples (participants
in the present sample were around ∼10 years younger), and
different medications had been prescribed. Age may be a relevant
dimension for further investigation because reanalysis of our
previous findings suggested that age was positively related to
overall errors and reaction time variability in the healthy control
group (r’s= 0.44–0.50) but not in the patient group (r’s=−0.08:
unpublished data). As the age range of the present sample is
only partially overlapping with the previous sample, it is difficult
to perform a direct replication of this finding here. Overall, a
unifying conclusion of both datasets, which would be directly
testable, is that MDD and/or antidepressant medications may
prevent decline in overall RT performance in individuals >45
years old.

Nevertheless, the present findings strengthen an important
conclusion of the previous study: namely, that reward-predictive
cues can exert similar speeding effects on motivated behavior
in depressed and healthy individuals. The present study was
adequately powered to detect effects of similar magnitude to
those reported in previous studies of psychopathology with this
task [d = 0.77–1.29: (13, 14)]. These findings contribute to a
growing literature describing areas of intact reward processing
in MDD (33), and provide contrast with paradigms which
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appear to be more reliably sensitive (34, 35). Although details
of the experimental design within the reinforcement learning
frameworkmay be relevant to understanding these discrepancies,
it may also be that theoretical accounts of motivation that
extend beyond a focus on the arrangement of stimuli, responses
requirements and reinforcement contingencies may be insightful
in determining why some paradigms are sensitive to differences
related to depression and some are not (36).

Neurocomputational Basis
If the spirit of the impulsivity construct is one of sub-optimal
decision making, then considering impulsivity in terms of
the SAT might emphasize a failure to optimize RT in order
to maximize utility, rather than simple premature or hasty
responding. But whether or not healthy individuals show an
optimal trade-off of speed and accuracy is also debated (37),
and can be considered in terms of the drift diffusion model.
This provides a framework to allow a derivation of optimal
performance on decision paradigms across different levels of
sensorimotor signal to noise ratio [SNR—(37)]. In addition,
Manohar et al. (38) demonstrated that reward can provide
a general improvement in performance rather than biasing
toward speed or accuracy. In our data, there was a strong
negative correlation between the degree of RT speeding and
enhanced error rates. For a given SNR, this might be explained
by proposing that individuals differ considerably regarding the
relative utility of reward and punishments available on the task.
For the HC and MDD groups, the pattern of findings follows
what might be expected if participants showed some variation in
how the response threshold parameter is set (i.e., more or less
liberally) in order to promote reward rate or reduce punishment
rate. It would also be necessary to propose an increase in SNR
in the high reward condition [see (38)], as performance was
generally better (faster and as accurate) here than in the low
reward conditions. By contrast, the bipolar participants did not
conform to this pattern. Both bipolar groups shortened their RTs
overall in the high reward condition, suggesting a loosening of the
decision threshold, but individual differences in this shortening
were not always accompanied by predictable changes in error
rate. It may be that some bipolar participants showed a decrease
in SNR during the high reward condition. In combination with
looser decision thresholds, a decrease in SNR might lead to
increased error rates and shorter reaction times—the pattern seen
in the BPE group. A more subtle effect of reducing SNR in the
high condition might simply be to reduce the coupling between
error rates and RT, which was the finding seen in the BPD group.
In other words, the same type of explanation (i.e., a relative
decrease in SNR in high reward conditions) might account for
both the observed main effect (BPE) or the group by speeding
interaction (BPD). High reward cues in the bipolar groups may
affect behavior by a number of different mechanisms, including
reduced selective attention, or the engagement of competing but
irrelevant responses. Either possibility may appear to decrease
SNR in the high reward condition.

Clearly then, our data do not support the idea that
there is a simple change in response threshold in mood
disorders, but previous studies whichmanipulated serotoninergic

neurotransmission using acute tryptophan depletion (ATD) can
be largely explained in this way (12, 26). Specifically, ATD
was associated with a reduction in reward-related speeding,
particularly in highly impulsive individuals (12) and individuals
carrying the ss allele of the 5-HT transporter gene (26). In
both of these studies, errors broadly tended to follow what
would be expected by RT speeding: for example, ATD was
associated with overall reduced error rates in ss individuals
(26), and fewer errors on high compared to low reward
conditions (12).

Limitations
Medicationwas a confound in the present study, and the presence
of psychiatric control groups (e.g., MDD) did not allow us to
correct for this completely: the effect seen in the BPE group
(increased errors in the high vs. low condition) did not survive
correction for medication load, although the effect seen in the
BPD group (error by RT interaction) did. However, as the BPE
group showed similar error rates if medicated by antipsychotics,
mood stabilizers or higher overall doses than if they were not
medicated in this way, it seems most likely that the reduction
in significance relates to confounding and a consequent loss of
statistical power rather than a particular effect of medication
on performance. Finally, the findings of the present study
do not support the contention that antidepressants improve
performance which was an interpretation of our previous work
(14), but it remains possible that the effect of anti-depressants
may be age dependent, as described above.

One limitation of the paradigm is that it is broadly
reward-focused. Recent studies have manipulated reward and
punishment independently within the context of compatible
motivated RT paradigms (27, 39). Future studies could usefully
examine the generalization of these finding across different
experimental contingencies. One straightforward manipulation
would be to add another block (or more) of trials: this would
allow more precise measurement of asymptotic performance,
particularly of error rates which are low and thus may be difficult
to estimate accurately. Finally, future studies could also explore
drift diffusion modeling to verify some of our conclusions,
although some more substantial alterations to the experimental
designmay be necessary to constrain the number of potential free
parameters (40).

Summary
In summary, we emphasize two primary contributions of the
present work. First, the findings confirm the presence of reward-
related speeding within mood disorders: this finding is in line
with our previous work, but does not support the hypothesis of
motivational impairment within depressed individuals. Second,
we provide evidence for an alteration in a reward-related trade-
off between speed and accuracy within individuals with BD. Our
favored interpretation of this finding is that individuals with BD
may show a decrease in sensorimotor SNR under high reward
expectation, as opposed to individuals with MDD and HC who
show increased SNR. Together, the findings suggest a novel
avenue for research into impulsivity in mood disorders.
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Background: Patients with schizoaffective disorder (SAD) suffer from cognitive

impairment, which negatively influences their functionality. Cognitive remediation (CR)

interventions have been shown to be effective in patients with schizophrenia (SZ) and

bipolar disorder (BD), but evidence in SAD is limited so far. The aim of this study is to

systematically review the published data on CR interventions, either in neurocognition or

social cognition, in patients with SAD.

Methods: We conducted a comprehensive, computerized literature search using terms

related to CR interventions in psychotic and affective disorders, and particularly in

SAD. Pubmed, Embase, and Web of Knowledge databases were used up to February

28th, 2018 according to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) statement. The search returned 2672 articles of which four

were finally selected meeting the inclusion criteria.

Results: Cognitive Enhancement Therapy, computerized Cognitive Remediation

Therapy and Cognitive Training showed positive results in subsamples of patients with

SAD regarding neurocognition and functioning in comparable terms to patients with

schizophrenia as well as in a greater extent in quality of life. Benefits in social cognition

were also described when Social Cognition Interaction Training was considered in

patients with SAD.

Conclusions: CR interventions seem to improve neurocognition and social cognition in

patients with SAD as well as functioning and quality of life. However, further randomized

controlled trials on CR interventions with an optimized design focusing on selected

sample of patients with SAD are imperative.

Keywords: schizoaffective disorder, affective psychosis, cognitive enhancement, cognitive remediation, cognitive

rehabilitation, cognitive training
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INTRODUCTION

Cognitive impairment is highly prevalent in several mental
disorders, especially in those presenting with psychotic
symptoms (1–5). Therefore, a neuropsychological examination
of patients with psychiatric disorders has been progressively
integrated in the elementary assessment of these patients (6, 7).
Cognitive impairment has been widely studied in patients
with schizophrenia (SZ), who usually exhibit some cognitive
dysfunction preceding the illness onset (8). The most prevalent
impaired cognitive domains in these patients are attention,
processing speed, working memory, and problem solving (9–11).
Cognitive impairment is also common in bipolar disorder
(BD) even during euthymia (12–15). Although a subgroup of
patients with BD may present some mild cognitive deficits
before illness onset or even a higher cognitive performance
than healthy population, most patients present an average
cognitive performance until the first episode (16–18). After
illness onset, cognitive performance in BD declines in particular
in the domains of attention, verbal learning and memory, and
executive functions according to clinical severity and number of
relapses (8, 13, 19). Therefore, in general terms, there are many
similarities between SZ and BD including scope of cognitive
domains (20, 21).

First descriptions on cognitive performance of patients with
schizoaffective disorder (SAD) come from studies with mixed
samples of patient with SAD and SZ (22–24). Later, comparisons
on the cognitive performance between SAD and SZ were also
published (25–33). On the one hand, studies suggested that
both groups of patients might present a similar pattern of
neurocognitive impairment, especially in memory, executive
functions, cognitive flexibility, reasoning, and problem solving
(25–28). On the other hand, subsequent studies described
less severity of neurocognitive impairment in patients with
SAD compared to patients with SZ (29–33). Concerning social
cognition, patients with SAD displayed a higher performance on
tasks related to the Theory of Mind (ToM) compared to patients
with SZ (32). When comparing the neurocognitive performance
between patients with SAD and BD, poorer execution in verbal
memory and occupational functioning has been detected in
patients with SAD (4). All in all, these findings evidence the
cognitive heterogeneity in patients with SAD (31, 34) and place
this disorder in an intermediate position in terms of cognitive
performance between SZ and BD although possibly closer to SZ
(35). In terms of structural neuroimaging abnormalities, SAD
also resembles more SZ than BD (36).

Since cognitive impairment is related to a worse clinical
course and poor functional outcome (3, 37–40), it needs to be
considered as a therapeutic clinical target in order to improve
both psychosocial functioning and quality of life of patients
with SAD (41–44). Nowadays some studies have suggested that
social cognition may explain more functional outcome variance
than neurocognition and that is why social cognition has been
increasingly considered as another important treatment target
(45, 46). Cognitive remediation (CR) interventions in psychiatric
disorders are psychological or pharmacological based approaches
(42). Concerning pharmacological treatments in affective and

psychotic disorders, evidence so far suggests only a small effect
on cognitive improvement; several drugs with potential pro-
cognitive effects are currently being investigated (47, 48). With
regards to psychological approaches, CR interventions have been
developed to improve cognitive processes such as attention,
memory, executive function, social cognition, and metacognition
(Cognitive Remediation ExpertsWorkshop, April, 2010) (49, 50).

The evidence of CR in neurocognition and social cognition
in patients with SAD mainly stems from mixed sample studies,
generally of patients with SAD and SZ or in fewer cases patients
with SAD and BD (51). Although there are no studies focused
exclusively on analyzing the efficacy of cognitive interventions
in samples composed by patients with SAD, a systematic
review about cognitive rehabilitation on patients with SAD
as well as affective disorders hinted an improvement on the
level of cognitive performance after completion of cognitive
remediation in patients with SAD (52). The data of SAD in
this study were determined by estimated pooled effect size (ES)
weighted for the percentage of patients with SAD. Potential
changes in other outcomes apart from cognition, such as
social cognition, psychosocial functioning, and quality of life
were not analyzed. According to the lack of knowledge of CR
interventions in patients with SAD, we aimed to systematically
review the evidence on CR interventions in neurocognition,
social cognition, psychosocial functioning, and quality of life in
patient with SAD exclusively and describe their possible benefits
in these particular patients.

METHODS

This systematic review was conducted following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (53).

Data Sources and Search Terms
A comprehensive literature search of CR interventions in SAD
was conducted by three authors independently (EL, BS, and IG)
using the search terms in Pubmed, Embase, and Web of Science
electronic databases from inception to February 28th, 2018.

The following Boolean logic algorithms were used: In
Pubmed, (schizoaffective OR schizo-affective OR “affective
disorder” OR “affective psychosis” OR “bipolar” OR “manic
depression” OR schizophrenia OR “schizophreniform
psychosis”) AND (“cognition training” OR “cognition
therapy” OR “cognitive remediation” OR “cognitive training”
OR “cognitive rehabilitation” OR “cognitive therapy”
OR “cognitive intervention” OR “cognitive treatment” OR
“neurocognitive remediation” OR “neurocognitive training” OR
“neurocognitive rehabilitation” OR “neurocognitive therapy” OR
“neurocognitive intervention” OR “neurocognitive treatment”
OR “neuropsychological training” OR “neuropsychological
rehabilitation” OR “neuropsychological therapy” OR
“neuropsychological treatment” OR “metacognitive training”);
and in Embase and Web of Science: “schizoaffective AND
(“cognitive remediation” OR “cognitive rehabilitation” OR
“cognitive training”).
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Reference list of individual papers were also examined to
identify any additional relevant studies.

Study Inclusion Criteria
Records were reviewed using the following inclusion
criteria: (1) Published studies (randomized clinical trials
and follow-up cohort studies) about cognitive interventions
targeted at improving cognitive skills, functioning, or

quality of life which reported results about the sample or
subsample of patients with SAD with at least 2 timing
outcomes measures; (2) number or proportion of cases
diagnosed with SAD in the sample; (3) diagnoses of SAD
according to DSM-III, DSM-III-R, DSM-IV, DSM-IV-TR,
DSM-5, ICD-9, or ICD-10; (4) no language restrictions
were applied in this review; (5) no comparator group was
imperative.

FIGURE 1 | PRISMA flow-chart of the studies considered and finally selected for review.
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Study Exclusion Criteria
The exclusion criteria applied were: (1) meta-analyses, systematic
or narrative reviews, single cases, cases series, study protocols,
letters to the editor, editorials, debate articles, opinion papers
or congress abstracts; (2) interventions not involving CR
interventions; (3) trials without identifying the number of
participants with SAD; (4) studies without concrete outcomes
about patients with SAD.

Procedures and Data Extraction
Articles were selected based on title and abstract and, when
necessary, on examination of the full text to assess its relevance.
After elimination of duplicated sources, the full texts of the
potentially eligible studies were considered. References were also
reviewed to identify further possible studies of interest. Most
existing articles on this subject about patients with psychosis and
BDwere reviewed, since in many cases the sample was mixed and
the diagnosis of SAD was not detected in the search.

Extracted information was synthesized in two tables. In
Table 1 the characteristics of the selected studies andmain results
are summarized: (a) first author and year of publication; (b)
characteristics of the sample: (c) sample diagnosis; (d) study
design; (e) outcome measures; (f) results summary; and (g)
limitations. In Table 2 the characteristics of the interventions
applied according to the following structure: (a) intervention; (b)
target; (c) duration; (d) setting: individual or group intervention;
and (e) type: computer assisted or non-computer assisted
sessions.

RESULTS

Using the aforementioned keywords, the search returned
2672 records (Figure 1). The literature search identified 554
potentially relevant studies. After excluding studies that did not
include or describe the sample of patients with SAD and their
outcomes, four papers were identified according to the inclusion
criteria (54–57).

The sample consisted of 73 patients with SAD out of 216
(Table 1).Two studies were performed in USA (55, 57), one in
Germany (56), and one in Spain (54). The average study global
sample size was 54 (SD 22.4) participants ranging from 32 to
89 patients. 58.3% of participants were men with a mean age of
38.1 (SD = 9.2) years. Three studies reported participants illness
duration (54, 55, 57) which ranged from 3.2 to 30 years with a
mean duration of 16.6 (SD 13.9) years. The average percentage
of patients with SAD in the four studies was 33.8% in a range
from 10.8 to 44%. The study with the largest sample of SAD was
carried by Twamley et al. (57) with a sample of 39 patients. The
interventions carried out in each study are described in Table 2.

Lewandowski et al. (55) compared a group that received
Cognitive Enhancement Therapy (CET) with another group that
received Enriched Supportive Therapy (EST) as a control group
in a randomized controlled trial. The total sample included 20
patients with SAD and 38 with SZ. The authors conducted a
secondary analysis comparing cognitive outcomes in patients
with SAD and SZ with positive findings for CET in both
diagnoses. The authors did not find a significant influence

of the diagnosis on the relationship between improvement
and treatment condition for the domains of processing
speed, neurocognition, cognitive style, social cognition, social
adjustment, or symptoms. Moreover, they described significant
benefits for CET vs. EST for both SAD and SZ in within-
group analysis: social cognition (SAD d = 1.69, SZ d = 1.68);
social adjustment (SAD d = 1.36, SZ d = 1.65); and symptoms
(SAD d = 1.00, SZ d = 0.68); all p < 0.045. In patients
with SZ, CET produced significant improvement over EST
in neurocognition (d = 0.46, p = 0.025) and cognitive style
(d = 1.08, p = 0.009), however only trend-level effects were
observed among patients with SAD (d = 0.52, p = 0.089 and
d = 0.99, p = 0.098, respectively). No significant effect of the
diagnosis on clinical improvement was found, with the exception
of a significant reduction on depressive and anxious symptoms
in patients with SAD (p = 0.019). This may be due to higher
levels of anxiety and depression at baseline in this group of
patients.

The computerized Cognitive Remediation Therapy (cCRT) is
the intervention used in the study by Scheu et al. This study
sample included 10 patients with SAD and 22 with SZ. After 4
weeks, the authors observed a significant improvement in the
neurocognitive performance that involved attention memory,
strategy, numeracy and visuo-motor skills in patients with
SAD and SZ (56). No significant differences were found in
improvement rates between both diagnostic groups. There was
no significant correlation between improvement rates and the
number of attended training sessions, but better improvement
rates were linked to a higher total number of completed tasks
(r = 0.36, p < 0.05). Correlation analyses revealed no significant
relationship between any of the baseline cognitive or symptom
measures and improvement rates. Cognitive improvements on
processing speed and verbal memory were associated with
higher baseline scores on the general PANSS and total PANSS
(r = −0.44, p < 0.05; r = −0.45, p < 0.01, respectively),
while improvements on Trail Making Test A were related to
higher scores in the positive PANSS (r = −0.43, p < 0.05).
Higher scores in the PANSS scores indicated worse clinical
state.

Twamley et al. (57) studied the efficacy of Cognitive Training
(CT) and Standard Pharmacotherapy (SP) compared to SP alone
in a mixed sample of 39 patients with SAD, 45 with SZ and
5 with psychosis not otherwise specified. Patients showed a
significant improvement in attention (p= 0.049), verbal memory
(p = 0.017), and negative symptoms severity (p = 0.002)
at 3-month follow-up and in verbal memory (p = 0.039),
prospective memory (p= 0.050), functional capacity (p= 0.004),
negative symptoms severity (p = 0.025), and self-reported
quality of life (p = 0.004) at 6-month follow-up. Results of
cognitive outcomes were not available according to diagnoses.
However, patients with SAD showed a significant improvement
in subjective perception of quality of life at 6 months compared
to patients with SZ (p = 0.03) (57). At 3-month follow-up,
improvement in digit span forward and in Hopkins Verbal
Learning Test (HVLT) were associated with higher levels of
negative symptoms severity at baseline (r = 0.45, p = 0.045;
r = 0.50, p = 0.025, respectively). Moreover, improvement in
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TABLE 2 | Description of the studied Cognitive Remediation interventions in schizoaffective disorder.

Intervention Target Duration Setting Type

Cognitive

Enhancement Therapy

(CET)

Cognitive functions and

social cognition

Biweekly sessions (60 h cognitive

training + 45 h social cognition)

for 24 months

Individual/group Computer assisted and

non-computer assisted

sessions

computerized Cognitive

Remediation Therapy

cCRT (CogPack)

Cognitive function 50min sessions twice a week

over a maximum period of 8

weeks

Individual Computer assisted

Cognitive Training (CT) Cognitive function 2 h once a week for 12 weeks Group Non-computer assisted

Social Cognition and

Interaction Training

(SCIT)

Social cognition 1 h once a week for 18 weeks Group Non-computer assisted

digit span was related to higher levels of self-reported cognitive
problems (r = 0.48, p = 0.033). An improvement in HVLT
percent retention at 3 months was also associated with lower
cognitive strategy use at baseline (r = −0.48, p = 0.033).
At 6-month follow-up, improvement on the University of
California, San Diego, Performance-Based Skills Assessment
(UPSA) functional capacity was associated with higher levels
of positive symptoms (r = 0.45, p = 0.035), lower levels of
cognitive strategy use (r = −0.54, p = 0.009), and worse UPSA
performance at baseline (r =−0.56, p= 0.007).

Lahera et al. (54) described the benefits of Social Cognition
and Interaction Training (SCIT) compared to Treatment As
Usual (TAU) in a mixed sample of 4 patients with SAD and
33 with BD. The authors detected a significant improvement in
the group that received SCIT on each social cognitive outcome
except for the Ambiguous Intentions Hostility Questionnaire
(AIHQ) Intentionality subscale, with a trend to significance
(p = 0.069). The group that received SCIT showed a significant
improvement in emotion perception and ToM (p < 0.05), and
significant improvement in hostile attribution biases compared
to the TAU group (p < 0.05). The SCIT group showed a within-
group improvement on the AIHQ Blame subscale (d = −0.19, p
< 0.01), an improvement in AIHQHostility Bias (d=−0.55, p<

0.05), an improvement in scores on the Hinting Task (d = 0.4, p
< 0.05), an improvement on the Emotion Recognition-40 (ER40)
(d = 0.51, p < 0.05), and an improvement on the Face Emotion
Discrimination Task (FEDT) (d = 0.67, p < 0.01) and Face
Emotion Identification Task (FEIT) (d = 0.81, p < 0.05). Post-
hoc analysis did not evidence an effect of diagnoses on the results.
No evidence for between-group effects on any clinical outcome
was found.

The risk of bias was assessed in all eligible studies as
recommended by the Cochrane Collaboration (58). However
it was difficult to determine due to the heterogeneity of the
study design and because the focus of this systematic review was
beyond the main objectives of the selected articles.

DISCUSSION

Despite the scarce number of studies on the topic, there
is evidence, although limited, of the effectiveness of CR
interventions in patients with SAD. CET, cCRT, and CT showed

positive results in cognition in the subsample of patients with
SAD considering neurocognitive or functional parameters as well
as outcomes related to quality of life. Benefits in social cognition
were also described when SCIT as well as CET were considered
in patients with SAD.

These results are in line with previous bibliography on the
issue. Regarding neurocognition, Anaya et al. (52) described
in their meta-analysis that CR interventions showed positive
effects on cognition at post-intervention in patients with SAD
as well as in patients with affective disorders with an ES of
0.32. Interestingly, the authors pointed out that the effect of CR
interventions increased when the meta-analysis was limited to
studies that included exclusively patients with SAD, obtaining
a pooled ES weighted for the percentage of patients with SAD
of 0.41. In addition, we also have found some evidence that
schizoaffective patients could improve in specific measures of
social cognition, social adjustment, symptoms and quality of life
after receiving a CR intervention.

It is worth commenting on the studies that presented
a relevant percentage of patients with SAD in the sample
but did not specifically mention results of the subsample of
patients with SAD. Considering neurocognition, In a subsequent
article (59) of the one included in this systematic revision,
Twamley et al. described general improvement in cognitive
domains considering the entire sample. In another study with
53% of the sample diagnosed with SAD (60), computer-
assisted cognitive rehabilitation showed greater improvement
in neurocognitive performance, specifically in verbal memory
and attention, and negative symptoms compared to a wait-list
control group. Regarding social cognition, a recent systematic
review that included studies with samples of patients with SAD
and SZ (61) stated that interventions in social cognition could
improve several domains related to affect recognition, ToM
and social perception. However, the effect on attributional style
and the relationship between improvement in social cognition
and functioning were unclear. All in all, CR interventions in
neurocognition and social cognition seem to be effective in the
psychotic spectrum.

Whether patients diagnosed with SAD benefit from CR
interventions more than SZ or less than BD is still open to
question. Lewandowski et al. published the results of CET
between patients with SAD and SZ in a subanalysis of a previous
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study (55, 62). Although positive results were described in both
groups, a lower benefit of the treatment was observed in the
cognitive performance of patients with SAD compared to those
with SZ. This may be due to a ceiling effect since patients
diagnosed with SZ present more cognitive impairment compared
to patients diagnosed with SAD. The evidence suggests that the
wider the cognitive impairment at baseline, the greater benefits
can be obtained with CR interventions. It may be due to the
fact that there is more room for improvement or because of an
increased motivation (57). Nevertheless, in the study performed
by Scheu et al. (56), outcomes of patients with SAD did not
differ from those observed in patient with SZ, being positive in
both disorders. Thus, despite the cognitive heterogeneity (31,
34), SAD may be placed in an intermediate position in terms
of neurocognitive performance between SZ and BD although
possibly closer to SZ (35).

There is controversy about how basal clinical state may impact
on the results of CR and how CR may influence the clinical
state. With regard to the former, on one hand, Wykes et al.
(63) reported in a meta-analysis focused on CR in patients with
SZ that the benefits were more significant in less symptomatic
patients. On the other hand, Twamley et al. (57) found an
association between higher levels of negative symptoms and
greater benefits, and between higher levels of positive symptoms
and greater improvement in functional capacity. Therefore, they
consider that the presence or severity of symptoms should not
be an exclusion criterion for these interventions. Other authors
consider that the severity of positive or negative symptoms does
not predict the rate of improvement (19, 56, 64). Considering
the latter, the two meta-analyses by Wykes et al. and McGurk et
al. (63, 65) described a significant positive effect of CR on both
symptoms and functionality in patients with SZ. Lewandowski
et al. (55) detected greater improvement in symptoms after
receiving CET in patients diagnosed with SAD compared to
patients diagnosed with SZ, specifically in anxious and depressive
symptoms.

Another issue of debate is the right moment to provide
CR interventions. Some authors suggest that the younger the
patients, the more they benefit from CR interventions (63, 66–
68, 70). On the contrary, the two major meta-analysis in the
literature about CR interventions concluded no relationship
between these two variables or that the older the patients, the
better outcomes of CR interventions (63, 65). Twamley et al.
pointed out that older patients achieved more improvement,
specifically in prospective memory (57). The concept of cognitive
reserve may provide an explanation for the discrepancy in these
results since it reflects the capacity of the brain to endure
neuropathology and successfully complete cognitive tasks (69).
Moreover, cognitive reserve has been found as a significant
predictor of cognitive and psychosocial functioning in patients
with SZ and BD (70–72). Another key issue in CR interventions
relates to the relationship between number of sessions and the
obtained benefits. The meta-analysis carried out by Wykes et
al. (63) and the study of Scheu et al. (56) did not reveal any
association between the aforementioned variables. Last but not
least, the drop-out ratio is another matter of concern in CR
interventions. Twamley et al. (57) analyzed who was more likely

to drop out in their randomized controlled trial of CT in which
57.30% of the patients completed the therapy while 31.46% did
not start it and 11.24% withdrew. Those who completed CT had
more formal education and lower antipsychotic doses than had
dropouts with no CT exposure, but the groups did no otherwise
differ. In Lewandowski et al. (55) and Lahera et al. (54) studies,
the frequencies of dropouts were 20.6 and 19.1%, respectively.

As a summary, Lewandowski et al. (55) obtained small effects
on neurocognition in the group of SAD, vs. medium effects in
the group of SZ. However, patients with SAD improved more in
symptomatology after cognitive treatment. In this study, a similar
improvement in the functionality of both groups was obtained.
On the other hand, Scheu et al. (56) did not find differences in
improvement rates when comparing patients with SAD and SZ.
Lahera et al. (54) did not find differences after treatment when
compared patients with SAD and BD, considering that the sample
included four patients with SAD. Twamley et al. (57) did not
report group differences but more improvement in subjective
quality of life at 6 months in SAD compared to patient with SZ.

Despite data gathered in this systematic review seems to
support a positive effects of CR interventions in SAD, these
results should be interpreted with caution. First of all, the
samples of the four reviewed studies are restricted to small
subsamples of patients diagnosed with SAD within a wider
sample of patients diagnosed mostly with SZ or BD. Although
we only consider articles that studied the concrete subsample of
SAD, the obtained results stem from post-hoc analyses, which
are not always aligned with the aim of the primary objective
of the study and therefore may increase false positive results.
Moreover, the heterogeneity of the design of the reviewed CR
interventions should be beared in mind. This heterogeneity
could partly explain discrepancies among results from these
studies.

In this systematic review, scarce studies on CR interventions
in SAD were found. However, available data support that CR
interventions may improve neurocognition and social cognition
in this group of patients. Subsequently, functioning and quality
of life on this population may also benefit from improving the
daily life of patients with SAD. So as to confirm this hypothesis,
further randomized controlled trials on CR interventions with an
optimized design and selected sample of patients with SAD are
urged.
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The present perspective paper addresses and discusses whether cognitive dysfunction

in bipolar disorder qualifies as a diagnostic intermediate phenotype using the Robin and

Guze criteria of diagnostic validity. The paper reviews current data within (1) delineation

of the clinical intermediate phenotype, (2) associations of the intermediate phenotype

with para-clinical data such as brain imaging and blood-based data, (3) associations to

family history / genetics, (4) characteristics during long-term follow-up, and (5) treatment

effects on cognition. In this way, the paper identifies knowledge gaps and suggests

recommendations for future research within each of the five areas. Based on the

current state of knowledge, we conclude that cognitive dysfunction does not qualify as

a diagnostic intermediate phenotype or endophenotype for bipolar disorder, although

promising new evidence points to emotion and reward processing abnormalities as

possible putative endophenotypes.

Keywords: cognition, cognitive dysfunction, bipolar disorder, unipolar disorder, schizophrenia, intermediate

phenotype, endophenotype

Cognitive dysfunction in bipolar disorder is a core illness symptom that has received intensive
research interest over the past decade because of its negative impact on socio-occupational
outcome, quality of life and illness prognosis (1–3). However, it is unclear whether patients’
cognitive deficits comprise a diagnostic intermediate phenotype that may aid diagnostic accuracy
and represent a key treatment target. The present perspective paper evaluates the present
evidence and discusses whether cognitive dysfunction in bipolar disorder qualifies as a diagnostic
intermediate phenotype using the Robin and Guze criteria of diagnostic validity (4) also concurrent
with the later endophenotype concept (5) and extended criteria suggestions (6). The rationale for
the Robin and Guze criteria was to develop criteria distinguishing between various psychiatric
disorders and aiming for a valid psychiatric classification system (4). An intermediate phenotype
was later defined as a measurable component along the pathway between disease and distal
genotype, and have emerged as an important concept in the study of complex neuropsychiatric
diseases (5). An endophenotype may be neurophysiological, biochemical, endocrinological,
neuroanatomical, cognitive, or neuropsychological in nature (5). The paper will review current
data on cognitive dysfunction within (1) delineation of the clinical intermediate phenotype, (2)
associations of the intermediate phenotype with para-clinical data such as brain imaging and
blood-based data, (3) associations to family history / genetics, (4) characteristics during long-term
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follow-up, and (5) treatment effects on cognition. Within each
of these five points, the specificity of the findings in relation
to bipolar disorder compared with schizophrenia and unipolar
disorder will be summarized. The paper will identify knowledge
gaps and suggest recommendations for future research within
each of the five areas.

DELINEATION AND CHARACTERIZATION
OF THE CLINICAL INTERMEDIATE
PHENOTYPE

This area concerns whether cognitive dysfunction in bipolar
disorder in remission is circumscribed clinically as a separate
diagnostic intermediate phenotype of bipolar disorder and
whether such an intermediate phenotype differs from similar
intermediate phenotypes within related disorders such as
schizophrenia and unipolar disorder.

Meta-analyses have consistently shown disturbances in
executive function, verbal learning and memory, visual memory
and attention in bipolar disorder compared with healthy control
individuals (7–10). Cognitive impairment in the remitted phase
of bipolar disorder is on average of a moderate effect size
(7), however, with a substantial cognitive heterogeneity: 12–
40% of patients present global cognitive impairments across
several domains, 29–40% show selective deficits in attention
and psychomotor speed, and 32–48% are relatively “cognitively
intact” in comparison with norms (11). Subgroups with
neurocognitive impairments present reduced functional capacity,
more stress and poorer quality of life than patients who are
cognitively intact, despite similar degrees of subsyndromal mood
symptoms (2, 11, 12). Compared with bipolar disorder type
II (hypomanic and depressive episodes; no manic episodes),
bipolar disorder type I (manic and/or depressive episodes)
seems to be associated with modestly more pronounced global
cognitive impairment as well as increased disturbances in
verbal memory, processing speed, executive function speed, and
executive function accuracy (13).

On the other hand, cognitive deviances are not specific for
bipolar disorder. Cognitive impairment is also prevalent in
schizophrenia (14) and unipolar disorder (15), and there is
no specific neuropsychological signature that can facilitate
the diagnostic differentiation between bipolar disorder,
schizophrenia, and unipolar disorder (16), notwithstanding,
neuropsychological deficits appear more severe in schizophrenia
(14, 17) and bipolar disorder (15). In schizophrenia and
bipolar disorder, cognitive impairments have been found to
correlate with socio-demographic (lower education and work
capacity), clinical (more hospitalizations, longer duration of
illness, negative psychotic symptoms, and non-remission status),
treatment (antipsychotics, anti-cholinergics) variables and
lower psychosocial functioning (1, 3, 18). Similar predictors of
cognitive dysfunction are found in unipolar disorder but with
more variable evidence, possibly because of the generally milder
cognitive impairments in this patient group (19, 20).

Emotion dysregulation may be another cognitive feature of
bipolar disorder that persists into periods of remission. Such

deficits in “hot” (emotional) cognition are closely linked to
emotional disturbances (21) and difficulties in socio-emotional
behavior and interpersonal relations in bipolar disorder (22). Hot
cognition abnormalities in bipolar disorder have been observed
within three domains; emotional processing, reward processing,
and emotion regulation [reviews in (23, 24)].

Emerging evidence points to partial persistence of such hot
cognition dysfunction during remission in unipolar disorder,
particularly within negative affect processing, (25) and the
presence of similar abnormalities in healthy relatives of
patients with unipolar disorder, at least at a neural level (25,
26). Hot cognition has not been systematically investigated
across mood disorders and schizophrenia although some data
point toward somewhat dissociable deficits in primary reward
processing in unipolar disorder and schizophrenia (27). A key
question remains whether deficits in experiencing rewards are
independent of anhedonia in schizophrenia and whether level
of observed reward disruption across unipolar disorder and
schizophrenia a is a matter of severity rather than reflecting
a qualitatively distinct mechanism (27). In contrast, a few
studies of patients with bipolar disorder found evidence for a
distinct positive bias in emotion processing and elevated reward
responsiveness (28)—cognitive features that may in the future aid
diagnostic discrimination between the disorders.

ASSOCIATIONS OF THE INTERMEDIATE
PHENOTYPE WITH PARA-CLINICAL DATA
SUCH AS BRAIN IMAGING AND
BLOOD-BASED DATA

It is unknown whether shared manifestations of cognitive
dysfunction across diagnostic categories also reflect shared
neurobiological mechanisms or whether the sources of
impairment differ. A recent study investigated the associations
between general cognitive deficits (non-emotional or so called
“cold”) and functional network integrity measures including
global and local efficiency of the whole brain, cingulo-opercular
network (CON), frontoparietal network, and auditory network
(29). Patients with schizophrenia and psychotic bipolar disorder
had significantly reduced CON global efficiency compared with
healthy controls (29). All patients with psychotic disorders had
significantly reduced CON local efficiency, but the clinical groups
did not differ from one another. The CON global efficiency was
significantly associated with general cognitive ability across
all groups and significantly mediated the association between
psychotic disorder status and general cognition. It was concluded
that these findings provide evidence that “reduced CON and
subcortical network efficiency may play a role in the general
cognitive deficit observed across the psychosis” (29).

Another common neural underpinning of cognitive deficits
across bipolar disorder, unipolar disorder, and schizophrenia
is aberrant task-related activity in the dorsal prefrontal cortex
(PFC), although findings regarding the direction of the aberrant
activity vary between studies withmost evidence for hypo-activity
in schizophrenia and bipolar disorder while the findings in
unipolar disorder are more variable. In particular, we found
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in a systematic review of >100 neuroimaging studies across
bipolar disorder and unipolar disorder consistent evidence for
abnormal (predominantly hypo-) activity in dorsal and lateral
PFC cognitive control regions during performance on working
memory, executive skills, memory encoding, and sustained
attention (Miskowiak and Petersen, in press). Notably, the
direction of this dorsal PFC activity depended on patients’
performance levels. Dorsal PFC hypo-activity is consistently
linked to impaired task performance; that is reduced cognitive
capacity. In contrast, dorsal PFC hyper-activity is generally
accompanied by normal performance levels and thus seems
to reflect reduced cortical efficiency; that is, a need to recruit
more neural resources to maintain normal performance. These
associations are likely to explain the more consistent evidence
for dorsal PFC hypo-activity in the generally more severely
cognitively impaired patients groups (i.e., schizophrenia and
bipolar disorder).

Another consistent finding in the review was reduced
deactivation of the default mode network (DMN) and limbic
structures during active task performance across bipolar disorder
and unipolar disorder (ibid). This suggests that cognitive
impairments across mood disorders are exacerbated by a
failure to suppress task-irrelevant neural activity associated with
emotional reactivity, self-focus and rumination (ibid).

Emerging neuroimaging evidence points to deficits in emotion
dysregulation being a prominent feature of bipolar disorder,
while unipolar disorder seems to be more consistently associated
with negative processing biases (30). Emotion dysregulation
in bipolar disorder seems associated with increased activity
in limbic regions implicated in emotion-generation paired
with deficient lateral prefrontal top-down control of emotional
responses (31). However, this finding is not specific to bipolar
disorder; indeed neuroimaging studies of social cognition
in patients with mood disorders have generally revealed
enhanced activation in limbic and emotion-related structures
and attenuated activity within frontal regions associated with
emotion regulation and higher cognitive functions. These results
reveal an “overall lack of inhibition by higher-order cognitive
structures on limbic and emotion-related structures during
social cognitive processing in patients with mood disorders”
(32). Critically, key variables, including illness burden, symptom
severity, comorbidity, medication status, and cognitive load may
moderate this pattern of neural activation (32).

Peripheral inflammation might be related to cognitive deficits
in schizophrenia and bipolar disorder. Single studies suggest
the role of C-reactive protein (CRP), interleukin (IL)-1 receptor
antagonist, IL-6, and tumor necrosis factor-α (TNF-α) with its
receptors in the development of cognitive impairment in bipolar
disorder as summarized in reviews (33, 34). Due to low number
of studies, it is difficult to draw conclusions on the involvement
of CRP and cytokine alterations in the development of cognitive
deficits in bipolar disorder. More consistent results indicate
worse cognitive performance in schizophrenia patients with
higher CRP levels (33). Evidence for the involvement of other
cytokines in cognitive impairment in patients with schizophrenia
is less convincing due to discordant results and scarcity of
studies (33). Nevertheless, a larger study found that general

cognitive abilities may be associated with IL-1Ra and sTNF-R1
in schizophrenia and with soluble CD40 ligand (sCD40L) and
IL-1Ra in bipolar disorder patients (35).

ASSOCIATIONS TO FAMILY HISTORY /
GENETICS

A recent meta-analysis of cognitive functions in first-degree
relatives of probands with bipolar disorder and schizophrenia
showed that probands with schizophrenia displayed cognitive
deficits in all domains (d = 0.20–0.58) whereas probands with
bipolar disorder underperformed healthy controls in processing
speed, verbal fluency and speed based executive function
tests (36). It was concluded that “inefficiency in processing
information and impaired processing speed might be common
vulnerability factors for major psychoses.” On the other hand,
“low performance in accuracy based tasks and deficits in general
intellectual ability, verbal learning, planning, and working
memory might be more specifically associated with risk for
schizophrenia” (36). Further, we found in a systematic review of
neuroimaging studies of healthy first-degree relatives of patients
with bipolar disorder emerging evidence for abnormalities in
emotional processing—and regulation and reward processing
being candidate endophenotypes (37). We investigated this
notion in a cohort of monozygotic twins at risk of either
unipolar or bipolar disorder (reflected by a co-twin history of
that disorder) (38). Interestingly, we found that twins at risk
of bipolar disorder showed increased sensitivity and reactivity
to positive social stimuli in comparison with individuals at
risk of unipolar disorder and low-risk control twins. Together,
these findings provide emerging evidence for positive bias being
a putative neurocognitive endophenotype that is specific for
bipolar disorder.

In terms of neurocognitive-genetic investigations, catechol-
O-methyltransferase (COMT) and brain-derived neurotrophic
factor (BDNF) are the two most studied candidate genes
especially in patients with schizophrenia (39). Whereas BDNF
Val66Met carriers seem to perform worse on verbal working
memory, problem solving, and visuo-spatial abilities, COMT
Val158Met carriers may perform better in working memory,
attention, executive functioning with evidence of genotype
by diagnosis interactions including high-risk individuals (39),
although findings are not uniform (40, 41). In terms of genetic-
structural MRI studies, “patients with schizophrenia are found
to have reductions in the frontal, temporal, parietal cortices,
and limbic regions, which are associated with BDNF, COMT,
and neuregulin-1 (NRG1) genes” (39). Genetic-functional MRI
studies in bipolar disorder are sparse and results conflicting
(39, 42).

CHARACTERISTICS OF COGNITION
DURING LONG-TERM FOLLOW-UP

Cognitive deficits in bipolar disorder in remission seem to
persist over time or even progress supporting the view that
these deficits qualify for an intermediary phenotype. Using
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a 5 years longitudinal cohort, 91 individuals with bipolar
disorder and 17 healthy controls were administered a battery
of neuropsychological tests that captured four main areas of
executive functioning that were found to persist over time (43).

Based on cross-sectional studies, cognitive deficits seem to
deteriorate during late stages of the disorder (44). In contrast,
there is a lack of longitudinal studies on cognition in bipolar
disorder (45, 46) with the largest study being the study by Ryan
et al. (43, 47). A new meta-analysis comparing short-term (mean
of 1.5 years) and long-term (mean of 5.5 years) neurocognitive
changes in 643 euthymic patients with bipolar disorder, 367
healthy controls and 168 patients with schizophrenia found no
cognitive changes over time in any of the three cohorts (46).
Besides the small sample sizes in each study, limitations included
short follow-up (mean follow-up period of 4.6 years) specifically
for studies of bipolar disorder, high attrition rates (up to 45%)
among all participants and strict euthymia criteria for bipolar
patients included in the analyses, which may have introduced
a selection bias (including only the high functioning patients),
as also concluded in a prior similar meta-analysis of bipolar
disorder (48).

Regarding cognitive functioning in unipolar disorder, some
cross-sectional studies suggest that cognitive function in the
euthymic phase is associated with the duration or number of
prior episodes [(49–54), for a review see: (19)].

Studies on the risk of developing dementia in unipolar
disorder and bipolar disorder have recently been summarized
(55). It was concluded that a meta-analysis including 44 studies
on depression and six on bipolar disorder (56) as well as all
subsequent studies have confirmed that unipolar disorder (56–
60) and bipolar disorder (56–58, 60, 61) are associated with
increased risks of developing dementia long-term (as a clinical
diagnosis). It was further concluded that longitudinal studies
of bipolar disorder may have had to short follow-up time
(mean follow-up period of 4.62 years) to reveal a decrease in
neuropsychological functioning over time in contrast to the much
longer follow-up time in studies with dementia as the outcome
measure (55).

TREATMENT EFFECTS ON COGNITION

A recent systematic review on novel pharmacological (N-acetyl
cysteine, pregnolone, ketamine and pramipexole, mifepristone,
galantamine, insulin, erytrophoietin, withania somnifera, and
citicoline) and psychological treatments (cognitive remediation
and cognitive training) on cognition in bipolar disorder
identified 19 studies of which 13 were RCTs and six were
open-label or non-randomized studies (62). The efficacy on
cognition was overall disappointing or preliminary, possibly due
to several methodological challenges. Similarly, a later controlled
trial found no effect of methylene blue on cognition in bipolar
disorder (63). Among the most promising pharmacological
treatments for cognitive dysfunction across bipolar disorder and
unipolar disorder is erythropoietin, but the evidence is still
preliminary (62, 64). These findings are partly in accordance with
findings within unipolar disorder and schizophrenia with only a

few studies have shown benefit for pharmacological treatments
(64–66) and with a lack of successful replication of these data (64,
66, 67). However, psychological treatment programs involving
intensive cognitive remediation have revealed more consistent
positive effects on cognition in schizophrenia (68, 69) and
emerging evidence in mood disorders (64, 70).

CONCLUSION AND RECOMMENDATIONS
FOR FUTURE RESEARCH

It is clear from the present summary of studies on cognition in
bipolar disorder that at the current state of knowledge cognition
in bipolar disorder does not qualify as a diagnostic intermediate
phenotype using the Robin and Guze criteria of diagnostic
validity (4) or the later endophenotype concept (5, 6), although
emerging evidence points to hot cognition abnormalities
representing promising putative endophenotypes. Rather, extant
findings within four of the five Robin and Guze criteria
generally support the dimensional hypothesis that a shared
neurobiological mechanism underlies cognitive impairment
across bipolar disorder, unipolar disorder and schizophrenia:
(1) there may not be a specific neuropsychological signature
that differentiate cognitive deviances in bipolar disorder from
those in schizophrenia and unipolar disorder (only potentially
within hot cognition); (2) brain imaging or blood-based data
does not at the current state of knowledge differentiate between
cognitive dysfunction in bipolar disorder, schizophrenia or
unipolar disorder; (3) probands to patients with bipolar disorder,
schizophrenia, and unipolar disorder show similar cognitive
deficits although with varying severity, except for within hot
cognition. Investigations of genetic associations to cognitive
deviances are in its early stages, only (4) treatment effects of
pharmacological or psychological interventions on cognition do
not seem to differ within bipolar disorder, schizophrenia and
unipolar disorder. The fourth Robin and Guze criterion seems
fulfilled as cognitive deficits in bipolar disorder seem either stable
over time or progress during long-term supporting cognitive
deficits as an intermediary phenotype.

It is further evident from the present summary of studies on
cognition in bipolar disorder that a number of research initiatives
are needed within all five of the Robin and Guze criteria.

1. Research is needed integrating “hot” and “cold” cognition
in bipolar disorder. Few if any studies have investigated how
emotion dysregulation (i.e., hot cognition) interact with cold
cognition. As recently emphasized, cognitive biases, reward
processing and motivation, rumination, and mood stability may
play significant roles in the manner in which attention, appraisal,
and response processes are deployed in mood disorders (71).

2. Emotion dysregulation (hot cognition) should be
investigated across mood disorders and schizophrenia. Emotion
dysregulation has emerged as a new research area that may
characterize mood disorders, and potentially specifically
bipolar disorder, rather than schizophrenia. Although these
speculations are clinically plausible, emotion dysregulation has
not been systematically investigated across mood disorders and
schizophrenia.
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3. Structural and functional neuroimaging data on cognitive
features (“cold” and “hot”) should be integrated across mood
disorders. Such multimodal neuroimaging studies aiming to
identify structure-function relationships in neural circuitry have
previously been suggested in relation to bipolar disorder in
general (24). As highlighted, a very small number of studies
examined structure-function relationships in prefrontal cortical-
amygdala circuitry in adults with bipolar disorder type I
and bipolar disorder type II (24). We suggest integrating
investigations of “cold” and “hot” cognitive features into the loop
and across mood disorders.

4. Neurogenetics should be integrated into research in
cognitive disturbances in patients with mood disorders and
schizophrenia and in their first degree relatives.

5. Research in cognitive enhancement treatments. We have
previously suggested implementation of a ‘neurocircuitry-based’
biomarker model to evaluate neural target engagement in
cognitive enhancement (62). We suggest that a valid biomarker
model for cognitive improvement must fulfill five key validity
criteria: it must (i) be sensitive to a treatment with pro-cognitive
effects, (ii) produce similar effects in patients with cognitive
dysfunction and healthy participants, (iii) be sensitive to effective
treatments with different neurochemical mechanisms, (iv) be

unresponsive to ineffective treatments, and (v) be sensitive to
both cognitive improvement and—decline. A potential solution
to the problem is a step-wise approach with which we: (i) identify
the most reliable functional neuronal correlates of cognitive
deficits in neuropsychiatric disorders, (ii) select one of the most
promising candidate treatments and test its ability to modulate
the activity in these dysfunctional neural circuitries in a short-
term proof-of-concept fMRI study, and (iii) if target engagement
is shown in (ii), then test the effects of this candidate treatment
in a longer-term clinical phase 2 trial in patients using fMRI
to elucidate the neuronal changes underlying potential pro-
cognitive effects.

More evidence is needed confirming whether cognitive
deficits comprise a diagnostic intermediate phenotype in bipolar
disorder. The long-term perspective is that cognitive deficits may
aid diagnostic accuracy and represent a key treatment target in
bipolar disorder.
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Background: Full functional recovery is defined as a state in which patients are again

able to enjoy their usual activities, return to work, and take care of themselves, and it

should represent the end goal of treatment in patients with major depressive disorder

(MDD). Patients with MDD report many unmet needs, including residual cognitive

symptoms, lack of improvement in psychosocial functioning and life satisfaction, even

during mood symptom remission. In this paper, we aim to: (a) identify the available

assessment tools for evaluating cognitive and psychosocial functioning in patients with

MDD; (b) provide an overview of therapeutic options that can improve full functional

recovery in MDD also by improving cognitive symptoms.

Methods: The relevant databases MEDLINE, ISI Web of Knowledge—Web of Science

Index, Cochrane Reviews Library and PsychoINFO were searched for identifying papers

on validated tools for the assessment of cognitive and personal functioning in patients

with MDD.

Results: New assessment tools (such as the THINC-it TOOL, the COBRA, the SCIP-D,

and the UPSA-D) have been developed for evaluating the cognitive dysfunction in MDD

patients. Adopting these tools in the clinical routine practice is useful to evaluate the

improvement in cognitive functioning and, therefore, the achievement of full functioning

recovery. The optimal management of patients with MDD include the combination of

pharmacological compounds and psychosocial interventions for achieving full functional

recovery in patients with MDD.

Conclusions: Full functional recovery must be the target of any treatment

programme for patients with MDD. In order to achieve this goal, it is necessary to

develop personalized treatment and integrate psychosocial and psychopharmacological

interventions.

Keywords: assessment tools, cognitive symptoms, full functional recovery, major depressive disorder, personal

functioning
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INTRODUCTION

Depression is a complex disorder with multiple
symptomatological clusters, including emotional, cognitive,
and physical symptoms (1). From 2005, a significant increase in
the incidence of the disorder of almost 20% has been observed
(2). In 2015, depressive disorders were the greatest contributor
to non-fatal health loss (2, 3). The average lifetime prevalence
of major depressive disorder (MDD) is estimated at 14.6% in
high-income countries (4). Moreover, MDD represents the
leading cause of disability burden worldwide (5), accounting for
2.5% of global Disability Adjusted Life Years lost (6), especially
in women (2).

While in the past remission was considered the only clinical
endpoint in the management of patients with MDD (7), more
recently the concept of full functional recovery has been
proposed as the ultimate therapeutic objective (8, 9). In fact,
it is now clear that many patients with MDD who achieve
symptomatic remission do not report a substantial improvement
in psychosocial functioning and satisfaction with life (10, 11).
Full functional recovery can be defined as a condition in which
the patient starts to enjoy his/her usual activities again, returns
to work and is able to take care of him/herself (12, 13). The
achievement of full functional recovery in patients with MDD
may be hampered by patient and illness-related factors. The
former includes age, pre-morbid level of functioning, level of
education, work condition, comorbidity with other psychiatric
diseases, and other medical conditions. The illness-related factors
include the severity of clinical episodes, the effectiveness of
treatments, time to remission, maintenance and quality of
remission (13–17).

The main unmet need in the treatment of patients with MDD,
who have responded to classic antidepressants, is the presence
of residual symptoms, such as lack of energy, concentration
problems, and sleep disturbances (12). Cognitive symptoms
(namely deficits in attention, memory, executive function, and
processing speed) (18), which have been neglected for many years
in the clinical management of mood disorders, may represent
the link between symptomatic remission and functional recovery
(19). Neurocognition is a core feature of depressive episodes;
cognitive symptoms can limit patients’ psychosocial functioning,
and achieving “cognitive remission” has been claimed as a
relevant goal in the treatment of MDD (20).

Although a good antidepressant therapy should not only aim
to improve affective symptoms, but also cognitive symptoms,
psychosocial functioning, work functioning, and quality of life
(21), the majority of clinical studies on MDD evaluate the
effectiveness of treatments on affective symptoms only (19). In
fact, among the most frequently used tools to assess outcomes
from MDD, only three of the top 20 explore functional domains,
and these have been used in <5% of trials with patients

Abbreviations: COBRA, cognitive complaints in bipolar disorder rating

assessment; MoCA, montreal cognitive assessment; MDD, major depressive

disorder; Q-LES-Q, quality of life enjoyment and satisfaction questionnaire; RI,

recovery index; SCIP-D, screen for cognitive impairment in psychiatry-depression;

UPSA, university of california san diego performance-based skills assessment;

WSAS, work and social adjustment scale.

with depression (14). Moreover, different tools are available
for evaluating these dimensions, being different in structure,
content, length, way of compilation and target population. In
this manuscript, we aim to perform a clinical review on the
recent assessment tools for evaluating cognitive and psychosocial
functioning in patients with MDD. Finally, a critical insight on
the translation from the evaluation to the appropriate treatment
of cognitive symptoms is provided.

MATERIALS AND METHODS

Search Strategy
The relevant databases MEDLINE, ISI Web of Knowledge—Web
of Science Index, Cochrane Reviews Library and PsychoINFO
were searched for papers published in the last 5 years. Previous
years had already been covered by Bortolato et al. (22) (for
assessment tools evaluating cognitive functioning in patients with
MDD) and by Lam et al. (14) (for assessment tools evaluating
psychosocial functioning in patients with MDD) and we aim to
update their data with findings from more recent trials.

The key words “depressive disorder,” “major depressive
disorder,” “depressedmood”matchedwith “cognitive symptoms,”
“cognitive functioning,” “cognitive deficits,” “psychosocial
functioning,” “work functioning,” “social functioning,” and
“assessment tools” were entered in the relevant databases.
Only papers written in English and published in peer-reviewed
journals were included in our review.

The reference lists of all papers selected in the primary
search were manually searched for other potential manuscripts.
Recently published international guidelines on the management
of patients with MDD were also searched. The results of the
search were independently evaluated by two authors who have
analyzed all relevant papers.

RESULTS

In the last years, new assessment tools have been developed
for evaluating the cognitive dysfunction in MDD patients. In
particular, in 2017 Harvey et al. (23) tested the psychometric
validity of the “University of California San Diego Performance-
based Skills assessment (UPSA)” in patients with MDD, bipolar
disorder, mild cognitive impairment, Alzheimer’s disease and
healthy older adults. The UPSA has been originally developed to
assess older, community-dwelling patients with schizophrenia or
severe mental illness and it has been adapted to assess functional
capacity in patients with MDD (23). Authors found that UPSA
can provide clinically relevant information for the management
of patients withMDD, since it measures the everyday functioning
skills in different function domains. In fact, the UPSA composite
score correlates with cognitive performance in the real-world of
persons withMDDbut it is not influenced from the clinical mood
symptoms of depression (23).

In 2016, McIntyre et al. developed the THINC-it TOOL
(24–26) which is available as an application for smartphones,
tablets, and PC. It can be used to specifically assess the level of
cognitive dysfunction in patients with depressive disorders. This
tool requires ∼10–15min to be completed (25), and therefore
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can be easily implemented in clinical practice. Cognitive deficits
measured by the THINC-it tool are associated with significant
psychosocial impairment in MDD (27).

The Montreal Cognitive Assessment (MoCA) is a brief
screening tool originally developed for assessing the most
common neurocognitive deficits in patients with mild cognitive
impairment (28). Recently, it has been tested in a sample of
patients with MDD, showing a valid and reliable proprieties with
good internal consistency.

When assessing cognitive symptoms, it is essential to
differentiate between objective and subjective cognitive deficits
(such as memory or concentration complaints), since the
correct identification of objective dysfunctions is necessary
for monitoring the effects of pharmacological and non-
pharmacological treatments. To this end, two new assessment
tools have been validated recently, the Screen for Cognitive
Impairment in Psychiatry-Depression (SCIP-D) and the
Cognitive Complaints in Bipolar Disorder Rating Assessment
(COBRA) (29). In particular, the SCIP requires <20min to be
completed and assesses verbal learning, working memory, verbal
fluency, delayed memory and processing speed; while COBRA
evaluates the subjective dimensions of cognitive complaints.
These two instruments, originally developed for patients with
bipolar disorders, have shown good psychometric properties and
can be easily administered to patients with MDD.

Among the instruments for the evaluation of social
functioning in patients with MDD, extensively reported by
Lam et al. (14), it has been recently developed the “Recovery
Index” (RI) (30). This instrument is based on the combination
of the WSAS and Q-LES-Q scales, and it provides information
on social, personal, and work functioning (30). The index can
be easily calculated by accessing a web platform and entering
the mean scores obtained by the patient at the WSAS and at the
Q-LES-Q. In particular, a higher score at the RI means a higher
level of functional recovery. This index has good psychometric
properties, it is easy to use, and can be adopted in clinical and
research settings. The details of all instruments are reported in
Table 1.

DISCUSSION

Although the paradigm of early diagnosis and individualized
treatment represents the mainstay of the optimal management
of patients with MDD (12), several unmet needs still exist and
are reported by patients. In particular, cognitive dysfunctions
represent a key determinant of functional disability in MDD
patients (8, 31, 32) which can persist beyond clinical symptom
remission (32), limiting work functioning, and contributing to
the overall disability associated with MDD (22, 24, 33–38). It
has been extensively reported that not paying attention to the
cognitive dimension in patients with MDD may hamper the
achievement of full recovery. For many years, cognition has
been mainly evaluated in patients with other severe mental
disorders, such as schizophrenia or bipolar disorders, and has
not been considered a core dimension of the clinical presentation
of patients with MDD. Nowadays, the establishment of the

full functional recovery as new endpoint in the treatment of
patients with MDD has highlighted the need to assess adequately
cognitive symptoms and then, treat them.

The main finding of this clinical review is that several
assessment tools exist for evaluating functional capacity. In
particular, the UPSA has been useful to evaluate the everyday
living skills, which is often a neglected aspect of other
assessment tools (23). The UPSA gave the opportunity to evaluate
the functional capacity, independently from mood symptoms.
However, the UPSA has been developed in a pre-digital era
and therefore its use may be overcome by modern technology.
Therefore, other assessment instruments have been recently
developed by including digital skills in the use of smartphones
or devices, whose use has become widespread.

As regards the assessment of cognitive functioning, SCIP-D
and COBRA are two new assessment tools recently validated
in patients with MDD. In particular, the SCIP-D is very short
and easy to use and therefore may be routinely administered in
clinical practice; however, this instrument does not provide a
full examination of neurocognitive functioning and it is better
considered as a screening tool (39). The COBRA has a lower
level of sensitivity and specificity compared to the SCIP-D for
assessing objective cognitive dysfunctions; some authors have
used a combined version of the two scales improving their
validity (29).

The THINC-it TOOL (26) is a free-of-charge, digitalized,
downloadable, application available for tablets and smartphones,
which can be used in several clinical settings. Moreover, it is
user-friendly and can be self-administered so that patients can
regularly check their improvement in cognitive functioning.
However, the need to be skilled in the use of smartphones
or PCs may be a limitation, particularly in older patients.
The MoCA is a reliable and valid instrument for measuring
cognitive impairment in MDD patients. This instrument, which
has already been translated in several languages, is quite short and
requires lower time for completion compared to a complete set of
neurocognitive tests. Both the MoCA and the SCIP-D (29) can be
considered good screening tools for the evaluation of cognitive
functioning.

The availability of instruments for the assessment of all the
dimensions of cognitive functioning is probably a first step
toward the shift in clinical practice from symptom remission to
full functional recovery. In order to increase feasibility in routine
care, these assessment tools should be easy to use and not time-
consuming, as is the case with the Think-it tool or the SCIP-D.
Also the “Recovery Index” may be implemented in routine care
for the evaluation of psychosocial functioning of patients with
MDD given its usefulness and easiness to use.

By assessing the cognitive functioning of patients with MDD,
the positive impact of some pharmacological agents on these
domains becomes clear. In the vast majority of patients, the
treatment of cognitive symptoms represents a relevant problem
in clinical practice, which impacts on the level of personal and
cognitive functioning of patients. The use of tools focused on
cognitive functioning or of tools with a mixed focus on social
and cognitive functioning, such as the “Recovery Index,” should
be promoted in clinical practice, considering the central role
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TABLE 1 | Assessment tools for evaluating cognitive and global functioning in patients with MDD.

References Acronym Assessment tool Characteristics Target Time need to be

completed

Srisurapanont

et al. (28)

MoCA Montreal cognitive

assessment

This scale can be divided into seven

subtests, including

visuospatial/executive, naming,

attention, language, abstraction,

delayed recall, and orientation. The

MoCA total score reflects the global

cognitive performance.

Patients with MDD, patients

with mild cognitive

impairment

Unspecified, but it requires

less time for completion

than a complete set of

neurocognitive tests

Harvey et al.

(23)

UPSA University of California San

Diego performance-based

skills assessment

It measures the everyday functioning

skills in five function domains:

comprehension/planning, finance,

transportation, household,

communication

Patients with MDD, patients

with mild cognitive

impairment

Unspecified

Ott et al. (29) SCIP Screen for cognitive

impairment in psychiatry

SCIP consists of five subtests: verbal

learning, working memory, verbal

fluency, delayed memory, processing

speed

Healthy controls, patients

with bipolar disorder, MDD

or schizophrenia

<20min

Ott et al. (29) COBRA The cognitive complaints in

bipolar disorder rating

assessment

16-item self-reported instrument,

which allows measure subjective

cognitive dysfunctions including

executive function, processing speed,

working memory, verbal learning and

memory, attention/concentration and

mental tracking. The COBRA total

score is obtained when the scores of

each item are added up.

Patients with bipolar

disorder, unipolar

depression

Unspecified

McIntyre and

Lee (24)

THINC-it

Tool

It includes the 5-item Perceived

Deficits Questionnaire (PDQ-5) and

four traditional cognitive

assessments.

Patients with MDD 10–15min

IsHak et al.

(30)

RI Recovery index It is based on a combination of the

WSAS and Q-LES-Q scales, provides

information on the level of social,

personal, and work functioning. It can

be calculated through accessing a

web platform

Non-specific Unspecified

of cognitive functioning on the global level of functioning of
patients with MDD.

Some conventional antidepressants mitigate cognitive
symptoms in people with depression, but a significant
proportion of antidepressants inhibit cognitive functioning
(40, 41). Recently, the CANMAT guidelines (2016) (42)
suggested to tailor the pharmacological treatment on the basis
of clinical specifiers. In particular, for patients with cognitive
dysfunctions, the following pharmacological compounds
should be preferred: Vortioxetine (Level 1), Bupropion (Level
2), Duloxetine (Level 2), SSRIs (Level 2). According to the
CANMAT, only vortioxetine, an antidepressant agent (43, 44)
with amultimodal actionmediated by the combination of a direct
effect on serotonin receptor activity and reuptake inhibition
of SERT (45, 46), has level 1 of evidence compared to other
antidepressants for managing cognitive dysfunction (47, 48).
Compared to other antidepressant agents, patients treated with
vortioxetine report better cognitive functioning (49), and this
improvement is independent from the improvement of affective
symptoms (13).

Drugs targeting multiple neurochemical systems
simultaneously (e.g., serotonin–noradrenaline reuptake
inhibitors) might be more likely to improve cognitive
performance than treatments targeting a single system
only (e.g., selective serotonin reuptake inhibitors) (50, 51).
In particular, bupropion has been tested in improving
memory and mental processing speed performance (52).
Duloxetine has been proven to be effective in improving
cognitive score as compared to placebo, and this change was
found to be independent from the ameloriation of affective
symptoms (53).

On the other hand, the antagonism on M1, H1, and
α1 receptors (as observed in the case of TCAs) have been
hypothesized as impacting negatively on cognitive functioning
(54–56).

Although the pharmacological treatment is essential for the
succesfull management of patients with MDD, the complete
recovery is not guaranteed, as shown by the occurrence of
relapses and recurrences (57). For this reason, psychosocial
interventions, such as psychoeducation, cognitive remediation,
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and cognitive-behavioral therapies, have been increasingly
recognized as an essential component in the treatment of MDD,
in association with pharmacological strategies (where needed),
to achieve full recovery. In particular, it is necessary to integrate
psychosocial treatment with pharmacological therapy, since these
interventions are effective in improving the clinical course,
treatment adherence, and psychosocial functioning of patients
with MDD.

First-line psychological treatment recommendations for
acute MDD include cognitive-behavioral therapy (CBT),
interpersonal therapy (IPT), and behavioral activation (BA)
(58). Whenever feasible, the combination of psychological
interventions (CBT or IPT) with antidepressant treatment
is recommended because combined treatment is superior to
either treatment alone (58). First-line psychological treatments
for maintenance phase include CBT and mindfulness-based
cognitive therapy (MBCT). In order to select the type of
psychosocial interventions, patient’s preference for developing
a personalized treatment plan shall be considered. A recent
meta-analysis found that CBT is effective in patients with
MDD, regardless of the baseline severity of the depressive
episode, and can contribute to the achievement of full functional
recovery (59). Several international guidelines suggest providing
psychoeducational interventions to patients with MDD (60, 61).
Different types of psychoeducational interventions are currently
available, with the single-family approach, in which sessions are
conducted with one family only, showing the most promising
results (62). In particular, a systematic review has indicated
that providing information about depression and its treatment
is associated with a better prognosis and a reduction of
family burden (63). Another psychosocial approach useful
for achieving full functional recovery in patients with MDD
is cognitive remediation (64–67). In particular, cognitive
remediation—through the repeated activation of brain regions—
can promote neuroplasticity, restoration of compromised neural
processes, and improvement in neural function (68). Cognitive
remediation programs include the repeated completion of
cognitive tasks during several weeks. A recent meta-analysis
(69) has confirmed that patients receiving this therapy report
an improvement in attention, working memory and in the
overall level of personal functioning. Furthermore, cognitive
remediation seems to be the most promising intervention not
only in improving cognitive functions, but also in improving
depressive symptoms, contributing to the global recovery
of the patients and to the full functional recovery (67). It is
still debated the role of exercise interventions in improving
cognitive functioning in patients with MDD (70). A recent
meta-analysis (71) emphasized a lack of positive effect of
physical exercise on cognition in patients with MDD. However,
authors underlined that several limitations can have influenced
their results, such as the small sample sizes of the included
studies, the low dosage of physical exercises or the lack of
cognitive assessment at baseline. Further studies are still
needed in order to investigate the efficacy of psychosocial
interventions, including physical activity component on
cognitive functioning and full functional recovery of patients
with MDD.

Other non-pharmacological strategies for improving
cognitive symptoms in patients with MDD are repeated
transcranial magnetic stimulation (rTMS) and transcranial
direct current stimulation (tDCS) (72, 73). However, further
studies are needed for evaluating the long-term efficacy of these
treatments.

The present clinical review has some limitations which should
be acknowledged. Given the nature of the included studies, we
could not perform a meta-analysis, which would be however out
of the scope of this paper. Moreover, this is not a systematic
review, but it is rather a clinical review on recently developed
assessment tools for evaluating psychosocial and cognitive
functioning in patients with MDD. Another limitation is the
short time frame for the inclusion of assessment tools. However,
this methodological choice was made given the recent social
and digital changes occurred in modern society. Finally, we did
not search for gray literature, but we have focused on validated
assessment tools only.

CONCLUSIONS

Several assessment tools are available for evaluating the cognitive
functioning in patients withMDD.Nevertheless, there is the need
to promote further studies adopting homogenous assessment
instruments, in order to explore the objective and subjective
cognitive functioning.

Longitudinal studies with representative sample and control
groups are needed for assessing the effects of antidepressant
therapy and compare groups of different ages and evaluating the
impact of gender differences on cognitive function. Regarding the
cognitive remediation approach, more longitudinal studies on a
wider variety of treatments are needed. Since psychotherapeuthic
approaches have been found to be effective in improving
cognition, when associated with antidepressant drugs, it should
be useful to clarify the specific role of each treatment in obtaining
this improvement.

Another relevant aspect is that the same treatment will not
work for all patients with MDD (74) and when defining the
treatment programme of MDD depression, clinicians should
consider to tailor it to patients’ needs and preference and to adopt
a shared-decision making style, which has been proven to be
effective in improving long-term outcomes (75–81). Moreover,
as recently pointed out in a survey involving all the categories
of stakeholders of mental health, there is the need to include
users’ perspective in research studies (82–87), and people with
MDD have their preferences on treatment choice and want to be
actively involved in discussion about their care.

Finally, the most relevant clinical implication of assessing
social and cognitive functioning in routine care may be the real
shift in the management of patients with MDD from symptom
remission to full functioning recovery.
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Background: Previous research indicates that antidepressants can restore the balance

between negative and positive emotional processing early in treatment, indicating a role

of this effect in later mood improvement. However, less is known about the effect of

antidepressants on reward processing despite the potential relevance to the treatment

of anhedonia. In this study, we investigated the effects of an acute dose of the atypical

antidepressant (dual dopamine and noradrenaline reuptake inhibitor) bupropion on

behavioral measures of emotional and reward processing in healthy volunteers.

Methods: Forty healthy participants were randomly allocated to double-blind

intervention with either an acute dose of bupropion or placebo prior to performing the

Emotional Test Battery (ETB) and a probabilistic instrumental learning task.

Results: Acute bupropion significantly increased the recognition of ambiguous faces as

happy, decreased response bias toward sad faces and reduced attentional vigilance for

fearful faces compared to placebo. Bupropion also reduced negative bias compared to

placebo in the emotional recognition memory task (EMEM). There was no evidence that

bupropion enhanced reward processing or learning. Instead, bupropion was associated

with reduced likelihood to choose high-probability wins and increased score on a

subjective measure of anhedonia.

Conclusions: Whilst acute bupropion decreases negative and increases positive

emotional processing, it has an adverse effect on reward processing. There seems to

be a dissociation of the acute effects of bupropion on positive emotional processing and

reward processing, which may have clinical implications for anhedonia early in treatment.

Keywords: emotion, antidepressants, dopamine, reward, depression, anhedonia
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INTRODUCTION

Patients suffering from major depressive disorder (MDD)
display negative biases in emotional processing across a
range of cognitive domains, including perception, attention,
and memory (1–4). The neuropsychological theory of
antidepressant action hypothesizes that the direct action of
antidepressants is to decrease negative emotional processing
and increase positive emotional processing early in treatment,
prior to any mood improvement, indicating a role of this
change in the therapeutic effect of the antidepressant (4–
7). Indeed, acute or 7 day administration of the selective
serotonin reuptake inhibitor citalopram or the noradrenaline
reuptake inhibitor reboxetine was found to increase the
recall of positive self-referent words and the perception of
ambiguous faces as happy in both healthy volunteers (8–10)
and MDD patients (11) in the absence of any changes in
mood.

The majority of research on the effects of antidepressants has

been conducted using selective serotonin and/or noradrenaline
reuptake inhibitors (SSRIs/SNRIs) and several questions remain.
Firstly, MDD is not only characterized by low mood but also a
loss of interest or pleasure in previously enjoyed activities, known
as anhedonia. It is becoming clearer that whilst SSRIs or SNRIs

reduce negative biases in emotional processing to improve low
mood, they do not fully correct the experience of anhedonia (12)
and may actually exacerbate reward deficits (13). Pre-clinical,
physiological studies evidence a role of dopamine in reward
(14, 15). Therefore, it has been hypothesized that anhedonia
and abnormal reward-based decision making in probabilistic
instrumental learning tasks observed in MDD (16–18) involve
changes in the dopamine system. Indeed, an acute dose of a
dopaminergic enhancing drug (L-DOPA) has previously been
found to increase the likelihood of choosing high-probability
wins during a probabilistic instrumental learning task compared
to a dopamine antagonist (haloperidol) in healthy volunteers
(19). It has therefore been suggested that atypical, dopaminergic
antidepressants may act on such aberrant reward processing and
be better suited to treat anhedonia (12).

It is unclear whether positive emotional processing and

reward processing are different expressions of the same
underlying system (20), or whether they are independent
processes in the manifestation of the symptom clusters in MDD.
As such, emotional and reward processingmay be either similarly
or differentially affected by antidepressants with an effect on
dopamine function such as bupropion, a dual dopamine and
noradrenaline reuptake inhibitor.

Therefore, here we investigated the acute effects of bupropion
compared to placebo on commonly used behavioral measures
of emotional and reward processing in healthy volunteers.
Specifically, we aimed to investigate whether bupropion has
similar effects to SSRIs and/or SNRIs acting to reduce negative
biases in emotional processing, or has more specific effects
on positive emotional or reward processing. Since bupropion
increases dopamine function, we hypothesized that it would
specifically increase positive emotional processing and reward
sensitivity in a probabilistic instrumental learning task.

MATERIALS AND METHODS

The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant national
and institutional committees on human experimentation and
with the Helsinki Declaration of 1975, as revised in 2008. All
participants provided written informed consent.

Participant Recruitment, Screening, and
Randomization
A reverse power calculation using the effect sizes observed in
preceding studies of other antidepressants [e.g., (8, 9)] indicated
a sample size of 20 participants per treatment group would
be sufficient to detect a significant difference between the two
treatment groups with a power of 0.95. Therefore, a total of 40
healthy participants were recruited and deemed to be free from
either current or past history of any Axis 1 DSM-IV psychiatric
illness via assessment with the Structured Clinical Interview
(SCID) for DSM-IV (21). They also had no physical medical
conditions, were free of any medications or drugs that could
impact upon the safety or effect of bupropion for at least 3 weeks
and naive to the behavioral tasks.

Participants were randomly allocated to double-blind
intervention with either an acute dose (150mg) of sustained
release bupropion or placebo. Administration of the treatment
in identical capsules by an independent member of staff
ensured that both the participant and investigator remained
blind to the treatment received. Participants were stratified for
gender and matched for age and National Adult Reading Test
(NART)-derived verbal IQ (22). Note that an additional group
of 20 participants were also recruited and randomized to a no
treatment group to assess the influence of the placebo effect, the
results of which are reported in Huneke et al. (23); however, all
hypotheses for both studies were made a priori.

A 3 h wait period followed treatment administration since this
is the tmax of the sustained release formulation of bupropion
and allowed for testing at maximum plasma concentration
(24). Participants then completed the Emotional Test Battery
(ETB) and a probabilistic instrumental learning task to assess
emotional and reward processing. Subjective mood was also
assessed via completion of a variety of questionnaires before
and after treatment administration and behavioral assessment.
Firstly, the Hamilton Rating Scale for Depression (HAM-D) (25)
was administered via a semi-structured interview with a trained
experimenter. The rest of the questionnaires were self-report
questionnaires completed on a computer and included the Adult
Eysenck Personality Questionnaire (EPQ) (26), the Full Mood
and Anxiety Symptom Questionnaire (MASQ), the Positive and
Negative Affect Schedule (PANAS) (27), the Befindlichkeits Scale
(BFS) (28), the Snaith-Hamilton Pleasure Scale (SHAPS) (29),
and a side-effects questionnaire listing the side-effects most
common for bupropion. The SHAPS comprises 14 items with
each item describing a pleasurable situation covering one of
four domains of pleasure: interests / pastimes, social interaction,
sensory experience and food/drink, with a higher score indicating
higher anhedonia. After treatment administration and behavioral
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assessment, participants repeated the PANAS, BFS, SHAPS, and
side-effects questionnaires.

Emotional Test Battery
The ETB (P1vital, Oxford, UK) is designed to assess the
processing of a variety of affectively valenced stimuli and
comprises five validated, computerized cognitive tasks named as
follows: Facial Expression Recognition Task (FERT), Emotional
Categorization Task (ECAT), Facial Dot-Probe Task (FDOT),
Emotional Recall Task (EREC), and Emotional Recognition
Memory Task (EMEM). These tasks have previously been
described in full (11, 30). “In brief, the FERT comprises a series
of facial expressions associated with six basic emotions: anger,
disgust, fear, happy, sad and surprise at a range of different
intensity levels and participants are required to identify the
emotion of the face. Signal detection theory is used to provide
estimates of target sensitivity (d’) and beta. The ECAT comprises
a series of positively and negatively valenced self-referent words
and participants are required to indicate whether they would
like or dislike to be referred to as each word. In the FDOT, the
attentional vigilance to happy or fearful faces can be determined
from participants’ response latency to indicate the alignment of
a dot probe appearing in the place of one of the faces. The
EREC is a surprise free recall task during which participants are
required to remember as many of the positively and negatively
valenced self-referent words from the ECAT as they can in 2min.
Finally, the EMEM comprises self-referent words from the ECAT
and previously unseen self-referent words that participants are
required to classify as familiar or novel” (30). Further details for
each task are provided in the Supplementary Material.

Probabilistic Instrumental Learning Task
The probabilistic instrumental learning task was a modified
version of that described in Pessiglione et al. (19) and has
previously been described in full (30). “Task stimuli consisted
of two pairs of symbols with one pair associated with win
outcomes (win £1 or no change) and the other associated with
loss outcomes (lose £1 or no change). Each symbol in the
pair corresponded to reciprocal probabilities (0.7 or 0.3) of the
associated outcomes occurring.

Participants first performed a shortened, 10 trial
familiarization version of the task. Participants then performed
two 60 trial runs (30 win trials and 30 loss trials) with each run
containing a different set of 4 symbols. Participants began the
task with £5. On each trial, participants were randomly presented
with a pair of symbols on a display screen for 4,000ms, with
each symbol randomly positioned either to the left or the right
of a central fixation cross. Participants were required to choose
between the two symbols in order to maximize their winnings.
Once a choice was made, outcome feedback was provided.
Participants should use the outcome feedback to gradually learn
the symbol-outcome associations over time, such that they
consistently choose the symbol with the high-probability win
and avoid the symbol with the high-probability loss. Outcome
measures were end total, amount won and amount lost, choice
frequency and reaction time averaged across the two runs.”

Statistics
Reaction times for all tasks (with the exception of the EREC
where a 2min time limit is imposed) were trimmed at the
participant level: reaction times above 3 standard deviations from
the mean or below 200ms were excluded prior to calculating the
mean. Data for all tasks was normally distributed allowing the use
of parametric statistical tests.

Data from each task of the ETB was analyzed using a
repeated measures analysis of variance (ANOVA) with treatment
group (bupropion, placebo) as the between-subject factor and
different within-subject factors depending on the task (FERT:
face emotion; ECAT/EREC/EMEM: word valence; FDOT: face
emotion, masking). Significant interactions were followed up
with independent samples t-tests between the two treatment
groups. Since previous studies have found both citalopram and
reboxetine to increase the perception of ambiguous faces as
happy in both healthy volunteers (8–10) and MDD patients (11),
a planned comparison of the recognition of happy faces between
groups was completed for the FERT.

For the probabilistic instrumental learning task, participants
totaling less than the initial £5 were assumed to not have
understood the task and were excluded (6 in total: 3 from the
bupropion group and 3 from the placebo group). Data was then
averaged across the two runs and analyzed using independent
samples t-tests between the two treatment groups.

RESULTS

Participant Demographics and
Characterization
There were no significant differences between treatment groups
with regards to gender, age, NART-derived verbal IQ and baseline
scores on the HAM-D and self-report questionnaires (Table S1).

Changes in Subjective Mood
There were no significant main effects of treatment group or time
by treatment group interactions for any of the questionnaires
measuring subjective mood, apart from the SHAPS. A time by
treatment group interaction was observed for the SHAPS [F(1 38)
= 5.95, p < 0.05] with a significant difference in the change
in SHAPS score over time between the placebo and bupropion
groups [t(38) = −2.44, p < 0.05]. Paired t-tests found SHAPS
score to decrease in the placebo group, although not significantly
(−1.25 ± 3.77, p = 0.15), but increase in the bupropion group
with a trend toward significance (+1.40 ± 3.17, p = 0.06). Side-
effect ratings were very low with the majority of participants
rating that side-effects were absent (1.00) pre- and post-treatment
(Table S2).

Acute Effects of Bupropion on Emotional
Processing
Facial Expression Recognition Task
During the FERT, participants are required to recognize
emotional facial expressions. Signal detection theory is used
to provide estimates of target sensitivity (d’) and beta. For %
accuracy in recognizing emotional facial expressions, there was
no significant main effect of treatment group [F(1, 38) = 0.97, p=
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0.33] or face emotion by treatment group interaction [F(5, 190) =
0.89, p = 0.49]. Correspondingly, there was also no significant
main effect of treatment group [F(1, 38) = 1.00, p = 0.32] or
face emotion by treatment group interaction [F(5, 190) = 0.43, p
= 0.83] for d’. In a planned comparison of the recognition of
happy faces between groups, the bupropion group were found
to show significantly higher % accuracy [t(38) = −2.33, p <

0.05] and d’ [t(38) = −2.18, p < 0.05] for happy faces than the
placebo group (Figure 1B). Furthermore, a significant intensity
of face emotion by treatment group interaction was found for
the % accuracy for recognizing happy faces [F(9, 342) = 3.14, p <

0.01], with the bupropion group displaying significantly higher %
accuracy for recognizing happy faces at lower intensities than the
placebo group [30% happiness intensity: t(38) = −2.45, p < 0.05;
40% happiness intensity: t(38) = −2.73, p < 0.01] (Figure 1A).
There was a trend toward significance for a face emotion by
treatment group interaction for beta [F(5, 185) = 2.17, p = 0.06]
with independent t-tests finding an effect of treatment group
on the beta for sad faces only. The bupropion group displayed
a significantly higher beta value for sad faces compared to the
placebo group [t(38) = −2.32, p < 0.05], indicating bupropion
may induce a response bias away from sad faces (Figure 1C).

There was no significant main effect of treatment group
[F(1, 37) = 0.01, p = 0.94] or face emotion by treatment group
interaction [F(5, 185) = 0.35, p= 0.88] for reaction time.

Emotional Categorization Task
During the ECAT, participants are required indicate as quickly as
they can whether they would like or dislike to be referred to as
various positively and negatively valenced words. There was no
significant main effect of treatment group [F(1, 38) = 3.11, p =

0.09] or word valence by treatment group interaction [F(1, 38) =
0.01, p= 0.91] for reaction time.

Facial Dot-Probe Task
In the FDOT, the attentional vigilance to happy or fearful faces
can be determined from participants’ response latency to indicate
the alignment of a dot probe appearing in the place of one of
the faces. There was a significant face emotion by masking by
treatment group interaction for attentional vigilance [F(1, 38) =
5.45, p < 0.05]. This was found to be driven by a significant
face emotion by treatment group interaction for unmasked faces
[F(1, 38) = 4.30, p < 0.05], with the bupropion group displaying
significantly reduced explicit attentional vigilance for unmasked
fearful faces compared to the placebo group [t(38) = 2.00, p <

0.05] (Figure 2).

Emotional Recall Task
The EREC is a surprise free recall task during which participants
are required to remember as many of the positively and
negatively valenced self-referent words from the ECAT as they
can in 2min. There was no significant main effect of treatment
group or word valence by treatment group interaction for both
number of words correctly [F(1, 38) = 1.22, p = 0.28; F(1, 38) =
2.00, p = 0.17] and falsely [F(1, 38) = 0.17, p = 0.68; F(1, 38) =
0.38, p= 0.54] recalled.

Emotional Recognition Memory Task
The EMEM comprises the words from the ECAT and previously
unseen words that participants are required to classify as
familiar or novel. A significant word valence by treatment
group interaction was found for both novel words misclassified
as familiar [F(1, 38) = 10.24, p < 0.01] and familiar words
misclassified as novel [F(1, 38) = 7.34, p < 0.01]. Figure 3A
suggests that bupropion increases the familiarity of positive
words and decreases the familiarity of negative words. When
considering just false alarms (novel words misclassified as
familiar), there was no significant difference between groups
for positive words [t(38) = 0.65, p = 0.52] but the bupropion
group displayed significantly increased beta for negative words
compared to the placebo group [t(38) = −2.25, p < 0.05]
(Figure 3B).

Acute Effects of Bupropion on Reward Processing
Independent samples t-tests did not find a significant difference
between treatment groups for the total monetary amount at the
end of the task [t(38) = −0.51, p = 0.61], the amount won
[t(38 = 0.20, p = 0.85] or the amount lost [t(38) = −1.18, p
= 0.24] (Figure 4A). A repeated measures ANOVA did find a
task condition by treatment group interaction for reaction time
[F(1, 38) = 5.73, p < 0.05], with the bupropion group displaying
slower reaction times in the win vs. loss condition compared to
the placebo group (Figure 4B).

In order to provide more temporal information about reward
learning differences between treatment groups, learning curves
were produced for each treatment group depicting trial-by-trial
the proportion of participants that chose the correct symbol in
the win condition, associated with high-probability win and the
incorrect symbol in the loss condition, associated with high-
probability loss (Figure 5A). Both treatment groups learnt to
choose the high-probability win and avoid the high-probability
loss by about trial 10. To assess reward sensitivity after learning,
the proportion of participants choosing the correct symbol in the
win and loss conditions was averaged over the remaining 20 trials
of the task where learning had plateaued (31). The bupropion
group was found to be significantly less likely to choose the
correct symbol in the win condition compared to placebo [t(38)
= 3.00, p < 0.01] (Figure 5B).

DISCUSSION

The present study aimed to investigate whether bupropion has
similar effects to SSRIs and/or SNRIs acting to reduce negative
biases in emotional processing, or has more specific effects
on positive emotional or reward processing. Since bupropion
increased dopamine function, we hypothesized that it would
specifically increase positive emotional processing and reward
sensitivity on a probabilistic instrumental learning task similarly
to other dopamine acting drugs (19). An acute dose of bupropion
significantly increased the recognition of ambiguous faces as
happy, decreased response bias toward sad faces and reduced
attentional vigilance for fearful faces compared to placebo.
Bupropion also reduced negative bias compared to placebo in
the (EMEM). There was no evidence that bupropion enhanced
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FIGURE 1 | FERT (A) % accuracy for each happiness intensity and signal detection derived (B) d’ and (C) beta for happy and sad faces for each treatment group.

Values are reported as means ± SEM. Asterisks denote the degree of significance obtained for planned comparisons (*p < 0.05, **p < 0.01).

FIGURE 2 | FDOT attentional vigilance for each masking and face emotion condition for each treatment group. Values are reported as means ± SEM. Asterisks

denote the degree of significance obtained for planned comparisons (*p < 0.05).
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FIGURE 3 | EMEM (A) % misclassification and (B) beta for each word valence and treatment group. Values are reported as means ± SEM. Asterisks denote the

degree of significance obtained for planned comparisons (*p < 0.05).

FIGURE 4 | (A) End total, amount won and amount lost and (B) reaction time for the win and loss conditions of the probabilistic instrumental learning task for each

treatment group. Values are reported as means ± SEM.

reward processing or learning; rather the drug treatment was
associated with reduced sensitivity to high-probability wins and
increase in score on a subjective measure of anhedonia compared
to placebo.

Emotional Processing
Whilst an acute dose of bupropion did produce a slight
increase in positive emotional processing, with an increase in
the recognition of ambiguous faces as happy, it was actually
found to have stronger effects on decreasing negative emotional
processing, with a decrease in the response bias for sad
faces, attentional vigilance to fearful faces and negative bias
in emotional recognition compared to placebo. These effects
on emotional processing are similar to those seen with SSRIs
and/or SNRIs (8–10) and have been hypothesized to be an
early mechanism of antidepressant drug action; by reversing

negative biases in depression and reducing the influence of this
maintaining factor (4–7).

The profile of effects overlaps with the effects of SNRIs
to a greater extent than SSRIs (6). Specifically, in addition to
the positive biasing effect, SSRIs paradoxically increase fear
processing early in treatment. For example, an acute dose of
the SSRI citalopram was found to increase the startle response
(32) and the recognition of fearful faces (33). However, an acute
dose of the SNRI reboxetine was not found to have any effect
on fear processing (9), similarly to bupropion in the present
study. Reboxetine has also been found to increase the recognition
of happy faces in the FERT and alter the balance of memory
for self-referent words, causing an increase in recall of positive
words or decrease in the recall of negative words (9–11). Whilst
reboxetine acts primarily as an SNRI, some have reported that
it also increases dopaminergic activity in the frontal cortex
(34, 35). Likewise, although dopamine reuptake inhibition is the
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FIGURE 5 | (A) Learning curves for each treatment group depicting trial-by-trial the proportion of participants that chose the correct symbol in the win condition,

associated with high-probability win (top lines) and the incorrect symbol in the loss condition, associated with high-probability loss (bottom lines) during the

probabilistic instrumental learning task. (B) Proportion of participants choosing the correct symbol in the win and loss conditions averaged over the last 20 trials of the

probabilistic instrumental learning task where learning had plateaued. Asterisks denote the degree of significance obtained for planned comparisons (**p < 0.01).

mechanism of action most commonly attributed to bupropion,
the exact neuropharmacological actions of bupropion remain
elusive, due to different actions in vitro vs. in vivo (36, 37). In
vitro, bupropion is more potent at inhibiting dopamine than
noradrenaline reuptake (IC50 of 2.0 and 5.0, respectively) (36)
but the inhibition of dopamine reuptake itself is not particularly
robust and was not thought to have pharmacological relevance
(38). In contrast, in vivo, an acute dose of bupropion has been
found to affect the firing rate of noradrenaline neurons in the
locus coeruleus of the rat at doses more similar to those required
for antidepressant-like activity in animal models (39, 40). It
seems that the effects of bupropion on emotional processing
may be mediated via noradrenaline and/or dopamine and further
research is required in this area.

Reward Processing
It has previously been shown that administration of drugs with
dopaminergic enhancing activity can improve performance on
probabilistic instrumental learning tasks in healthy volunteers.
For example, administration of L-DOPA, themetabolic precursor
of dopamine, was found to significantly increase the likelihood of
choosing the stimulus associated with high-probability win and
subsequently the amount of money won during a probabilistic
instrumental learning task, compared to the dopamine receptor
antagonist haloperidol (19). Therefore, it could be expected
that an acute dose of bupropion with dopaminergic enhancing
activity would also improve performance on a probabilistic
instrumental learning task in healthy volunteers; however, this
was not found to be the case. Instead, bupropion reduced

the likelihood of choosing the stimulus associated with high-
probability win. Such a profile is similar to that seen in depression
itself (16–18) and bupropion may therefore be predicted to
worsen anhedonia at least early in treatment. However, care must
be taken when interpreting these results obtained in a sample of
healthy volunteers with regards to depression. Key differences in
reward and emotional processing between healthy and depressed
individuals are likely to have a large impact upon the effects of
bupropion.

Indeed, in a healthy system with roof levels of dopamine,
acute inhibition of the reuptake of dopamine could lead to a
paradoxical decrease in cell firing via activation of the presynaptic
autoreceptors (41). It has previously been shown, at least in
rats, than an acute dose of bupropion induced an autoreceptor-
mediated reduction in the firing of brain stem dopamine neurons
(40, 42). Subsequent down-regulation of the autoreceptors may
be required to reverse these effects, allow an increase in the levels
of dopamine in the synapse and improve reward processing in
healthy participants (43).

Bupropion could also differentially affect the phasic vs. tonic
firing of dopamine neurons. Phasic firing refers to a transient
burst of firing following presynaptic input in response to a
stimulus and plays a crucial role in associative reward learning
(44). Tonic firing refers to sustained firing at a constant frequency
regulated by frontal activity in order to set the background
level of dopamine and subsequently the responsivity of the
dopaminergic system (44). Administration of bupropion may act
to increase tonic levels of dopamine but as a result decrease the
responsivity of the dopaminergic system such that phasic firing
is actually reduced. This may reduce reward discriminability
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such that the participant believes the neutral and win outcomes
are of a similar magnitude (45). As such participants fail to or
are slower to learn the association of a particular stimulus with
high-probability win, thereby disrupting instrumental reward
learning.

SSRIs have also been shown to reduce reward processing, for
example, short-term treatment with the SSRI citalopram, but
not the SNRI reboxetine, reduced ventral striatal, and ventral
medial/orbitofrontal cortex activation in response to chocolate
reward (13). However, more recent research suggests that longer-
term treatment with SSRIs has a beneficial effect on reward
processing, with 2 week citalopram treatment increasing reward
learning and the effort applied to obtain rewards (46). Similarly,
chronic administration of bupropion may be required for the
beneficial effects on reward processing, in correspondence with
the delay in the action of antidepressants to produce a clinical
important therapeutic effect. Further research into the longer-
term effects of bupropion on reward processing in MDD patients
is required.

The bupropion group also displayed a slight increase in
SHAPS score, and therefore, anhedonia, compared to placebo
over time. The slight increase in anhedonia may be associated
with acute adverse effects of bupropion on reward processing
and may have clinical implications when starting treatment with
bupropion. With the exception of the SHAPS, all of these effects
occurred in the absence of any changes in subjective mood.
This provides evidence that antidepressants acting on a range
of neurotransmitters, including serotonin, noradrenaline and
dopamine, all have early effects on the processing of affective
stimuli prior tomood improvement. Our results therefore further
support the neuropsychological theory of antidepressant action.

CONCLUSION

Despite its alternative mechanism of action involving dopamine,
an acute dose of bupropion appears to have a similar profile
of effects on emotional and reward processing to other
antidepressants. Acute bupropion acts to restore the balance
between negative and positive emotional processing but with
adverse effects on reward processing and anhedonia, at least
in healthy participants. The beneficial effects of bupropion on
reward processing may only occur in MDD individuals or
following repeated administration. As such, there is a dissociation
of the acute effects of bupropion on positive emotional processing
and reward processing in healthy volunteers indicating they
may be different processes in the manifestation of the
symptom clusters in MDD; however, the roles of different

neurotransmitters, how they interact and their downstream
effects needs to be unraveled. If the adverse effects of acute
bupropion on reward processing are found to occur in MDD
individuals, the use of bupropion to specifically target anhedonia
should be monitored early in treatment for any initial worsening
of anhedonic symptoms.
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Impaired social cognitive processes are putative psychological mechanisms implicated

in the formation and maintenance of paranoid beliefs. Paranoia denotes unfounded

fears about the hostile intentions of others and is prevalent in a significant proportion

of the general population. We investigated social cognition in healthy participants

selectively recruited to have a broad occurrence of paranoid thinking (n = 89).

Participants completed a novel computerized task of moral emotions and two social

economic exchange games (Prisoner’s Dilemma, UltimatumGame) from the EMOTICOM

neuropsychological test battery. Regression analyses revealed that delusional ideation

predicted shameful feelings when the victim of deliberate harm by another person.

Cooperative behavior on the Prisoner’s Dilemma was greatest when the participant and

opponent contributed equally to joint earnings. Participants demonstrated significantly

more punishment behavior when contributions were unequal and stole more from

the opponent using a suspicious strategy of gameplay. In addition, paranoid thinking

was positively associated with more stealing from the cooperative opponent. On

the Ultimatum Game, participants accepted significantly more unequal offers when

the opponent contributed more and sensitivity to fairness was greatest when the

participant contributed more. These data demonstrate that delusional ideation predicts

a maladaptive emotional response to interpersonal harm and that paranoid thinking may

lead to reduced cooperation toward mutual reward. The effects of paranoia on moral

emotions and pro-social behavior at more severe levels of persecutory thinking warrant

further investigation.

Keywords: paranoia, social cognition, moral emotions, economic games, delusions

INTRODUCTION

Impaired social cognition is a key feature of schizophrenia, with deficits typically found in emotion
identification, experience sharing and emotional responding (1). These impairments are one
pathway to a first episode of psychosis (2) and strongly predict functional and social outcomes in
psychotic disorders [(3, 4)]. In patients with schizophrenia, impaired social cognitive processes have
shown to account for a larger proportion of the variance in community functioning than non-social
cognitive impairments (5). Social cognitive impairments have also shown to lead to more difficulty
inferring the mental states of others, including their beliefs and intentions (1, 6).
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Paranoia is characterized by unfounded fears about the
harmful intentions of others (7). Social cognition is highly
relevant to paranoid thinking, as hostile perceptions during social
interactions are likely to precipitate threat beliefs and related
distress. Paranoid thinking is symptomatic of psychosis and also
prevalent in 10–15% of the general population (8). Paranoia
is associated with several cognitive and affective processes
implicated in the formation and maintenance of a persecutory
delusion (9, 10). “Jumping to conclusions” (JTC) is a reliably
established probabilistic reasoning bias whereby deluded patients
use less information to make a decision compared with healthy
controls [e.g., (11)]. Individuals with non-clinical paranoia have
also shown evidence of cognitive biases similar to those with
persecutory delusions. For example, healthy individuals with
elevated trait paranoia have shown to interpret emotionally
ambiguous information in a paranoid manner (12), an effect
that matched symptoms in patients with psychosis (13). Studies
of non-clinical paranoid experiences are therefore important to
inform our understanding of those presenting clinically.

Studies of social cognition in schizophrenia have primarily
focused on impairments in emotion perception, theory of
mind and attributional style (1, 14). Deficits in theory of
mind and heightened social anxiety have shown to make
independent contributions to the development of paranoia,
thus raising the possibility of distinct cognitive and emotional
pathways (15). Social anxiety is also related to negative
symptoms and self-stigma in schizophrenia, often leading to
expectation of embarrassment or rejection (15, 16). It has
been proposed that persecutory delusions are triggered by
interpersonal stress leading to complex interactions between
reduced mentalizing abilities, a vulnerable self-concept and
over-activation of the threat/protection system (17). Paranoia
is then reinforced by cognitive biases supporting inflexible
beliefs about being at risk of harm by others (e.g., JTC;
interpretation bias; bias against disconfimatory information)
[see (18) for a review]. Studies of attributional bias have
further shown that patients with persecutory delusions make
externalizing attributions for negative events by blaming
others, which serves to protect the self (19–21). However,
these studies typically use questionnaire measures that present
hypothetical positive/negative situations without measuring
emotional responses or differentiating the intention of the
agent of action. We thus used a novel “Moral Emotions”
task to investigate emotional responses when both the victim
and victimiser of accidental (unintentional) and deliberate
(intentional) harm in cartoon scenarios depicting interpersonal
behavior (22). Guilt and shame are two moral emotions
associated with a range of psychological disorders (23). Guilt
develops in recognition of oneself as an agent of a negative
outcome for another person, whereas shame reflects an emotional
appraisal of oneself as personally inadequate, usually following
judgement, criticism, or humiliation by others (24). Shame
increases paranoia following a stressful life event (25) and
is associated with anxiety-related processes in the general
population (26). Moral emotions are therefore likely to be
compromised in healthy individuals with high levels of paranoia
and predicted by variation in different traits (e.g., paranoia,

anxiety) depending on the intention of another person when
harmed.

Social decision-making is another cognitive process
influenced by the inferred knowledge and intentions of others
(27, 28). Economic exchange games, such as the “Prisoner’s
Dilemma” (29) and “Ultimatum Game” (30), are established
interactive paradigms for assessing cooperation, sensitivity
to fairness and the tendency to inflict punishment. These
games involve choosing to split sums of money based on the
player’s contribution, the opponent’s behavior and the amount
proposed. Paranoia has shown an association with distrust-
based behavior (expecting a competitive opponent), but not
greed-based behavior (exploiting a cooperative opponent),
when playing the Prisoner’s Dilemma (31). Paranoia has also
shown an association with more attributions of harmful intent
for both fair and unfair dictators on the “Dictator Game”
(32). When playing the Ultimatum Game, healthy participants
consistently forfeit their own gains when offers are deemed
considerably unfair [e.g., below 30%; (33)], which is thought
to reflect heightened sensitivity to fairness (34) or a desire
to punish socially unacceptable behavior (35). Patients with
schizophrenia are less strategic and have shown to accept more
unfair offers and reject more fair offers compared with healthy
controls (36). However, others have found higher rejection of
unfair compared with fair offers in patients with schizophrenia
(37, 38) as well as no significant differences in acceptance rates
compared with controls (39). It is possible that behavioral
performance is motivated by distrust about the opponent’s
intentions (i.e., predicting that the opponent will always defect,
despite minimizing mutual outcomes), but that sensitivity to
fairness remains relatively intact or relates to the severity of
symptoms in schizophrenia (for example, is impaired in those
with negative symptoms).

We investigated social cognition in the general population
reporting a broad occurrence of paranoid thinking. Specifically,
we examined the role of paranoia and other traits relevant to
psychosis on moral emotional processing and social decision-
making, two processes requiring the ability to infer the mental
states of others. As paranoia denotes fears about the harmful
intentions of others (7), we expected that high levels of paranoia
would alter both emotional and cognitive processing during
three tasks involving the perception of other’s intentions toward
the self. Tasks were selected from EMOTICOM (22), a novel
neuropsychological test battery for assessing affective domains.
On the basis of models indicating a weakened sense of self
in those with paranoia [e.g., (17)], we firstly hypothesized that
paranoid thinking would predict shameful feelings when the
victim of intentional (but not unintentional) harm by another
person on the Moral Emotions task. Secondly, we hypothesized
that in line with previous research [e.g., (31)], distrust-based
punishment behavior would be greatest when playing against
a suspicious opponent on the Prisoner’s Dilemma, and that
choice to compete (stealing) would be associated with paranoid
thinking. Finally, we hypothesized that acceptance rates would
increase as offers became increasingly fair on the Ultimatum
Game, consistent with preserved sensitivity to fairness [e.g.,
(37, 39)].
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MATERIALS AND METHODS

Participants
Eighty-nine participants were recruited from internal mailing
of a volunteer panel at the University of Cambridge and
advertisements in the local Cambridgeshire area. Inclusion
criteria were fluency in English; not currently taking any
psychiatric medication or receiving psychological treatment; and
not having a current or past psychiatric diagnosis. All participants
were screened on these criteria using the Mini-International
Neuropsychiatric Interview (40). Participants were selectively
recruited to have a wide range of scores of the Green Paranoid
Thoughts Scale [GPTS; (41)] to capture naturally occurring
paranoid thinking in the general population. In order to reduce
multicollinearity between predictor variables potentially entered
in regression analyses (up to seven trait measures, see below), a
sample size of at least 80 was determined to ensure that there were
at least 10 times as many observations from the sample.

Questionnaire Measures
The National Adult Reading test [NART; (42)] is a 50-item
estimate of premorbid intelligence. Participants are instructed
to read aloud 50 words of atypical phonemic pronunciation.
Higher scores (0–50) indicate more correct responses (i.e., higher
intelligence).

The Green Paranoid Thoughts Scale [GPTS; (41)] is a 32-
item multidimensional measure of paranoid thinking including
thoughts of persecution and ideas of reference. Participants
indicate thoughts that they might have had about others in
the last month using a 5-point Likert scale (1 = not at all
to 5 = totally). Higher scores (0–160) indicate more paranoid
thinking.

The Paranoia Scale [PS; (43)] is a 20-item measure of trait
paranoia. Participants indicate thoughts about themselves and
others using a 5-point Likert scale (1 = not at all to 5 = totally).
Higher scores (0–100) indicate more trait paranoia.

Peters’ Delusions Inventory [PDI-21; (44)] is a 21-item
multidimensional measure of delusional ideation (including
beliefs and vivid mental experiences). Participants first circle
“yes/no” questions about experiences they might have had. For
“yes” answers, participants rate how distressing, preoccupying,
and true they believe each experience to be using 5-point Likert
scales (1= not at all distressing to 5= very distressing; 1= hardly
ever think about it to 5 = think about it all the time; 1 = don’t
believe it’s true to 5 = believe it is absolutely true). Higher scores
(0–336) indicate more delusional ideation.

The Cardiff Anomalous Perceptions Scale [CAPS; (45)] is a
32-item measure of anomalous perceptions. Participants answer
“yes/no” questions about sensations and perceptions that they
may have experienced. Higher scores (0–32) indicate more
anomalous perceptions.

The Spielberger Trait Anxiety Scale [STAI-State; (46)] is a 20-
item of trait anxiety. Participants rate statements in relation to
how they usually feel using a 4-point Likert scale (1 = not at all
to 4 = very much so). Higher scores (0–80) indicate more trait
anxiety.

The Beck Depression Inventory [BDI-II; (47)] is a 21-item
of depression. Participants read statements and circle answers
corresponding with how they have been feeling in the past 2
weeks. Higher scores (0–63) indicate more depression.

The Cognitive Flexibility Scale [CF; (48)] is a 12-itemmeasure
of cognitive flexibility (i.e., awareness of situational alternatives).
Participants rate statements about their beliefs, feelings, and
behaviors using a 6-point Likert scale (1 = I strongly disagree
to 6 = I strongly agree). Higher scores (0–72) indicate more
cognitive flexibility.

EMOTICOM Measures
Moral Emotions Task
The Moral Emotions task measures moral responses to
intentional and unintentional harmful actions by another person
(22). Participants were presented with moral scenarios using
cartoons. Half of the scenarios depict deliberate harm by another
person (Figure 1A), whereas the other half depicts accidental
harm by another person (Figure 1B) (both leading to a negative
outcome). Participants were asked to rate how much shame and
guilt that they have in each scenario as both the victimiser (the
person who commits the action) and victim (the person who
experiences the consequences). Higher average ratings indicate
more shame and guilt.

Prisoner’s Dilemma
The Prisoner’s Dilemma assesses cooperation with an opponent
(29). Participants were first asked to compete with an avatar by
pressing the space bar, as quickly as possible, to fill a jar with
coins. Each trial is manipulated so that the participant wins more
coins, the opponent wins more coins or both the participant and
the opponent win the same amount of coins. Earnings are then
combined and the participant is instructed to either split or steal
the total sum. Participants are told that if they (the participant
and the opponent) both split, then they each get half the money,
and if they both steal, then they each get nothing (Figure 2).
However, if the participant steals and the opponent splits, then
the participant gets the total earnings and the opponent gets
nothing. Participants face three different opponent strategies
throughout the game: suspicious (tit for tat, but starts with steal),
tit for two tats (starts with split, then changes behavior after the
player steals two times consecutively) and cooperative (always
splits).

Ultimatum Game
The Ultimatum Game (30) assesses fairness sensitivity and
the tendency to inflict punishment following an unfair offer.
Participants and an avatar first earn money by independently
uncovering three out of nine yellow ovals; ovals that turn
black reveal £3 and ovals that turn red earn nothing. Similar
to Prisoner’s Dilemma, each trial is manipulated so that the
participant wins more money, the opponent wins more money
or both the participant and the opponent win the same amount
of money. Earnings are then combined and the participant is told
whether or not they or the opponent will decide how the total
sum is split. If the opponent decides, then the participant gets
the choice either to accept or reject their offer (Figure 2). Offers
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FIGURE 1 | (A) An example of a scene from the EMOTICOM Moral Emotions task depicting both the victim and victimiser of deliberate harm. (B) An example of a

scene from the EMOTICOM Moral Emotions task depicting both the victim and victimiser of accidental harm.

FIGURE 2 | Examples of offers from the Prisoner’s Dilemma (left) and Ultimatum Game (right).
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have seven levels of fairness ranging from very fair (50:50%) to
increasingly unfair (10:90%). If the participant accepts, then they
each get the allotted amount, and if they reject, then they both get
nothing.

Procedure
This study received full ethical approval from the University of
Cambridge Psychology Research Ethics committee (reference:
Pre.2015.046). Participants meeting inclusion criteria (after
telephone screening) were invited to attend a single session
at the University of Cambridge Behavioral and Clinical
Neuroscience Institute. Participants first provided written
informed consent, followed by basic demographic information
and an estimate of premorbid intelligence. Participants then
completed EMOTICOM measures using a touch screen laptop
(Dell XT3) in a counterbalanced order using a Latin-square
design. The EMOTICOM task battery was delivered using
PsychoPy. Participants then completed the questionnaire
measures; questionnaires were always administered after
the tasks to reduce paranoia-related demand characteristics.
Participants were thanked and paid for their time.

RESULTS

Participant Characteristics
Participant characteristics for the whole sample (n = 89) are
presented in Table 1. The mean GPTS score was similar to those
previously reported in other samples from the general population
recruited using this scale,M= 53.57, SD= 19.91, range= 32–111
(12, 41).

Moral Emotions Task
Regression Analyses
Personality trait measures were first correlated with moral
emotions. Only variables with more than one significant

TABLE 1 | Demographic and trait measures for the whole sample (means and

standard deviations).

n = 89

DEMOGRAPHIC MEASURES

Age (years) 22.29 (±5.22)

Gender (male: female) 35 M: 54 F

Intelligence (NART) 110.72 (±9.44)

TRAIT MEASURES

Paranoid thinking (GPTS) 53.57 (±19.91)

Paranoia (PS) 39.18 (±11.01)

Delusional ideation (PDI) 39.92 (±28.19)

Anomalous perceptions (CAPS) 4.62 (±4.34)

Anxiety (STAI-Trait) 10.01 (±3.53)

Depression (BDI-II) 6.11 (±5.65)

Cognitive flexibility (CF) 56.96 (±6.28)

NART, National Adult Reading Test; GPTS, Green Paranoid Thoughts Scale; PS, Paranoia

Scale; PDI, Peters’ Delusions Inventory; CAPS, Cardiff Perceptions Inventory; STAI-Trait,

Spielberger Trait Anxiety Inventory; BDI-II, Beck Depression Inventory; CF, Cognitive

Flexibility Scale.

association were entered as predictor variables in a hierarchical
multiple regression analysis, with paranoia and psychosis
measures entered into Block 1 and anxiety, depression, and
cognitive flexibility measures entered into Block 2. This order
of entry controls for highly correlated and conceptually similar
variables (e.g., anxiety; Block 2) without corrupting the predictors
of a priori interest (e.g., paranoid thinking; Block 1) (49).

Victimiser of Harm (Deliberate and Accidental)
Moral emotions were not significantly associated with any trait
measure when the victimiser of deliberate or accidental harm (all
p’s > 0.07). Average ratings for these conditions were therefore
not modeled using regression analyses.

Victim of Deliberate Harm
The average rating of shame when the victim of deliberate harm
was significantly associated with the GPTS (r = 0.32, p = 0.002),
PS (r = 0.32, p = 0.002), PDI (r = 0.42, p < 0.001), CAPS
(r = 0.22, p = 0.04), CF (r = −0.22, p = 0.04), and BDI-II
(r = 0.34, p = 0.001); the average rating of guilt when the victim
of deliberate harm was significantly associated with the GPTS
(r = 0.25, p = 0.02), PS (r = 0.28, p = 0.008), CAPS (r = 0.26,
p = 0.02), CF (r = −0.26, p = 0.01), and BDI-II (r = 0.37, p
< 0.001). These measures were entered as predictor variables in
subsequent regression analyses.

Regression analyses are presented in Table 2. Shame: The first
model (Model 1; paranoia/psychosis measures) accounted for
45% of the variance in shameful feelings and was significant,
F(4, 84) = 5.21, p = 0.001. Delusional ideation significantly
predicted shame1, β = 0.35, t = 2.62, p = 0.01. The final model
(Model 2; now including cognitive flexibility and depression)
accounted for 46% of the variance in shameful feelings and
was also significant, F(6, 82) = 3.72, p = 0.003. Delusional
ideation again predicted shame, β = 0.31, t = 2.35, p = 0.02.
Guilt: Model 1 (paranoia/psychosis measures) accounted for
32% of the variance in guilty feelings and was significant,
F(3, 85) = 3.42, p = 0.02. However, no variable made an
independent contribution. The final model (now including
cognitive flexibility and depression) accounted for 41% of the
variance and was also significant, F(5, 83) = 3.26, p = 0.01. No
variable made an independent contribution.

Victim of Accidental Harm
Shame: The average rating of shame when the victim of
accidental harm was significantly associated with the GPTS
(r = 0.24, p = 0.04) and CAPS (r = 0.22, p = 0.04). The model
was significant, F(2,86) = 3.75, p = 0.03 and accounted for 28%
of the variance. However, neither variable made independent
contributions. Guilt: The average rating of guilt when the victim
of accidental harm was significantly associated with the GPTS
(r = 0.29, p= 0.007), PS (r = 0.22, p= 0.04), and BDI (r = 0.28,
p = 0.006). Regression analyses revealed that both models were
significant [Model 1: F(2, 86) = 3.89, p = 0.02 and Model 2:
F(3, 85) = 3.68, p = 0.02], accounting for 28% and 33% of

1Correlational analyses revealed that mean scores on the PDI and GPTS were

significantly associated, r= 0.45, p< 0.001. Scores on the PDI ranged from 0 – 135.
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TABLE 2 | Hierarchical multiple regression analyses entering shameful feelings when the victim of deliberate harm as the dependent variable (Moral Emotions task).

Model Predictor β t p 95% CI Partial correlation R-Squared

1 Shame (Victim of deliberate harm) GPTS 0.17 1.33 0.19 −0.004, 0.02 0.14

PS −0.02 −0.14 0.89 −0.03, 0.02 −0.02

PDI 0.35 2.62 0.01 0.003, 0.02 0.28 0.45

CAPS 0.02 0.15 0.88 −0.05, 0.05 0.02

2 Shame (Victim of deliberate harm) GPTS 0.15 1.15 0.25 −0.01, 0.02 0.13

PS −0.07 −0.46 0.65 −0.03, 0.02 −0.05

PDI 0.32 2.35 0.02 .002, 0.02 0.25 0.46

CAPS −0.02 −0.15 0.64 −0.06, 0.05 −0.02

CF −0.05 −0.47 0.64 −0.04, 0.03 −0.05

BDI 0.14 1.07 0.29 −0.02, 0.07 0.12

GPTS, Green Paranoid Thoughts Scale; PS, Paranoia Scale; PDI, Peters’ Delusions Inventory; CAPS, Cardiff Perceptions Inventory; CF, Cognitive Flexibility Scale; BDI-II, Beck Depression

Inventory. Bold indicates a significant predictor.

the variance, respectively. Again, no variables made independent
contributions.

Prisoner’s Dilemma
The percentage of steals was calculated as the number of
trials that the participant chose to steal from their opponent
from the total number of trials across each strategy type.
The Contribution (Participant contributed more, Opponent
contributed more, Equal contributions) × Strategy (Suspicious,
Tit for two tats, Cooperative) interaction was not significant,
F(4, 84) = 0.22, p = 0.93. However, there was a main
effect of Contribution, F(2, 86) = 8.15, p = 0.001, partial
η
2

= 0.16 (Participant contributed more: M = 36.95%,
SD = 0.33; Opponent contributed more: 36.97%; SD = 0.33;
Equal contributions:M= 30.43%, SD= 0.30; Figure 3), such that
the percentage of steals was significantly less when the participant
and opponent contributed equally [Equal contributions vs.
Participant, t(87) = 3.65, p < 0.001; Equal contributions vs.
Opponent, t(87) = 3.02, p = 0.003]. The percentage of steals
between the participant and opponent contributions was not
significant (p= 0.99).

There was also a main effect of Strategy, F(4, 84) = 6.90,
p = 0.002, partial η

2
= 0.14 (Suspicious player: M = 40.96%,

SD =0.33; Tit for two tats player: M = 32.07%, SD = 0.37;
Cooperative player:M = 31.19%, SD= 0.34; Figure 3), such that
the highest percentage of steals was taken from the suspicious
opponent [Cooperative vs. Suspicious, t(88) = 2.58, p = 0.001;
Tit for two tats vs. Suspicious, t(87) = 3.73, p < 0.001]. The
percentage of steals between the cooperative and tit for two tat
strategies was not significant (p= 0.66; Figure 3).

Correlational analyses revealed that the percentage of steals
made when the opponent cooperated was positively associated
with paranoid thinking (GPTS; r = 0.22, p= 0.04).

Ultimatum Game
A repeated-measures ANOVA with the factors Contribution
(Participant contributed more, Opponent contributed more,
Equal contributions) and Offer (10, 20, 25, 30, 35, 40, and
50%) for acceptance rates revealed a significant interaction,
F(12, 77) = 105.76, p < 0.001, partial η

2
= 0.94. There was a

main effect of Contribution, F(2, 87) = 50.78, p < 0.001, partial

η
2
= 0.54 (Opponent contributed more:M = 69.02%, SD= 0.23;

Participant contributed more: M = 54.01%, SD = 0.31; Equal
contributions:M= 52.21%, SD= 0.27), such that the percentage
of acceptance was highest when the opponent contributed more
[Opponent vs. Participant, t(88) = 7.14, p < 0.001; Opponent
vs. Equal contribution, t(88) = 9.84, p < 0.001]. The percentages
of acceptance between the participant’s contribution and equal
contributions were not significantly different (p= 0.11).

As expected, there was also a main effect of Offer,
F(6, 83) = 63.53, p < 0.001, partial η2

= 0.82, with the percentage
of acceptance increasing monotonically as the offer increased
(i.e., became more fair: 50%: M = 98.88%, SD = 0.06; 40%:
M = 81.27%, SD = 0.26; 35%: M = 60.21%, SD = 0.27; 30%:
M = 58.24%, SD = 0.35; 25%: M = 44.76%, SD = 0.39; 20%:
M = 38.20%, SD= 0.39; 10%:M = 27.34%, SD= 0.43; Figure 4).
All adjacent conditions (with the exception of 65% to 75%)
significantly differed from each other (all p’s < 0.001).

To interpret the Contribution x Offer interaction, offer
sensitivity was calculated as a measure of the degree to which
participants increased their inclination to accept the offer as
the amount proposed by the avatar increased. Offer sensitivity
was calculated for each Contribution type using the following
formula: Offer sensitivity = [2∗acceptance at 50% offer] +

[1∗acceptance at 40% offer] + [0∗acceptance at 30% offer]–
[1∗acceptance at 20% offer]–[2∗acceptance at 10% offer]/Average
offer. There was a main effect of Contribution, F(2, 85) = 15.74,
p < 0.001, partial η

2
= 0.27. Sensitivity to fairness was

greatest when the participant contributed more (Participant
contributed more: M = 5.78, SD = 4.13; Opponent contributed
more: M = 3.81, SD = 2.19; Equal contributions: M = 5.00,
SD = 3.52; Figure 4), which significantly differed from when
the opponent contributed more, t(86) = 5.69, p < 0.001 and
when equal contributions were made, t(86) = 2.81, p = 0.006.
Offer sensitivities between the opponent contribution and equal
contributions were also significantly different, t(88) = 4.27,
p < 0.001.

Correlational analyses revealed that the overall average
percentage of steals on the Prisoner’s Dilemma (M = 34.72%,
SD = 0.26) was negatively associated with the overall average
percentage of offers accepted on the Ultimatum Game across
conditions (M = 58.41%, SD= 0.26), r = −0.26, p= 0.02.
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FIGURE 3 | Main effects of Contribution type (left) and Player Strategy (right) on the Prisoner’s Dilemma. *Indicates a significant difference between means.

FIGURE 4 | Main effect of Offer at each level of fairness (left) and fairness sensitivity for each Contribution type (right) on the Ultimatum Game. *Indicates a significant

difference between means.

DISCUSSION

We used a single-trait approach to investigate the effects of
paranoia on moral emotional processing and social decision-
making, two social cognitive processes involving the perceptions
of others intentions, in healthy participants with natural variation
in paranoid thinking. We hypothesized that paranoid thinking
would predict shameful feelings when the victim of deliberate
(but not accidental) harm on the Moral Emotions task. We also
hypothesized that distrust-based punishment behavior would
be greatest when playing against a suspicious opponent on the
Prisoner’s Dilemma, and that stealing would be associated with
paranoid thinking. Finally, we hypothesized that sensitivity to
fairness would not be impaired on the Ultimatum Game.

Emotional Moral Processing
Regression analyses offered some support for hypothesis one,
revealing that almost half of the variance in shameful feelings was

predicted by delusional ideation when the victim of intentional
harm by another person. This effect was maintained even when
including measures of depression and cognitive flexibility in
the model. Although we expected paranoid thinking to be
the key predictor, correlational analyses confirmed that trait
paranoia and delusion vulnerability were moderately associated,
as expected. In line with our hypothesis, no trait measures
were significantly associated with either moral emotion when
the victimiser of accidental or deliberate harm. However, trait
measures relevant to paranoia and psychosis were positively
associated with moral emotions when the victim of a harmful
action, thus supporting that paranoia is specific to the experience
of harm by others. This is consistent with previous studies
showing that victimization (i.e., “he/she punished me, so I
must have done something wrong”) is a key social risk
factor for increased vulnerability to psychosis (20, 50). It is
also likely that perceived social rank, particularly if viewing
oneself in a lower out-group from the majority, exacerbates
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feelings of inferiority in those with pre-existing paranoia
(32).

Cognitive models of persecutory delusions implicate altered
emotional processes in their persistence (9, 10). For example,
negative self-evaluations have been shown to be associated with
positive symptoms in patients with schizophrenia (51) as well
as with paranoia in the general population (52). Delusional
beliefs may be particularly resistant to change if they are held in
congruence with negative self-schemas (9). Shameful feelings in
response to deliberate harm are more consistent with activation
of negative schemas about the self (“Bad Me” paranoia) rather
than the protection against distress from others (“Poor Me”
paranoia) (53). Shame is strongly associated with the frequency
and distress of paranoid thinking in patients with psychotic
disorders (54), although less is known about its relationship with
the content of delusions. As the PDI contains some items of
persecution, suspiciousness, and paranoid ideas, it is possible
that multidimensional delusional beliefs, including thoughts of
persecution, predict shame in response to interpersonal harm.
As no trait measure significantly predicted feelings of guilt,
our data further suggest that, although conceptually related,
negative moral emotions may have distinct manifestations
based on different traits or vulnerability to specific pathology.
Whereas guilt denotes a more depressive style of thinking, shame
implicates other people and is more likely to precipitate self-
referential processing when believing that one is the target of
hostile actions. It is worth noting that we did not ask participants
to make causal attributions of the amoral behavior depicted
in the scenarios. Shameful feelings may activate negative self-
evaluations that one deserves to be persecuted, thus leading
to more internal attributions for negative outcomes (20, 55).
However, it is also possible that attributions for harm by a
perpetrator might directly contrast with emotional response,
such that individuals with paranoia would externalize negative
events to the victimiser or situation, but still respond in a
self-devalued manner [i.e., one is both threatened and weak;
(52)]. Although these possibilities cannot be addressed by the
current study, findings from this task extend emotional processes
implicated in cognitive models of delusions to moral emotions,
in which shame may have particular relevance to perceived
deservedness in those with elevated paranoia.

Social Decision-Making
Both the Prisoner’s Dilemma and Ultimatum Game allowed for
the systematic manipulation of an opponent’s behavior to enable
investigation of cooperation and punishment during social
economic exchange games (33). We found that uncooperative
behavior on the Prisoner’s Dilemma was significantly greater
both when the participant and opponent contributed more in
comparison with when the participant and opponent contributed
equally, possibly reflecting protection of one’s own contribution
or a sense of entitlement for a larger share of the earnings. The
percentage of steals between the participant’s and opponent’s
contributions was not significantly different. This may reflect
participants “predicting” that the opponent player would steal
from them when the opponent contributed more, thus choosing
to inflict punishment at the same tendency as when the
participant contributed more, despite a loss in earnings for

both players (i.e., participants would rather forfeit all gains
then let their opponent succeed). In support of hypothesis two,
we found more distrust-based punishment behavior when the
opponent used a suspicious strategy of gameplay. In addition,
more stealing was associated with higher levels of paranoid
thinking, but, somewhat unexpectedly, only when playing against
a cooperative opponent. Others have shown a positive association
between paranoia and choice to compete on this task in the
general population, suggesting a behavioral marker of non-
clinical paranoia (31). Here, distrust-based punishment behavior
was greatest when playing against a suspicious opponent, but
paranoid thinking was associated with stealing from the player
who always chose to split, thus showing expectation of (and
an inability to update beliefs about) unfounded malevolent
intentions of another person, despite their full cooperation
toward mutually advantageous reward.

Results from the Ultimatum Game supported hypothesis
three. It was found that, consistent with previous studies in the
healthy population (33, 56, 57), participants generally rejected
unfair offers, but accepted significantly more unequal offers
when the opponent contributedmore. Furthermore, sensitivity to
fairness was greatest when the participant contributed the most.
There has been some evidence that patients with schizophrenia
are less averse to unfairness to their own disadvantage
(36), although others have suggested that impaired decision-
making may be specific to the presence of psychopathology,
symptom severity (either negative and/or cognitive impairments
in working memory and executive function), or disrupted
connectivity in emotion-related areas of the brain including the
anterior cingulate cortex, orbitofrontal cortex, and amygdala
(38, 39, 58). Future studies comparing healthy individuals with
subclinical paranoia and patients with schizophrenia would help
elucidate at what level of severity these possibilities compromise
sensitivity to fairness. Lastly, it was found that participants
who were more likely to steal on the Prisoner’s Dilemma
were less likely to accept offers on the Ultimatum Game, thus
demonstrating an inverse relationship between cooperation and
assertiveness. We note that the relationship between cooperative
behavior and reasoning biases are relatively under-investigated
in paranoia and suggest that introducing monetary incentives
distinguishes reasoning (using the information available to draw
inferences) from decision-making (selecting the best option at
different levels of risk), as shown in the socioeconomic strategies
probed here.

Implications and Conclusions
Overall, the key findings from this study are, firstly, that
delusional ideation predicts shameful feelings when the victim
of deliberate harm by another person; secondly, that distrust-
based punishment behavior is greatest in response to a suspicious
opponent, but that inflicting punishment on a cooperative
opponent relates to increased paranoid thinking; and thirdly,
that sensitivity to fairness remains intact when economically
disadvantaged. As this study included relatively young adults,
future studies should replicate these findings in samples better
representative of patients with schizophrenia. Use of virtual
reality methods and an actual or confederate opponent (rather
than avatar) would also improve the genuineness of social
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interactions involving the perception of the intentions of others.
Clinical implications include increased specificity of impaired
emotional processes in cognitive models of threat beliefs (9,
10), in which shameful feelings in response to deliberate
harm were shown to be one type of negative self-evaluation
predicted by delusion proneness. Furthermore, expectation
of treatment, which differs on the basis of one’s perceived
social rank (e.g., feelings of inferiority irrespective of other
people’s intentions, hostile, or not), is likely to precipitate social
interactions with negative outcomes. For example, punishing
a suspicious opponent may be advantageous, but paranoid
thoughts associated with punishing a cooperative opponent will
have implications for reduced pro-social behavior. Expectation
of unfair treatment is also likely to decrease self-reflection
about one’s own worth, which in turn decreases ability to
understand the intentions of others (59). Interventions that
target social-cognitive deficits [Social Cognition and Interaction
Training; (60)], pre-existing biased cognitive mechanisms [e.g.,
Cognitive Bias Modification for paranoia, CBM-pa; (61)] and
metacognition [Metacognitive training, MCT; (62)] including
difficulties making sense of the mental states of others
[Metacognitive Interpersonal Therapy; (63)] are key approaches
for improving social and cognitive outcomes in patients
with schizophrenia that act directly on affective domains
or modify related underlying cognitive-affective biases. Such
interventions may also have a useful application for reducing

the social-cognitive effects of paranoia and delusional capacity
in the general population. Finally, this study further validated
EMOTICOM as a useful neuropsychological battery for assessing
affective cognition in non-psychiatric samples (22). The effects
of paranoia on social cognitive processes including moral
emotions and decision-making warrant further investigation
using EMOTICOM at more severe levels of persecutory thinking.

AUTHOR CONTRIBUTIONS

GS conceived and designed the study, obtained ethical approval,
collected data, analyzed and interpreted data and wrote the
manuscript. HJ, NR, SK, and AZ collected data. TR and BS
interpreted data and provided feedback on the manuscript.

FUNDING

This project was funded by the Department of Psychology,
University of Cambridge. GS was funded by grants from Eton
College and The Wallitt Foundation and is supported by the
NIHR Cambridge Biomedical Research Centre (BRC) Mental
Health Theme. Barbara Sahakian receives funding from the
NIHR Cambridge Biomedical Research Centre (BRC) Mental
Health Theme. EMOTICOM was funded by a grant from the
Medical Research Council (MRC) to Rebecca Elliott, BS, TR,
Jonathan Roiser and Mitul Mehta (MR/J011894/1).

REFERENCES

1. Green MF, Horan WP, Lee J. Social cognition in schizophrenia. Nat Rev

Neurosci. (2015) 16:620–31. doi: 10.1038/nrn4005

2. Birchwood M. Pathways to emotional dysfunction in first-episode psychosis.

Br J Psychiatry (2003) 182:373–5. doi: 10.1192/bjp.182.5.373

3. Mancuso F, Horan WP, Kern RS, Green MF. Social cognition

in psychosis: multidimensional structure, clinical correlates, and

relationship with functional outcome. Schizophr Res. (2011) 125:143–51.

doi: 10.1016/j.schres.2010.11.007

4. Pinkham AE, Harvey PD, Penn DL. Paranoid individuals with schizophrenia

show greater social cognitive bias and worse social functioning

than non-paranoid individuals. Schizophr Res Cogn. (2016) 3:33–8.

doi: 10.1016/j.scog.2015.11.002

5. Fett AK, Viechtbauer W, Dominguez MD, Penn DL, van Os J, Krabbendam L.

The relationship between neurcognition and social cognition with functional

outcome in schizophrenia: a meta-analysis. Neurosci Biobehav Rev. (2011)

35:573–88. doi: 10.1016/j.neubiorev.2010.07.001

6. Frith CD. The Cognitive Neuropsychology of Schizophrenia. Lawrence Erlbaum

Associates (1992).

7. Freeman D, Garety PA. Comments on the content of persecutory delusions:

does the definition need clarification? Br J Clin Psychol. (2000) 39:407–14.

doi: 10.1348/014466500163400

8. Freeman D. Suspicious minds: the psychology of persecutory delusions. Clin

Psychol Rev. (2007) 27:425–57. doi: 10.1016/j.cpr.2006.10.004

9. Garety PA, Kuipers E, Fowler D, Freeman D, Bebbington PE. A cognitive

model of the positive symptoms of psychosis. Psychol Med. (2001) 31:189–95.

doi: 10.1017/S0033291701003312

10. Freeman D, Garety PA, Kuipers E, Fowler D, Bebbington PE. A cognitive

model of persecutory delusions. Br J Clin Psychol. (2002) 41:331–47.

doi: 10.1348/014466502760387461

11. Huq S, Garety P, Hemsley D. Probabilistic judgments in deluded

and non-deluded subjects. Q J Exp Psychol A (1988) 40:801–12.

doi: 10.1080/14640748808402300

12. Savulich G, Freeman D, Shergill S, Yiend J. Interpretation biases in paranoia.

Behav Ther. (2015) 46:110–24. doi: 10.1016/j.beth.2014.08.002

13. Savulich G, Shergill S, Yiend J. Interpretation biases in clinical paranoia. Clin

Psychol Sci. (2017) 5:985–1000. doi: 10.1177/2167702617718180

14. Brüne M. Emotion recognition, ‘theory of mind,’ and social

behaviour in schizophrenia. Psychiatry Res. (2005) 133:135–47.

doi: 10.1016/j.psychres.2004.10.007

15. Lysaker PH, Salvatore G, Grant MLA, Procacci M, Olsek KL, Buck KD,

et al. Deficits in theory of mind and social anxiety as independent paths

to paranoid features in schizophrenia. Schizophr Res. (2010) 124:81–5.

doi: 10.1016/j.schres.2010.06.019

16. Lysaker PH, Yanos PT, Outcalt J, Roe D. Association of stigma, self-

esteem and symptoms with concurrent and prospective assement of social

anxiety in schizophrenia. Clin Schizophr Relat Psychoses (2010) 4:41–8.

doi: 10.3371/CSRP.4.1.3

17. Salvatore G, Lysaker PH, Popolo R, Procacci AC, Dimaggio G. Vulnerable self,

poor understanding of other’s minds, threat anticipation and cognitive biases

as triggers for delusional experience in schizophrenia: a theoretical model.

Clin Psychol Psychother. (2012) 19:247–59. doi: 10.1002/cpp.746

18. Savulich G, Shergill S, Yiend J. Biased cognition in psychosis. J Exp

Psychopathol. (2012) 3:514–36. doi: 10.5127/jep.016711

19. Kinderman P, Bentall RP. Causal attributions in paranoia and depression:

internal, personal, and situational attributions for negative events. J Abnorm

Psychol. (1997) 106:341–5. doi: 10.1037/0021-843X.106.2.341

20. Bentall RP, Corcoran R, Howard R, Blackwood N, Kinderman P. Persecutory

delusions: a review and theoretical integration. Clin Psychol Rev. (2001)

8:1143–92. doi: 10.1016/S0272-7358(01)00106-4

21. Garety PA, Freeman D. Cognitive approaches to delusions: a critical

review of theories and evidence. Br J Clin Psychol. (1999) 38:113–54.

doi: 10.1348/014466599162700

22. Bland AR, Roiser JP, Mehta MM, Schei T, Boland H, Campbell-Meiklejohn

DK, et al. EMOTICOM: a neuropsychological test battery to evaluate emotion,

motivation, impulsivity, and social cognition. Front Behav Neurosci. (2016)

10:25. doi: 10.3389/fnbeh.2016.00025

Frontiers in Psychiatry | www.frontiersin.org 9 November 2018 | Volume 9 | Article 615121

https://doi.org/10.1038/nrn4005
https://doi.org/10.1192/bjp.182.5.373
https://doi.org/10.1016/j.schres.2010.11.007
https://doi.org/10.1016/j.scog.2015.11.002
https://doi.org/10.1016/j.neubiorev.2010.07.001
https://doi.org/10.1348/014466500163400
https://doi.org/10.1016/j.cpr.2006.10.004
https://doi.org/10.1017/S0033291701003312
https://doi.org/10.1348/014466502760387461
https://doi.org/10.1080/14640748808402300
https://doi.org/10.1016/j.beth.2014.08.002
https://doi.org/10.1177/2167702617718180
https://doi.org/10.1016/j.psychres.2004.10.007
https://doi.org/10.1016/j.schres.2010.06.019
https://doi.org/10.3371/CSRP.4.1.3
https://doi.org/10.1002/cpp.746
https://doi.org/10.5127/jep.016711
https://doi.org/10.1037/0021-843X.106.2.341
https://doi.org/10.1016/S0272-7358(01)00106-4
https://doi.org/10.1348/014466599162700
https://doi.org/10.3389/fnbeh.2016.00025
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Savulich et al. Social Cognition in Paranoia Using EMOTICOM

23. O’Connor LE, Berry JW, Weiss J. Interpersonal guilt, shame, and

psychological problems. J Soc Clin Psychol. (1999) 18:181–203.

24. Tangney JP, Stuewig J, Mashek DJ. Moral emotions and moral behavior. Ann

Rev Psychol. (2007) 58:345–72. doi: 10.1146/annurev.psych.56.091103.070145

25. Johnson J, Jones C, Lin A, Wood S, Heinze K, Jackson C. Shame

amplifies the association between stressful life events and paranoia amongst

young adults using mental health services: implications for understanding

risk and psychological resilience. Psychiatry Res. (2014) 220:217–25.

doi: 10.1016/j.psychres.2014.07.022

26. MatosM, Pinto-Gouveia J, Gilbert P. The effect of shame and shamememories

on paranoid ideation and social anxiety. Clin Psychol Psychother. (2013)

20:334–9. doi: 10.1002/cpp.1766

27. Fehr E, Camerer CF. Social economics: the neural circuitry of social

preferences.Trends Cogn Sci. (2007) 11:419–27. doi: 10.1016/j.tics.2007.09.002

28. Frith CD, Singer T. The role of social cognition in decision making. Philos

Trans R Soc Lond B Bio Sci. (2008) 363:3875–86. doi: 10.1098/rstb.2008.0156

29. Poundstone W. Prisoner’s Dilemma. New York, NY: Doubleday (1992).

30. Güth W, Schmittberger R, Schwarze B. An experimental analysis

of ultimatum bargaining. J Econ Behav Org. (1982) 3:367–88.

doi: 10.1016/0167-2681(82)90011-7

31. Ellett L, Allen-Crooks R, Stevens A, Wildschut T, Chadwick T. A paradigm

for the study of paranoia in the general population: the Prisoner’s Dilemma

Game. Cogn Emot. (2013) 27:53–62. doi: 10.1080/02699931.2012.689757

32. Raihani NJ, Bell V. Conflict and cooperation in paranoia: a large-

scale behavioural experiment. Psychol Med. (2017) 48:1523–31.

doi: 10.1017/S0033291717003075

33. Bland AR, Roiser JP, Mehta MM, Schei T, Sahakian BJ, Robbins TW,

et al. Cooperative behaviour in the ultimatum game and prisoner’s

dilemma depends on player’s contributions. Front Psychol. (2017) 8:1017.

doi: 10.3389/fpsyg.2017.01017

34. BoltonGE. A comparativemodel of bargaining: theory and evidence.AmEcon

Rev. (1991) 81:1096–136.

35. Fehr E, Schmidt K. A theory of fairness, competition, and cooperation. Q J

Econ. (1999) 114:817–68. doi: 10.1162/003355399556151

36. Csukly G, Polgar P, Tombor P, Rethelyi J, Keri S. Are patients with

schizophrenia rational maximisers? Evidence from an ultimatum game study.

Psychiatry Res. (2011) 187:11–7. doi: 10.1016/j.psychres.2010.10.005

37. de la Asuncion J, Docx L, Sabbe B, Morrens M, de Bruijn ER. Abnormal

emotion processing, but intact fairness and intentionality considerations

during social decision-making in schizophrenia. Front Psychol. (2015) 6:1058.

doi: 10.3389/fpsyg.2015.01058

38. Wischniewski J, Brue M. Moral reasoning in schizophrenia: an explorative

study into economic decision making. Cogn. Neuropsychiatry (2011) 16:348–

63. doi: 10.1080/13546805.2010.539919

39. Agay N, Kron S, Carmel Z, Mendlovic S, Levkovitz Y. Ultimatum bargaining

behavior of people affected by schizophrenia. Psychiatry Res. (2008) 157:39–

46. doi: 10.1016/j.psychres.2006.03.026

40. Lecrubier Y, Sheehan DV, Weiller E, Amorim P, Bonora I, Harnett Sheehan

K, et al. The mini international neuropsychiatric interview (MINI). a short

diagnostic structured interview: reliability and validity according to the CIDI.

Eur Psychiatry (1997) 12:224–31. doi: 10.1016/S0924-9338(97)83296-8

41. Green CEL, Freeman D, Kuipers E, Bebbington P, Fowler D, Dunn G,

et al. Measuring ideas of persecution and social reference: the Green

et al. Paranoid Thought Scales (GPTS). Psychol Med. (2008) 38:101–11.

doi: 10.1017/S0033291707001638

42. Nelson HE. National Adult Reading Test (NART): for the Assessment of

Premorbid Intelligence in Patients With Dementia: Test Manual. Windsor:

NFER-Nelson (1982).

43. Fenigstein A, Vanable PA. Paranoia and self-consciousness. J Pers Soc Psychol.

(1992) 62:129–38. doi: 10.1037/0022-3514.62.1.129

44. Peters E, Joseph SA, Garety PA. Measurement of delusional ideation in the

normal population: Introducing the PDI (Peters et al. Delusions Inventory).

Schizophr Bull. (1999) 25:553–76. doi: 10.1093/oxfordjournals.schbul.a033401

45. Bell V, Halligan PW, Ellis HD. The cardiff anomalous perceptions scale

(CAPS): a new validated measure of anomalous perceptual experience.

Schizophr Bull. (2006) 32:366–77. doi: 10.1093/schbul/sbj014

46. Spielberger CD, Gorsuch RL, Lushene PR, Vagg PR, Jacobs AG. Manual

for the State-Trait Anxiety Inventory (Form Y). Palo Alto, CA: Consulting

Psychologists Press (1983).

47. Beck AT, Steer RA, Brown GK. Manual for the Beck Depression Inventory-II

Vol. 1. San Antonio, TX: Psychological Corporation (1996).

48. MartinM, Rubin R. A newmeasure of cognitive flexibility. Psychol Rep. (1995)

76:623–6. doi: 10.2466/pr0.1995.76.2.623

49. Miller GA, Chapman JR. Misunderstanding analysis of covariance. J Abnorm

Psychol. (2001) 110:40–8. doi: 10.1037/0021-843X.110.1.40

50. Valmaggia LR, Day FL, Kroll J, Laing J, Byrne M, Fusar-Poli P, et al.

Bullying victimisation and paranoid ideation in people at ultra high risk

for psychosis. Schizophr Res. (2015) 168:66–73. doi: 10.1016/j.schres.2015.

08.029

51. Barrowclough C, Tarrier N, Humphreys L, Ward J, Gregg L, Andrews

B. Self-esteem in schizophrenia: relationships between self-evaluations,

family attitudes, and symptomology. J Abnorm Psychol. (2003) 112:92–9.

doi: 10.1037/0021-843X.112.1.92

52. Fowler D, Freeman D, Smith B, Kuipers E, Bebbington P, Bashforth H, et

al. The brief core schema scales (BCSS): psychometric properties and its

associations with paranoia and grandiosity in non-clinical and psychosis

samples. Psychol Med. (2006) 36:749–59. doi: 10.1017/S0033291706007355

53. Trower P, Chadwick P. Pathways to defense of the self: a theory of two types

of paranoia. Clin Psychol. (1995) 2:263–78.

54. Castilho P, Pinto AM, Viegas R, Carvalho S, Madeira N, Martins MJ. External

shame as a mediator between paranoia and social safeness in psychosis. Clin

Psychol. (2017). doi: 10.1111/cp.12136

55. Melo SS, Taylor JL, Bentall RP. ‘Poor me’ versus ‘bad me’ persecution and

instability of persecutory ideation. Psychol Psychother. (2006) 79:271–87.

doi: 10.1348/147608305X52856

56. Rubinstein A. Perfect equilibrium in a bargaining model. Econometrica (1982)

50:97–109. doi: 10.2307/1912531

57. Thaler RH. Anomalies: the ultimatum game. J Econ Persp. (1988) 2:195–206.

58. Hinterbuchinger B, Kaltenboeck A, Baumgartner JS, Mossaheb N,

Friedrich F. Do patients with different psychiatric disorders show

altered social decision-making? A systematic review of ultimatum game

experiments in clinical populations. Cogn Neuropsychiatry (2018) 23:117–41.

doi: 10.1080/13546805.2018.1453791

59. Dimaggio G, Lysaker PH, Carcione A, Nicolò G, Semerari A. Know yourself

and you shall know the other. . . to a certain extent: multiple paths of

influence of self-reflection on mindreading. Conscious Cogn. (2008) 17:778–

89. doi: 10.1016/j.concog.2008.02.005

60. Roberts DL, Penn DL. Social cognition and interaction training (SCIT) for

outpatients with schizophrenia: a preliminary study. Psychiatry Res. (2009)

166:141–7. doi: 10.1016/j.psychres.2008.02.007

61. Yiend J, Trotta A, Meek C, Dzafic I, Baldus N, Crane B, et al.

Cognitive Bias Modification for paranoia (CBM-pa): study protocol for a

randomised controlled trial. Trials (2017) 18:298. doi: 10.1186/s13063-017-

2037-x

62. Moritz S, Woodward TS. Metacognitive training in schizophrenia: from basic

research to knowledge translation and intervention. Curr Opin Psychiatry

(2007) 20:619–25. doi: 10.1097/YCO.0b013e3282f0b8ed

63. Dimaggio G, Montano A, Popolo R, Salvatore G. Metacognitive

Interpersonal Therapy for Personality Disorders. London: Taylor & Francis

(2015).

Conflict of Interest Statement: TR consults for Cambridge Cognition, Lundbeck,

Mundipharma, and Unilever and receives royalties for CANTAB from Cambridge

Cognition and editorial honoraria from Springer-Verlag and Elsevier. BS consults

for Cambridge Cognition, Peak and Mundipharma.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2018 Savulich, Jeanes, Rossides, Kaur, Zacharia, Robbins and Sahakian.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 10 November 2018 | Volume 9 | Article 615122

https://doi.org/10.1146/annurev.psych.56.091103.070145
https://doi.org/10.1016/j.psychres.2014.07.022
https://doi.org/10.1002/cpp.1766
https://doi.org/10.1016/j.tics.2007.09.002
https://doi.org/10.1098/rstb.2008.0156
https://doi.org/10.1016/0167-2681(82)90011-7
https://doi.org/10.1080/02699931.2012.689757
https://doi.org/10.1017/S0033291717003075
https://doi.org/10.3389/fpsyg.2017.01017
https://doi.org/10.1162/003355399556151
https://doi.org/10.1016/j.psychres.2010.10.005
https://doi.org/10.3389/fpsyg.2015.01058
https://doi.org/10.1080/13546805.2010.539919
https://doi.org/10.1016/j.psychres.2006.03.026
https://doi.org/10.1016/S0924-9338(97)83296-8
https://doi.org/10.1017/S0033291707001638
https://doi.org/10.1037/0022-3514.62.1.129
https://doi.org/10.1093/oxfordjournals.schbul.a033401
https://doi.org/10.1093/schbul/sbj014
https://doi.org/10.2466/pr0.1995.76.2.623
https://doi.org/10.1037/0021-843X.110.1.40
https://doi.org/10.1016/j.schres.2015.08.029
https://doi.org/10.1037/0021-843X.112.1.92
https://doi.org/10.1017/S0033291706007355
https://doi.org/10.1111/cp.12136
https://doi.org/10.1348/147608305X52856
https://doi.org/10.2307/1912531
https://doi.org/10.1080/13546805.2018.1453791
https://doi.org/10.1016/j.concog.2008.02.005
https://doi.org/10.1016/j.psychres.2008.02.007
https://doi.org/10.1186/s13063-017-2037-x
https://doi.org/10.1097/YCO.0b013e3282f0b8ed
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


REVIEW
published: 04 December 2018
doi: 10.3389/fpsyt.2018.00655

Frontiers in Psychiatry | www.frontiersin.org 1 December 2018 | Volume 9 | Article 655

Edited by:

Catherine Harmer,

Warneford Hospital, United Kingdom

Reviewed by:

Mirko Manchia,

Università degli studi di Cagliari, Italy

Larry Culpepper,

Boston University, United States

*Correspondence:

Hannah Zuckerman

hannahzuckerman2@gmail.com

Roger S. McIntyre

roger.mcintyre@uhn.ca

Specialty section:

This article was submitted to

Mood and Anxiety Disorders,

a section of the journal

Frontiers in Psychiatry

Received: 06 June 2018

Accepted: 16 November 2018

Published: 04 December 2018

Citation:

Zuckerman H, Pan Z, Park C,

Brietzke E, Musial N, Shariq AS,

Iacobucci M, Yim SJ, Lui LMW,

Rong C and McIntyre RS (2018)

Recognition and Treatment of

Cognitive Dysfunction in Major

Depressive Disorder.

Front. Psychiatry 9:655.

doi: 10.3389/fpsyt.2018.00655

Recognition and Treatment of
Cognitive Dysfunction in Major
Depressive Disorder
Hannah Zuckerman 1*, Zihang Pan 1,2, Caroline Park 1,2, Elisa Brietzke 1,3, Natalie Musial 1,

Aisha S. Shariq 1, Michelle Iacobucci 1, Samantha J. Yim 1, Leanna M. W. Lui 1,

Carola Rong 1 and Roger S. McIntyre 1,2,4,5,6*

1Mood Disorders Psychopharmacology Unit, University Health Network, Toronto, ON, Canada, 2 Institute of Medical Science,

University of Toronto, Toronto, ON, Canada, 3Department of Psychiatry, Federal University of São Paulo, São Paulo, Brazil,
4Department of Pharmacology, University of Toronto, Toronto, ON, Canada, 5Department of Psychiatry, University of

Toronto, Toronto, ON, Canada, 6 Brain and Cognition Discovery Foundation, Toronto, ON, Canada

Major Depressive Disorder (MDD) is a prevalent, chronic, disabling, and multidimensional

mental disorder. Cognitive dysfunction represents a core diagnostic and symptomatic

criterion of MDD, and is a principal determinant of functional non-recovery. Cognitive

impairment has been observed to persist despite remission of mood symptoms,

suggesting dissociability of mood and cognitive symptoms in MDD. Recurrent

impairments in several domains including, but not limited to, executive function, learning

and memory, processing speed, and attention and concentration, are associated

with poor psychosocial and occupational outcomes. Attempts to restore premorbid

functioning in individuals with MDD requires regular screenings and assessment of

objective and subjective measures of cognition by clinicians. Easily accessible and

cost-effective tools such as the THINC-integrated tool (THINC-it) are suitable for use

in a busy clinical environment and appear to be promising for routine usage in clinical

settings. However, antidepressant treatments targeting specific cognitive domains in

MDD have been insufficiently studied. While select antidepressants, e.g., vortioxetine,

have been demonstrated to have direct and independent pro-cognitive effects in adults

with MDD, research on additional agents remains nascent. A comprehensive clinical

approach to cognitive impairments in MDD is required. The current narrative review aims

to delineate the importance and relevance of cognitive dysfunction as a symptomatic

target for prevention and treatment in the phenomenology of MDD.

Keywords: cognition, cognitive dysfunction, major depressive disorder, functionality, treatment

INTRODUCTION

Major Depressive Disorder (MDD) is a prevalent, often chronic, and highly disabling
multidimensional psychiatric illness affecting ∼350 million individuals worldwide (1).
Epidemiological research suggests that depression constitutes the leading cause of disability
worldwide (1). MDD is characterized by short- and/or long-term impairment affecting areas
including, but not limited to, mood, affect, motivation, and cognition, and is frequently correlated
with significant reductions in quality of life and psychosocial functioning (2). Despite therapeutic
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advances in MDD, an estimated 70% of patients do not achieve
remission following first-line antidepressant medication (3).
Moreover, a significant percentage of patients that successfully
achieve conventional symptomatic remission (i.e., reduction in
total depressive symptom severity) do not return to premorbid
functioning (4). The lack of full functional recovery results
in decreased workplace functionality and productivity, further
contributing to the significant economic burden imposed by
MDD, with an accumulated annual loss of $43 billion in North
America (5, 6).

Several regions of the brain, including the hippocampus,
are negatively implicated in the pathophysiology MDD.
Hippocampal size has been demonstrated to be inversely
correlated with illness duration, whereby smaller hippocampal
sizes have been associated with more severe histories of
depression (7). Size has also been shown to be influenced by
the number of past hospitalizations and recurrence of the
disorder. Frequent, chronic and lengthy states of depression
impart impairing effects on brain function, debasing human
capital. Without adequate treatment, brain recovery may
be compromised, resulting in negative downstream effects
on the global functional outcomes in MDD. Amongst the
disparate domains affected in depression, cognition is the
most relevant dimension related to the loss of human capital.
While MDD treatment efforts have focused on clinically
observed symptomatic targets including depressed mood and
anhedonia, emerging evidence has dissociated symptomatic
improvement in these domains from functional improvement
and timely return-to-work (8). The foregoing transition
highlights the necessity for novel targets more closely associated
with the restoration of premorbid psychosocial functioning.
Toward this aim, cognitive dysfunction has emerged as a key
mediator subserving adverse functional impairment in MDD
(9–12).

Cognition is a nons-pecific term that refers to mental
processes associated with thinking, learning, and memory (13).
Cognitive dysfunction can be defined as a transnosological
domain serving as an essential mediator of disparate mental
disorders (14). Clinical presentation of MDD, as defined by
the Diagnostic and Statistical Manual of Mental Disorders-
Fifth Edition (DSM-5), includes cognitive impairment as a
criterion item of a Major Depressive Episode (MDE) (15). Self-
reported measures of diminished concentration and attention are
frequently observed in individuals presenting with MDE as part
of MDD. Moreover, when treating MDD, cognitive impairments
are often found to persist during periods of symptomatic
remission (14), supporting the disconnect between emotional
and functional improvement. While cognitive symptoms may
indirectly improve as a consequence of standard antidepressant
care, cognitive dysfunction is believed to be a core disturbance
in subsets of adults with MDD, independent of mood
symptoms (16).

MDD fundamentally alters one’s perception and interaction
with their surrounding environment, affecting not only the
social environment but also information and intellectual
processing. Insufficiency surrounding remission outcomes
amongst individuals with MDD delineates the importance

of novel identification and optimization in recognition and
treatment avenues. Successful outcomes rely on a heightened
focus encompassing the needs of the patient, the provider, and
societal perspectives. Recent developments have thus begun to
uncover the relevance of cognition as a clinical priority. Hitherto,
disturbances in cognitive function have been undermined in
their significance in MDD relative to other psychiatric disorder
populations, however, accumulating evidence indicates that
a disturbance in cognitive function represents a principal
determinant of health outcomes in subsets of MDD patients.
Cognitive dysfunction in MDD is common, pervasive across
multiple subdomains of cognitive function, and provides a
principal determinant of health outcomes with respect to the
patient, as well as the societal perspectives. Herein, the current
narrative review will provide an up-to-date summary of the
literature pertaining to the domain of cognitive function in
MDD. The current review aims to provide a framework for
the conceptualization of cognition in MDD, with particular
focus on the relevance, measurements, and treatment strategies
explicating depression as a progressive cognitive disorder.

METHODS

The authors conducted a narrative review of studies investigating
cognition as a relevant aspect of Major Depressive Disorder.
Studies were identified using PubMed/Medline and Google
Scholar from inception to June 2018. MDD (and/or variants)
was cross-referenced with the following search terms: cognition,
cognitive dysfunction, cognitive deficit, cognitive function,
functional outcomes, antidepressants, and treatment. Articles
informed by observational studies, clinical trials, and review
articles relevant to cognition and cognitive impairment in
MDD were included. Additionally, the search was augmented
through manual review of related terms and citations from
article reference lists.

Domains of Cognition
Cognition and emotion are interconnected processes
originating from large interacting networks of neurons
within the brain. In recent decades, interdisciplinary fields
including neurophysiology, and cognitive psychology have
shed light on the neural underpinnings of various cognitive
functions and processes; however, the current understanding
of these phenomena remains rudimentary. Cognition is
multidimensional and lacks a singular consensually agreed
upon taxonomy. Several typologies have been proposed for
the definition and operationalization of cognitive constructs.
Amongst these is the conventional typology distinguishing
cognitive aspects into four main domains—namely executive
function, attention/concentration, learning/memory, and
processing speed (17). The aforementioned domains are
interconnected yet distinct phenomena. An additional proposed
typology was introduced by the RDoC which, although not
limited to cognitive domains, it emphasizes disturbances across
multiple cognitive subdomains (18, 19). Moreover, the literature
has further proposed a clinically relevant taxonomy with two
distinct domains—namely, “cold” cognition and “hot” cognition
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(20) (Table 1). By definition, “cold” cognition refers to non-
emotional information processing; therefore, these cognitive
processes occur in the absence of emotional engagement and/or
motivation. “Cold” cognitive processes are used in the evaluation
of neuropsychological function in depression (20) and generally
include the following subdomains of cognition: executive
function, learning and memory, attention and concentration,
and processing speed. Examples of commonly administered
objective neuropsychological tests include the Rey Auditory
Verbal Learning Test (RAVLT) (e.g., acquisition and recall),
Trail-Making Test A/B (TMT A/B TMT A: processing speed
TMT B: processing speed, executive function i.e., set shifting),
and Digit Symbol Substitution Test (DSST processing speed,
executive function, learning and memory, attention, and
concentration) (12). In contrast, “hot” cognition refers to
emotionally-laden cognitive processes; these functions are
influenced by the individual’s emotional state and may include
negative attentional bias, emotionally-linked recall, rumination,
and anhedonia (20). However, it is important to note that the
weighted significance and distinction between “hot” and “cold”
cognition in depressed individuals is non-discrete and there are
many overlapping features between the two constructs (20, 21).

Neuropsychological testing reveals important inferences into
disruptive pathophysiology of neural brain networks with
direct consequences on “cold” cognitive functioning. Neural
networks including the prefrontal cortex and cingulate gyrus,
subcortical regions in the striatum and thalamus, and temporal
lobe structures including the amygdala and hippocampus are
found to be functionally altered in depressive states (22).
More specifically, deficits in executive functioning have been
associated with pathophysiology in the lateral aspects of the
prefrontal cortex. Additionally, memory impairment has been
evidenced to be associated with reductions in hippocampal
volume which may be a progressive consequence of MDD (22).
The circuitry of these structures has formed the targeted basis of
various established treatments for depression, however, currently
available treatments are not effective in all cases and requires
further understanding into the cognitive deficits and neural
markers characterizing MDD.

MDD as a Cognitive Disorder
Cognitive deficits in MDD are consistent, replicable, non-
specific, and clinically significant. As cognition comprises an
important phenomenological domain of MDD, abnormalities
in cognition may be used as a prognostic indicator for
identifying at-risk individuals and/or assessing disease onset
and progression. Manifestation of cognitive deficits are

TABLE 1 | Hot and cold cognitive processes.

Hot cognition Cold cognition

Rumination Executive function

Emotional processing Processing speed

Anhedonia (reward processing) Learning and memory

Attentional bias Attention and concentration

heterogeneous across individuals with MDD and vary depending
on disparate individual- and illness-specific factors. For example,
the magnitude of cognitive deficits has been demonstrated to
be proportionate to the frequency of depressive episodes and
duration of illness (7, 12). In keeping with this, individuals with
greater depressive symptom severity are more likely to present
with cognitive impairments as compared to those with milder
illness severity (12). Moreover, a systematic review evaluating
clinical progression in affective disorders, including MDD,
suggested that cognitive function is associated with the duration
and number of prior episodes (23). Unipolar depression has also
been found to be associated with an increased risk of developing
dementia, commonly understood as the end stage of progression
of cognitive disturbances (23).

It is important to note that available studies often include
highly heterogeneous populations. This is an important
consideration as there are various co-determinants of
cognitive function in MDD that may exact mediational and/or
moderational effects alongside illness severity and duration. For
example, the presence of co-morbid medical and/or psychiatric
conditions may exert direct effects on cognitive function and
performance (24, 25). Metabolic co-morbidities, such as obesity,
have also been associated with cognitive impairments and are
commonly observed in depressed individuals (26). In particular,
studies have suggested that obesity is correlated with significant
deficits in executive functions such as working memory,
planning, and executive control (24). In addition, factors such
as age (27), age at onset of depression (28), level of education
(29), MDD subtype (30), inflammatory status (31), treatment
regimen (32), and childhood adversity (33) have also been
demonstrated to influence cognitive performance in patients
presenting with MDD (Figure 1). Significant impairments in
cognitive domains have been reported to precede, occur during,
and follow an illness episode; therefore, the temporality and/or
causality of the association between cognitive impairment and
MDEs remains elusive. Although scarce, studies have evaluated
cognitive dysfunction as a risk factor for the development
of MDD. In a population study evaluating non-depressed
individuals between 20 and 64 years of age found that low
episodic memory performance was a reliable predictor of
depression 3 years post-diagnosis (34). Moreover, a separate
study evaluating longitudinal profiles of depressive symptoms
in a birth cohort found that depression is associated with
neurodevelopmental impairments which may be mediated by
cognition (35). Moreover, cognitive functioning may also be used
as a predictor of treatment response. In a recently conducted
systematic review of studies evaluating early cognitive change as
a predictor of treatment response in individuals with MDD (n =

7), early changes in cognitive functioning were demonstrated to
have a predictive effect on treatment response. More specifically,
the results denoted a trend toward early changes in hot cognitive
processes (i.e., changed in facial emotion recognition) as a
predictor of response in MDD pharmacotherapy (36).

Clinically, cognition has been classified into four subdomains:
(1) learning and memory, (2) attention and concentration,
(3) executive function, and (4) processing speed. Patients
presenting with MDD commonly experience impairments in
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FIGURE 1 | Factors that influence cognitive symptoms in Major Depressive Disorder (MDD).

each of the principal subdomains of cognition, with ∼50% of
patients exhibiting deficits of greater than one standard deviation
(SD) below the mean and 48% of patients two SDs below
the mean in at least one subdomain (37). Notwithstanding,
these reported measures are limited in that they do not
necessarily take into consideration subjective cognitive deficits;
for example, they may underreport deficits in those individuals
whose cognitive performance remains above the mean, but
who report deficits in comparison to their baseline level of
cognitive function. While MDD does not decrease overall
measures of intelligence, cognitive performance across the
aforementioned domains have been shown to be severely
affected, with effect sizes ranging from 0.2 to 0.8 (14,
38).

Cognitive Impairment in MDD and its Role
in Psychosocial Workplace Functioning
Cognitive impairment has been reported to affect function
independent of mood symptoms, and has been correlated
with functional impairments. The evidence suggests that select
symptom domains, such as cognition, may be of greater
relevance to overall health outcomes (39). Neurocognitive
deficits in this population are directly related to impaired
workplace performance, and have significantly contributed
to the overall costs associated with depressive illness (12).
Individuals with moderate to severe depression have been
demonstrated to experience increased rates of unemployment,
disability, and absenteeism from work (40). Reductions in
workplace productivity and performance has been shown to
be mediated by cognitive impairments. For example, one study
that evaluated the relationship between depression and role
functioning using a population survey found that impairments
in attention and concentration mediated the association between
depression and impaired role functioning (9). In addition, a

post-hoc analysis of data from 260 participants enrolled in the
International Mood Disorders Collaborative Project (IMDCP)
found that in a subpopulation of working adults (18–65
years of age) diagnosed with MDD, cognitive function was a
greater determinant of overall workplace performance than total
depression symptom severity (41). These observations suggest
that cognitive dysfunction is a principal mediator of functional
impairment and highlights their relevance in the evaluation and
management of outcomes in MDD.

Replicated evidence indicates that disturbances in cognitive
function are common both during, and residually following,
an acute MDE (12, 42). Moreover, despite depressive symptom
remission, individuals have reported continued deficits in
cognitive function, which have negative effects on global
function, workplace productivity/performance and quality of life
(41). For example, a study found that patients who were currently
in a state of remission and who met ICD-10 criteria for former
MDD experienced persistent cognitive deficits compared to age-,
gender-, and education-matched control subjects (42). Although
continued research is required to determine which cognitive
deficits persist following mood remission, there appears to be
documented deficits in the domains of attention and executive
performance when compared to healthy controls (42–44).

Measurement and Screening of Cognitive
Function
Hitherto, a comprehensive “gold standard” measure of cognitive
function in MDD with broad conceptual coverage, sensitivity
to change, and immune from practice effects does not yet
exist. Limitations of conventional clinical assessment measures
[e.g., Hamilton Depression Rating Scale (HAMD), MADRS] are
suboptimal insofar as they contain insufficient items assessing
cognitive function. Moreover, they are subjective in nature
and have been shown to have minimal correlation with
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objective measures of cognition (39). Subjective cognition is
often influenced by emotional state, and consequently may be
affected by the severity of depressive symptoms to a greater
extent than objective measures of cognition. Therefore, although
subjective measures provide an accurate report of perceived
cognitive function, it does not necessarily formulate an accurate
measure of objective cognitive ability. In clinical practice, a
vast array of neurocognitive tests have been employed for
the measurement and evaluation of cognitive impairments
in MDD [e.g., DSST, TMT, Perceived Deficits Questionnaire
(PDQ)]. These conventional instruments are routinely used and
frequently administered for the assessment of cognitive function;
however, they were not specifically developed or tailored to
evaluate MDD-specific cognitive deficits.

Limitations related to the accessibility, cost-effectiveness, and
ecological validity of standard tools for measuring cognition
in MDD need to be addressed for the improvement of health
outcomes in MDD. The THINC-integrated tool (THINC-it)
is a recently validated, computerized cognitive assessment
battery that screens both objective and subjective cognitive
deficits in MDD (45). The THINC-it tool was validated as
a sensitive tool in detecting and quantifying the magnitude
of cognitive deficits in adults between the ages of 18 and 65
with MDD (45). It effectively evaluates objective measures
of cognition through the inclusion of adaptations of four
validated tests (i.e., N-Back/Symbol Check, DSST/Codebreaker,
TMT-B/Trails, and CRT/Spotter). These tasks accurately assess
cognitive subdomains including working memory, visuospatial
coordination, set shifting, and psychomotor speed. Additionally,
subjective measures of cognition are evaluated through the
Perceived Deficits Questionnaire (PDQ-5). Compared to
traditional pen-and-paper based cognitive measures such as
the DSST, TMT-B and PDQ-5-D, the tool has greater temporal
reliability and concurrent validity (45). It is important to
note, however, that there are not clear cut-off criteria or
precise values for the individual tests that would enhance
its use in both diagnosis and treatment response clinically.
To our knowledge, the THINC-it is the first freely available
computerized tool for screening cognitive dysfunction in MDD.
Other developed methods for screening cognitive dysfunction in
MDD include the Screen for Cognitive Impairment in Psychiatry
(SCIP-D) and the Cognitive Complaints in Bipolar Disorder
Assessment (COBRA). The SCIP-D and COBRA have been
validated as methods to assess objective and subjective cognitive
impairment in MDD, respectively (46). While the COBRA has
poorer sensitivity and specificity for the detection of objective
dysfunction as compared to the SCIP-D, the SCIP-D has greater
sensitivity and specificity for objective dysfunction; therefore,
the COBRA can be used in combination with the SCIP-D to
increase sensitivity and specificity for the detection of objective
dysfunction in MDD (46).

Treatment Interventions Targeting
Cognitive Dysfunction in MDD
The evaluation of subsyndromal depressive symptoms (SSD) in
patients with MDD is relevant for both treatment selection and

outcome. The presence of SSD has been shown to be significantly
associated with disability and functional impairments in older
adults (47). The pertinence of cognitive dysfunction in MDD
underscores the critical importance of developing treatment
modalities that are capable of directly and/or indirectly
improving cognitive function. Classical pharmacological
antidepressant therapy aims to achieve symptomatic remission
by targeting mood symptoms; however, residual impairments
in cognition that are not sufficiently targeted may impose
negative effects on workplace performance and productivity
or delay a timely return to work. Targeted treatment of
cognitive impairments in MDD may capitalize on modifiable
determinants, focusing on prevention and pre-emption.

Cognitive Remediation and Cognitive Therapy
Psychological methods have been proposed for the treatment
and management of neurocognitive impairments in disparate
neuropsychiatric conditions including MDD (48). Brain imaging
evidence in MDD reveals a pattern of increased activity in the
limbic system coincident with decreased activity in executive
areas of the brain (49). Cognitive remediation (CR) is a
psychosocial approach aimed at relieving cognitive impairments
in individuals with diverse brain disorders including, but not
limited to, attention deficit hyperactivity disorder (ADHD),
autism spectrum disorder (ASD) and schizophrenia. Cognitive
remediation involves the use of behavioral strategies to exert
a beneficial effect across a broad range of functionally-relevant
domains (e.g., psychosocial skills). It has been used for the
treatment of maladaptive cognitive thought patterns that are
prevalent in MDD. Cognitive training has effects on brain
structure and function, and has demonstrated effects on
neurobiological systems adversely affected in mood disorders
such as schizophrenia) (50). Although strong empirical evidence
exists for the use of CR in patients with schizophrenia, few
studies have been conducted evaluating the efficacy of CR in
homogeneous samples of unipolar depressed individuals. When
used as an adjunctive therapy in patients with MDD (n =

12), CR was found to significantly improve cognitive function
(i.e., attention, verbal learning and memory, psychomotor
speed, and executive function) compared to patients who
were not receiving adjunctive CR (50). The neuropsychological
educational approach to remediation (NEAR) has been used
as a method of CR that focuses on aspects of motivation
and learning. NEAR involves the delivery of individually-
tailored and commercially available computer games in a
group setting; the games are tailored to an individual’s
strengths and weaknesses to promote learning via positive
reinforcement (51). Significant improvements in cognitive
function, particularly verbal memory, have been found in
patients with MDD receiving NEAR in addition to routine
therapy, as compared to patients receiving only routine therapy
R. S. C. (51–53). Although theoretically promising, more
evidence is required to suggest that CR is effective for the
long-term treatment of cognitive dysfunction in MDD (14).
Additional considerations for the improvement and validity
of CR for the treatment of cognitive dysfunction in MDD
include consistency with regard to task selection (i.e., degree of
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difficulty across studies), treatment frequency, and generalizable
measurements.

Cognitive behavior therapy (CBT) is a well-studied and
propitious therapeutic avenue for the treatment andmanagement
of cognitive dysfunction inMDD. The use of CBT in combination
with pharmacotherapy in adult depression has been shown to
target primarily hot cognitive processes and be more effective
than pharmacotherapy alone (54). Notwithstanding, there are
a number of patients that do not successfully respond to CBT
(55). Consequently, studies have aimed to investigate various
subtypes and pathoetiology of depression with the goal of
informing possible predictors of treatment response. Several
studies have suggested that abnormalities in medial prefrontal
cortex (MPFC) (56) and the anterior cingulate cortex (ACC) (57)
may contribute to the cognitive impairments observed in MDD.
For example, a study found that following CBT treatment, the
functional connectivity between MPFC-ACC was significantly
reduced. Moreover, symptomatic improvement was positively
correlated with a change in MPFC-ACC functional connectivity,
(58) suggesting that CBT could potentially be effective as a
precognitive intervention.

Neurostimulation
Neurostimulation methods have been shown to be highly
effective in the treatment of depression. For example,
electroconvulsive therapy (ECT) is a neurostimulation method
that has been demonstrated to be efficacious in the acute
treatment of depression (59). Negative neurocognitive bias
represents a centric feature of major depression that is associated
with significant risk of relapse (60), with evidence highlighting
negative face processing persisting into periods of remission (61).
Previous research provides evidence for various antidepressants
as rapid modulators of cognitive and neural emotional face
processing, prior to symptom improvement (62, 63). Contrary
to this, compounds lacking antidepressant efficacy have no effect
on emotional bias (63). The capacity of ECT as a modulator
of neurocognitive response to emotional information has
recently been studied. In the first conducted double-blind,
sham-controlled, parallel-group study, the effect of a single
ECT session on the neurocognitive response to emotional
information inMDDwas evaluated. The results revealed changes
in parahippocampal and superior frontal responses to fearful vs.
happy faces, as well as in fear-specific functional connectivity
between amygdala and occipito-temporal regions in response
to single-session ECT treatment (64). Although no statistically
significant shift in the neural response to faces was observed
following ECT, the trend is suggestive of early shifts in emotional
processing that contribute to the antidepressant activity of
ECT (64).

Despite its promising use in the reversal of heightened
neurocognitive response in MDD, the use of ECT is prejudiced
due to reports of cognitive impairments following individual
treatment. Some patients report acute disorientation and
cognitive deficits, with uncertainty surrounding the duration
of the short- and long-term cognitive deficits. In a meta-
analysis of 84 studies and 2,981 patients that aimed to evaluate
the cognitive impairments following ECT, significant cognitive

impairments (i.e., in verbal and visual episodic memory and
executive function) were identified in depressed patients within
3 days of treatment. However, these deficits in cognitive function
following ECT did not persist beyond 15 days post-treatment,
with small to medium effect sizes of improvement for most
variables (i.e., processing speed, verbal working memory, and
executive function)(59).

More recently, repetitive transcranial magnetic stimulation
(rTMS) has emerged as a neurostimulation method for
improving neurocognitive function in patients with MDD, and
is generally viewed more favorably due to its less invasive
nature and diminished propensity for cognitive impairment
(65). A systematic review analyzing the role of rTMS in
improving neurocognition in patients with treatment-resistant
depression (TRD) found that the majority of studies support
an association between rTMS and improved neurocognitive
effects (66). Much of the literature focuses on the dorsolateral
prefrontal cortex (DLPFC) as a target for rTMS as it is a critical
brain region for neurocognitive performance (67). Stimulation
of the DLPFC through rTMS has been shown to produce
variable improvements in psychomotor speed, attention, verbal
fluency, executive function, and other working memory domains
in patients with TRD (66). The foregoing evidence suggests
potential procognitive effects following neurostimulation via
rTMS. However, it remains to be determined whether rTMS
and/or other neurostimulation techniques can reliably and
effectively ameliorate cognitive dysfunction in MDD.

Pharmacotherapy
The counterintuitive gap between remission from depressive
symptoms and functional recovery warrants the evaluation of
therapeutic avenues targeted at improving cognitive symptoms
in individuals with MDD. Notwithstanding the current
need for novel targets to facilitate symptomatic remission
coincident with functional productivity and timely return-
to-work, pharmacotherapies have been scarcely evaluated for
their direct and independent effects on cognition in MDD.
Individuals with MDD routinely receive interventions [e.g.,
selective serotonin reuptake inhibitors (SSRIs), serotonin and
norepinephrine reuptake inhibitors (SNRIs), monoamine
oxidase inhibitors (MAOIs), antipsychotics] with potentially
adverse effects on cognitive measures (20). Persistent functional
impairments mediated by cognitive dysfunction in individuals
with MDD warrants the identification of pharmacotherapies
with pro-cognitive effects.

Determination of the magnitude of effect of an antidepressant
on cognitive function has posed significant limitations as study
designs and assessment methodologies are not standardized in
implementation. Notwithstanding these inconsistencies amongst
studies, certain pharmacotherapies have demonstrated beneficial
effects on cognitive measures of individuals with MDD. A
systematic review and meta-analysis that aimed to evaluate
the overall effect of antidepressants on cognitive function in
MDD revealed that SSRIs/SNRIs have more beneficial effects on
memory domains compared to tricyclic antidepressants (TCAs),
but exhibit equivalent effects on working memory compared
to norepinephrine-dopamine reuptake inhibitors (NDRIs) [60].
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Within the class of SSRIs, sertraline was found to have
more beneficial effects on psychomotor speed compared to
fluoxetine60. However, the results from this meta-analysis were
limited by small sample sizes and large heterogeneity in cognitive
testing which prevented pooling of effect sizes for a single
domain. Improved standardization of cognitive assessment tools
would be beneficial for future trials evaluating cognitivemeasures
in MDD.

Duloxetine is an FDA-approved SNRI antidepressant
medication. An imbalance or deficiency in serotonin and/or
norepinephrine system function has been associated with
cognitive deficits (68), providing the rationale for the use of
SNRIs for the treatment of cognitive dysfunction in MDD. A
study comparing cognitive function following either duloxetine
or escitalopram treatment found that duloxetine resulted in
greater improvements in declarative and working memory
compared to escitalopram (69). Moreover, a double-blind,
placebo-controlled trial involving elderly patients (ages 65 and
older) with recurrent MDD found that 8-week treatment with
duloxetine resulted in a significant improvement in composite
measures of cognition compared to placebo. In this study, the
composite cognitive score was mediated largely by improvement
in verbal learning and memory (70). Duloxetine has also been
assessed as a pro-cognitive antidepressant in young- to middle-
aged subpopulations with MDD. For example, in a 12-week
open-label trial, duloxetine was found to significantly improve
cognitive function, particularly psychomotor speed (71).

Few studies have evaluated the pro-cognitive effects of
other antidepressants for the treatment of cognitive dysfunction
in MDD, with the exception of vortioxetine. Vortioxetine is
an efficacious multimodal antidepressant that acts through a
combination of serotonin reuptake inhibition and receptor
activity. The efficacy of vortioxetine (10 or 20 mg/day) on
cognition was evaluated in placebo-controlled study of adults
between the ages of 18 and 65 with recurrent MDD and
a current depressive episode (72). In this study, cognition
was assessed using the DSST and RAVLT and significant
improvements in objective measures of executive function,
attention, and processing speed as well as learning and memory
were described as a result of these assessments (72). The
efficacy of vortioxetine in improving cognition in elderly patients
(>65 years of age) with MDD has also been evaluated, and
subsequently compared to the efficacy of duloxetine. Similar
to the previous study, the RAVLT and DSST were used to
evaluate cognitive performance. Significant improvements on
the RAVLT were found in patients treated with duloxetine;
however, significant improvements on both the RAVLT and
DSST were found in patients treated with vortioxetine (73).
The foregoing observation of differential effects on cognition
could be mediated by the different mechanisms-of-action of
the two drugs. Vortioxetine is a multimodal antidepressant
hypothesized to exert its effects via its action on the serotonin
reuptake transporter inhibition and cell surface serotonergiv
receptors (e.g., 5HT3 and 5HT7). In comparison to duloxetine,
the activity of vortioxetine as a 5-HT1A receptor stimulator and
5-HT3 receptor antagonist may enhance cortical glutamatergic
neuronal firing contributing to improved cognitive performance

in individuals receiving vortioxetine treatment (73). A recent
meta-analysis including nine placebo-controlled, randomized
trials demonstrated that vortioxetine had the greatest effects
on psychomotor speed, executive control, and cognitive control
amongst all antidepressants evaluated for cognitive effects in
placebo-controlled trials, whereas duloxetine had the greatest
effect on delayed recall (74) Currently, vortioxetine is the only
pharmacological agent that has been approved for the treatment
of MDD through specific targeting of cognitive dysfunction (75).

As ofMay 2018, the U.S. FDA has announced that vortioxetine
has demonstrated direct independent in clinically relevant
improvements in cognitive dysfunction in adults 18–65 with
MDD. The FDA recognizes significant improvement in cognitive
function in vortioxetine-treated individuals as measured by the
DSST when compared to placebo. Vortioxetine product insert
update to include this information represents that first time any
anti-depressant has an explicit mention regarding pro-cognition
in MDD. The use of vortioxetine for the treatment of MDD has
additionally been accepted by the European Medicines Agency.

Convergent evidence has implicated ketamine as a rapid-
acting antidepressant in subpopulations with MDD that do
not respond to conventional antidepressant therapies (76).
Coincident with its use as an antidepressant in subanesthetic
doses, it has been suggested that ketamine may also improve
neurocognitive symptoms in TRD. Despite concerns regarding
the effect of ketamine on cognition, replicated evidence in healthy
controls has shown that ketamine does not impair recall for
previously learned information(77, 78), and no impairments in
executive function have been associated with ketamine treatment
(79, 80). Additionally, in a subpopulation of TRD patients,
ketamine was found to significantly reduce explicit suicidal
ideation, as compared to the psychoactive placebo-control,
midazolam (81). These findings suggest that ketamine treatment
may exert beneficial effects on measures of executive functioning
in patients with TRD. It is a testable hypothesis that the anti-
suicide effects of ketamine are in part mediated by improvements
in executive function (e.g., impulsivity) with ketamine treatment
(82). However, the use of ketamine warrants further investigation
for its application in the treatment of cognitive symptoms in
patients with MDD. Early improvements in cognition have also
been suggested to predict the efficacy of ketamine for TRD,
implicating effects on cognition in the therapeutic mechanism of
ketamine. In particular, lower levels of baseline neurocognitive
performance in individuals with TRD were correlated with an
increased antidepressant response to ketamine, as indicated by
a ≥50% reduction in MADRS scores (83).

Additional Agents
Erythropoietin (EPO) is a glycoprotein secreted by the kidneys
whose main function is to stimulate red blood cell production
in the bone marrow (84). In addition to its hematopoietic role,
EPO has been found to play a role in the central nervous
system and is essential for neurodevelopment, adult neurogenesis
and neuroprotection. Hippocampal EPO exerts neuroprotective
and neurotrophic effects that have been demonstrated to
enhance cognitive performance in various disease models. When
systemically administered at therapeutic levels, EPO can cross the
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blood-brain barrier and enhance cognitive function in healthy
animals (85). Due to its procognitive effects, EPO has been
investigated as a treatment for the cognitive deficits observed in
TRD. In double-blind placebo-controlled, parallel-group design
study, subjects with clinically-defined unipolar TRD scoring≥17
on the Hamilton Depression Rating Scale-17 (HAMD-17) were
randomized to receive either EPO or saline infusions for 8 weeks.
In this study, treatment with EPO significantly enhanced verbal
recall and recognition compared to saline, which was maintained
at follow-up at 14 weeks (86).

Aerobic/resistance exercise is also evidenced as a beneficial
adjunctive therapeutic option for cognitive improvement in
MDD (87). Replicated evidence implicates adjunctive exercise as
an effective method for reducing depressive symptoms (88), with
effects observed at levels commonly recommended for general
public health (89). Studies have demonstrated that individuals
with mild cognitive impairment who engage in regular exercise
exhibit greater improvements in memory compared to those
who do not engage in regular exercise (89). In addition,
studies in healthy participants have demonstrated improvements
in psychomotor speed, attention, visual memory, and spatial
planning following engagement in exercise. One study found that
30-min exercise augmentation was associated with significant
improvements in executive control processing (87). In a meta-
analysis evaluating the effects of exercise on cognitive symptoms
in MDD, the researchers found no significant procognitive
effect of exercise (90); however, they did find that cognitive
function was positively influenced by a combination of physical
and cognitive activity as well as lower-intensity interventions
with higher adherence rates (90). Of note, the findings of
this meta-analysis may be limited by the quality of the data
and methodological heterogeneity amongst studies. Continued
research that stratifies participants by the type of exercise
intervention and baseline characteristics (e.g., education level)
is required to characterize the cognitive effects of exercise in
depressed populations.

Intranasal insulin has also been investigated as a pro-cognitive
agent in the treatment of mood and mental disorders. For
example, cognitive performance in both Alzheimer’s Disease (91)
and Bipolar Disorder (92) has been shown to improve following
treatment with intranasal insulin. Insulin availability and/or
insulin receptor sensitivity has been implicated in MDD (93).
Preclinical and clinical studies have demonstrated procognitive
effects of intranasal insulin across multiple subdomains of
cognition including learning and memory in both healthy and
disease affected populations (91, 93). In a randomized, double-
blind, placebo-controlled, crossover trial, although no significant
improvements in neurocognitive function was observed with
intranasal insulin treatment in individuals with MDD (94), the

involvement of insulin receptors in cognitive and emotional
processing warrants further investigation.

CONCLUSION

Cognitive dysfunction is a core pathological feature of MDD
that is often overlooked and under-evaluated in the diagnosis
and treatment of the disorder. It serves as a principal
mediator of psychosocial and functionality outcomes, with
implications in workplace productivity and imminent return-
to-work. Evaluation of both subjective and objective measures
of cognition is imminent and relevant for improved functional
outcomes in MDD.

Classical therapeutic approaches to MDD are insufficient,
with poor existing response rates to first-, and even second-
line antidepressant administration. While pharmacological
treatment avenues have focused primarily on the recovery
of mood symptoms, the evidence indicates that remitted
patients continue to exhibit clinically-significant cognitive
deficits that impact functional capacity. The inherent disconnect
between mood remission and functional remission warrants the
development of treatments that specifically target functionally-
relevant domains (i.e., cognition). Current clinical paradigms
have been insufficiently studied for their direct, independent,
and clinically-significant effects on cognition. Vortioxetine is
currently the only pharmacological agent approved for use in
MDD that has been shown to exert direct and independent pro-
cognitive effects. Disparate psychotherapeutic and adjunctive
agents have been investigated from a precognitive perspective;
however additional research is required to establish their
independent efficacies. Based on the evidence, the development
of therapeutic strategies that directly target cognitive symptoms,
in addition to mood symptoms, in MDD is may be required
for successful long-term remission and functional recovery
in MDD.
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Background and Objective: The default mode network (DMN) may be an important

component involved in the broad-scale cognitive problems seen in patients with

first-episode treatment-naive depression. Nevertheless, information is scarce regarding

the changes in network homogeneity (NH) found in the DMN of these patients. Therefore,

in this study, we explored the NH of the DMN in patients with first-episode treatment-naive

depression.

Methods: The study included 66 patients and 74 control participants matched by

age, gender, educational level and health status who underwent resting-state functional

magnetic resonance imaging (rs-fMRI) and the attentional network test (ANT). To assess

data, the study utilizes NH and independent component analysis (ICA). Additionally,

Spearman’s rank correlation analysis is performed among significantly abnormal NH

in depression patients and clinical measurements and executive control reaction time

(ECRT).

Results: In comparison with the control group, patients with first-episode

treatment-naive depression showed lower NH in the bilateral angular gyrus (AG), as well

as increased NH in the bilateral precuneus (PCu) and posterior cingulate cortex (PCC).

Likewise, patients with first-episode treatment-naive depression had longer ECRT. No

significant relation was found between abnormal NH values and the measured clinical

variables.

Conclusions: Our results suggest patients with first-episode treatment-naive

depression have abnormal NH values in the DMN. This highlights the significance

of DMN in the pathophysiology of cognitive problems in depression. Our study also

found alterations in executive functions in patients with first-episode treatment-naive

depression.

Keywords: depression, default mode network, network homogeneity, attentional network test, rest-fMRI
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INTRODUCTION

Depression is a frequent complex disorder of unclear
pathogenesis which is typically characterized by persistent
feelings of sadness, loss of interest, reduced energy, a pervasive
loss of pleasure, cognitive impairment, and vegetative symptoms
(1, 2). Depression is currently known to affect a large number of
people globally (http://www.who.int/zh/news-room/fact-sheets/
detail/depression), being one of the main causes for disability
worldwide and having a substantial socio-economic burden (3).
Currently available treatments for depression are far from ideal
due to high recurrence rates along with frequent and intolerable
side-effects (4).

Increasing evidence has shown depression may be regarded
as a disorder of neural networks (5, 6). In particular, the
default mode network (DMN) has received growing attention.
Previous research has found that the DMN is significantly
involved in the neurobiology of depression and has been
proposed as a biomarker for treatment response, as DMN activity
appears to predict levels of depressive rumination (2, 7–9). The
DMN comprises several structures: the medial prefrontal cortex
(MPFC), the precuneus (PCu), the anterior/posterior cingulate
cortex (A/PCC), and the medial, lateral and inferior parietal
cortex (10–13). Recently, the lateral temporal gyrus and the
cerebellar crus 1 and 2 have been found to participate in DMN
connectivity(13, 14). DMN activity is usually higher at rest and
decreases during task-related cognitive processes (15). The DMN
has been correlated with monitoring external environments,
keeping self-consciousness, producing spontaneous thinking,
self-related feelings, memory, the process of cognition, negative
ruminations, complex self-referential stimuli, and some special
mind-states (16–20).

Previous investigation on depression has demonstrated
abnormal resting state connectivity in the DMN; however,
findings remain inconsistent on whether connectivity is
increased (21–23), decreased (24, 25) or even both (26, 27).
Recently, a study reported no correlation between the MPFC
and the PCC (28). These discrepancies may be due to several
aspects. Furthermore, differences in methodology and limited
sample sizes can significantly affect results. Factors such
as drugs, treatment methods, illness duration and severity
can also contribute to DMN abnormalities. For example,
antidepressants can reduce functional connectivity in the DMN
(29, 30), while both electroconvulsive therapy and transcranial
magnetic stimulation have been observed to change functional
connectivity in the DMN (31, 32). Hence, studies on first-episode
treatment-naive subjects with depressionmay have the advantage
of lessening confounders.

Network homogeneity (NH) has been widely studied
in patients with attention-deficit/hyperactivity disorder,
somatization, schizophrenia, and their unaffected siblings (6, 33–
40). This method studies a given network without specifying
the requirement of localization of network abnormalities. Thus,
it assesses the homogeneity of a whole network, an aspect of
intrinsic network organization that has long been overlooked.
As a voxel-wise measurement approach, NH correlates with all
other voxels in a provided interest network. For a given voxel,

its average correlation is regarded as an NH value. Homogeneity
is defined as the time series comparability for a provided voxel
or others in a given network. DMN is associated with cognitive
functioning, especially executive function. When the brain is
performing tasks, the DMN is negatively activated. Based on
studies of DMN abnormalities in patients with depression (40),
we hypothesizes that patients with first-episode treatment-naive
depression show abnormal DMN homogeneity, which may be
related to clinical variables such as illness severity and executive
control reaction time (ECRT).

MATERIALS AND APPROACHES

Ethics Statement
All subjects signed the written informed consent before
participating in this investigation. The study was approved by
the ethics committee of the First Affiliated Hospital, Guangxi
Medical University and in accordance with the Declaration of
Helsinki.

Subjects
This study included 66 patients with first-episode treatment-
naive depression and 74 control participants, all of them recruited
from the Department of Neurology, Psychology and Radiology
of the First Affiliated Hospital of Guangxi Medical University.
Patients were diagnosed following criteria from the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV), by independent assessments from two psychiatrists.
We used the 17-item Hamilton Rating Scale for Depression
(HRSD-17) to evaluate depression severity. All patients had total
scores ≥17 in the HRSD-17 on the day of MRI evaluation.
The exclusion criteria were: left-handedness; family history of
neurological disorders, severe physical illnesses and substance
abuse; pregnancy; findings of abnormal cerebral structures after
the initial MRI scanning, and the presence of other psychiatric
disorders, such as personality disorders or schizophrenia and
related disorders. In total, 74 individuals were included in the
control group, matched for age, gender, educational status and
overall health, and it is noteworthy that exclusion standards are
the same for depression patients.

Behavioral Paradigm
The attentional network test (ANT) was designed by Fan
et al. (41), which was presented using Eprime and E-Studio
software (Psychological Software Tools, Pittsburgh, PA, USA).
The standard procedures for ANT were followed (https://www.
sacklerinstitute.org/cornell/assays_and_tools/ant/jin.fan/). In
the central testing screen, a “+” sign was placed and regarded as
the fixation point. A stimulus signal could be generated above or
below the central screen in the form of a target → or a foil ∗.
Four situations involved foils: No foil, one foil in the central part,
one foil above the central screen and another one below it, and
one foil either above or below the central screen. Arrows could
appear in the following ways: A single arrow, five arrows in a
direction, and five arrows in different directions. Subjects were
required to assure target orientation correctly and quickly. ECRT
was calculated by subtracting the consistent arrow direction
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reaction time (RT) from the inconsistent arrow direction RT.
Longer ECRT represents lower efficiency of the executive control
network.

Resting-State Functional Magnetic
Resonance Imaging
An Achieva 3TMRI scanner (Philips, Netherlands) was utilized
for resting-state functional magnetic resonance imaging (rs-
fMRI). Patients were asked to lie down and close their eyes but
remain awake. A prototype quadrature birdcage head coil filled
with foam was used to minimize head movement. Functional
imaging had the following parameters: ratio of repetition time to
echo time (TR/TE) (2,000/30ms), slice thickness (5mm), pitch
(1mm), field of view (240× 240mm) and flip angle (90◦). On the
structural scan (T1-weighted), the following settings were used:
spin-echo sequence, repetition time (TR) = 20ms, echo time
(TE) = 3.5ms, slice thickness = 1mm, and field of view (FOV)
= 24× 24 cm.

Data Preprocessing
Imaging data from the rs-fMRI was preconditioned using
the data processing assistant for resting-state fMRI (DPARSF)
software (42) in Matlab. The first 10 time points were removed,
and slice time and head motion were rectified to adjust the time
series of images so that the brain is in the same position in every
image (43, 44). No participants had more than 2mm of maximal
displacement in the x, y, or z axes and more than 2◦ of maximal
rotation. The structure of each patient was registered to its
functional image. The structure of each patient was divided, and
a template was created to normalize the structures of the patients
after they were defined according to the Montreal Neurological
Institute (MNI) standard template, the standardization process
of the spatial deformation of the modulation and the structure
of the voxel size using 1 × 1 × 1mm. Finally, the use of the
structure of each patient to the function of the conversion matrix
was also standardized to the MNI space. During the process of
functional image normalization, head motion parameters, white
matter signal, and cerebrospinal fluid signal were used as removal
covariates (Nuisance regression), and voxel size of 3 × 3 ×

3mm was used as functional covariate. The obtained images
were subsequently smoothed with an 8mm full width at half-
maximum Gaussian kernel, band pass filtered (0.01–0.1Hz), and
linearly detrended to lessen the effect of low-frequency drifts
and physiologic high frequency noise. Several spurious covariates
were removed, including a signal from a region centered in the
white matter, 6 head motion parameters obtained by rigid body
correction, and a signal from a ventricular ROI. The global signal
removal may introduce artifacts into the data and distort resting-
state connectivity patterns. Furthermore, the regression of the
global signal may significantly distort results when studying
clinical populations. Therefore, the global signal was preserved
(45, 46).

Default Mode Network Identification
Independent component analysis (ICA) was performed using the
Group ICA utility to remove DMN components in templates
from the GIFT fMRI toolbox (http://mialab.mrn.org/software/#

gica) (46). Three procedures from the GIFT toolbox were utilized
for ICA analysis: data reduction, separation of independent
components and back rebuilding. On the consideration of every
component, the voxel-wise one-sample t-test set a statistical map
and a threshold. Based on Gaussian random field (GRF) theory, p
< 0.01 represents a significant statistical modification of multiple
comparisons. Voxel significance meets requirements at values of
p < 0.01, and cluster significance values for p < 0.01. The study
created masks for the parts included in the DMN. Finally, after
combination, the DMNmasks were utilized in the NH analysis.

Network Homogeneity Analysis
The results of NH analysis were computed through the
application of an in-house script in Matlab (33, 34). The DMN
masks showed correlation coefficients between a provided voxel
and all others. There is a definition of the correlation coefficient
in average as the homogeneity of the provided voxel. Then, the
averaged correlation coefficients were converted into z values
through z-transformation, promoting normal distribution. The
resultant values generated the NH map that finally underwent
z-transformation for group comparison.

Statistical Analysis
The study computed demographic information such as age,
gender, and education degree, as well as imaging data from the
patient and control groups. The two-sample t-test was applied
for the comparison of continuous variables, while the chi-square
test was employed to compare categorical data by using the IBM
SPSS Statistics 22.0 software. With the purpose of measuring
the discrepancies in the NH regional group, the two-sample t-
test assisted the individual-level NH map into one group-level
voxel wise t-test analysis. Later, in the DMN mask, through
voxel-wise cross-subject statistics, the two-sample t-test was
employed to analyze the NH maps. GRF theory is applied into
the modification of significance level (p < 0.01) for multiple
comparisons. (GRF corrected, voxel significance: P < 0.001;
cluster significance: P < 0.01).

Correlation Analysis
NH values are withdrawn from abnormal values in brain regions.
After the evaluation of data normality, Pearson correlations can
be found among the variables with p < 0.05 in statistics using the
IBM SPSS Statistics 22.0 software.

RESULTS

Subjects’ Demographics and Clinical
Features
Demographic information of the study participants is presented
in Table 1. There were no significant discrepancies among the
three groups regarding gender, age, and education years. ECRT
was longer in the patient group.

DMN Maps as Ascertained by Group ICA
By employing ICA, DMN masks were removed from the control
group. The parts involved in the DMN included the bilateral
PCC/PCu,MPFC, ventral anterior cingulate cortex (ACC), lateral
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TABLE 1 | Characteristics of the participants.

Demographic

data

patients(n = 66) NC(n = 74) T(orx2) P value

Gender(male/female) 66(30/36) 74(40/34) 0.16 0.45a

Age(years) 28.44 ± 7.6611 28.88 ± 6.67 0.36 0.57b

Years of

education(years)

36 ± 2.40 12.98 ± 2.49 3.91 0.37b

HRSD score 25.88 ± 5.26 − – –

ECRT 153.13 ± 71.27 87.09 ± 29.78 7.29 0.00b

aThe p value for gender distribution was obtained by chi-square test.
bThe p value were obtained by two sample t-tests.

NC, normal control; HRSD, Hamilton Rating Scale for Depression; ECRT, executive control

reaction time.

FIGURE 1 | Default mode network (based on group-ICA with threshold at

z≥5).

temporal cortex, parietal lobes (medial, lateral, and inferior), and
cerebellum Crus 1 and Crus 2 (Figure 1).

Group Differences in DMN Regarding NH
The two-sample t-test showed significant group discrepancies of
NH values between patients and controls within the DMNmasks.
In comparison with the controls, patients with depression had
lower NH in the bilateral AG and significantly higher NH in the
bilateral PCC and PCu (Table 2 and Figure 2).

Correlation of NH With Clinical Variables
Significant group discrepancies were found in the six regions
where the averaged NH values were withdrawn (bilateral
AG, bilateral PCC, and PCu). In the patient group, Pearson
linear correlation analysis was implemented to explore the
correlations among NH, ECRT, and illness severity. The results
showed no significant correlations of NH with those clinical
variables.

TABLE 2 | Signification differences in NH values between the groups.

Cluster Peak (MNI) Number of voxels T value

location X Y Z

PATIENTS>CONTROLS

bilateral PCu ±6 −66 12 609 8.77

Bilateral PCC ±9 −36 27 207 7.45

PATIENTS<CONTROLS

bilateral AG ±57 −54 27 224 −6.36

MNI, Montreal Neurological Institute; PCu, Precuneus; PCC, posterior cingulate cortex;

AG, angular gyrus.

DISCUSSION

In this paper, NH was studied on the DMN of patients with
first-episode treatment-naive depression. The latter showed
significantly lower NH in the bilateral AG and significantly
higher NH in the bilateral PCC and PCu compared to controls.
These patients also had longer ECRT. However, no significant
correlations were found among NH and illness severity or ECRT
in any of the regions.

The cingulate gyrus is an important area where the frontal
cortex, insula, amygdala, and hypothalamus interconnect. As a
part of the limbic system, it participates in emotion regulation,
cognitive function and self-control. PCC represents a core hub
for the DMN and plays a key role in integrating self-relative
information, retrieval of episodic memory, and autobiographical
search. As reported by Maddock (47), unpleasant words can
cause significant activation of PCC by task state-fMRI. On
the other hand, Hagmann et al. (48) found that PCC can
integrate information across the cerebral cortex through a graph
theoretic analysis method. According to Marchetti et al. (49),
lower fractional anisotropy (FA) values are found in PCC in
major depressive disorder. PCC volume is significantly reduced
in patients with depression (50, 51). The average metabolic rate
of PCC appears to be increased in patients with depression,
and can be reduced significantly by antidepressant treatment
(52). In addition, a meta-analysis reported the PCC is reliably
involved in autobiographical memory, prospection, navigation
and theory of mind (53). On the other hand, many studies
have observed that functional connectivity decreases in PCC
in patients suffering with depression (21–24). One possible
interpretation for this paradox is that there is a possible
compensatory mechanism. However, some hold that increased
PCC is an intrinsic characteristic of depression (54). Our findings
suggest the increased NH in the bilateral PCC could contribute to
depression.

The PCu—situated in the posterior DMN—intervenes in
memory and processing of self-references, while its deactivation
has been related to consciousness (55). Abnormal PCu activity
can enhance self-references, which favors sleep disorders (56).
In this study, we found that increased NH in bilateral PCu
demonstrates decreased interaction with the DMN. At least two
studies have found that abnormal PCu activity may be related to
the genetic risk of depression (57, 58). Therefore, we surmise that
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FIGURE 2 | NH differences in the bilateral angular gyrus, enhanced NH in the bilateral precuneus (PCu) and bilateral postal cingulum cortex (PCC) between

depression group and control group in statistical maps (Blue denotes lower NH and red denotes higher NH. Meanwhile, color bars point T values obtained from

two-sample t-test. NH is the abbreviation of network homogeneity).

increased NH values in the bilateral PCumight be associated with
depression.

The AG, in the posterior of the inferior parietal lobe, is
regarded as a main hub for various subsystems (59). The AG
is involved in handling semantics, reading and comprehending
words, dealing with numbers, retrieving memory, attention and
spatial cognition, social cognition and inference (60). Mulders
et al. (32) observed DMN coherence is significantly decreased
in the AG in patients with depression. Similarly, Chen et al.
found decreased connectivity in the AG within DMN inpatients
suffering with first-episode, treatment-naive major depressive
disorder, which is associated with higher autobiographical
memory scores (61). Patients with depression are thought to
have slower thinking and memory loss, which is associated with
decreased NH values in bilateral AG.

It is universally acknowledged that the DMN is associated
with executive functions, presenting increased activity at

rest and decreased activity during the execution of oriented
cognitive tasks (62, 63). Therefore, depression patients usually
display functional executive impairment and longer ECRT.
This parameter is measured by the ANT designed by Fan et
al. (41). This test has been applied in the research of other
conditions such as Parkinson’s disease (64). Longer ECRT
represents lower efficiency of the prompt executive control
network. Damaged PCC/PCu can affect frontal lobe activity and
disrupt execution functions (65). Based on these speculations,
abnormal NH, ECRT and illness severity are assumed to be
correlated. However, we found no correlations among these
factors. This may be because the abnormal NH values in the
DMN belong to a characteristic variety for those patients who are
not limited by these factors or alternatively are due to the sample
size.

Our study had a few limitations. The influence of
physiological noises such as cardiac and respiratory rhythm
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cannot be completely removed. The sample size was notably
restricted. Finally, our study focused only on alterations in the
DMN, possibly neglecting significant changes in other brain
regions.

Despite these limitations, our study results corroborate
the importance of DMN in the pathophysiology of
depression by highlighting the presence of abnormal
NH values in the DMN of patients with first-episode
treatment-naive depression. In addition, we have posited a
method for the assessment of NH, which may improve the
comprehension of the pathophysiology of depression in future
studies.
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Background: Two current theories regarding the neuroscientific bases of mood

disorders involve alterations in glutamatergic neurotransmission and excessive activation

of inflammatory pathways. We hypothesized that glutamate (Glu) levels and peripheral

inflammatory markers would be associated with cognitive function, in patients with

Bipolar Disorder Type II (BP-II), and that such factors would be associated with

psychological treatment outcomes.

Aims: The primary aim of this study was to explore the relationship between the

neurotransmitter Glu, cytokines (CRP, IL_6, and TNFa) and neuropsychological and

related functioning. The secondary aim was to assess cognitive functioning as a predictor

of poor response to psychological therapy.

Methods: Proton magnetic resonance spectroscopy data were acquired from the

anterior cingulate cortex (ACC) of 15 participants with BP-II, and 13 healthy controls in

a 3T magnetic resonance imaging scanner. The Digit Symbol Task (DST) for processing

speed, TMT-B for executive function and Rey Auditory Verbal Learning Test (RAVLT) were

administered to assess cognitive domains.

Results: There was no significant difference in anterior cingulate Glu, or inflammatory

markers between groups. Furthermore, we found no significant difference between

groups in any cognitive tests. Scores on the DSTwere found to be significantly associated

with poor response to psychological therapy.

Conclusions: This study may highlight an association between neuropsychological

dysfunction and treatment outcome in euthymic patients with BP-II. We did not find any

association between peripheral inflammatory markers and brain Glu levels. This may have

been in part due to the small sample size.

Keywords: TNFa, cognition, glutamate, bipolar disorder type II, inflammation
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INTRODUCTION

Mood disorders are highly prevalent and represent a significant
public health burden (1). Psychological treatments are thought
to be effective modes of treatment for depression and anxiety,
yet there are a substantial number of patients who do not
benefit (2). It is therefore possible that underlying biological
or neuro-psychological mechanisms are involved in preventing
patients from fully benefiting from therapy. Due to the severity
and co-morbidity of treatment resistant populations, it is
likely that patients are not receiving the right treatment to
suit their individual needs. To address this problem, more
refined approaches are needed to target specific biological and
cognitive domains. Two current areas of focus regarding the
neuroscientific basis of mood disorders involve alterations in
glutamatergic neurotransmission and excessive activation of
inflammatory pathways (3).

Since glutamate mediates cognition and behavior (4) and
the predominant role of glutamate receptors appears to be
the modulation of synaptic plasticity, a property of the brain
thought to be vital for memory and learning (5), it is plausible
that dysregulation of the glutamatergic system may be involved
in treatment resistant mood disorders. Disruption of this
system has been consistently implicated in psychiatric illnesses,
including major depressive disorder (MDD) and bipolar disorder
(BP), in multiple brain areas using proton magnetic resonance
spectroscopy (1H-MRS) (3, 6, 7). This technique allows in vivo
assessment of the chemical composition of tissues in a non-
invasive manner, by using the magnetic resonance signal of
hydrogen to determine the concentrations of variousmetabolites,
including glutamate.

Studies using single voxel 1H-MRS in the anterior cingulate
cortex (ACC), in MDD have consistently reported lower
glutamatergic metabolites glutamate (Glu), glutamine (Gln),
or Glx (Glu+Gln) (8–12). Studies in bipolar disorder have
demonstrated inconsistent results but suggest that levels may
be elevated (9, 10, 13). Such inconsistencies may be due to
the difference in mood phase between various studies. For
example, patients with mania show elevated Glx levels in the left
dorsolateral prefrontal cortex (DLPFC) compared with healthy
subjects (14). Considering the role of glutamate between subtypes
of bipolar disorder (i.e., type I vs. II), Atagun et al. found
neurochemical differences in superior temporal cortices (15),
i.e., BP-I had significantly lower Glu and glutamate+glutamine
(Glx) levels in comparison to BP-II. However, this finding
may be due to bipolar disorder type I consistently shown
to be taking more anti-psychotic medication (16). Therefore,
glutamate concentrations may provide information about
neuronal function during a particular mood episode, but also
reveal underpinnings that are common/distinct across types.

Indeed, the contribution to altered glutamate release/reuptake
activation may be related to cytokine effects within the
brain, leading to excitotoxicity and loss of glial elements,
consistent with altered effects on cognition and behavior.
Preliminary evidence shows that elevated inflammatory markers
are associated with elevated glutamatergic neurotransmission
(3), which subsequently correlated with poor processing speed.

In work investigating how inflammatory markers may impact
on the glutamatergic system, it has been shown that patients
exposed to the inflammatory cytokine interferon (IFN)-alpha
exhibited increased glutamate in left basal ganglia and dorsal
anterior cingulate cortex (dACC) in a group of patients with
hepatitis C and comorbid depression (17). In turn, high Glx, and
Glx/creatine levels have been also been shown to correlate with
cognitive impairment in various patient groups (18). A similar
process may occur in bipolar disorder, since recent evidence
shows elevated glutamate (10) and increased inflammatory
markers have also been reported in this patient group (19), albeit
in different patients. Increasing evidence is showing increased
CRP, IL_6, and TNFa levels in euthymic bipolar patients in
comparison to controls (20–22). Furthermore, elevated serum
levels of IL-1RA in BP subjects, even during euthymic states,
was found to be associated with worse cognitive function (23).
Thus, there are some intriguing suggestions that there may
be an interaction between inflammation, cognitive impairments
and increased brain glutamate levels in BP that require further
investigation (24).

The purpose of this study was three-fold. Firstly, we aimed
to measure ACC glutamatergic concentrations at rest (i.e., static
1H-MRS) in bipolar disorder type II (BP-II) compared with
healthy controls. Second, we aimed to examine any correlations
with neuropsychological performance on cognitive tests, and
peripheral inflammatory markers (CRP, IL_6, and TNF-a) to
investigate cytokine involvement on the glutamatergic system
and related effects on cognition and behavior. Lastly, we aimed
to assess if the presence of neuropsychological impairment
may in turn have subsequent effects on psychological treatment
outcomes. We hypothesized that higher levels in Glu, would be
associated with poorer cognitive performance in the BP-II group
compared with healthy controls and this would be related to the
inflammatory cytokines TNFa, CRP, and/or IL_6.

METHODS

Study Subjects
Fifteen patients with BP-II and thirteen healthy controls
aged 22–57 years were recruited into the study. The BP-
II group were recruited from the Predictors of Outcome
Following Psychological Therapy (PROMPT) study which aims
to investigate predictors of response to psychological therapy (2).
The PROMPT project is a large observational, naturalistic study
which investigates predictors of outcome following a range of
different psychological therapies, including cognitive behavioral
therapy (CBT), guided self-help and counseling, at Southwark
Talking Therapies, South London [for more information about
the PROMPT study, see (2)]. Healthy controls were recruited
through online advertisements. Bipolar patients were assessed
for euthymia prior to testing, using short behavioral assessments
to assess hypomania and depressive symptoms. However, three
people were depressed at the time of their assessment. Exclusion
criteria included any serious medical illness, or infection, and
substance abuse/dependence within the past 6 weeks (determined
by structured clinical interview for DSM-IV). No patients had
taken any medications known to affect the immune system
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within the past 6 months. 5/15 participants were taking anti-
depressant medications including citalopram and fluoxetine due
to the difficulty in recruiting patients who were medication
free. 10/15 patients were medication free. All participants signed
informed consent and the study was approved a priori by the
London—Harrow Research Ethics Committee, Ref 12/SC/0528.

Study Procedures
Study procedures occurred in the same order over either
1 or 2 days. 1H-MRS scans were conducted on Day 2, if
applicable, between 8 a.m. and 4 p.m. Blood sampling, behavioral
assessments and neurocognitive testing were conducted on the
same day as the brain scan, and neuropsychiatric assessments
were carried out on Day 1 if the session was split into two.
Psychological treatments for the BP-II group were delivered by
a qualified psychologist or psychological well-being practitioner
and all BP-II participants in this present study completed an
average of six therapy sessions. Therapy outcome data was
extracted from online patient records, as and when patients
completed therapy. Depressive symptom severity, using the
PHQ-9, is measured after each therapy session and at baseline.
Outcome for the present study is defined as the final PHQ-9 score
of the last therapy session received by each patient.

Behavioral Assessments
Depression severity was measured using the Montgomery–
Åsberg Depression Rating Scale (MADRS) (25). Hypomanic
symptoms were assessed using the Young Mania Rating Scale
(YMRS) (26). Therapy outcome scores for the 15 BP-II patients,
in the form of the Patient Health Qusetionnaire-9 (PHQ-9), were
obtained from the outcome phase of the PROMPT study in order
to assess baseline predictors of therapy outcome in the present
subsample of patients.

Neurocognitive Assessment
Executive function was assessed using the Trail Making Test B
and Intra Dimensional Extra Dimensional Shift of the Cambridge
Neuropsychological Test Automated Battery. The Rey Auditory
Verbal Learning Test (RAVLT) was used to measure verbal
learning and memory, and the Digit Symbol Substitution
Test of Wechsler Adult Intelligence Scale was used to assess
psychomotor processing speed. The Weschler Test of Adult
Reading was used to measure pre-morbid IQ.

Scanning Protocol
Scanning was performed on a GE 3-Tesla System (GE, 12-
channel head coil). For image guidance and prescription of
voxels of interest, axial T1 images were obtained using three-
dimensional magnetization-prepared rapid gradient-echo with
settings of time to repetition (TR) = 2,000 (ms), time to echo
(TE) = 30ms, time following inversion pulse (TI) = 1,100ms,
flip angle = 8◦ and voxel size 1 × 1 × 1 mm3. 1H-MRS was
acquired using the standard PRESS sequence with the following
parameters: TR = 2,000ms, TE = 30ms. See Figure 1 for our
voxel of interest.

1H-MRS Analysis
1H-MRS analysis was accomplished using LCModel. The water-
suppressed time-domain data were analyzed between 0.2 and
4.0 ppm. using the basis set provided by the vendor. T1-
weighted images were segmented into gray matter, white matter
and cerebrospinal fluid (CSF) compartments using Structural
Brain Mapping (SPM) software on the whole brain T1 images.
A volume of interest was generated on the T1 images, which
matched the location and size of 1H-MRS voxel. Volumes of
gray matter, white matter and CSF segments in this volume
of interest were then calculated. Since the Glu metabolite
measures were derived with water-scaling, a further correction
was applied to correct the estimated water concentration of the
voxel for partial volume CSF contamination. We used the same
default CSF, gray matter and white matter water concentrations
employed by LCModel (55,556, 43,300, and 35,880 mol/m3

respectively). For practical purposes, these correction factors
were combined into a single equation Mcorr =M∗(43,300∗gm +

35,880∗wm + 55,556∗CSF)/[35,880∗(1 – CSF)], which simplifies
to M∗(1.207∗gm + wm + 1.548 CSF)/(1 – CSF) where M=

uncorrected metabolite, wm, white matter fraction; gm, gray
matter fraction; and CSF, cerebrospinal fluid faction from the
spectroscopy voxel.

Immune Assessments
Blood was obtained in two EDTA tubes and were then
immediately stored at −80 ◦C until batched assay.
Concentrations of tumor necrosis factor (TNFa), interleukin 6
(IL_6), and C-reactive Protein (CRP) were assessed in duplicate
using multiplex bead-based assays. Blood samples were originally
collected from all individuals, however, at analysis stage, some
samples could not be found on the sample management system,
therefore we were left with 13 BP-II and 10 HC.

Statistical Analysis
Pearson product-moment correlation coefficient was performed
to assess the relationship between absolute Glu concentrations
in the dorsal Anterior Cingulate Cortex (dACC) and cognitive
tests (executive function, verbal learning and psychomotor
speed). Secondary analyses examined the relationship between
inflammatory markers and absolute Glu concentrations in the
dACC. Independent samples T-tests were used to examine the
differences in Glu, cognitive tests, and cytokines i.e., TNF-a, IL_6,
and CRP levels between groups, as well as age, sex, hypomanic
symptoms measured by YMRS and depression severity as
measured by the MADRS. All results were assessed for multiple
comparisons, using False Discovery Rate (FDR) analysis, in SPSS.

RESULTS

BP-II participants had significantly higher scores on YMRS and
MADRS compared to controls (see Table 1). There was no
significant difference between groups on WTAR. There was a
trend for a significant difference between healthy controls and
BP-II on the DST and no other significant differences between
groups on other cognitive tests, however BP-II tended to perform
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FIGURE 1 | Region of Interest (ROI). ACC Voxel measures 20 (AP) × 20 (RL) × 20 (SI) mm3 in size and the voxel was prescribed from the midline sagittal localizer,

with the center of the voxel placed 16mm above the genu of corpus callosum perpendicular to the AC–PC line.

TABLE 1 | Mean and standard deviations of clinical and cognitive characteristics.

Healthy control

n = 13

Bipolar disorder

n= 15

M SD M SD t-value p-value

YMRS 0.69 1.03 4.36 3.89 3.395 0.004

MADRS 0 0 9.43 12.42 −2.840 0.014

DST 90 18.3 73 24.5 2.005 0.052

RAVLT 56 9.7 51 39.6 1.706 0.996

TMT-B 60.78 36.9 60.85 28.1 −0.005 0.107

WTAR 45.67 4.812 46.21 3.017 −0.341 0.152

less well. See Table 1. The BP-II group had significant psychiatric
co- morbidity compared to healthy controls, see Table 2.

Bipolar Disorder Type II (BP-II) vs. Healthy
Control
Glutamate (Corrected for CSF/Gray/White Matter)
There was no significant difference in anterior cingulate Glu
levels between BP-II (M= 15.92, SD= 1.67) and HC (M= 15.17,
SD= 1.50), t(−1.420, p= 0.227).

Inflammatory Markers
There were no significant differences in TNFa, IL_6, or CRP
levels between BP-II and healthy controls. See Table 3.

TNFa, IL_6, CRP vs. Glu in BP-II
There were no significant relationships between TNFa (r= 0.103,
p = 0.512), IL_6 (r = 0.211, p = 0.345), and CRP (r = 0.356,
p= 0.435) with Glu levels in the BP-II group.

TABLE 2 | Co-morbidities in the patient sample (BP-II).

Diagnosis N %

Suicide risk 8 50%

Panic disorder 6 43%

Agoraphobia 5 31%

OCD 1 6%

PTSD 3 12%

Alcohol dependence 1 6%

Alcohol abuse 1 6%

Psychosis 3 12%

Generalized Anxiety Disorder (GAD) 4 19%

Glu vs. Cognitive Data in BP-II
There were no significant relationships between scores on the
DST and Glu levels in patients (r = −0.436, p = 0.120) and
no relationship between scores on TMT-B and Glu levels in the
BP-II group (r = 0.194, p = 0.524). There were no significant
correlations between Glu and RAVLT or WTAR.

Digit Symbol Task vs. Outcome
Scores on the DST were significantly associated with therapy
treatment outcome following psychological therapy (r =−0.582,
p= 0.037), i.e., worse performance on the DST is associated with
higher depressive severity following treatment.

DISCUSSION

We found higher levels of CRP, IL_6 and TNFa and elevated
levels of dACC Glu in bipolar patients in comparison to controls,
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TABLE 3 | BP-II vs. healthy control—TNFa, IL_6, CRP.

N Mean SD p-value t-value

TNFa

Healthy control 10 1.7730 0.44242 0.221 −1.322

Bipolar disorder 13 2.0215 0.45284

IL_6

Healthy control 10 0.53 0.371 0.792 −0.267

Bipolar disorder 13 0.58 0.479

CRP

Healthy control 10 3.02 2.79 0.400 −0.871

Bipolar disorder 13 5.23 4.81

however the differences were not significant. We found that BP-
II subjects tended to perform worse in cognitive tests however
the difference were not significant between groups. There was
a trend for significance on the DST measure of processing
speed (p = 0.052) between groups. In turn, we found that
reduced processing speed was associated with a poor outcome to
psychological treatment.

Our findings contribute to our understanding of neural
correlates of Bipolar Disorders that are characterized as having
impaired cognitive function (i.e., difficulties in attention and
concentration are together, a hallmark of both major depression
and hypomania).

LIMITATIONS

The study was designed as a pilot, and as such has a small sample
size. As a result, it is possible that some of the negative findings
may have been due to a lack of power. Although all patients were
assessed as euthymic at screening, three patients were depressed
at the time of their scan. Strict euthymic samples should be
investigated in further samples. The authors note that although
no significant differences were found between groups, the lead
author of this study extracted participants who were depressed
on the day of the scan and the mean differences in Glu levels
between patients and controls were larger, although again, not
significantly so. The patients in this study were not excluded
based on the use of anti-depressants, given the challenge of

recruiting patients with BP-II without medication (12). Although

10/15 patients were not taking anti-depressants, the results could
have been influenced by those who were on medication.

CONCLUSIONS

Two evolving theories regarding the development of mood
disorders involve excessive activation of inflammatory pathways
and alterations in glutamate metabolism. In the present study,
we did not find a significant comparison for the involvement
of inflammation or in glutamate levels between groups. The
reason for this may be in part due to the small sample size,
especially as our findings show elevated levels of both cytokines
and Glu, which fits with our hypothesis, although not significant.
It could also mean that peripheral inflammation is not related
to brain Glu in the dACC. Nevertheless, cognitive impairment,
and particularly in the area of processing speed, appears to
be an important and novel treatment target for improving
neuropsychological function in BP-II groups. Improving such
factors may lead to better outcomes to psychological therapy and
related treatments.

Future work in our group will aim to further characterize
the relationship between inflammation, mood and glutamatergic
neurotransmission.
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An interesting factor explaining recurrence risk in Major Depressive Disorder (MDD)

may be neuropsychological functioning, i.e., processing of emotional stimuli/information.

Negatively biased processing of emotional stimuli/information has been found in both

acute and (inconclusively) remitted states of MDD, and may be causally related

to recurrence of depression. We aimed to investigate self-referent, memory and

interpretation biases in recurrently depressed patients in remission and relate these

biases to recurrence. We included 69 remitted recurrent MDD-patients (rrMDD-patients),

35–65 years, with ≥2 episodes, voluntarily free of antidepressant maintenance therapy

for at least 4 weeks. We tested self-referent biases with an emotional categorization

task, bias in emotional memory by free recall of the emotion categorization task 15min

after completing it, and interpretation bias with a facial expression recognition task.

We compared these participants with 43 never-depressed controls matched for age,

sex and intelligence. We followed the rrMDD-patients for 2.5 years and assessed

recurrent depressive episodes by structured interview. The rrMDD-patients showed

biases toward emotionally negative stimuli, faster responses to negative self-relevant

characteristics in the emotional categorization, better recognition of sad faces, worse

recognition of neutral faces with more misclassifications as angry or disgusting faces

and less misclassifications as neutral faces (0.001 < p < 0.05). Of these, the number

of misclassifications as angry and the overall performance in the emotional memory

task were significantly associated with the time to recurrence (p ≤ 0.04), independent

of residual symptoms and number of previous episodes. In a support vector machine

data-driven model, prediction of recurrence-status could best be achieved (relative

to observed recurrence-rate) with demographic and childhood adversity parameters

(accuracy 78.1%; 1-sided p = 0.002); neuropsychological tests could not improve this

prediction. Our data suggests a persisting (mood-incongruent) emotional bias when

patients with recurrent depression are in remission. Moreover, these persisting biases

might be mechanistically important for recurrence and prevention thereof.

Keywords: major depressive disorder, remission, relapse, recurrence, emotional bias, prediction
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INTRODUCTION

Due to its high incidence, recurrence-rates and severity, Major
Depressive Disorder (MDD) is a psychiatric disease which
globally accounts for the greatest loss of years due to disability
(1, 2). Defining predictors of recurrence that are preventable
might help reduce this burden. The number of previous episodes
of MDD is a strong predictor of both relapse and recurrence
(1, 3, 4) —both are referred to as “recurrence” hereafter (5)–
other predictors include the persistence of depressive symptoms
(3) and coping style and/or daily hassles (1). However, in prior
research, these predictors explained only ∼29% of variance of
time to recurrence (6)(ten Doesschate, Bockting, Koeter, Schene,
& DELTA Study Group, 2010).

An interesting additional factor explaining recurrence risk
in MDD may be neuropsychological functioning, especially the
processing of emotional stimuli/information. Negatively biased
processing of emotional stimuli/information has been found
in different cognitive domains, both in acute and remitted
states. An example of negative biases in emotional processing
is attentional biases for negative stimuli, which have also been
repeatedly observed in acute MDD patients (7–9). This bias
consists of selective attention for negative stimuli, such as sad
faces (10). Altered emotional processing is interpreted as a failure
to suppress attention for negative stimuli (11–13). Moreover,
MDD patients lack a positive attentional bias that is normally
observed in healthy individuals, and show a decreased response
to pleasant stimuli (14, 15). Interestingly, this type of altered
emotional processing is suggested to have clinical correlates: it
is associated with an impeded recovery from depression (10,
16, 17). Based on such findings, biased processing of emotional
information is currently regarded as an important contributor
to the onset of depression, and may therefore also be causally
related to recurrence of depression (13, 18–22). Moreover, in
the acute stage, MDD patients have difficulties in retaining
positive or neutral information to their working memory and
in blocking and removing negative information from working
memory (23–25).

While abundant evidence shows that acutely depressed
individuals differ in emotional processing from non-depressed
controls, referred to as mood-congruent biases, little is known
about how individuals with recurrent MDD in remission
differ from those controls (26–28). Analogous, biases when in

remission of depression could be considered mood-incongruent.
Some of the neuropsychological deficits seen during an acute

episode of MDD seem to persist between episodes, and the level
of neuropsychological impairment might even be related to the

number of previous depressive episodes (29). This may indicate
that, as opposed to representing a state, (i.e., characteristics
are only seen during a depressive episode), altered emotional
processing represents a trait in individuals with increased risk
of developing a first or recurrent depressive episode. This is
further substantiated by (1) the presence of negative bias in
never-depressed relatives of depressed individuals (who are at
high risk for MDD), for example children of depressed mothers
(30–32); (2) the relationship between bias and symptomatic
improvement over time (10); and (3) the association of negative

bias with depression candidate genes (33, 34). Also, a negative
information processing bias was observed in highly neurotic but
never depressed individuals (35). Negative biases in emotional
processing might result in more frequent dysphoric states,
leading to emotional vulnerability under stress and ultimately to
depressive feelings (36, 37).

Indeed, alterations in emotional processing have been
observed in MDD patients in remission compared to healthy
(never depressed) controls, although this evidence is limited (38).
For example, the negative attentional bias observed in depressed
persons may in a lesser form persist or be reactivated during a
sad mood in remitted depressed individuals; although results are
mixed (19, 39–45). Other biases in remitted patients concern the
negative interpretation of neutral or ambiguous information (46),
preferential recall of negative material (46–50), a reduced error
monitoring due to prolonged emotional disturbance after self-
monitored errors, decreased learning and a ruminative thinking
style when confronted with negative information (13, 20).
Moreover, cognitive effects seem to be greatest when emotional
stimuli match the domain of greatest concern to the subject,
e.g., represent self-referential information (51). However, the
differences above have often only been observed when remitted
depressed individuals are in a dysphoric mood or stressed,
suggesting that these biases are activated by decreased mood
(i.e., mood-congruent). In sum, evidence for the persistence of
alterations in emotional processing (as a trait) during remission
is not conclusive yet.

Importantly, the presence of neuropsychological differences
between individuals vulnerable for recurrence of MDD and
never-depressed controls does not necessarily imply that these
neuropsychological processes are predictive of future recurrence.
Until now only one study investigated the relation between
self-referential emotional biases and recurrence (49). If such
an association is replicated, alterations in emotional processing
could be implicated to predict or recognize a preceding
new episode at an early stage. Moreover, interventions to
modify emotional processing biases have been developed for
depressed individuals (37, 52–59). Therefore, if a relation
between emotional biases and recurrence exists, this type of bias-
modification intervention could also have a preventive effect in
MDD patients in remission.

We therefore aimed to investigate self-referent, memory
and interpretation biases in recurrently depressed patients
in remission. To avoid any influence of medication on
emotional processing (60), we only included participants who
were voluntarily free of antidepressant maintenance therapy
for at least 4 weeks. For the exploration of the different
cognitive domains of altered emotional processing, we used
tasks specifically designed to disentangle these. First, to test bias
in self-referent information processing, we used an emotional
categorization task (61). We presented positive and negative
words describing a characteristic, and asked the subjects if
they would appreciate this trait as desirable or undesirable. We
hypothesized that subjects remitted from MDD would need less
time to process negative trait words than controls and that shorter
processing time would be associated with recurrence. Second,
to explore possible bias in emotional memory we subjected the
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remitted depressed individuals to a free recall of the emotion
categorization task stimuli exactly 15min after completing it
(61). We hypothesized that subjects remitted from MDD would
(1) remember more negative words than controls and (2) show
more negative memory intrusions compared to never-depressed
controls. We also expected the strength of the negative bias to
be associated with recurrence and time to recurrence. Third,
we used a facial expression recognition task (61), to test if
alterations in recognition and reaction times would occur to
faces with negative and positive expressions. We hypothesized
that remitted MDD subjects would show (1) faster and better
recognition of negative expressions compared to controls, (2) a
slower recognition of positive expressions compared to controls,
and (3) as in the previous task, that these effects would be
associated with recurrence.

MATERIALS AND METHODS

Participants
We recruited patients with recurrent MDD currently in
remission [≤7 for ≥8 weeks on the Hamilton depression rating
scale (HDRS) (62)] and not fulfilling the criteria for a current
MDD episode–as assessed using the structured clinical interview
for DSM-IV disorders [SCID-I (63) during inclusion]; between
35 and 65 years, with 2 or more MDD episodes according to
the SCID-I. All participants gave written informed consent. The
study was approved by the local Medical Ethics Committee of the
Academic Medical Centre, Amsterdam, The Netherlands.

As described in our methods-paper (64), we recruited
participants (and controls) via advertisements and via databases
registering previous clinical treatment and/or participation in
previous studies at the mood disorder department. In addition,
we contacted patients with a known recurrent MDD without
current medication through their general practitioners who
have an affiliation with the Academic Medical Centre of
Amsterdam (AMC).

Participants did not take psychopharmacologic drugs for at
least 4 weeks, althoughwe allowed incidental benzodiazepine use,
as long as this could be stopped after informed consent. Exclusion
criteria were current diagnosis of alcohol or drug dependence,
psychotic or bipolar disorder, predominant anxiety disorder,
electroconvulsive therapy within 2 months before assessment or
a history of head trauma or neurological disease or severe general
physical illness.

We likewise recruited never-depressed controls, free of
lifetime psychopathology, throughout the study, who were
matched on age (±3 years), sex and estimated intelligence (Dutch
adult reading test (DART (65)); with a HDRS ≤7. Exclusion
criteria for controls (as far as applicable) were identical to MDD-
patients.

Clinical Assessment
After informed consent, we administered the SCID-I (63) to
ascertain current and past depressive episodes, HDRS and IDS-
SR (63) by phone interview, to ensure that participants did
not meet criteria for a depressive episode, and—for the MDD
group—were in remission. We thereafter scheduled a visit to our

lab and requested participants to abstain from caffeinated drinks
before performance of the tasks.

After instruction of the tasks and anthropomorphic measures,
participants performed neuropsychological tasks in 2 blocks
separated by a break. For description of the full baseline
assessment see Mocking et al. (64).

Cognitive Tasks
Emotional Categorization (EmCAT)
In this task, 60 personality characteristics selected to be
disagreeable or agreeable (i.e., valence) were presented on the
computer screen for 500ms each. The task lasted for 6min [for
a complete description of the task, see (66)]. Characteristics
were translated from the original English version to Dutch (and
back-translated), matched in terms of word length, ratings of
usage frequency, and meaningfulness. Participants were asked
to categorize the words as likable or dislikeable as quickly and
accurately as possible. Specifically, they were asked to imagine
whether they would be pleased or upset if they overheard
someone else referring to them as possessing this characteristic,
so that the judgment is self-relevant and in part (but deliberately
less explicitly) self-referent than e.g., the self-referential encoding
task (SRET) (67, 68). The emotional categorization task was
followed by administration of the DART and a short break.

Emotional Memory Task (EmMem)
Exactly 15min after completion of the emotional categorization
task, participants were asked to recall as many personality
characteristics as possible. The number of positive and negative
words recalled was computed for correct and false responses. The
aim of this task was to test if participants with recurrent MDD
recalled more negative words and had more negative intrusions
(recalling words that were not in the EmCAT) than the healthy
control group.

Facial Expression Recognition Task (FERT)
Six basic emotions (happiness, surprise, sadness, fear, anger,
disgust) from 10 different individuals from the Pictures of Facial
Affect series (69), were morphed between each valence and
neutral and presented in a random order for 500ms, followed by
a blank screen. Participants were instructed to respond as quickly
as possible and indicate the emotion they recognized by pressing
one of six designated keys on the keyboard. This task lasted for
20min and has been extensively validated before (60, 61).

Follow-Up
We performed a follow-up of the recurrent MDD-participants by
regular (every ∼4 months) phone-calls, during which the SCID
and HDRS were administered (64). To maximize the detection
rate of recurrences, we also instructed participants to contact us
when they subjectively experienced a recurrence and informed a
person close to them about these instructions.

Statistics
We used IBM’s SPSS version 25.0 (SPSS Inc., Chicago IL, USA);
we considered p < 0.05 as threshold for statistical significance.
With power= 0.80 and two-tailed α= 0.05, our sample size of 69
MDD-patients and 43 controls allowed us to detect effects with
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a small effect size for ANOVA-based repeated measures analyses
(>0.13) and moderate effect-sizes (>0.55) with independent t-
tests (G∗Power 3.1.9 Kiel, Germany). In case a patient or control
did not complete a cognitive task, the subject was excluded for
the analyses of that task. The computerized tasks prevented the
occurrence of missing reaction times or accuracy when a task
was completed.

Comparisons Between rrMDD-Patients and Controls
First, we calculatedmeans for demographic and clinical variables.
We assessed normality and compared baseline characteristics
between patients and controls using independent samples t-
test, χ2 tests or Mann-Whitney U test for non-parametric data,
as appropriate.

For the EmCAT, we first checked occurrence of outliers and
extreme reaction times, and then calculated the mean accurate
classifications and reaction times per subject. We first compared
reaction times for accurate and inaccurate categorization of
positive/negative characteristics using independent T-tests. For
accurate responses, we investigate effects of valence and
valence∗group interactions with a repeated measures ANOVA.
Finally, to investigate combined contrasts of positive/negative
characteristics, accuracy and group (i.e., valence∗group∗accuracy
interaction), we applied linear mixed models with group
as a between-subject factor (patients, controls), emotional
valence as a within-subject factor (negative characteristics vs.
positive), accuracy (correct/incorrect) and reaction time as
dependent variable.

For the EmMem a 2 × 2 × 2 repeated measures ANOVA was
calculated, with group (patient, controls) as the between-subject
factor and false vs. correct answers and positive vs. negative
words as within-subject factors.

For the FERT we compared reaction times and
(mis-)classifications between groups per valence with
independent sample t-tests and the interactions of
(mis-)classification∗group with repeated measures ANOVA. We
used a linear mixed model procedure with group as a between-
subject factor (patient, controls) and emotional expression as
a within-subject factor (angry, fearful, sad, disgusted, neutral,
surprised and happy; grouped as negative, neutral and positive
faces) with reaction time as the first outcome variable and
accuracy as a secondly tested variable.

Associations With Recurrence
For associations with recurrence in remitted MDD-patients, in
order to avoid circular associations and reduce the number of
variables to be examined in association with recurrence risk, we
used the significant differences and interactions with controls
(previous section) to calculate outcome-specific composite scores
(definitions provided in Tables 4, 5). First, we compared baseline
results of these outcomes for rrMDD-patients with and without a
recurrence during prospective follow-up. Second, in order to take
into account the time to the (depressive) event or censoring by
loss to follow-up, we used Cox proportional hazards regression
models, with time to first recurrence as primary outcome.
Participants lost to follow-up or without relapse during follow-
up were considered censored. Because the number of previous

depressive episodes and residual depressive symptomatology
have been established as independent predictors of recurrence
(1, 3, 4), we included these variables in all models. As independent
variables, we used the significant differences and interactions
with controls (i.e., the outcome-specific composite scores). We
used a forward stepwise inclusion of all independent variables
for each task separately. Finally, we for each task, we developed
a task-specific composite score by using all outcomes of a task
in a logistic regression to predict whether a subject would be a
rrMDD-patient or control. Of this prediction-model we saved
the standardized residuals of each task per subject and used
this as a composite score (i.e., representing the individual’s
deviation of the general model). These task-specific composite
scores were then planned to be used in the Cox-models assessing
the independent contributions of the emotional bias test-battery
by (1) entering the three task-specific composite scores per task
as separate predictors and (2) by entering the three task-based
composite scores simultaneously.

Machine-Learning Approach to Predict Recurrence
Given the many outcome variables generated by the EmCAT,
EmMem and FERT, the acknowledged multiple comparison
problem when testing these in individual models and the risk of
overfitting models with relatively few cases, we applied a data-
driven machine-learning approach to investigate prediction of
recurrence, irrespective of the patient-control comparison.

As described for predicting treatment-response by the same
neurocognitive test-battery (70), a linear support vector machine
(SVM) was used to combine demographic (extended with the
Childhood Trauma Questionnaire (CTQ) (71, 72) questionnaire)
and task features into binary predictions (i.e., recurrence/non-
recurrence). SVMs are a widely used and robust method of
deriving binary classifications, particularly when the ratio of data
points to features is relatively low, like in this study. Analysis
was performed using Matlab (version R2014b, Mathworks).
Performance of the algorithm was assessed using a leave-one-out
validation procedure during which a training set consisting of all
but one participant was used. The training set was used for feature
selection, estimation of the C- parameter and model training,
with the left out sample being used solely for validation (73). Note
that this approach results in variability in the features selected,
the C-parameter used and the model weights for each iteration
of the leave-one-out procedure. The value of the C-parameter
used was selected based on the achieved accuracy within the
training set using 50 values of the parameter ranging from 0.01
to 100. Feature selection was achieved by selecting the features
with the highest area under the curve for predicting recurrence
in the training set. Missing values of a given feature in either
the training or testing set (e.g., reaction times for choices, which
were notmade by a particular participant could not be calculated)
were entered as the mean value for that feature, calculated from
the training set. The unbalanced nature of the data set (i.e.,
unequal numbers of recurrent and non-recurrent patients) was
dealt with by setting the weight of each observation to 1/(number
of observations of a given class) in the training set (74).

Separate analyses were completed to test the predictive ability
of the emotional bias tasks, residual symptoms and previous

Frontiers in Psychiatry | www.frontiersin.org 4 March 2019 | Volume 10 | Article 145150

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Ruhe et al. Emotional Biases in Remitted Recurrent MDD

episodes, extended with childhood adversity (CTQ). Selection
of variables/task features was independent of previous analyses.
We then used different proportions of task features (10, 50,
or 100% of available features). The rationale for assessing this
range of proportions of task features is that, if most information
about recurrence is contained in only a few task features
then the classifier which uses just these features will perform
better, whereas if information about recurrence is distributed
throughout many task features, then themore inclusive classifiers
will perform better. Significance (p < 0.05) of the classifier was
determined based on accuracy relative to the a-priori recurrence
rate in this sample (54.7%). We calculated the z-score for
difference between proportions, and considered one-sided p-
values, given the expected better performance of the classifier.

RESULTS

We included 73 remitted MDD-patients and 45 controls.
Of these, 69 MDD-patients and 43 controls completed the

neuropsychological test battery. Of the 69 MDD-patients, 64
(92.8%) had at least 1 follow-up measurement and 52 (75.4%)
completed follow-up for 2.5 years (Figure 1).

The groups did not differ significantly on age, gender,
intelligence score, education (75) and living situation (all
p > 0.05; Table 1). However, remitted MDD-patients were
significantly less often employed compared to controls (p =

0.04) and had a slightly but significantly higher HDRS-score than
controls (Mann-Whitney; p < 0.001).

Baseline Measurements
EmCAT
We excluded 1 rrMDD-patient who did not complete the task.
The EmCAT was performed correctly by most individuals:
35 of 68 rrMDD-patients and 22 of 43 controls had no
inadequate responses to positively or negatively valenced
characteristics. In direct groupwise-comparisons of reaction
time for positive/negative characteristics and accuracy thereof,

FIGURE 1 | Disposition of participants. AD, Antidepressants; HDRS, Hamilton Depressive Rating Scale; MDD, Major Depressive Disorder.
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TABLE 1 | Remitted recurrent MDD patients vs. controls at baseline.

Between-group statistics

rrMDD (n = 69) HC (n = 43) χ2 T U p

Female N (%) 45 (65.8%) 30 (69.8%) 0.25 0.68

Age Years; mean (SD) 53.4 (7.7) 51.5 (8.2) 1.20 0.23

Education Levelsa 0/0/0/4/22/27/16 0/0/0/1/16/18/8 1.25 0.76

IQ Mean (SD) 108.8 (8.2) 106.3 (9.6) 1.43 0.16

Living situation Levelsb 29/0/19/17/2/0/2 12/0/16/11/4/0/0 5.52 0.24

Employment

status

Levelsc 26/27/16/0 21/17/5/0 2.68 0.26

Currently

employed

Yes (%) 46 (68.7) 37 (86.0) 4.28 0.04

Age of onset Years; mean (SD) 26.7 (10.8) – –

Episodes Median (IQR)

last 10 years

lifetime

2 (1–2)

4 (2–7)

– –

HDRS Median (IQR) 2 (0–5) 1 (0–1) 2,317 0.001

Childhood

adversity (CTQ)

Mean (SD)

Total

Emot. abuse

Phys. abuse

Sex. abuse

Emot. neglect

Phys. neglect

49.8 (14.4)

11.6 (5.5)

6.4 (2.8)

6.7 (3.1)

16.1 (5.3)

8.9 (3.4)

35.4 (12.7)

6.9 (3.5)

5.6 (1.7)

6.0 (3.0)

10.2 (4.3)

6.7 (3.0)

5.31

5.47

1.90

1.20

6.10

3.32

<0.001

<0.001

0.60

0.23

<0.001

0.001

CTQ, Childhood Trauma Questionnaire; HC, Healthy Control; HDRS, Hamilton Depression Rating Scale; rrMDD, remitted recurrent major depressive disorder; LEIDS-R, Leiden Index

Depression Sensitivity-Revised; RRS, Ruminative Response Scale.
aLevel of educational attainment (70): primary school not finished/primary school finished/primary school + ≤2 years of lower level secondary school finished/lower level secondary

school finished/medium level secondary school finished/high level secondary school finished/pre-university or university degree).
bLiving situation: alone/living with parents/cohabiting/cohabiting with children/single living with children/other/unknown.
cEmployment status, low/middle/high/never worked; IQR, Inter-quartile range; χ

2, chi-square test statistic; p, p-value; U, Mann-Whitney U non-parametric test statistic; T,

independent-samples T-test statistic.

only for misclassifications of negative characteristics rrMDD-
patients had longer reaction times relative to controls (Table 2).
When we restricted analyses to accurate responses, both
rrMDD-patients and controls showed faster reaction times for,
and better recognition of positive characteristics (significant
main effect of valence; repeated measures ANOVA; [F(1,109)
= 66.41; η

2
= 0.38; p < 0.001] and [F(1,109) = 27.84; η

2

= 0.20; p < 0.001], respectively). There were no significant
differences between rrMDD-patients and controls, nor
was there a significant group∗valence interaction (all p’s >

0.086). However, when we corrected for baseline differences
in HDRS-scores between groups, for reaction times the
group∗valence interaction became significant [F(1,107) =

4.85; η
2

= 0.04; p = 0.03], with patients being faster in
negative and slower in positive characteristics, as compared
to controls.

When we examined combined contrasts between
positive/negative characteristics and groups in more
sophisticated mixed models, regarding accuracy rrMDD made
more mistakes (significant main effect of group; mixed model;
[F(1,4787.91) = 3.91; p < 0.048] and we observed more mistakes
for negative characteristics (main effect for valence; [F(1,4787.91) =
39.62; p < 0.001] without a group∗valence interaction (p= 0.56).
When we corrected for baseline differences in HDRS-scores

between groups, significance of the difference between rrMDD
and controls was lost (p= 0.13).

For the reaction times, we examined the
valence∗accuracy∗group interaction. Overall reaction times
were longer for incorrect responses (main effect for accuracy;
mixed model; [F(1,4265.28) = 123.94; p < 0.001]). Moreover, the
accuracy∗valence∗group interaction was significant [F(2,3810.45)
= 30.99; p < 0.001). Relative to controls, rrMDD-patients were
faster in response to negative characteristics and slower in
response to positive characteristics, while especially for incorrect
responses to positive characteristics this difference was the largest
(Figure 2). When correcting for baseline differences in HDRS-
scores between groups, results were similar, except that an overall
slower response to positive relative to negative characteristics
became significant [F(1,4254.32) = 4.48; p= 0.03] too.

EmMem
We excluded 2 rrMDD-patients and 1 control who did not
complete the task. In direct comparisons of patients and
controls regarding separate outcomes we found no significant
differences (Table 2). We examined the accuracy∗valence∗group
interaction in the recall of positive and negative characteristics
with a repeated measures ANOVA, also taking into account that
participants falsely remembered positive/negative characteristics
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TABLE 2 | Baseline comparisons of emotional biases in rrMDD vs. controls.

Between-group statistics

rrMDD

(n = 69)

HC

(n = 43)

T F (df) U p

EMOTIONAL CATEGORIZATION (EmCat)§

RT Neg. Acc. ms (SEM) 1,084.3 (28.6) 1,110.6 (39.3) 0.551 0.58

RT Neg. Mis.* ms (SEM) 1,246.0 (60.6) 1,036.9 (68.8) −2.249 0.03

RT Pos. Acc. ms (SEM) 980.2 (30.6) 950.2 (29.2) −0.668 0.51

RT Pos. Mis.* ms (SEM) 1,351.4 (127.1) 1,082.0 (152.4) −1.329 0.19

Count Neg. Acc. median (range) 28 (14) 28 (13) 1,432.5 0.85

Count Neg. Mis. median (range) 2 (14) 2 (13) 1,491.5 0.85

Count Pos. Acc. median (range) 29 (12) 29 (5) 1,598 0.38

Count Pos. Mis. median (range) 1 (12) 1 (5) 1,326 0.38

EMOTIONAL MEMORY (EmMem)§

Count Neg. Acc. median (range) 3.0 (7) 3.0 (10) 1,473.5 0.67

Count Pos. Acc. median (range) 3.0 (7) 3.0 (10) 1,479.5 0.65

Count Pos. New median (range) 2.0 (9) 2.0 (8) 1,151.0 0.11

Count Neg. New median (range) 1.0 (7) 1.0 (4) 1,394.5 0.93

FACIAL EMOTION RECOGNITION (FERT)§

RT Angry ms (SEM) 2,053.3 (62.5) 2,108.5 (123.7) 0.441 0.66

RT Fear ms (SEM) 2,241.5 (63.7) 2,208.0 (82.0) −0.322 0.75

RT Sad ms (SEM) 2,440.6 (71.9) 2,314.4 (119.2) −0.906 0.37

RT Disgust ms (SEM) 2,179.1 (68.9) 2,303.8 (111.0) 0.954 0.34

RT Neutral ms (SEM) 1,788.2 (71.2) 1,643.5 (87.1) −1.274 0.21

RT Surprise ms (SEM) 2,251.5 (60.8) 2,210.7 (95.7) −0.379 0.71

RT Happy ms (SEM) 1,754.9 (38.1) 1,700.7 (62.6) −0.786 0.43

RT Negative ms (SEM) 2,225.8 (37.1) 2,230.3 (47.4) 0.005 (1,415) 0.94

RT Positive ms (SEM) 1,871.9 (39.3) 1,820.8 (50.0) 0.654 (1,154) 0.42

*As not all subjects misclassified characteristics during emotional categorization, these mean reaction-times are based on less subjects.
§Due to missing tasks for the EmCAT n = 68 rrMDD and 43 controls, for the EmMem n = 67 rrMDD and 42 controls, and for the FERT n = 69 rrMDD and 42 controls.

(Figure 3). Both in rrMDD-patients and controls, we found a
better recall of positive characteristics (main effect of valence;
[F(1,107) = 26.65; η

2
= 0.20; p < 0.001]) and overall more

characteristics were correctly remembered (main effect of
accuracy; [F(1, 107) = 46.00; η2 = 0.30; p< 0.001]). In addition, we
found a significant accuracy∗valence interaction (no difference
between positive and negative characteristics when recalled
correctly, but more positive than negative characteristics when
recalled incorrect; [F(1, 107) = 19.08; η

2
= 0.15; p < 0.001]).

However, there was no significant accuracy∗valence∗group
interaction (p = 0.24). Correction for baseline HDRS differences
between groups did not change these findings.

FERT
We excluded 1 rrMDD-patient who did not complete the task.
Remitted rMDD-patients showed no differences in reaction
times to any type of emotion (Table 2; independent t-tests,
all p’s > 0.21; Figure 4). However, as shown in Figure 5,
rrMDD-patients showed an increased recognition of sad faces,
and more often misclassified stimuli as angry and disgusting
(independent t-tests; [t(108) = 2.01; p = 0.047], [t(108) = 2.14; p
= 0.035] and [t(108) = 1.98; p = 0.050], respectively). Relative
to controls, rrMDD-patients recognized neutral faces less well

(independent t-test; [t(108) = 2.49; p = 0.014], while they
misclassified emotional faces less often as neutral (independent
t-test; [t(108) = 2.96; p = 0.004]. Only for neutral faces there
was a significant (mis-)classification∗group interaction (repeated
measures ANOVA; [F(1, 108) = 8.33; η2 = 0.07; p = 0.005]. These
findings did not change when we corrected for differences in
HDRS between groups.

Next, we combined angry, fear, sad and disgusting expressions
as negative faces, and surprised and happy as positive faces.When
examining reaction times to positive or negative faces in a linear
mixed model, we found no differences between rrMDD-patients
and controls (main effect of group; p= 0.595), and in both groups
a significant faster responses to positive than negative faces
(main effect of valence; linear mixed model; [F(1,428.00) = 75.98;
p < 0.001]) without a valence∗group interaction (p = 0.526;
Figure 4). Comparisons of neutral with positive or negative
faces, only showed significant slower reaction-times for negative
and positive, relative to neutral faces ([F(1,173.83) = 63.56; p <

0.001] and [F(1,174.41) = 4.03; p = 0.046], respectively), without
a significant main group effect or valence∗group interaction
(p > 0.248; Figure 4).

For accuracy, using the same categorization, for positive vs.
negative faces we observed better accuracy in rrMDD than in
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FIGURE 2 | Reaction times by accuracy in rrMDD-patients and controls for

the emotional categorization task. Figure shows reaction times of rrMDD

patients vs. controls, distinguishing responses that are accurate

positive/negative or inadequate. In a mixed model reaction times were slower

for incorrect responses (main effect for accuracy; p < 0.001) and the

accuracy*valence*group interaction was significant (p < 0.001). Relative to

controls, rrMDD-patients were faster in response to negative characteristics

and slower in response to positive characteristics, while especially for incorrect

responses to characteristics words this difference was the largest. **p < 0.01;

rrMDD, remitted recurrent depressive disorder.

controls (main effect of group; linear mixed model; [F(1,471.71) =
6.45; p = 0.011]), better accuracy for positive vs. negative faces
(main effect of valence; [F(1,471.71) = 144.47; p< 0.001]) without a
valence∗group interaction (p= 0.765; Figure 6). For the accuracy
of classifications as positive or negative vs. neutral, in general,
positive or negative faces were better classified than neutral (main
effect of valence; linear mixed model; all p’s < 0.001), with
a significant valence∗group interaction (worse classification of
neutral faces by rrMDD and better classification of positive and
negative faces by rrMDD; [F(1,264.55) = 5.82; p = 0.017] and
[F(1,533.90) = 9.54; p= 0.002], respectively).

For misclassifications of facial expressions, all subjects
misclassified faces more often as negative than positive (main
effect of valence; linear mixed model; [F(1,346.85) = 60.31; p
< 0.001]), without a significant difference between groups or
valence∗group interaction (both p’s > 0.077). For neutral vs.
negative faces, we observed less misclassifications by rrMDD
(main effect of group; [F(1,113.91) = 7.01; p = 0.009]), more
misclassifications as neutral (main effect of valence; [F(1,113.91) =
786.75; p < 0.001) which was driven by rrMDD-patients having
less misclassifications as neutral and more misclassifications
as negative (significant valence∗group interaction; [F(1,113.91)
= 10.23; p = 0.002]). Likewise, for positive vs. neutral,
we observed significantly less misclassifications by rrMDD
(main effect of group; [F(1,114.08) = 9.35; p = 0.003]), more
misclassifications as neutral (main effect of valence; [F(1,114.08)

= 890.14; p < 0.001]) again driven by less misclassifications
as neutral in rrMDD but with a comparable number of
misclassifications as positive between rrMDD-patients and
controls (significant valence∗group interaction; [F(1,114.08) =

7.76; p= 0.006]; Figure 6).

Follow-Up and Associations
With Recurrence
Of the 64 MDD-patients who had at least 1 follow-up
measurement, 35 (54.7%) had a recurrence, within a median
period of 233 days (IQR 92-461). Patients with a recurrence
had a younger age of onset (Independent T-Test; p = 0.035),
more previous episodes in the last 10 years (Mann-Whitney; p
= 0.001) but did not differ with respect to residual symptoms
(p= 0.85; Table 3).

In the comparison of baseline results of rrMDD-patients
without vs. those with a recurrence, we used significant
comparisons and interactions with controls from Table 2

to calculate outcome-specific composite scores. Patients
with a recurrence during follow-up significantly more often
misclassified faces as angry than resilient patients (Mann-
Whitney; p = 0.037), all other comparisons were not significant
(p > 0.17; Table 4).

Second, examining associations with recurrence in Cox-
proportional hazardmodels (all correcting for residual symptoms
and previous episodes in the last 10 years), we found that
only the misclassification of faces as angry in the FERT
was significantly associated with time to recurrence (Wald
= 5.52; p = 0.019). Of the a priori defined task-based
composite scores only the standardized residuals of the
EmMem was significantly associated with time to recurrence
(Wald = 4.21; p = 0.040). The planned combinations of
task-based composite scores were not significantly associated
with recurrence.

Support Vector Machine Classifiers to Predict

Recurrence
The accuracies and sensitivity/specificity of different classifiers
are displayed in Table 6. In the table we show how different
combinations of neuropsychological tasks and demographic
information (number of previous episodes in last 10 years,
residual symptomatology, age and gender, also extended with
CTQ-scores) perform when different percentages of available
features are selected. The best classifier had a significantly
better accuracy of 78.1% relative to the a-priori recurrence rate
in the sample of this study (54.7%) (EmCAT + EmMem +

demographic/CTQ data; 10% features; z = 2.8; 1-sided p =

0.002). However, when inspecting the 4 predicting parameters
in this SVM-outcome, these were only demographic/CTQ-
items (number of previous episodes in last 10 years, age of
onset, CTQ-physical abuse subscale-score and CTQ-physical
abuse ≥8). Moreover, when running the SVM on the extended
demographic predictor set only, a 50% features solution
(containing age, number of previous episodes in last 10
years, age of onset, CTQ-emotional abuse, CTQ-physical
abuse, CTQ-emotional neglect subscale-scores, CTQ-total score,
CTQ-physical abuse ≥8 and CTQ-emotional neglect ≥15)
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FIGURE 3 | Accurately and falsely endorsed characteristics in rrMDD-patients and controls for the emotional memory task. Figure shows the number of

characteristics reported by rrMDD patients vs. controls, distinguishing characteristics that are accurately or falsely endorsed. In a repeated measures ANOVA, we

found significant main effects for valence (better recall of positive characteristics; p < 0.001) and accuracy (overall more characteristics were correctly endorsed; p <

0.001), with a significant accuracy*valence interaction (no difference between positive and negative characteristics when recalled correctly, but more positive than

negative characteristics when recalled incorrect; p < 0.001). However, the accuracy*valence*group interaction was not significant (p = 0.24). *p < 0.05; **p < 0.01;

rrMDD, remitted recurrent depressive disorder.

FIGURE 4 | Reaction times in rrMDD-patients and controls when performing the facial expression recognition task. Figure shows the reaction times to emotional

expressions (irrespective of accuracy of recognition) in rrMDD-patients and controls. At the right, the valences angry, fear, sad and disgust are combined as negative,

while surprise and happy are combined as positive emotions. There were no differences in reaction-time between rrMDD-patients and controls for any emotion. There

was a significant main effect of valence (p < 0.001), with significant slower reaction-times for negative (p < 0.001) and positive (p = 0.046), relative to neutral faces,

but without a significant main group effect or valence*group interaction (p > 0.248).*p < 0.05; **p < 0.01; rrMDD, remitted recurrent depressive disorder.

provided approximately the same predictive accuracy (75.0%;
z = 2.4; 1-sided p = 0.008). The best model containing
neuropsychological features approximating this result was the

FERT+ demographics/CTQ (10% features) classifier (containing
number of previous episodes in last 10 years, age of onset,
CTQ-physical abuse subscale-score, FERT misclassifications as
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FIGURE 5 | Accuracy of recognition of 7 valences of facial expressions by rrMDD-patients vs. controls for the facial expression recognition task. Figure shows the

number of emotional expressions (7 valences) accurately recognized and misclassified as the indicated emotion for rrMDD-patients and controls. There was an

increased recognition of sad faces (p=0.047), higher misclassification as angry (p=0.048) and disgusting (p=0.046), worse recognition of neutral faces (p=0.005) and

less misclassifications as neutral (p=0.003) by rrMDD vs. controls. For neutral faces there was a significant (mis-)classification*group interaction (p=0.005). * p<0.05;

** p<0.01; rrMDD, remitted recurrent depressive disorder.

angry and FERT misclassifications as negative; 70.3%; z = 1.8;
1-sided p= 0.034).

DISCUSSION

We assessed biased processing of emotional material in
different cognitive domains (i.e., self-referent, emotional
memory and interpretation biases) in a drug-free remitted
recurrently depressed sample. We found that rrMDD-
patients show biases toward emotionally negative stimuli
(i.e., faster responses to negative self-relevant characteristics,
better recognition of sad faces, worse recognition of neutral
faces with more misclassifications as angry or disgusting
faces and less misclassifications as neutral faces), of which
the number of misclassifications as angry and the overall
performance in the emotional memory task were also
associated with the time to recurrence during 2.5 years
of follow-up. In data-driven SVM classifiers, especially
demographic and childhood adversity parameters, but
also combined with misclassifications as angry/negative
faces showed significant better prediction of recurrence-
status. Overall, our data suggests persisting emotional
biases when patients with recurrent depression are in
remission, which are -at least partly- prospectively associated
with recurrence.

Negative biases have been repeatedly observed in acutely
depressed individuals, while findings in remitted or high-risk
groups have been mixed (7, 76). Moreover, the associations with
new episodes have been investigated less (49, 76), and only
for self-referent biases. Below we will discuss our findings for
different aspects of the biases we investigated in this study.

Bias in Self-Relevant Material (EmCAT)
With the mixed model analyses of the emotional categorization
task, enabling the investigation of combinations of
positive/negative characteristics and accuracy, we found a
bias in self-relevant information processing: first, rrMDD-
patients generally made more mistakes in adequately recognizing
positive or negative characteristics than controls; second, in
line with our hypothesis, relative to controls, rrMDD-patients
were faster in response to negative characteristics and slower
in response to positive characteristics, while especially for
incorrect responses to positive characteristics this difference was
the largest. However, contrary to our hypothesis, the reaction
times to negative or positive characteristics separately or in
combination (mean reaction-time negative–mean reaction time
positive) were not associated with recurrence-risk over 2.5 years.

It has been proposed by earlier research, that a lack of a
protective positivity bias observed in depressed individuals might
be another component of depression existing independently
from a negativity bias (76). In contrast to depressed individuals,
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FIGURE 6 | Accuracy of recognition of neutral vs. positive/negative facial expressions by rrMDD-patients vs. controls for the facial expression recognition task. Figure

shows the number of emotional expressions (neutral vs. positive vs. negative) accurately recognized and misclassified as the indicated emotion for rrMDD-patients

and controls. For accurate responses, for positive vs. negative faces we found significant main effects for group (p = 0.011), for positive or negative vs. neutral, there

was a significant main effect for valence (better classification of positive or negative than neutral faces; p < 0.001), with a valence*group interaction [positive (p =

0.017); negative (p = 0.002)]. For misclassifications, for positive vs. negative faces we found significant main effects for valence (p = 0.011); for negative vs. neutral,

there was a significant main effect for group (p = 0.009), valence (p < 0.001) and the valence*group interaction (p = 0.002); for positive vs. neutral, there was a main

effect for group (p = 0.003), valence (p < 0.001) and the valence*group interaction (p = 0.006).* p < 0.05; ** p < 0.01; rrMDD, remitted recurrent depressive disorder.

euthymic healthy individuals appeared to have a positive
attentional bias, in contrast to depressed individuals, who
may often lack such a “protective” bias (14). Since we
investigated euthymic subjects who were previously depressed,
our valence∗group∗accuracy interaction is indicative of both
increases in negative and decrease of positive self-relevant
bias in rrMDD-patients, which is different from controls (i.e.,
rrMDD-patients have a negative bias and lack a protective bias).
Nevertheless, in the current sample, the difference between
reaction times to accurately identified negative and positive
characteristics was not associated with recurrence.

Negative biases in self-referent material have been
found in remitted MDD patients vs. controls before,
e.g., when using the SRET (77). In a recent study by
LeMoult et al. euthymic female individuals with a history
of depression exhibited negatively biased self-referential
processing (less positive and more negative words endorsed)
during the SRET, however assessed after a negative mood
induction (49). The latent SRET variable (additionally
including memory of negative words) was found to
prospectively predict episode recurrence over 3 years of
follow-up (49).

Methodological differences might explain the discrepancy
between our and these findings. First, the use of a mood
induction in this study might have increased the negative
biases in participants, in line with the cognitive reactivity
model, and may have probed the vulnerability for recurrence.
This would imply that self-referent biases might be latent in
remission and mood-congruent only, instead of persistently
present independent of mood-state. If so, we might have
observed a negative bias if we would have applied a mood-
induction before the EmCAT. Second the difference in SRET
vs. the EMCAT task (explicitly referring to oneself vs. valence
of characteristics in relation to oneself; i.e., self-referent vs.
self-relevant/partly self-referent) might have influenced the
variability of correct responses, since most subjects determined
the right valence for most characteristics in the EmCAT.
This might have reduced the possibility to find associations
with recurrence and EmCAT outcomes. Next, the approach of
summarizing the outcomes of the SRET, including the memory
in one latent SRET-measure as predictor of recurrence (49)
might also explain the different findings since combination
of information might increase sensitivity to detect biases.
Finally, in our non-mood-induced EmCAT, we found most
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TABLE 3 | Baseline characteristics of rrMDD patients recurrent vs. resilient during follow-up.

Between-group statistics

Recurrence (n = 35) Resilient (n = 29) χ
2 T U p

Female N (%) 25 (71.4%) 19 (65.5%) 0.26 0.61

Age Years; mean (SD) 52.8 (7.1) 54.7 (8.6) 0.98 0.37

Education Levelsa 0/0/0/2/15/13/5 0/0/0/2/6/12/9 4.52 0.21

IQ Mean (SD) 108.0 (7.5) 110.0 (9.5) 0.90 0.37

Living situation Levelsb 15/0/9/7/2/0/2 11/0/9/9/0/0/0 4.34 0.40

Employment

status

Levelsc 15/15/5/0 9/10/10/0 3.64 0.16

Currently

employed

Yes (%) 22 (64.7) 20 (71.4) 0.32 0.60

Age of onset Years; mean (SD) 24.2 (10.7) 30.1 (11.0) 2.16 0.04

Episodes Median (IQR)

last 10 years

lifetime

2 (1–3)

4 (2–12.5)

1 (1–2)

5 (2–5.5)

746

606

0.01

0.18

HDRS Median (IQR) 2 (1–5) 2 (0–4.5) 521 0.85

Childhood

adversity (CTQ)

Mean (SD)

Total

Emot. abuse

Phys. abuse

Sex. abuse

Emot. neglect

Phys. neglect

52.0 (15.5)

12.1 (5.8)

7.0 (2.9)

6.9 (3.2)

17.0 (5.5)

8.9 (3.4)

45.6 (11.5)

10.3 (4.8)

5.4 (1.2)

6.7 (3.1)

14.7 (4.9)

8.3 (3.1)

1.78

1.33

2.93

0.36

1.76

0.74

0.08

0.19

0.005

0.72

0.08

0.47

Legend see Table 1.

robust interactions regarding reaction times, which could
not be modeled by LeMoult et al. (49). Again, although
we did not find associations with recurrence, differences in
reaction times might have been more sensitive to predict
recurrence when obtained after a mood-induction (expected to
increase the differences in reaction times between positive and
negative adjectives).

Bias in Memory of Emotional Material
(EmMem)
In contrast with our hypotheses, bias in emotional memory
was not different between rrMDD-patients and controls. In
the emotional memory task, we only found better recall of
positive words, with more words remembered correctly than
incorrectly and a significant accuracy∗valence interaction (no
difference between positive and negative words when recalled
correctly, but more positive than negative words when recalled
incorrectly). Interestingly, despite the absence of significant
differences between rrMDD-patients and controls on separate
outcome variables, the task-based composite score (indicating
the individual’s deviation of the general pattern of differences
between patients and controls) was associated with recurrence.

In previous studies, recall of negative words was increased
in rrMDD in investigations with the SRET (49, 77), which
was accompanied by unexpected recall afterwards. In addition
Vrijsen et al. also reported increased negative memory bias for
negative stimuli in remitted MDD after a sad mood induction,
which was not specifically associated with having recurrent

MDD (48). Interestingly, Gethin and colleagues reported that
reductions in positivity bias in a comparable sample of remitted
MDD-patients were only found in subjects reporting early life
stress (47). In post-hoc analyses, approximating the analyses by
Gethin et al. we did not find evidence for an effect of early
life stress [assessed by the CTQ (71, 72)] on reductions of
recall of positive (relative to negative) words in our sample
(results available on request). As noted above, LeMoult et al.
reported an association with recurrence of the SRET-results,
containing a variable for memory of negative words (49). Given
the fact that our task-based composite score is relative to
the present control sample, the association with prospective
recurrence is interesting but will need replication and preferably
must be substituted by an absolute value independent of a
control sample.

The mood induction before, and the shorter time between
the SRET and recall (3min) (49) compared to this study (no
mood-induction; time between ECAT and recall 15min) might
both be relevant factors that might have reduced variability
between subjects in our study; these in turn might have obscured
associations between memory bias and recurrence. Moreover, it
has been suggested that the level of self-reference of the presented
characteristics and/or the overgeneralization of autobiographical
memories (i.e., reduced ability to recall specific autobiographical
memories) are more important in the inability of rrMDD
subjects to be resilient against recurrence (76, 78). Unfortunately,
we did not test autobiographical memories in addition to
the EmCAT/EmMem.
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TABLE 4 | Baseline emotional biases (expressed as outcome-specific composite scores) in rrMDD patients recurrent vs. resilient during follow-up.

Between-group statistics

Recurrent

(n = 35)

Resilient

(n = 29)

T U p

Emotional Categorization (EmCat)

Positive Mis. + Negative Mis. n (SEM) 3.8 (0.65) 4.4 (0.68) 445 0.39

RT Neg. – RT Pos. Acc. ms (SEM) 114.5 (27.45) 92.4 (23.22) 609 0.17

RT Neg. – RT Pos. Mis.* ms (SEM) −87.5 (173.17) −198.9 (179.22) −0.45 0.66

Emotional Memory (EmMem)

Negative Acc. – Positive Acc. n (SEM) −0.14 (0.36) 0.00 (0.32 0.29 0.78

Negative Mis. – Positive Mis. n (SEM) −1.20 (0.35) −0.79 (0.43) 518.5 0.69

Positive Acc. – Positive Mis. n (SEM) 1.09 (0.56) 1.29 (0.29) 0.32 0.75

Negative Acc. – Negative Mis. n (SEM) 2.14 (0.38) 2.07 (0.47) 471.5 0.80

(Negative Mis. – Positive Mis.)/(Positive Acc. – Negative Acc)§ % (SEM) −54.5 (41.2) −4.6 (44.8) 250.5 0.25

Facial Emotion Recognition (FERT)

Sad Acc. n (SEM) 16.7 (1.13) 16.9 (1.22) 0.89 0.93

Neutral Acc. n (SEM) 6.5 (0.34) 7.2 (0.36) 1.41 0.69

Angry Mis. n (SEM) 16.1 (1.85) 11.1 (1.46) 662 0.04

Disgust Mis. n (SEM) 7.0 (1.08) 6.6 (0.98) 513.5 0.94

Neutral Mis. n (SEM) 60.6 (3.59) 62.9 (3.89) 0.45 0.66

Positive Acc. – Neutral Acc. n (SEM) 40.3 (1.25) 38.8 (1.88) −0.65 0.52

Negative Acc. – Neutral Acc. n (SEM) 67.4 (2.85) 67.7 (3.33) 0.06 0.95

Negative Mis. – Neutral Mis. n (SEM) −17.9 (6.06) −28.9 (5.60) −1.31 0.19

Neutral Mis. – Positive Mis. n (SEM) 41.7 (3.78) 45.0 (4.57) 0.55 0.58

Outcome-specific composite scores were defined based on significant differences and interactions of outcomes between patients and controls (see Table 2).
*As not all subjects misclassified characteristics during emotional categorization, these mean reaction-times are based on less subjects (16 with recurrence and 16 resilient).
§Cases with Positive Acc. – Negative Acc = 0 omitted from analyses (7 recurrent /7 resilient).

Bold value indicate significance at p < 0.05.

Bias in Recognition of Faces (FERT)
In the facial expression recognition task, contrary to our
hypotheses for reaction times, there were no overall or
valence -specific differences in reaction times between groups.
However, in line with our hypothesis of bias toward negatively
valenced faces, rrMDD-patients better recognized sad faces,
more often misclassified stimuli as angry and disgusting and
exhibited poorer recognition of neutral faces than controls.
Further, they misclassified emotional faces less often as neutral.
Moreover, in interaction analyses, rrMDD-patients showed
worse classification of neutral faces and better classification
of positive and negative faces. This was complemented by
less misclassifications as neutral but more misclassifications as
negative (and comparable misclassifications as positive) faces
by rrMDD-patients vs. controls. Of these findings, only the
increased misclassification of faces as angry was significantly
associated with time to recurrence during 2.5 years of follow-up.
This finding was corroborated by the SVM classifier that included
the FERT-outcomes and revealed a significant classification with
50% of the features.

Depressed patients show mood-congruent biases in the
identification of facial expressions of emotion (76, 79, 80). In
line with our findings, earlier research described that these biases
in the identification of facial expressions of emotion appear to
remain after recovery from a depressive episode (41, 45, 81).
Joorman et al. (45) showed that formerly depressed participants

selectively attended sad faces, while controls selectively avoided
sad faces and oriented toward happy faces instead, indicative
of a positive bias that was not observed in remitted MDD-
patients. Leppanen et al. (41) used neutral, happy and sad faces
only, and found in their analyses of remitted MDD-patients
vs. controls that these patients misclassified neutral faces more
often (and equally) as either sad or happy, while we found more
misclassifications (from either valence) as angry in rMDD, but
-comparably- identified worse recognition of neutral faces by
rrMDD. LeMoult et al. (81) also used a different task (with
computer-morphed variable intensity of emotions) while also
including amood induction procedure: they observed differences
in recognition of happy emotions while we found an increased
recognition of sad and more misclassification as angry faces.
Unfortunately, LeMoult et al. did not report themisclassifications
as angry and neither of these two studies performed a follow-up
to associate biases with recurrence (41, 81).

We expect that our and Leppanen et al.’s non-mood-induced
results point to a trait-like difficulty in recognizing neutral
expressions, presumably as they see them as more negative,
while the mood-induction used by LeMoult might have elicited
mood-congruent (state-like) recognition/interpretation biases
(41, 81). The finding that misclassifications were significantly
more often toward angry faces could be hypothesized as
representation of implicit expectations/anxiety of having done
something wrong, i.e., self-blame as proposed by Zahn et al.
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TABLE 5 | Cox proportional hazards models.

Unit Exp(B) 95% CI p (Wald) p (model)

Emotional Categorization (EmCat)

Previous episodes−10 years n 1.119 1.042–1.203 0.002

HDRS-score residual symptoms 1 point 1.014 0.880–1.168 0.849 0.003

Positive Mis. + Negative Mis. n 0.970 0.871–1.080 0.567

RT Neg. – RT Pos. Acc. 10ms 1.013 0.986–1.041 0.345

RT Neg. – RT Pos. Mis.* 10ms 1.003 0.995–1.011 0.423

Emotional Memory (EmMem)

Previous episodes−10 years n 1.118 1.040–1.201 0.002

HDRS-score residual symptoms 1 point 1.019 0.886–1.171 0.797 0.004

Negative Acc. – Positive Acc. n 0.923 0.748–1.138 0.453

Negative Mis. – Positive Mis. n 0.918 0.744–1.132 0.422

Positive Acc. – Positive Mis. n 0.924 0.763–1.120 0.422

Negative Acc. – Negative Mis. n 0.981 0.848–1.135 0.798

(Negative Mis. – Positive Mis.)/(Positive Acc. – Negative Acc)§ % 0.934 0.755–1.155 0.528

Facial Emotion Recognition (FERT)

Previous episodes−10 years n 1.117 1.038–1.202 0.003

HDRS-score residual symptoms 1 point 0.983 0.848–1.139 0.818

Angry Mis. n 1.038 1.006–1.070 0.019 0.001

Sad Acc. n 1.044 0.948–1.148 0.382

Neutral Acc. n 0.923 0.660–1.290 0.637

Disgust Mis. n 0.968 0.887–1.057 0.467

Neutral Mis. n 1.062 0.895–1.261 0.490

Positive Acc. – Neutral Acc. n 1.019 0.950–1.092 0.603

Negative Acc. – Neutral Acc. n 0.996 0.937–1.060 0.905

Negative Mis. – Neutral Mis. n 1.028 0.966–1.095 0.383

Neutral Mis. – Positive Mis. n 0.992 0.924–1.065 0.819

Outcome-specific composite scores were defined based on significant differences and interactions of outcomes between patients and controls (see Table 2). Variables in italics represent

the final models, for which a p-value (χ2 ) is given. All models contained previous episodes (last 10 years) and HDRS-score (residual symptoms). Selection of additional variables was

done by forward stepwise selection from all listed outcome variables for each emotional bias task separately.
*As not all subjects misclassified characteristics during emotional categorization, these mean reaction-times are based on less subjects (16 with recurrence and 16 resilient).
§Cases with Positive Acc. – Negative Acc = 0 omitted from analyses (7 recurrent/7 resilient).

(82), who reported that 80% of patients with remitted MDD
report self-blaming feelings as a significant symptom in their
last episode. This might persist as residual symptom/bias
contributing to a general vulnerability for recurrence, according
to the revised learned helplessness model in which subjects
blame themselves for failure in an overgeneralized way (83).
The relevance of this misrecognition of neutral stimuli as
negative, might be that a difficulty in accurately identifying
subtle expression of emotion will hinder effective interpersonal
interactions and/or social support in daily life (76). Since
individuals use facial expressions to monitor emotional reactions
to determine others’ opinions and to adjust their behavior
(76), important for social interactions, we propose that -in line
with the general risk for depression of such impairments (84)-
this impairment also plays an important role in recurrence.
In fact, the observed association of recurrence with increased
misclassifications as angry corroborates this idea. Moreover, the
observed worse recognition of happy information/stimuli/faces
when in a dysphoric mood (81) and the proposed difficulties
in the processing of positive affect in MDD in general
(76, 79–81) might additionally decrease resilience against

(an impeding) recurrence. However, our facial recognition
data suggest that the biases for positive material might be
mood-congruent only, while difficulty in recognizing neutral
expressions also exists without attempts to induce sad mood
and are therefore “mood-incongruent” and might represent a
trait (41).

Strengths and Limitations
An important strength of this study is our prospective design with
2.5 years follow-up and ADM-free patient sample. Moreover,
cross-sectional studies comparing patients and controls usually
do not control for a multitude of confounding factors such
as mood state, anxiety disorder co-morbidity and trauma
which make interpretations more difficult. Pharmacological
interventions might alter neuropsychological and specifically
emotional information processing, which can be observed
already hours after intake (85–87). By excluding (remitted)
patients using antidepressants, we avoid any influence of
antidepressants on emotional bias, which was not possible in
earlier studies [e.g., (40, 49, 86, 88)]. Although selection of
unmedicated rrMDD-patients might represent a less severe
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TABLE 6 | Performance of different Support Vector Machine algorithms predicting recurrence.

Percentage of features selected

10% 50% 100%

Info in algorithm Total features Accuracy

(Sens/Spec)

Accuracy

(Sens/Spec)

Accuracy

(Sens/Spec)

EmCat + EmMem 22 50.0 (54.3/44.8) 35.9 (48.6/20.7) 34.4 (34.3/34.5)

FERT 31 46.9 (42.9/51.7) 35.9 (34.3/37.9) 59.4 (65.7/51.7)

EmCat + EmMem + demographics 26 57.8 (60.0/55.2) 54.7 (57.1/51.7) 45.3 (40.0/51.7)

EmCat + EmMem + demographics (extended) 39 78.1 (68.6/89.7)*

[2.8071; 0.002]

56.3 (54.3/58.6) 45.3 (31.4/62.1)

FERT + demographics 35 54.7 (45.7/65.5) 60.9 (62.9/58.6) 54.7 (57.1/51.7)

FERT + demographics (extended) 48 70.3 (60.0/82.8)*

[1.8257; 0.034]

64.1 (68.6/58.6) 59.4 (60.0/58.6)

EmCat + EmMem + FERT 53 34.4 (28.6/41.4) 40.6 (45.7/34.5) 34.4 (34.3/34.5)

EmCat + EmMem + FERT + demographics 57 50.0 (40.0/62.1) 48.4 (51.4/44.8) 42.2 (45.7/37.9)

EmCat + EmMem + FERT + demographics (extended) 70 67.2 (57.1/79.3) 48.4 (60.0/34.5) 45.3 (42.9/48.3)

Demographics (extended) only 17 64.1 (51.4/79.3) 75.0 (71.4/79.3)*

[2.4066; 0.008]

56.3 (54.3/58.6)

The SVM models were validated using a leave one out procedure (see methods). Data were used from all 64 participants for whom follow-up was available. Missing data points (e.g., for

choices which were not made by a particular participant) were imputed as the mean of the training set. The C parameter was estimated over 50 values from 0.01 to 100 (the value used

for prediction was the one which produced the highest accuracy in the training set). Demographics included gender, age, number of episodes in last 10 years and residual symptoms

(HDRS-score), if indicated extended with CTQ-data.

The classifiers marked with * performed significantly better than the a-priori recurrence-rate in the current sample (54.7%), between [] z-score and 1-tailed p-value are given. Positive

and negative predictive values were not displayed as these are dependent on the recurrence-rate in the present sample.

EmCat, Emotional Categorization Task; EmMem, Emotional Memory; FERT, Facial Emotion Recognition Task; Sens, Sensitivity; Spec, Specificity.

spectrum of the disease, the 55% recurrence rate rather
contradicts this potential selection bias.

Nevertheless, some limitations must be addressed. First, as
mentioned earlier, we did not apply a mood induction before
measuring the cognitive biases reported in this manuscript.
Previous research found that cognitive biases are present
after recovery from a depressive episode but may remain
dormant until activated by negative mood or stress (18).
A mood-induction procedure may be required to reveal
such biases. Although we deliberately performed the mood-
induction procedure after these neurocognitive tasks (64),
this might have obscured biases in tasks using self-relevant
material (EmCAT, EmMem), as discussed. As euthymia does
not exclude dysphoria or dysthymic affect, these fluctuations
might have influenced the assessments, challenging their mood-
incongruency. Nevertheless, we assessed severity of depression of
all subjects when doing the tests and excluded patients who were
depressed at the time of testing. Therefore, in absence of a mood-
induction, we think we can interpret our results to represent
more trait-like disturbances instead of sad mood congruent (i.e.,
state-dependent) phenomena. Thismight be relevant for daily life
and clinical applicability where a mood-induction most often is
unfeasible (89).

Second, emotional biases are more profound when stimuli
are self-referent. The EmCAT must be considered partly self-
referent (i.e., self-relevant), since we asked participants to
indicate agreeableness of self-referent characteristics. It would
be interesting to know whether the use of (verbal) self-
referential material in e.g., a SRET or a memory task for
autobiographical material would yield comparable differences

between rrMDD-patients and controls and/or more associations
with prospective recurrence. In addition, our assessment of
emotional memory might be more sensitive by assessing retrieval
in interaction with emotional load (90). Nevertheless, the validity
of the tasks used and their sensitivity to detect biases has been
shown previously, albeit primarily in depressed subjects (60, 61,
85).

Third, sex differences in emotion identification (e.g., in
faces) have been identified in previous studies (81, 91, 92),
therefore several studies included only women (49, 81). We
included both sexes, which might have obscured our findings.
Post-hoc analyses in the current study indeed revealed a
gender∗valence interaction for the accuracy of positive vs. neutral
faces (FERT), but without a gender∗valence∗group interaction,
which was our primary interest. However, for the significant
accuracy∗valence∗group interaction for reaction times in the
EmCAT we also found an interaction with gender (mixed model;
accuracy∗valence∗group∗gender interaction; [F(5,3283.92) = 18.81;
p < 0.001]). This indicated that male rrMDD-patients were both
faster in response to positive (especially incorrect) and negative
characteristics thanmale controls, while females rrMDD-patients
were overall slower in response to both positive (especially
incorrect) and negative characteristics (data available on request).
This gender effect in the EmCAT needs further exploration in
future studies.

Fourth, the number of observations of incorrect classifications
of self-relevant characteristics in the EmCAT was low, which
might therefore be a false-positive result, so this result should
be considered preliminary. Also, the statistical power to observe
associations with recurrence might have been too limited to

Frontiers in Psychiatry | www.frontiersin.org 15 March 2019 | Volume 10 | Article 145161

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Ruhe et al. Emotional Biases in Remitted Recurrent MDD

exclude the possibility of false negative findings. Moreover, we
did not apply a multiple comparison correction, so our results
must be regarded as exploratory. Ideally, selecting variables
for prospective prediction on the basis of their abnormality
compared with healthy controls would also requiring multiple
testing correction. When we would e.g., apply a Bonferroni
correction, known to be the most conservative, the association
with recurrence will be non-significant, which merits cautious
interpretation of this result. Moreover, although SVM algorithms
are widely used and robust, the leave-one-out cross validation
method has been criticized for overestimating accuracy of
prediction and poor generalization.

Fifth, the vulnerability to have a recurrence mediated by
emotional biases might only become relevant in interaction with
daily stressors or maybe more importantly: daily hassles (93).
As such, such stressors/daily hassles might better be modeled as
time-dependent covariates in future analyses.

Finally, Hertel concluded that depressed individuals have the
ability to perform at the level of healthy control participants in
structured situations but have difficulty doing so when situations
are unconstrained or when they are left to their own initiative
(94). Although we abstained from an artificial mood-induction
when examining biases, our tests were also acquired in a
laboratory setting, which might have reduced their sensitivity or
generalizability (76).

CONCLUSION

When investigating emotional biases in drug-free, remitted
recurrently depressed patients, we observed biases toward
emotionally negative stimuli and poorer recognition of neutral
facial expressions. Overall, our data suggests a persisting

(also mood-incongruent) emotional bias when patients
with recurrent depression are in remission. Moreover, the
number of misclassifications as angry-faces and the task-
based composite score for the emotional memory were
independently associated with the time to recurrence during
2.5 years of follow-up. We propose that these persisting
biases might be mechanistically important for recurrence and
prevention thereof.
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Postdecision Evidence Integration 
and Depressive Symptoms
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Background: Metacognition, or the ability to reflect on one’s own thoughts, may be 
important in the development of depressive symptoms. Recent work has reported that 
depressive symptoms were associated with lower metacognitive bias (overall confidence) 
during perceptual decision making and a trend toward a positive association with 
metacognitive sensitivity (the ability to discriminate correct and incorrect decisions). Here, 
we extended this work, investigating whether confidence judgments are more malleable 
in individuals experiencing depressive symptoms. We hypothesized that depressive 
symptoms would be associated with greater adjustment of confidence in light of new 
evidence presented after a perceptual decision had been made.

Methods: Participants (N = 416) were recruited via Amazon Mechanical Turk. Metacognitive 
confidence was assessed through two perceptual decision-making tasks. In both tasks, 
participants made a decision about which of two squares contained more dots. In the 
first task, participants rated their confidence immediately following the decision, whereas 
in the second task, participants observed new evidence (always in the same direction as 
initial evidence) before rating their confidence. Participants also completed questionnaires 
measuring depressive symptoms and self-esteem.

Analysis: Metacognitive bias was calculated as overall mean confidence, whereas 
metacognitive sensitivity was calculated using meta-d’ (a response-bias free measure of 
how closely confidence tracks task performance) in the first task. Postdecision evidence 
integration (PDEI) was defined as the change in confidence following postdecision 
evidence on the second task.

Results: Participants with more depressive symptoms made greater confidence 
adjustments (i.e., greater PDEI) in light of new evidence (β = 0.119, p = 0.045), confirming 
our main hypothesis. We also observed that lower overall confidence was associated with 
greater depressive symptoms, although this narrowly missed statistical significance (β = 
-0.099, p = 0.056), and we did not find an association between metacognitive sensitivity 
(meta-d’) and depressive symptoms. Notably, self-esteem was robustly associated with 
overall confidence (β = 0.203, p < 0.001), which remained significant when controlling for 
depressive symptoms.

Conclusions: We found that individuals with depressive symptoms were more influenced 
by postdecisional evidence, adjusting their confidence more in light of new evidence. 
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BACKGROUND

Individuals have the ability to reflect on and report their mental 
states. In this way, decisions are usually accompanied by a 
degree of confidence (or uncertainty) regarding accuracy, which 
is often termed a metacognitive judgment (1). The ability to 
accurately track performance with confidence ratings is known 
as metacognitive ability (2), and this varies substantially among 
individuals (3).

Early Investigations Into Metacognition 
and Depression
The ability to reflect on our thoughts may be important 
in the development, maintenance of, and recovery from a 
depressive episode. Early investigations into metacognition 
in depression focused on self-reinforcement (4, 5). In 
these studies, participants were asked to evaluate their 
performance by retrospectively administering self-reward 
(or self-punishment) by choosing the number of tokens (that 
translated into monetary reward) they believed they deserved 
for their performance on various tasks. Depressed patients 
were consistently less willing to reward, and more willing to 
punish, themselves (4, 5). However, because self-evaluation 
in these studies entailed explicit reinforcement, this pattern 
of results is difficult to interpret. An alternative explanation is 
that depressed patients in fact believed that they performed as 
well as nondepressed individuals, but that they did not deserve 
reward (or deserved punishment) despite good performance. 
This would align with the well-known tendency for depressed 
patients to experience excessive feelings of guilt, leading to the 
belief that they deserve punishment (6, 7).

Confidence Judgments in Depression
In the late 1970s, the idea of depressive realism was proposed 
(8), which stimulated further investigation into metacognition 
in depression. Alloy and Abramson (8) suggested that depressed 
patients are sadder but wiser, that is, that they hold a more realistic 
view of themselves and the world compared with healthy individuals 
who are influenced by a rose-tinted positive bias. This challenged both 
clinical convention and earlier cognitive models of depression [e.g., 
Refs. (9, 10)], which focused on the idea that thoughts in depressed 
patients were dominated by negative schemata perpetuated through 
negative biases in the processing of new information. By contrast, 
according to the depressive realism account, healthy participants 
should show a positive bias, rating their performance more favorably 
(overconfidence), whereas depressed individuals should report a 
more accurate account of their performance.

The evidence for the depressive realism hypothesis is mixed, 
especially when assessed via confidence in  decision-making 

paradigms. In these experiments, a metric of calibration is 
inferred by comparing reported percentage correct (confidence) 
to actual percentage correct (accuracy). When confidence is rated 
after the decision task, depressed patients have commonly been 
found to exhibit pessimistic calibration, being approximately 
twice as likely to rate their performance below chance compared 
to healthy controls (11–14). However, such posttest differences 
in metacognitive bias could be influenced by a negative memory 
bias. In other designs, confidence ratings are made on a trial-
by-trial basis. Depressed participants seem to show a lowered 
overconfidence effect on such tasks, meaning that their judgments 
more accurately reflect their long-run performance (11, 15, 16), 
which would be consistent with depressive realism. However, in 
some studies, this difference was specific to correct trials only 
(14, 17) or depended on whether the participant expected to do 
badly before the test (11), indicating that depressive realism may 
be context-dependent.

Quiles et al. (18) measured metacognitive awareness (as 
termed by the authors) using a more sophisticated method—by 
calculating Hamann’s coefficient (19). This involves creating a 
contingency table of concordance and disconcordance between 
performance and confidence scores. Hamann’s coefficient 
was then used as a measure of metacognitive awareness on 
four different cognitive tasks. This study detected a positive 
relationship between metacognitive awareness and depression 
scores on a facial emotion recognition task (i.e., confidence 
ratings were more closely aligned with actual performance 
in depressed individuals). However, there was no evidence 
of such an association with metacognitive awareness on tests 
of executive function, digit span, or episodic memory. Quiles 
et al. (18) also measured self-esteem using Rosenberg’s Self-
Esteem Questionnaire (20) but found no association with 
metacognitive awareness.

One difficulty in interpreting the above findings is that these 
measures conflate metacognitive bias (the extent to which 
subjects have the tendency to rate high or low confidence) 
with metacognitive sensitivity (the ability to discriminate 
correct from incorrect decisions). However, in theory, the 
overall level of confidence (metacognitive bias) is independent 
of the ability to discriminate between correct and incorrect 
decisions (metacognitive sensitivity) as one can have overall 
relatively low confidence but still appropriately differentiate 
between correct and incorrect decisions (i.e., selectively 
assigning higher confidence to correct decisions). Such 
concerns have led to novel computational methods to assess 
metacognitive sensitivity, which helps formalize different 
facets of metacognition and create more precise evaluations 
of the bias and sensitivity of metacognitive judgments (2). 
This dissociation between confidence bias and metacognitive 
sensitivity has important theoretical implications regarding 

Individuals with low self-esteem were less confident about their initial decisions. This 
study should be replicated in a clinically depressed sample.

Keywords: metacognition, depression, self-esteem, decision making, confidence, postdecision evidence

166

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org


Metacognition and Depressive SymptomsMoses-Payne et al.

3 September 2019 | Volume 10 | Article 639Frontiers in Psychiatry | www.frontiersin.org

the association with depression because these two concepts 
may track different psychological phenomena, that is, general 
negative self-evaluation versus depressive realism.

Association Between Metacognitive 
Sensitivity and Depression
In an effort to tease apart these constructs, Rouault et al. (21) 
recently utilized computational methods and trial-by-trial 
confidence ratings to separately measure confidence bias and 
metacognitive sensitivity, alongside questionnaires assessing 
various symptoms of mental illness in two large online 
samples (N = 498 and N = 497). Using factor analysis to cluster 
symptoms, they found that high scores on questions loading onto 
a depression/anxiety factor were associated with significantly 
lower overall confidence in decision making. They also reported 
a trend-level association with metacognitive efficiency (the level 
of metacognitive sensitivity expected for a given level of task 
performance), such that participants with higher depression/
anxiety factor scores were better able to discriminate between 
correct and incorrect trials.

Importantly, Rouault et al. (21) matched performance across 
all participants using a staircase procedure, meaning that 
differences in metacognitive judgments could not be explained 
by poorer performance in participants with high depression/
anxiety factor scores. Equating task difficulty is crucial because 
unless groups are matched for accuracy, it is hard to dissociate 
metacognitive judgments from performance (because worse 
performance would be expected to elicit both lower overall 
confidence and impair trial-by-trial sensitivity) (21).

Postdecision Evidence Integration 
and Depressive Symptoms
Metacognitive evaluations have been tightly linked to 
postdecision evidence processing (22, 23) or the utilization 
of information not yet available for the decision itself (24). 
This process of ongoing evidence integration that occurs 
postdecision is especially important for recognising errors or 
changing one’s mind (25–27). Thus, recent studies have sought 
to identify mechanisms supporting postdecision processing 
(28, 29) and link such mechanisms to metacognitive ability 
(30, 31). Investigating confidence adjustments based on 
postdecision evidence represents a natural extension of studies 
of metacognitive ability.

This might be especially important for our understanding 
of symptoms of depression, such as indecisiveness (more 
frequent changes of mind). Indecisiveness is a core symptom of 
depression, which may be important when considered alongside 
other interest-activity symptoms as a predictor of antidepressant 
treatment outcome (32). Previous research has found that 
dogmatism, which could be considered a rigid decisiveness, is 
associated with fewer changes of mind (31). Therefore, in the 
present study, we directly assessed the influence of postdecision 
evidence on confidence judgments and their relationship to 
symptoms of depression.

Role of Self-Esteem in Depression 
and Metacognition
Low self-esteem or self-worth are common symptoms of 
depression and play a central role in the classic cognitive models 
of depression (33). Low self-esteem can also prospectively predict 
depressive symptoms across the life span (34, 35).

Previous research has investigated the relationship between 
metacognition and self-efficacy, which is often considered a 
facet of self-esteem and describes a person’s core beliefs about 
their ability to produce desired effects in their environment (36). 
Metacognition and self-efficacy may interact to guide learning. 
For example, a student’s metacognitive judgment that they have 
better knowledge of one topic than another in an upcoming 
exam may lead them to study the latter more intensively. On 
the other hand, the same student’s self-efficacy judgment about 
their ability to pass the exam may encourage (if optimistic) 
or hinder (if pessimistic) their motivation to study the less 
well-known topic. Such interactions between metacognition 
and self-esteem have been studied in relation to academic 
performance (37–39). However, to our knowledge, no previous 
study has examined the relationship between self-esteem and 
metacognitive function using cognitive tasks, which was one of 
the aims of the current study.

Current Study
In this study, we aimed to extend Rouault et al.’s (21) findings in 
a new sample of participants using a similar perceptual decision-
making paradigm but also including a task that manipulated 
postdecision evidence. Alongside these two tasks, we measured 
depressive symptoms and self-esteem. As in Rouault et al. 
(21), participants were matched for perceptual discrimination 
performance using a staircase procedure. Therefore, we were able 
to discriminate between metacognitive bias (the overall degree 
of confidence), metacognitive sensitivity (the alignment between 
confidence ratings and accuracy), and postdecision evidence 
integration [(PDEI) the adjustment of confidence according to 
information provided after the decision was made].

First, we hypothesized that depressive symptoms would be 
associated with a lower metacognitive bias (i.e., lower overall 
confidence in decisions), as reported by Rouault et al. (21). 
Second, we hypothesized that depressive symptoms would 
be associated with higher metacognitive sensitivity (better 
calibration of confidence to accuracy, e.g., higher meta-d’), which 
did not survive correction for multiple comparisons in Rouault 
et al. (21). Finally, we hypothesized that depressive symptoms 
would be associated with a greater sensitivity to postdecision 
evidence, reflected in a greater increase in confidence following 
confirmatory evidence (indicating that the participant was 
correct) and a greater decrease in confidence following 
disconfirmatory evidence (indicating that the participant 
wasincorrect). This final variable was our primary outcome of 
interest and is novel to this experiment. We additionally included 
a measure of self-esteem to assess whether individual differences 
in metacognition were associated with this construct, which is 
highly relevant to depression. (34).
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METHODS

Online Recruitment and Participants
Participants were recruited via Amazon Mechanical Turk. 
Subjects gave informed consent, and the study was approved by 
the Research Ethics Committee of University College London 
(study number 1260-003). Participants were paid a basic payment 
of $4.50 and earned a bonus of up to $3.50 (M = $3.01, SD = 
$0.22) based on task performance (explained below).

A total of 575 participants took part in the study, and 416 
participants’ data were analyzed. Data were collected as part 
of another project investigating the relationship between PDEI 
and radical political beliefs, which is reported elsewhere (31). 
The sample size was based on power calculations conducted in 
relation to the original politics effects reported in Rollwage et al. 
(31) because this was the main aim of the study. With N = 416, 
we had 80% power to detect an effect size (r) of 0.14 between 
depressive symptoms and metacognitive variables at p = 0.05 
(two-tailed).

Out of 416 subjects, 219 were female and 196 were male 
(one participant selected “rather not say”). The mean age of 
the participants was 35.85 (range: 18–71 years). Participants 
reported a range of education levels, from high school to 
doctoral degree, with most participants having completed 
college-level education.

Participants had to be 18 years or older and were restricted 
to the United States and prevented from participating multiple 
times. Participants were excluded on the following grounds: 
if they failed to answer at least one of two catch questions 
presented within the questionnaires (n = 17); their perceptual 
discrimination performance exceeded 85% or dropped below 
60% correct (indicating that the staircase procedure did not 
converge undermining the validity of the task, n = 90); they 
chose the same confidence rating more than 90% of the time 
(indicating that participants may not have engaged with the 
confidence reports, n = 11); their median confidence rating 
response time was below 850 ms (indicating a very quick 
and possibly careless rating, n = 19); they missed over 5% of 
trials (n = 21); or they missed questions in the depression 
questionnaire (n = 1). These data were collected as a follow-up 
to a previous experiment [as explained in Ref. (29)]; thus, these 
task-based exclusion criteria were defined a priori [based on 
Study 1 in Ref. (31)].

Overview of Procedure
Participants were given general information and instructions 
and completed an online consent form. Then, participants 
completed the calibration phase, which lasted about 10 
min. Next, participants completed the confidence task (~10 
min) followed by the PDEI task (~20–30 min) Please see 
Figure 1 for task procedure. Finally, participants completed 
multiple questionnaires, including the Zung (40) depression 
questionnaire and the self-esteem rating [results relating to 
the other questionnaires are reported in Ref. (31)]. In total, 
participants spent about 60 min completing the experiment.

Experimental Design
Stimuli
Both tasks were programmed in JavaScript and were presented 
via the online platform Gorilla (https://gorilla.sc/). Stimuli 
for the perceptual decision consisted of two black squares 
(each 250*250 pixels) presented halfway up the screen, one 
to the right and one to the left of center. The squares were 
subdivided into 625 cells, which were randomly selected to  
be filled with dots. On each trial, one square always  
contained 313 cells filled with dots, and the other square 
contained a greater number of cells filled with dots—the 
exact difference in dot numbers was calibrated to individual 
participants and determined using a staircase procedure 
(described below). The configuration of dots (which cells 
contained/did not contain dots) was created randomly 
and changed four times during a single trial, with each 
configuration being presented for 150 ms. This gave the 
impression of flickering dots. The smaller the difference in 
dots between the two squares, the more difficult the perceptual 
decision. Within each trial, the square which contained more 
dots (left/right) remained constant.

Calibration
Performance was matched across participants using a staircase 
procedure, in which participants judged which of two squares 
contained more dots, but confidence ratings were not required. 
This procedure was used to identify the evidence strength 
(i.e., difference in dots) required to elicit approximately 71% 
accuracy for each participant. To do this, we used a 2-down–
1-up staircase procedure that operates on the logarithm of the 
difference in the number of dots. Unlike either of the main 
tasks, during the calibration, participants were not asked for 
confidence ratings but were given visual feedback for each 
trial—showing a green frame around the chosen option if they 
were correct or a red frame around the chosen option if they 
were incorrect.

The calibration stage consisted of 120 trials. Participants 
completed 70 trials during the staircase procedure, and the 
average evidence strength of the last 25 trials was used for 
the initial decisions throughout the rest of the experiment. A 
further 50 trials were completed to be used to establish the dot 
difference for the high postdecision evidence strength trials. In 
these trials, the logarithm of the difference in the number of dots 
was multiplied by a factor of 1.3. These trials were interleaved 
within the other trials but only appeared after 20 “burn-in” 
trials (to allow the staircase to converge) and were yoked to the 
concurrent staircase value. This higher evidence strength evoked 
mean performance levels of 81.45% correct (SD = 10.43%).

Confidence Task (Task 1)
The confidence task consisted of 60 trials in total. In each trial, 
participants were again asked to make a judgment as to which 
square contained the larger number of dots. After making their 
decision, participants rated their confidence in their judgment 
by indicating the probability that their decision was correct. 
This was done by mouse click on a 9-point sliding scale, with the 
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lowest category labeled 0%, the highest category labeled 100%, 
and the midpoint labeled 50%.

Participants were incentivized to give accurate confidence 
ratings through a points system using a quadratic scoring rule 
(41):

po sint *[ ( ) ]= − −100 1 2correct confi i

where correcti is 1 when the participant is correct on trial i 
and 0 when they are incorrect, and confi is the participant’s 
confidence rating on trial i. This means that to gain maximum 
points, participants should accurately report their confidence—
the most points are earned when one is both maximally confident 
and correct or minimally confident and incorrect. For every 
5,000 points earned, subjects received an extra $1.

Postdecision Evidence Integration Task (Task 2)
The PDEI task consisted of 120 trials, 60 with low postdecision 
evidence strength and 60 with high postdecision evidence strength. 
As in the confidence task, participants made a judgment as to 
which square contained more dots. After making this decision, 

participants were shown an additional sample of flickering dots. 
In half of the trials, the new sample was of the same strength 
to the initial sample (low postdecision evidence strength), and 
in the other half, the evidence was stronger (calibrated at 80% 
accuracy—high postdecision evidence strength). Participants 
rated their confidence in their initial decision only after seeing 
both predecision and postdecision samples. Importantly, the 
postdecision evidence was always in the same (correct) direction 
as the predecision evidence. Participants were instructed that 
the extra evidence was bonus information that could be used to 
inform their confidence ratings.

Depression Questionnaire and Self-
Esteem Measure
Depressive symptoms were measured using Zung’s (40) 
self-rating depression scale. This consists of 20 questions 
(10 positively worded and 10 negatively worded) assessing 
common symptoms of depression: mood disturbance (low 
mood, weeping), anhedonia (loss of interest or pleasure), 
physiological changes (trouble sleeping, constipation, weight 

FIGURE 1 | Confidence task (Task 1) and Postdecision Evidence Integration (PDEI) task (Task 2). Participants were asked to judge which of two squares contained 
more flickering dots. In the Confidence task, participants immediately rated their confidence following their decision. In the PDEI task, participants viewed a new set 
of dots (always in the same direction as the predecision evidence. Half of trials showed evidence of the same strength as in predecision phase, whereas half of the 
trials showed evidence of greater strength) before rating their confidence in their original decision.
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loss), psychomotor changes (restlessness, tiredness), and 
anxiety (heart rate, irritability).

Participants rate each statement on a 4-point scale, indicating 
whether the symptom had been experienced “a little of the time”, 
“some of the time”, “a good part of the time”, or “most of the time” 
during the “past several days”. Scores range from 20 to 80, with 
20–49 considered “normal range”, 50–59 “mildly depressed”, 
60–69 “moderately depressed”, and 70 and above “severely 
depressed” (40).

We measured self-esteem using an adapted single-item self-
rated question, which has been validated against Rosenberg’s 
(20) 10-item scale (42). Participants were asked “How would you 
describe your overall self-esteem?” using a sliding scale from 0 
“very low” to 100 “very high”.

Analyses
All analyses used linear regression models. In all regression 
analyses, we employed robust fits (to reduce the influence 
of outliers), and all effects were tested two-tailed. This was 
conducted using MATLAB [Version R2017b, linear regression 
model (robust fit)], which uses a bisquare weighting 
function. All variables were standardized where possible 
(except for categorical variables, e.g., gender, education level, 
depression group).

Regression model 1 – dependent variable: depression 
score; predictor variables: demographic variables (age, gender, 
education level), performance variables (d’, objective evidence 
strength, performance at higher postdecision evidence 
strength), and metacognitive variables (meta-d’, overall 
confidence, PDEI) (Figure 2).

Regression model 2 – dependent variable: overall confidence; 
predictor variables: group (depressed/nondepressed), age, 
gender, performance (d’), and PDEI.

Regression model 3 – dependent variable: PDEI; predictor 
variables: group (depressed/nondepressed), age, gender, 
performance (d’), and overall confidence.

Regression model 3a – dependent variable: confirmatory 
PDEI; predictor variables: group (depressed/nondepressed), age, 
gender, performance (d’), and overall confidence.

Regression model 3b – dependent variable: disconfirmatory 
PDEI; predictor variables: group (depressed/nondepressed), age, 
gender, performance (d’), and overall confidence.

Regression model 4 – dependent variable: self-esteem; 
predictor variables: demographic variables (age, gender, 
education level), performance variables (d’, objective evidence 
strength, performance at higher postdecision evidence) and 
metacognitive variables (meta-d’, overall confidence, PDEI) 
(Figure 5).

A subset of covariates from model 1 was not included in 
models 2–3b after determining they were not associated 
with depression score. For completeness, we repeated the 
analysis of models 2–3b with the full set of covariates to 
ensure that all findings remained unchanged. We checked 
for multicollinearity of all multiple regressions by calculating 
the variance inflation factor for each predictor, which was <2 
for all regressions and predictors and below a standard cutoff 
value of 10 (43).

Calculation of Confidence Bias and Metacognitive 
Sensitivity
Confidence bias was calculated as the mean confidence rating 
of all trials of the confidence task and reflects an individual’s 
tendency to use higher or lower confidence ratings regardless of 
their performance.

To measure metacognitive sensitivity (the extent to which 
participants adjust their confidence judgments following correct 
or incorrect decisions) we calculated meta-d’ (44). This is based 
on signal detection theory and is a standard metric for assessing 
metacognitive sensitivity (2). The advantage of using meta-d’ is 
that it is not influenced by a person’s general propensity to report 
their confidence as higher or lower.

To estimate meta-d’ for each subject, we used a Bayesian 
estimation scheme (45) using the nonhierarchical version of 
the model.

Calculation of Postdecision Evidence Integration
PDEI was measured as the increase in confidence caused by 
postdecision (confirmatory) evidence when subjects were 
initially correct and the decrease in confidence caused by 
postdecision (disconfirmatory) evidence when subjects 
were initially incorrect. To this end, for each participant,  
we constructed a trial-by-trial linear model of data pooled 
across both tasks. In this model, confidence was the 
dependent variable, and the following predictors were 
entered: accuracy (correct =  1, incorrect = -1), postdecision 
evidence strength (confidence task = 0, low postdecision 
evidence  =  1, high postdecision evidence = 2), and the 
critical accuracy × postdecision evidence strength interaction 
term. This interaction term quantifies the extent to  
which confidence increases on correct trials and decreases 
on error trials as postdecision evidence strength increases. 
This forms a summary measure of sensitivity to additional 
evidence (PDEI).

FIGURE 2 | Standardized beta coefficients ( ± standard error) of predictors of 
depression score. White circle markers indicate demographic variables, the 
gray diamond indicates perceptual performance (d’ across both tasks), and 
black squares indicate metacognitive variables. We demonstrate significant 
effects of gender (β = -0.138, p = 0.008), age (β = -0.173, p = 0.001), and 
PDEI (β = 0.119, p = 0.045). Performance (d’ across both tasks) and overall 
confidence narrowly missed significance (β = -0.132, p = 0.063; β = -0.099, 
p = 0.056, respectively). *p < 0.05.
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Depression Score and Self-Esteem Measure
Because of fewer participants scoring at the higher end of 
the depression questionnaire, we conducted a log linear 
transformation on depression questionnaire scores to reduce 
positive skew. This transformed variable was used for all 
subsequent analysis.

We used the arcsin transformation to reduce negative skew 
in our self-esteem scores, and this variable was used in all 
subsequent analyses.

RESULTS

Overall Performance and Confidence 
Reports
Following the staircase procedure (in which participants’ 
performance was staircased to 71% accuracy), participants 
performed on average at 73.1% accuracy with a range of 60% 
to 84.9%.

Participants’ mean confidence in their decisions on the 
confidence task (task 1) was 75.6% (SD = 0.11) when correct 
and 65.8% (SD = 0.12) when incorrect. Postdecision evidence 
(displayed in task 2) had the expected effect on confidence 
ratings. For correct choices, mean confidence increased to 
75.8% (SD = 0.11) following low postdecision evidence strength 
and increased to 85.1% (SD = 0.11) following high postdecision 
evidence strength. For incorrect choices, confidence lowered 
to 53.4% (SD = 0.15) following low postdecision evidence 
strength and 38.4% (SD = 0.19) following high postdecision 
evidence strength. This shows that participants adjusted their 
confidence accordingly when shown further evidence after 
making their decision.

Overall Confidence, Metacognitive 
Sensitivity, and Depressive Symptoms
Depression as a Continuous Variable
First, we constructed a multiple linear regression model 
(Regression model 1; Figure 2) to assess whether depressive 
symptoms were associated with lower overall confidence and better 
metacognitive sensitivity.

The association between overall confidence and depressive 
symptoms narrowly missed significance (β = -0.099, p = 0.056), 
and it was further weakened when controlling for self-esteem  
(β = 0.009, p > 0.1).

There was no association between metacognitive sensitivity 
(meta-d’) and depressive symptoms (β = 0.052, p > 0.1).

Depression as a Categorical Variable
Participants’ depression scores ranged from 20 to 77, with an 
average score of 37.04. Using a cutoff of 50 [recommended by 
Ref. (40)], 57 participants (~14% of our sample) met criteria 
for at least mild depression. The mean depression score in the 
depressed group was 56.66 (SD = 6.21) and in the nondepressed 
group was 33.92 (SD = 8.07).

To investigate the difference in overall confidence between 
depression groups, we constructed a multiple linear regression 
model (Regression model 2). We found no significant association 

between group and overall confidence (p = 0.244) or any other 
variable (all p > 0.05).

Postdecision Evidence Integration and 
Depressive Symptoms
Depression as a Continuous Variable
We used the multiple linear regression reported above (Regression 
model 1; Figure 2) to also assess the relationship between PDEI 
and depressive symptoms.

PDEI was significantly associated with depression score 
(β = 0.119, p = 0.045), meaning that participants with higher 
depressive symptoms were more sensitive to new information, 
adjusting their confidence ratings to a greater extent.

Depression as a Categorical Variable
To investigate the difference in PDEI between groups, 
we conducted a linear regression (Regression model 3). 
Consistent with the analysis using depression score as 
a continuous variable, we found a significant positive 
association between PDEI and group (β = 0.124, p = 0.005). 
This confirms that after receiving postdecision evidence, 
depressed individuals adjust their confidence more than 
nondepressed individuals (Figure 3).

We then used linear regression to investigate PDEI separately 
for when participants received confirmatory or disconfirmatory 
evidence. First, we entered confirmatory evidence integration as 
the dependent variable (Regression model 3a). We found that 
group was positively associated with postdecision integration 
of confirmatory evidence (β = 0.094, p = 0.019), such that 
depressed participants exhibited a greater boost in confidence 
when receiving postdecision evidence after correct judgments. 
Second, we entered disconfirmatory evidence integration as the 
dependent variable (Regression model 3b). We found again that 
group was positively associated with postdecision integration 
of disconfirmatory evidence (β  = 0.093, p = 0.033), such that 

FIGURE 3 | Average confidence rating across the confidence and 
postdecision evidence integration (PDEI) tasks, separated by group. 
Green lines show confidence when participants were correct; red lines 
show confidence when participants were incorrect. Dotted lines indicate 
nondepressed participants (scoring less than 50 on the depression scale); 
solid lines indicate depressed participants (scoring at least 50 on the 
depression scale). The shaded areas indicate the standard errors of the 
mean. In linear regression analysis, we found a significant association 
between group (depressed/nondepressed) and PDEI (β = 0.361, p = 0.005).
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depressed participants exhibited a greater reduction of confidence 
when receiving postdecision evidence after incorrect judgments. 
This indicates that the increased incorporation of postdecision 
evidence in depressed subjects is not a valence effect (e.g., 
depressed subjects only incorporating disconfirmatory evidence) 
but a general characteristic of postdecision processing.

To further visualize these associations, we binned data into five 
categories according to depression score (20–29, 30–39, 40–49, 
50–59, and 60+). Figure 4A, B show the mean overall confidence 
and PDEI scores, respectively, across the five categories.

Sensitivity Analysis
When performing the analyses with depression as a categorical 
variable (models 2–3b), we did not include education or 
performance at the higher staircase value as predictors because 
they were not associated with depression score in regression 
model 1. However, for consistency with all other analyses in this 
study, we repeated these analyses with the full set of covariates 
(see regression model 1). This had little influence on the results: 
depression group was not associated with overall confidence 
(β  =  -0.059, p = 0.235), but it was associated with PDEI (β = 
0.107, p = 0.015), both for confirmatory (β = 0.090, p = 0.025) 
and disconfirmatory (β = 0.079, p = 0.067) evidence.

Demographics, Performance Variables, 
and Depressive Symptoms
Using regression model 1, we could also investigate the 
relationship between depressive symptoms and demographics 
and performance variables. As expected, we found that age and 
gender were significantly associated with depressive symptoms 
(age β = -0.173, p = 0.001; gender β = -0.138, p = 0.008). Younger 

and female participants had higher depressive symptoms, 
consistent with a large body of prior work (46, 47).

There was a negative association between performance (d’) 
and depression, which narrowly missed significance (r = -0.132, 
p = 0.063), underscoring the importance of controlling for this 
variable in the analyses. However, we note that this effect is in the 
opposite direction to the association found between depressive 
symptoms and PDEI. If depression was associated with a 
generalized insensitivity to evidence, then we would expect that 
more depressed individuals would perform worse and show less 
PDEI. On the contrary, despite the weak association with worse 
performance, we find that depression is associated with greater 
PDEI, suggesting a specific change in metacognitive evaluation 
that cannot be explained by performance differences.

Metacognitive Function and Self-Esteem
As expected, self-esteem was strongly negatively associated with 
depression scores (r = -0.678, p < 0.001).

To investigate the relationship between self-esteem and 
metacognitive function, we conducted a linear regression 
(Regression model 4; Figure 5).

Overall confidence was significantly positively associated with 
self-esteem (β = 0.203, p < 0.001). This effect remained significant 
when controlling for depression score (β = 0.109, p = 0.002). 
There were no significant associations between self-esteem and 
the other measures of metacognitive function (meta-d’ p = 0.279 
and PDEI p = 0.070).

We also found that age was a significant predictor of self-esteem 
(β = 0.106, p = 0.028), with younger participants scoring lower.

To further visualize these associations, we binned data into five 
categories according to self-esteem score (0–20, 21–40, 41–60, 

FIGURE 4 | Metacognitive variables plotted as a function of depression score in five bins (50 is the recommended cutoff classifying mild depression). Error bars 
indicate the standard errors of the mean. (A) Mean Overall confidence across depression bins. (B) Mean Postdecision evidence integration score across depression 
bins. Ns per bin: depression score 20–29 (n = 120), 30–39 (n = 135), 40–49 (n = 104), 50–59 (n = 41), 60+ (n = 16).
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61–80, 81–100). Figure 6A, B show mean overall confidence and 
PDEI score, respectively, across the five categories.

DISCUSSION

In a large unselected online sample, we investigated the association 
between metacognitive function (overall confidence, metacognitive 
sensitivity, and PDEI), depressive symptoms, and self-esteem.

We identified a marginal negative association between 
depressive symptoms and overall confidence during perceptual 
decision making. However, when comparing depressed and 
nondepressed groups, we did not observe any significant 

difference in overall confidence. Thus, we observed only weak 
evidence for our first hypothesis, derived from Rouault et al. 
(21), that depressive symptoms would be associated with lower 
metacognitive confidence.

We also did not detect any significant association between 
depressive symptoms and metacognitive sensitivity (meta-d’), 
even though in the current data set, meta-d’ and PDEI (which 
was associated with depressive symptoms, see below) are 
positively correlated (31). Thus, we did not confirm our second 
hypothesis that depressive symptoms would be associated with 
better metacognitive sensitivity.

Instead, depressive symptoms were associated with greater 
integration of postdecision evidence, meaning that more 
depressed participants adjusted their confidence more (i.e., 
they were more likely to change their mind) in the face of 
new evidence having made a decision. This pattern was also 
evident in a categorical analysis of depression: participants 
who met a threshold for at least mild depression had greater 
PDEI scores than participants scoring in the nondepressed 
range. Interestingly, the degree of PDEI was increased for 
both confirmatory and disconfirmatory evidence in depressed 
participants (albeit the association with disconfirmatory PDEI 
narrowly missed significance in a sensitivity analysis), indicating 
a generally heightened sensitivity to new evidence following a 
decision rather than a biased integration of negative information.

It is possible that the integration of postdecision evidence 
might act as a more sensitive experimental marker of self-
evaluation than metacognitive sensitivity (meta-d’), which relies 
on endogenous fluctuations in confidence.

Our self-esteem measure was more closely related to 
differences in overall confidence than depressive symptoms. 

FIGURE 5 | Standardized beta coefficients ( ± standard error) of predictors of 
self-esteem score. White circle markers indicate demographic variables, the 
grey diamond indicates performance (d’ across both tasks) and black squares 
indicate metacognitive variables. We demonstrate significant effects of age 
(β = .106, p = .028) and overall confidence (β = .203, p = < .001). *p < .05.

FIGURE 6 | Metacognitive variables as a function of self-esteem score in five bins. Error bars indicate the standard errors of the mean. (A) Mean overall confidence 
plotted as a function of self-esteem bins. (B) Mean postdecision evidence integration plotted as a function of self-esteem bins. Ns per bin: Self-esteem score 0–20 
(n = 44), 21–40 (n = 59), 41–60 (n = 51), 61–80 (n = 111), 81–100 (n = 151).
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Overall confidence was positively associated with self-esteem and, 
despite the correlation between depressive symptoms and self-
esteem, this association remained significant when controlling 
for depression score. We did not observe a significant association 
between self-esteem and metacognitive sensitivity or PDEI.

Depressive Symptoms Were Associated 
With Greater Postdecision Evidence 
Integration
Depressed participants adjusted their confidence more in the 
face of new evidence, and this effect was exacerbated at higher 
evidence strengths. In our task, increased PDEI was adaptive and 
resulted in more accurate evaluations of participants’ decisions. 
However, there was no association between depressive symptoms 
and earnings, arguing against the notion that depressed 
participants were simply more motivated to win money and 
thus adjusted their confidence more to try to do so. Instead, this 
pattern is consistent with a depressive realism account (8).

Another way to interpret PDEI is in terms of changes of mind. 
The study of postdecisional evaluation may pave the way toward 
an explanation of symptoms, such as indecisiveness. Interestingly, 
participants in the depressed group adjusted their confidence 
more both when they were correct (and received confirmatory 
postdecision evidence) and when they were incorrect (and 
received disconfirmatory postdecision evidence). This symmetry 
argues against an influence of valence in changes of mind, for 
example, an oversensitivity to disconfirmatory evidence or an 
inability to integrate confirmatory evidence.

Importantly, by adjusting their confidence more in the face 
of postdecision evidence, participants in the depressed group 
were performing better than participants in the nondepressed 
group. This shows the interesting complexities in understanding 
the mechanisms underpinning depressive symptoms—what 
appears as adaptive in one task may in fact lead to maladaptive 
decision making in other settings. However, further evidence is 
needed with more direct self-report measures of indecisiveness 
to disentangle the contribution of metacognitive confidence to 
this symptom.

Overall Confidence Was Better Explained 
by Self-Esteem Than Depressive 
Symptoms
We found a weak association between depression score 
and overall confidence that narrowly missed significance  
(p = 0.056) and was weakened when controlling for self-esteem  
(p > 0.1). Rouault et al. (21) found a significant association 
between depression score and overall confidence in experiment 1 
but not in experiment 2. It is important to note, however, that the 
focus of the current study was on depressive symptomatology in 
isolation (as measured with the Zung scale), whereas in Rouault 
et al. (21), the strongest relationships with metacognition were 
observed for a factor that cross-cut elements of both anxiety and 
depression. Specifically, when using factor analysis to cluster 
symptoms independently of questionnaire of origin, Rouault 
et al. (21) found a strong association between their anxious–
depression factor and overall confidence. This pattern of results 

raises the possibility that the lower confidence found in relation 
to greater anxious–depression factor scores in Rouault et al. (21) 
may be driven more by anxious than depressive symptoms.

Self-esteem showed a strong association with overall 
confidence in performance, as derived from the average of trial-
by-trial ratings. This suggests that self-esteem may be closely 
related to concepts of self-efficacy (i.e., overall beliefs about 
self-performance). Notably, self-esteem was not related to either 
metacognitive sensitivity (meta-d’) or PDEI, suggesting that 
it tracks overall beliefs about the probability of success, rather 
than affecting postdecisional monitoring. Future research should 
address whether this relationship occurs across multiple task 
paradigms, exploring different dimensions of self-esteem, for 
example, self-efficacy versus self-liking (48).

Limitations and Future Directions
Several limitations to this study merit comment. First, we 
recruited and tested participants from an unselected online 
sample. This meant that we recruited relatively few participants 
who scored over the cutoff for mild depression (cutoff score 50, 
~14% of our sample), and the mean depression score of this 
group was quite mild (M = 56.66). Second, we were only able to 
obtain a single questionnaire measure of depressive symptoms 
(40) and a single-item measure of self-esteem (42) because of 
time constraints and concerns about sustained attention in 
online experiments (49). Finally, we were unable to identify 
participants who met clinical criteria for a major depressive 
episode using this scale (40). We also did not collect any details 
on previous episodes or comorbidities, life events leading up to 
the time of the experiment or current psychiatric treatment. It 
is possible, for instance, that people who have suffered negative 
shocks to self-efficacy (such as social or professional rejections) 
may have both higher depression scores and lower global 
metacognitive evaluations (21).

Therefore, future research should confirm these findings 
by comparing well-characterized clinically depressed patient 
populations with matched healthy controls. Collecting detailed 
psychiatric histories and measures of life events would allow 
the assessment of relationships between these variables and 
metacognitive measures. It would also be worthwhile to 
investigate symptom profiles in more detail to examine how 
specific symptoms (e.g., indecisiveness) relate to PDEI.

Participants in our study were given a monetary incentive to rate 
their confidence as accurately as possible. The monetary reward 
was calculated using a quadratic scoring rule that means that 
participants earn the most points when maximally confident and 
correct or minimally confident and incorrect. When comparing 
depressed and nondepressed groups, one possible concern is 
that this incentive might not have had the same value across the 
participants; for example, depressed participants might be less 
motivated to win money because of disrupted motivation. However, 
two factors lessen this concern: 1) depressed participants did not 
earn significantly less money than nondepressed participants; 2) our 
main finding that depressed participants adjusted their confidence 
more following further evidence (PDEI) would indicate that, if 
anything, depressed participants considered the accuracy of their 
confidence ratings more carefully than nondepressed participants.
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Another potential concern is that this study was carried out 
as part of a replication experiment within a previous study on 
political attitudes (31), which could raise the Type I error rate 
because we did not correct for multiple comparisons in relation 
to the other questionnaires in the study (although here our focus 
was on associations with depressive symptoms, not political 
attitudes). Therefore, these results should be treated with caution 
until the study is independently replicated.

CONCLUSION

We have identified small but significant shifts in metacognitive 
function associated with higher depressive symptoms and lower 
self-esteem. We found some evidence that depressive symptoms 
were associated with lower overall confidence [as shown in  Ref. 
(21)], but we were not able to replicate the finding that depressive 
symptoms were associated with greater metacognitive sensitivity 
(meta-d’) (21). We found that depressive symptoms were associated 
with greater PDEI, and that a self-esteem measure was better able 
to account for differences in overall confidence than depression 
score. We were able to demonstrate this in a large sample of 
unselected participants recruited online, highlighting the potential 
of this method of recruitment in psychological experiments (50). 
However, this method inevitably has some limitations, particularly 
in relation to the characterization of symptoms. Future studies 
should examine PDEI in well-characterized patient populations 
with more comprehensive measures of symptoms.
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