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Neuropsychiatric disorders such as
schizophrenia, bipolar disorder, depres-
sion, anxiety disorders, and other men-
tal disorders constitute about 13% of
the global burden of disease surpassing
both cardiovascular disease and cancer.
The total cost worldwide of these dis-
eases is estimated to exceed 100 million
disability-adjusted life years.

In order to begin to address this impor-
tant problem, the present Research
Topic brings together a group of lead-
ing affective neuroscience researchers
to present their state-of-the-art find-

ings using an affective neuroscience approach to investigate the spectrum of neuropsychiatric
disorders from patients to those at risk. They focus on different aspects of the emotional and
social cognitive disturbances which are core features of neuropsychiatric disorders. While pro-
gress has been slow over last couple of decades, we are finally beginning to glimpse some of the
underlying neural mechanisms of the emotional and social cognitive disturbances in patients
and those at risk. With the technological advances in affective neuroscience and neuroimaging
presented in this volume, we hope that progress will be much swifter in the coming years such
that we can provide better care for patients and those at risk.
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The Editorial on the Research Topic

At Risk for Neuropsychiatric Disorders: An Affective Neuroscience Approach to
Understanding the Spectrum

Neuropsychiatric disorders constitute a large global burden of disease; yet the neural mechanisms
of emotional and social cognitive disturbances in patients are not yet fully understood (Deco and
Kringelbach, 2014). Here, we used an affective neuroscience approach to investigate the spectrum
of neuropsychiatric disorders from patients to those at risk, where stress plays a major role
(Sousa, 2016). This Research Topic illuminates work by leading affective neuroscience researchers
on how best to understand problems with the affective processing leading to increased risk for
neuropsychiatric disorders.

The 20 articles in the Research Topic can roughly be divided into five sections: 1. Overviews,
2. Methods, 3. Anxiety and Personality, 4. Social Cognition, and 5. Impulsivity/Compulsivity,
although many papers will fit in multiple categories. In the following we briefly introduce each
article in this context.

OVERVIEWS

Anhedonia is an underlying critical feature of neuropsychiatric disorder but has remained little
understood since first being introduced by Theodore Ribot in 1896 as the “inability to experience
pleasure” (Ribot, 1896). Remer Thomsen and colleagues proposes to reconceptualize anhedonia
as an impairment to the established pleasure mechanisms of wanting, liking and learning (Romer
Thomsen et al.).

Cognition interacts with emotion to play a major role in those at risk for developing
neuropsychiatric disorders. In particular Petrovic and Castellanos identified the importance of the
interaction between deficient cognitive top-down executive control and emotional dysregulation
in neuropsychiatric patients. They develop a novel framework that can integrate attention-
deficit/hyperactivity disorder (ADHD), emotional traits in ADHD, borderline and antisocial
personality disorder into a related cluster of mental conditions.

Still, some neuropsychiatric disorders are not fully understood. Sallin et al. describe
investigations into resignation syndrome, which is long-standing disorder predominately
affecting psychologically traumatized children and adolescents in the midst of a strenuous and
lengthy migration process. They evaluate several hypotheses including stress and culture-bound
psychogenic catatonia, and show how models of predictive coding and in particular negative
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expectations could explain the down-regulation of higher order
and lower order behavioral systems in vulnerable individuals.

Genetic factors are also important for the development of
neuropsychiatric disorders. Xia and Yao conducted a systematic
review of the genes involved in adolescent depression and found
positive association between BDNF Val66Met genotype and
adolescent depressive symptoms (Xia and Yao).

METHODS

Animal models can potentially provide new insights into the
neural mechanisms of neuropsychiatric disorders. Durieux and
colleagues tested the hypothesis that the known imbalance
between excitatory glutamate and inhibitory GABA transmission
found in some neuropsychiatric disorders can be indirectly
modulated through glial mechanisms (Durieux et al.). They
used mice to test that striatal glutamate levels can be shifted
by N-acetylcysteine and found that the treated animals were
significantly less active and more anxious in the open field test.

Still, studies on human participants are likely to be more
informative and objective measurements of relevant impairments
are urgently needed. In order to address this, Bland and
colleagues developed a standardized test battery, comprised of
existing, adapted and novel tasks, to assess four core domains of
affective cognition (emotion processing, motivation, impulsivity
and social cognition) in order to facilitate and enhance treatment
development and evaluation in a broad range of neuropsychiatric
disorders (Bland et al.).

The treatment of neuropsychiatric disorder has a long history
but the development of deep brain stimulation (DBS) for the
treatment of Parkinson’s disease is relatively recent (Kringelbach
et al,, 2007). The therapeutic effects are thought to arise from
a rebalancing of brain-wide networks (Kringelbach et al.) but
only recent developments in methods including probabilistic
tractography and whole-brain computational modeling enabled
Van Hartevelt and colleagues to identify the Hebbian-like
changes in structural connectivity induced by long-term deep
brain stimulation (van Hartevelt et al.).

ANXIETY AND RELATED DISORDERS

Anxiety is a significant neuropsychiatric problem, especially
in adolescence. Geng and colleagues investigated adolescents’
susceptibility to trait anxiety (Geng et al.) and found that weaker
intra- and inter-network functional connectivity of the salience
network was linked to higher trait anxiety among adolescents,
which may underlie altered salience processing and cognitive
regulation.

Similarly, Gawda and Szepeitowska investigated the brain
activity in low/high-anxious adult groups of participants based
on measures of trait anxiety (Gawda and Szepietowska). They
found significant differences during the performance of more
complex tasks between individuals with low anxiety and those
with high anxiety.

Adolescents are also prone to develop compulsive behaviors

which include various forms of behavioral addictions

(Blakemore and Robbins, 2012). Wang and colleagues studied
the structural brains of adolescents with internet gaming disorder
and found it is linked to significant alterations of gray matter
volume associated with performance change in cognitive control
(Wang et al.).

Borderline personality disorder is another important
neuropsychiatric disorder linked with differences in brain
activity. Using EEG, Van Elst and colleagues found significant
intermittent rhythmic delta and theta activity in patients
compared to controls (Tebartz van Elst et al).

SOCIAL COGNITION

Depression has been strongly linked to social functioning (Stroud
etal., 2011). Dedovic and colleagues used neuroimaging to show
that the dorsal anterior cingulate cortex responds to repeated
bouts of negative personally-relevant social evaluations (Dedovic
et al.). This reveals a new dimension to this brain region in
processing exclusion and contributing to mental health outcomes
in those vulnerable to depression.

In more evidence of how depression is linked to impaired
social functioning, Young and colleagues found that depression
reduces psychomotor performance and alters affective
movements in caregiving interactions based on salient affective
sounds (Young et al.).

More evidence of changes in social cognition was unearthed in
a neuroimaging study of voice perception and handedness which
showed that a polymorphism specifically affects voice-specific
brain function (Koeda et al.).

Finally, Wang and colleagues used neuroimaging to examine
participants with different risk for psychosis (Wang et al.). They
found that different dimensions of schizotypy are correlated with
brain regions involved in social cognitive abilities.

IMPULSIVITY/COMPULSIVITY

The naturally occurring behaviors of impulsivity and
compulsivity can become pathological and as such are key
examples of neurocognitive endophenotypes with possible
cross-diagnostic significance, linked to co-morbidities and
commonalities across a range of neuropsychiatic disorders
(Robbins et al., 2012).

Problematic hypersexual behavior is a compulsive behavioral
compulsive disorder defined as the continuous participation
in sex acts with little or no control over excessive sexual
compulsivity and behavior despite the awareness of the associated
negative outcomes. Seok and Sohn used neuroimaging to
study a group of hypersexual individuals and found significant
differences compared to controls, which are consistent with other
behavioral addictions (Seok and Sohn).

Hoarding disorder is another compulsive disorder,
characterized by the excessive acquisition and retention of
goods with limited or no value, leading to significantly cluttered
living spaces, and significant associated distress and life
impairment. Vickers and colleagues used behavioral methods to
investigate hoarding disorder and found that individuals in the
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high hoarding group were more impatient for consumables than
for monetary reward, which suggest a specific, potent desire for
consumable rewards (Vickers et al.).

Tahmasian and colleagues used positron emission
tomography to investigate correlations between glucose
metabolism and impulsivity in patients with Parkinson’s disease
(Tahmasian et al.). They found that high impulsivity is associated
with increased metabolism within the fronto-insular network.

The anticipation of reward is an important component
of the pleasure system which can become unbalanced in
neuropsychiatric disorders, especially in adolescence. Li and
colleagues used neuroimaging to investigate anticipatory
pleasure in healthy adolescents and found that activity in the
mesolimbic pathway during the anticipation of monetary reward
could to some extent be predicted by subjective anticipatory
pleasure (Li et al.).

Anticipation of reward has been studied in the context
of delayed discounting and intertemporal decision-making.
Ludwig and colleagues used neuroimaging to uncover the neural
correlates of delay discounting during reward delivery and found
that impulsivity and subclinical anxious-depressive traits are
related to stronger neural responses for winning immediate
relative to delayed rewards (Ludwig et al.).
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CONCLUSION

Overall, this collection of 20 works of original research and
reviews provides both novel ideas and a novel foundation upon
which to build future research into the functional neuroanatomy
of the spectrum of neuropsychiatric disorders. Drawing upon
a wide variety of fields and using a diverse set of methods,
techniques, and populations, this body of work points to some
exciting future avenues of research.
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Anhedonia, the lack of pleasure, has been shown to be a critical feature of a range
of psychiatric disorders. Yet, it is currently measured primarily through subjective
self-reports and as such has been difficult to submit to rigorous scientific analysis.
New insights from affective neuroscience hold considerable promise in improving our
understanding of anhedonia and for providing useful objective behavioral measures to
complement traditional self-report measures, potentially leading to better diagnoses and
novel treatments. Here, we review the state-of-the-art of hedonia research and specifically
the established mechanisms of wanting, liking, and learning. Based on this framework we
propose to conceptualize anhedonia as impairments in some or all of these processes,
thereby departing from the longstanding view of anhedonia as solely reduced subjective
experience of pleasure. We discuss how deficits in each of the reward components
can lead to different expressions, or subtypes, of anhedonia affording novel ways of
measurement. Specifically, we review evidence suggesting that patients suffering from
depression and schizophrenia show impairments in wanting and learning, while some
aspects of conscious liking seem surprisingly intact. Furthermore, the evidence suggests
that anhedonia is heterogeneous across psychiatric disorders, depending on which parts
of the pleasure networks are most affected. This in turn has implications for diagnosis and

treatment of anhedonia.
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INTRODUCTION

Pleasure has been proposed to be evolution’s boldest trick
allowing species and organisms to seek fundamental, or primary,
rewards ensuring survival and procreation in both individuals
and species (Kringelbach, 2005; Kringelbach and Berridge, 2009).
In contrast, anhedonia is the missing or severe reduction in
the ability to fulfil this essential survival function and as such
would appear highly evolutionary maladaptive. Yet, anhedonia
persists in the general population over shorter and longer time-
scales as a key feature of many (if not all) psychiatric disorders,
including mood-, addictive-, and eating disorders (Whybrow,
1998). Psychiatric disorders impose a massive societal burden
with e.g., major depressive disorder (subsequently referred to as
depression) having an estimated lifetime prevalence of at least 15%
(Kessler et al., 2012). The diagnosis of depression requires that
either symptoms of anhedonia or depressed mood are present and
is predicted to become the leading cause of disability by the year
2030 (WHO, 2008).

Unfortunately, the growing appreciation of the important role
of anhedonia in major psychiatric and neurological disorders
has not been matched by a comparable understanding of the
underlying neurobiology, and as a consequence treatment options
are often limited and mostly unsatisfactory. As an example the

evidence suggests that the presence of anhedonia is a predictor of
poor treatment response in depression (Spijker et al., 2001) and
of relapse in addiction (Koob and Le Moal, 2001; Volkow et al.,
2002).

While there are numerous scientific accounts of the
neurobiology of disorders such as depression and schizophrenia,
few studies have looked specifically at the presence and severity
of anhedonia. Since disorders like depression and schizophrenia
are characterized by a number of symptoms, findings from
these studies are not necessarily related to anhedonia, which
has often also not been measured behaviorally (but rather
using self-report measures). Recently there has been increasing
interest in elucidating the neurobiology of specific psychological
behaviors or symptoms, such as anhedonia, rather than disorders
per se (Hyman and Fenton, 2003; Insel et al., 2010; Der-Avakian
and Markou, 2012). The idea is that behavioral processes
(or symptoms), such as hallucinations, are more likely than
diagnostic categories (such as schizophrenia) to be linked to
specific biological components.

Overall, the growing appreciation of the role of anhedonia
across psychiatric disorders has not been matched by scientific
accounts of the anatomy of anhedonia, and the generally
accepted conceptual understanding of anhedonia has been
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largely unaltered since Ribot first defined it over a century
ago as the “inability to experience pleasure” (Ribot, 1896;
Snaith, 1992). Recently, however, there has been some progress,
summarized in various recent reviews (Gorwood, 2008; Treadway
and Zald, 2011; Der-Avakian and Markou, 2012) offering
valuable insight on the underlying neurobiology, but with
divergent conceptual understandings of anhedonia. While
some authors argue in favor of preserving the original
definition of anhedonia as reduced subjective experience of
pleasure (Der-Avakian and Markou, 2012), other authors
make a strong case for distinguishing between deficits in
motivation and consummation in anhedonia (Treadway and Zald,
2011).

In contrast, the scientific study of hedonia (derived from
the ancient Greek word for pleasure: hedone from the sweet
taste of honey, hedus) has undergone substantial progress over
the last twenty years. In particular, hedonia research has led to
the important discovery, that reward consists of multiple sub-
components and processes of wanting, liking and learning that
relate to the appetitive, consummatory and satiety phases of the
pleasure cycle (Robinson and Berridge, 1993, 2003; Berridge
and Kringelbach, 2008). The processing of rewards during the
pleasure cycle allows individuals to optimize resource allocation
for survival (see Figure 1). In this review we use the terms pleasure
networks and pleasure system for the brain networks subserving
reward processes to underline the importance of pleasure in
promoting survival.

Appetitive phase
[ (dominated by wanting)

Consummatory phase
(dominated by liking)

Satiety phase
(strong learning)

Pleasure

Satiation Time

Terminating food intake

Initiating food
procurement/foraging

Engaging with
food consumption

FIGURE 1 | Pleasure cycle. The brain needs to optimize resource allocation
for survival and individuals are limited in the number of concurrent
behaviors. Survival depends on the engagement with rewards and typically
follows a cyclical time course common to many everyday moments of
positive affect. Within this cycle rewards act as motivational magnets to
initiate, sustain and switch state. The cyclical processing of rewards has
classically been proposed to be associated with appetitive, consummatory
and satiety phases (Sherrington, 1906; Craig, 1918). Research has
demonstrated that this processing is supported by multiple brain networks
and processes, which crucially involves liking (the core reactions to hedonic
impact), wanting (motivational processing of incentive salience), and
learning (typically Pavlovian or instrumental associations and cognitive
representations) (Berridge and Kringelbach, 2013). These components wax
and wane during the pleasure cycle and can co-occur at any time.
Importantly, however, wanting processing tends to dominate the appetitive
phase, while liking processing dominates the consummatory phase. In
contrast, learning can happen throughout the cycle. Here we propose that
anhedonia can be conceptualized as specific deficits within this pleasure
cycle. Note that a very few rewards might possibly lack a satiety phase
(suggested candidates for brief or missing satiety phase have included
money, some abstract rewards and some drug and brain stimulation
rewards that activate dopamine systems rather directly).

Consequently, we show how anhedonia can usefully be
conceived as arising from problems with each of these
components (wanting, liking, learning) rather than solely being
defined as subjective affective experience of pleasure as per Ribot’s
original proposal. Related to this, we argue that anhedonia can
occur on both conscious and unconscious levels, which limits the
use of traditional self-report measures (see Box 1). Instead, our
reconceptualization allows for the introduction of more objective,
scientific measurements of the subcomponents of anhedonia
and may in time facilitate the development of more precise
diagnoses and perhaps even novel treatments. Thus, anhedonia
may have different causes, and effects on subsequent behavior,
and these causes and effects can only be examined through more
sophisticated methods than self-report.

In the following we first take a brief look at how anhedonia
has been measured historically, and outline some of the clinical
observations that led us to the proposed reconceptualization of
anhedonia. We then discuss pertinent findings regarding the brain
networks supporting the wanting, liking, and learning processes
underlying the pleasure cycle. We show how the evidence
from behavioral and neuroimaging experiments supports the
hypothesis of subtypes of anhedonia that reflect impairments in
the ability to experience, pursue and/or learn about reward, and
discuss implications for the future diagnosis and treatment of
anhedonia. We draw on findings from animal studies, and while
we stress the need for translational neuroscience, our main focus
is on human studies of anhedonia.

ANHEDONIA IS HETEROGENEOUS ACROSS MAJOR
PSYCHIATRIC DISORDERS

Traditionally anhedonia has been measured with self-report
scales or questionnaires like the Fawcett-Clark Pleasure Scale
(FCPS; Fawcett et al., 1983) or the Snaith-Hamilton Pleasure
Scale (SHAPS; Snaith et al., 1995; see Box 1), which focus on
hedonic responses to pleasurable stimuli. However a number of
recent questionnaires allow for a differentiation between reward
motivation (wanting) and hedonic impact (liking), such as The
Temporal Experience of Pleasure Scale (Gard et al., 2006) and
The Sensitivity To Reinforcement of Addictive and other Primary
Rewards (Goldstein et al., 2010).

While these questionnaires can give valuable information
about the subjective experience of anhedonia, there is compelling
evidence from the scientific literature that individuals are not
always good at introspecting their emotional states consisting
of both conscious and unconscious components (Kringelbach,
2012). Still these questionnaires are applied in the diagnosis and
study of psychiatric disorders, and offer useful information on the
explicit components of anhedonia.

To date, most of the research on anhedonia has been conducted
in patients suffering from schizophrenia (Andreasen and Olsen,
1982; Blanchard et al., 2001; Mason et al., 2004; Gooding et al.,
2005; Blanchard and Cohen, 2006) and depression (Loas, 1996;
Schrader, 1997; Blanchard et al., 2001; Hasler et al., 2004).

Much of the initial research came from the study of
schizophrenia, where anhedonia was described as a core
symptom from the beginning of the 20th century (Bleuler,
1911; Kraepelin, 1919) and viewed as a stable trait that was
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BOX 1 | Anhedonia questionnaires.

Anhedonia has traditionally been measured with self-report
guestionnaires. While these can give an indication of the
subjective experience of anhedonia, there is evidence from the
scientific literature that individuals are not always very good at
introspecting their emotional states consisting of both conscious
and unconscious components (Kringelbach, 2012). Still these
guestionnaires have been applied in the diagnosis and study of
psychiatric disorders, and offer useful information on the explicit
components of anhedonia.

The Chapman Physical and Social Anhedonia Scale (PAS), and
its revised version (R-PAS), were developed to measure long-
standing, as opposed to transient, anhedonia. Hence, participants
are instructed to “describe yourself as you have been during most
of your adult life” (Chapman et al., 1976). The scale consists of
61-items (in a true-false format) and measures several domains of
pleasure experience, including interest in activities and hobbies,
sensory experiences, pastimes, social interaction and food/drink.
Psychometrically there has been some disagreement regarding
the scale's construct validity (Germans and Kring, 2000) and
discriminant validity (Leventhal et al., 2006). Further, the design
of the scale might limit its application in research and clinical
settings. With its 61 items it is relatively time consuming, and
the content has been criticized for being out-dated (Horan et al.,
2006).

The Fawcett-Clark Pleasure Scale (FCPS; Fawecett et al., 1983)
is a 36-item questionnaire where participants are asked to
rate imagined reactions to pleasurable situations (e.g., “You
sit watching a beautiful sunset in an isolated, untouched
part of the world”) using a 5-point Likert scale (from “No
pleasure at all” to “Extreme and lasting pleasure”). The scale
measures several domains of anhedonia, including social activities,
sensory experiences, and sense of mastery of difficult tasks;
however, none of the domains tap into the incentive salience
of reward. Participants are asked to respond based on their
current state, thereby measuring anhedonia as a transient state,
which makes the scale suitable for evaluation of treatment
effects in clinical populations. The psychometric properties
of this scale have not been extensively studied, but look
promising (Clark et al., 1984; D'haenen, 1996; Leventhal et al.,
2006).

The Snaith-Hamilton Pleasure Scale (SHAPS; Snaith et al., 1995)
is a brief 14-item questionnaire that assess hedonic tone, or
its absence, anhedonia. Participants are instructed to agree
or disagree to statements of hedonic response in pleasurable
situations (e.g., “I would enjoy my favorite television or radio
program”). The scale covers four domains of hedonic experience:
interest/pastimes, social interaction, sensory experience, and
food/drink, and participants are instructed to respond based
on their ability to experience pleasure in the last few days
(Snaith et al., 1995). The scale has shown good overall
psychometric properties in clinical and non-clinical samples,
both in terms of convergent and discriminant validity (Snaith
et al, 1995; Gilbert et al., 2002; Leventhal et al., 2006;
Franken et al., 2007). The scale is easily applied in clinical and
research settings, but only taps into the hedonic impact of
reward.

All three questionnaires are routinely used in clinical populations.
Because the R-PAS was designed to measure anhedonia as a
trait-like characteristic, the scale is less suitable for evaluation
of treatment effects in clinical populations. However, in clinical
populations with more chronic forms of anhedonia, such as in

BOX 1 | Continued

schizophrenic patients, this scale is often seen as more suitable
than FCPS and SHAPS. On a positive note, the R-PAS does not
only include items that tap into the hedonic impact of reward, but
also includes items that tap into the incentive salience of a reward
(in contrast to FCPS and SHAPS). Hence, items like “The sound
of rustling leaves has never much pleased me" assess hedonic
reactions to activities, while items such as “I have had very little
desire to try new kinds of food” assess interest in activities,
thereby incorporating aspects of the important component of
wanting.

Building on the neuroscientific insights reviewed here, The
Michigan Wanting and Liking Questionnaire (MWLQ) was recently
developed to specifically measure wanting and liking for use in
patient groups, including compulsive Parkinson's patients (Version
for Parkinson's patients with Dopamine Dysregulation Syndrome).
The questionnaire was developed by Berridge et al. and measures
wanting and liking of normal pleasures, such as food, and of
compulsive behaviors, such as pathological gambling activity. The
questionnaire consists of five direct contrast questions (e.g.,
“Overall, which do you usually like or enjoy more: the pleasant
experience of gambling (individually tailored to compulsion) while
you do it, or the pleasant experience of actually eating a favorite
food?"”) and 17 scaling questions (e.g., “How much do you usually
want to eat a favorite food when you are going to eat it just
before the meal begins?”). Due to the recent development of this
instrument it has not been subject to large scale psychometric
testing.

The Sensitivity To Reinforcement of Addictive and other Primary
Rewards (STRAP-R; Goldstein et al.,, 2010) was developed by
Goldstein et al. to assess liking and wanting of expected
drug rewards as compared to food and sex during three
different situations: (a) current, (b) hypothetical, in general,
and (c) under drug influence. Participants are asked to think
about their favorite food, sexual activity and drug or alcohol
without reporting the exact stimulus/activity to the interviewer
such that privacy is maintained. For liking participants rated
“How pleasant would it be to eat it (food), do it (sex) or
use/drink it (drug)” For wanting participants rated “How much
do you want to eat it (food), do it (sex) or use/drink it (drug)”
A 5-point Likert scale is used for all questions ranging from 1
("“somewhat”) to 5 (“extremely”). Similar to The MWLQ, the
newly developed STRAP-R has not been subject to psychometric
testing.

The Temporal Experience of Pleasure (TEPS; Gard et al., 2006)
was developed to measure anticipatory and consummatory (online)
experiences of pleasure. It is a brief questionnaire consisting of a
10-item anticipatory and an 8-item consummatory pleasure scale,
where participants are asked to rate statements using a 6-point
Likert scale (from “very false for me” to “very true to me"),
e.g., "When something exciting is coming up in my life, | really
look forward to it” (anticipatory); “The sound of crackling wood
in the fireplace is very relaxing” (consummatory). Examination
of convergent and discriminant validity indicate that the two
scales measure distinct and specific constructs. In particular
the anticipatory scale is related to reward responsiveness and
imagery, while the consummatory is related to openness to
divergent experiences, and appreciation of positive stimuli. Due
to the recency of this instrument, it has only been subject to
limited psychometric testing but interestingly has been cross-
validated and extended in a Chinese clinical sample of patients
with negative and positive symptoms of schizophrenia (Chan et al.,
2010).
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genetically transmitted (Rado, 1956). There is a disagreement
in the literature as to the role of anhedonia in schizophrenia
with some studies stressing that anhedonia is not present
in the majority of patients (Chapman et al, 1976), while
others suggest that anhedonia is one of two key features
involved in the negative symptom complex (Blanchard and
Cohen, 2006). In the DSM-5 anhedonia is not directly part
of the diagnostic criteria for schizophrenia, but important
aspects are captured in some of the negative symptoms:
avolition (inability to initiate and persist in goal-directed
activities), and affective flattening (absence or near absence of
signs of affective expression) (American Psychiatric Association,
2013).

Today, anhedonia is probably most readily recognized in
depression where it is one of two main symptoms required
for the diagnosis (along with depressed mood). In the DSM-5
criteria for depression the term “anhedonia” is not used explicitly,
but is captured in the main criteria as “decreased interest and
pleasure in most activities most of the day (American Psychiatric
Association, 2013). As we will see, this definition is probably not
the most useful as it conflates two important subcomponents
of pleasure (i.e., motivation and hedonic impact). But overall,
there is an agreement to the importance of anhedonia in
depression, and a growing acceptance of the need to more
specifically target this symptom to better understand depression
and develop improved treatments (Gorwood, 2008; Treadway and
Zald, 2011).

In the present review our main focus is on the role of
anhedonia in patients suffering from depression or schizophrenia,
where most of the work has been conducted (to date). Although
there are clear similarities between these disorders regarding
the role of anhedonia, it is important to note some of the
crucial differences. In depression, anhedonia can be regarded as
a transient state (except perhaps in the very severe cases), which
is typically defined as a “significant change from before” in the
DSM-5. In contrast, anhedonia would appear to reflect a long-
lasting (or pervasive) trait-like characteristic in schizophrenia.
This difference is supported by findings from a longitudinal
study showing that elevated levels of self-reported anhedonia
remained stable in schizophrenic patients, but declined in
recovered depressed patients after 1-year-follow-up (Blanchard
et al., 2001).

Despite the fact that the majority of anhedonia research has
been related to depression and schizophrenia, it is important
to note the growing evidence that anhedonia also plays an
important role across several other psychiatric- and neurological
disorders such as drug addiction (Hatzigiakoumis et al., 2011)
and Parkinson’s disease (Loas et al., 2012), albeit in heterogeneous
ways.

In fact, one of the main arguments for reconceptualizing
anhedonia is the notion that anhedonia is expressed differently
across disorders, depending on which parts of the pleasure system
are most affected, leading to distinct unbalancing in the brain
networks.

For example, in patients suffering from depression anhedonia
can be expressed as a reduced ability to experience pleasure
and a reduced ability to pursue pleasurable activities (Figure 2,

column 2). Both of these processes are captured in the DSM-
5 criteria where anhedonia is defined as “decreased interest and
pleasure in most activities most of the day”, and compromises
one of two main symptoms required for the diagnosis (American
Psychiatric Association, 2013).

This type of imbalance, which is characterized by a
progressive decrease in some (or all) of the reward components,
is markedly different from the imbalance that characterizes
addictive behavior. One of the core symptoms of drug addiction
is the excess of wanting for the drug of choice, which in the
pathological cases is rarely accompanied by the expected feeling
of pleasure (Figure 2, column 3). Although drug “wanting” and
drug “liking” are typically strongly linked in the initial phases of
drug use, only “wanting” becomes sensitized and consequently
increases as the addiction develops (Robinson et al., 2013).
The same mechanisms are likely to be at play in behavioral
addictions, such as gambling disorder (Rgmer Thomsen et al.,
2009, 2014).

Generally speaking, anhedonia can be expressed differently
across individual patients (sometimes even across time within
the same patient as seen most clearly in bipolar disorder,
but also in other disorders such as addiction (Nelson et al.,
2009)). Importantly, there are also clear differences between the
imbalances across psychiatric disorders (as illustrated above),
suggesting that anhedonia is a complex psychological process,
which consists of several subcomponents, similar to reward
(Berridge and Kringelbach, 2008).

INSIGHTS FROM PLEASURE RESEARCH

In the following we outline important findings regarding the
underlying brain systems of the subcomponents of reward during
the pleasure cycle (Figure 1). Based on this framework we show
how deficits in each of these components can lead to different
expressions (or subtypes) of anhedonia affording novel ways of
measurement, diagnosis, and treatment.

Summarizing a growing body of literature briefly (extensively
outlined elsewhere, e.g., Kringelbach and Berridge, 2010; Berridge
and Kringelbach, in press), pleasure should be seen within
the general framework of evolution as the process by which
organisms seek the fundamental rewards ensuring survival and
procreation. As such, food and sex are fundamental pleasures, and
especially food studies have formed the basis of much hedonia
research. In addition, in social species such as humans, social
interactions are also fundamental rewards (King-Casas et al.,
2005; Kringelbach et al., 2008; Frith and Frith, 2010; Chelnokova
et al., 2014). The full repertoire of social pleasures has proven
more difficult for experimental investigation and manipulation,
yet e.g., the evidence from neuroimaging studies of the role of
facial expressions has demonstrated that these pleasures are likely
to be as pleasurable as the sensory pleasures (Kringelbach and
Rolls, 2003; Rgmer Thomsen et al., 2011). Furthermore, humans
have the capacity to enjoy higher order rewards, such as musical,
artistic, altruistic, and intellectual pleasures. Although the
neuroscience of higher order pleasures is still in its relative infancy,
there is evidence to suggest that all rewards are translated into
a common hedonic currency (Frijda, 2010; Leknes and Tracey,
2010; Vuust and Kringelbach, 2010; Salimpoor et al., 2011).
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time

Hedonic equilibrium

FIGURE 2 | Anhedonia: examples of unbalancing of pleasure processing
in the brain. In the normal brain, wanting, liking, and learning processes are
balanced over time (column 1: hedonic equilibrium). Deficits in some or all of
the reward components can lead to various expressions, or subtypes of
anhedonia, that are associated with different imbalances of the pleasure
system. For example, depressed patients often report a reduced ability to
pursue, experience and learn from pleasurable experiences (column 2). This
type of imbalance, which is characterized by a progressive decrease in some
(or all) of the reward components, is markedly different from the imbalance
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that characterizes addictive disorders, where “wanting” to take e.g., drugs
grows over time independently of “liking” for drugs (column 3). Please note
that these illustrations are simplifications of the numerous ways anhedonia
can be expressed. For example, according to the available data not all
depressed patients lack core “liking"” reactions in here-and-now
assessments. It is even possible that in some depressed patients core
"“liking” reactions are retained, but are not cognitively valued as before, which
is reflected as reduced liking in self-report inventories rating retrospective and
prospective experiences.

BASIC PLEASURE BUILDING BLOCKS

Advances in how we define, study, and measure reward have
facilitated substantial progress in hedonia research, which form
important building blocks in our proposed framework of
reconceptualizing anhedonia. In the late 1980s and beginning of
the 1990s Kent Berridge and Terry Robinson set the stage for
an important turn in hedonia research by proposing to divide
reward into the subcomponents of wanting, liking, and learning
(Berridge et al., 1989; Berridge and Valenstein, 1991; Robinson
and Berridge, 1993).

These conceptualizations have formed the basis of seminal
findings. The taxonomy holds that wanting is defined as the
motivation for, or incentive salience of a reward, while liking is
the actual pleasure or hedonic impact of a reward. Learning is
defined as associations, representations, and predictions about
future rewards based on past experience, hence representing the
time-related perspective of wanting and liking. Each component
plays important roles as they wax and wane during the appetitive,
consummatory and satiety phases of the cyclical time course of
the pleasure cycle (see Figure 1).

Importantly, these psychological states consist of both
unconscious and conscious components (Berridge and
Kringelbach, 2008). For example, hedonic impact consists
of core “liking” reactions (denoted with quotation marks),
that are potentially unconscious, and conscious liking (without

quotation marks), which is the subjective experience of pleasure,
capturing the everyday sense of the word as conscious feelings of
pleasure or niceness (see Figure 3A).

Similarly, core “wanting” reactions are not necessarily
conscious and are often triggered by reward-related cues. In
contrast wanting is the everyday sense of the word as subjective,
conscious desires for incentives or declarative goals.

In the same vein, core “learning” is the implicit knowledge
as well as associative conditioning, such as basic Pavlovian and
instrumental associations, while learning is the explicit and
cognitive associations, representations and predictions about
future rewards based on past experience.

This framework has paved the way for a scientific study
of pleasure by allowing researchers to quantify, measure, and
connect the different components (Berridge and Kringelbach,
2008). This research program has helped to identify the
psychological components, measurements and brain circuitry, by
extending our knowledge from self-report measures of pleasure
in humans with knowledge from behavioral- and physiological
procedures, thereby also allowing for a scientific study of
unconscious reward components (see Figure 3).

Examples of pleasure-elicited behavioral “liking” reactions are
the affective orofacial expressions elicited by the hedonic impact
of sweet tastes. These facial “liking” reactions were first described
in newborn human infants (Steiner, 1973, 1974; Steiner et al.,
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Major categories Psychological components Animal measurements Human measurements Examples of brain circuitry
Wanting Subjective ratings of desires OFC, ACC, insular
Cognitive incentives MWLQ*, STRAP-R* Dopamine, opioids, glutamate
Motivati Liking Subjective ratings of pleasure OFC, ACC, insular, vmPFC L
olfvation Conscious pleasure FCPS*, SHAPS*, MWLQ* Opioids, cannabinoids %
Learning Rational inference OFC, ACC, mPFC, insular
Cognitive processing Verbal explanation ACh, dopamine, serotonin
Hedonic impact
‘Wanting' Conditioned approach, PIT Incentive key press/force grip NAc, VP, VTA, hypothalamus
Incentive salience Autoshaping, effort measures Effort Expenditure for rewards Dopamine, opioids, glutamate
- ‘Liking' Affective orofacial reactions Facial expressions, heart rate NAc shell, VP, PAG, amygdala S
Learning S . sl B B L o =
Hedonic ‘liking’ reactions e.g. licking, gaping Rectal pressure variability Opioids, cannabinoids 3
‘Learning’ Pavlovian conditioned response Subliminal instrumental task Amygdala, hippocampus
Associative learning Instr. response reinforcement Response bias reward prob. task Ach, dopamine, serotonin
B C
Effort-related Decision Making
Lever Press Free Access
Palatable Normal Trial start
Food Food
A
A Y
A
A Y
A
Control rats Dopamine-depleted rats
The picture is shown for 8 seconds .
unless participants intervene via key presses
to either decrease or increase viewing time \
FIGURE 3 | Measuring anhedonia and hedonia. (A) Anhedonia is linked of how a measure of “wanting” has been successfully translated from
to problems with the complex and multifaceted psychological processes animal to human studies. (B) In animal studies, “wanting” can be
involved in hedonia. These include explicit processes of wanting, liking measured by looking at how willing the animal is to exert effort in
and learning that are consciously experienced and their unconscious exchange for more palatable food rewards, for example by using a
counterparts (denoted with quotation marks in the text) that are choice paradigm devised to look at effort-based decision-making
potentially unconscious i.e., they can operate at a level not always (Salamone et al.,, 1994, 2007). (C) In human studies, “wanting” can be
accessible to conscious experience. These components constantly measured similarly, by looking at how much a participant is willing to
interact and require careful scientific analysis to tease apart. Animal work for a reward, for example by combining salient stimuli with
studies have provided measurements or behavioral procedures that are key-press/force-grip procedures. The first study of this kind used
especially sensitive markers of each of the unconscious processes key-presses to operationalize “wanting” as the effort participants exerted
("wanting’ “liking” and “learning”). Recently, some of these procedures to increase or decrease viewing time of images of faces on a screen
have been successfully translated to human studies, thereby providing (Aharon et al., 2001). Abbreviations: OFC: orbitofrontal cortex. ACC:
more objective behavioral measures to aid subjective self-report anterior cingulate cortex. vmPFC: ventromedial prefrontal cortex. NAc:
measures. In particular, recent developments of behavioral measures of nucleus accumbens. PAG: periaqueductal gray. VP: ventral pallidum. VTA:
“wanting” and “learning” are promising, while bias-free measures of ventral tegmental area. ACh: Acethylcholine. PIT: pavlovian instrumental
“liking” reactions in humans have proven more difficult. (B,C) Examples transfer. *: For questionnaires, see Box 1.

2001) and then extended to rodents (Pfaffmann et al., 1977;
Grill and Norgren, 1978a,b). Using taste-reactivity paradigms
several studies have now shown that sweet tastes elicit positive
facial “liking” expressions (i.e., rhythmic licking of lips) in
human infants and in rats, whereas bitter tastes elicit facial

“disliking” expressions (i.e., gapes.). Since facial “liking” reactions
appear to be similar between humans and other mammals
(Berridge, 2000; Steiner et al., 2001), findings from animal
studies are applicable and useful for our understanding of human
pleasure.
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Similarly, a useful way to study “wanting” in rodents is to look
at food intake and behavior related to obtainment of rewards.
Particularly interesting are measures of the effort exerted to obtain
pleasurable stimuli, and the ability of reward-related cues to
act as motivational magnets. The former can be measured by
looking at how eagerly the animal runs for sweet rewards in a
runway (Berridge and Valenstein, 1991; Pecina et al., 2003), or
how willing the animal is to exert effort in exchange for more
palatable food rewards (Salamone et al., 1994, 2007). The latter
can be measured by looking at Pavlovian conditioned approach
behavior and Pavlovian Instrumental Transfer (PIT; Wyvell and
Berridge, 2000, 2001; see Figure 3).

Overall, there is extensive evidence suggesting that the reward
system has been conserved across species, and that the same brain
structures are involved in affective reactions, whether it is a rat, a
monkey, or a human, which makes a strong case for translational
research in this area (Ongiir and Price, 2000; Berridge, 2003;
Berridge and Kringelbach, 2008).

Studies using measures like these yield compelling evidence
to support the view that reward is not a unitary process, but
is instead a complex process containing several psychological
components that correspond to distinguishable, and partly
dissociable, neurobiological ~mechanisms, although the
terminology may vary (Berridge and Robinson, 2003; Schultz,
2006; Berridge and Kringelbach, 2008; Leknes and Tracey, 2008).
The underlying brain systems of wanting, liking, and learning
have been reviewed in detail elsewhere, for a comprehensive
review see (Berridge and Kringelbach, in press). Below we briefly
review what we know about the underlying brain systems, and
particularly, how the components can be dissociated.

PARSING LIKING, WANTING, AND LEARNING

The conscious experience of hedonic impact and the underlying
“liking” reactions are at the heart of pleasure and is what we
intuitively associate with pleasure. Several regions have been
found to code for the hedonic impact of reward in the human
brain, including cortical regions such as orbitofrontal-, cingulate-,
and insular cortex, and subcortical regions such as nucleus
accumbens, ventral pallidum, amygdala, and brainstem ventral
tegmental area and periaqueductal gray (Kringelbach, 2005;
Kringelbach and Berridge, 2009; see Figure 4A).

In the rodent brain, so-called hedonic “hotspots” have
been identified, i.e., areas where direct stimulation with
microinjections of e.g., opioid agonists can cause or amplify
“liking” reactions (Figure 4B). These hotspots have primarily
been found in forebrain structures such as nucleus accumbens
and ventral pallidum and in the parabrachial nucleus of the
brainstem. Stimulation with opioids here, or other signals such
as endocannabinoid or orexin, can amplify sensory pleasure by
doubling or tripling the normal number of “liking” reactions to
sucrose taste (Pecina and Berridge, 2005; Smith and Berridge,
2005; Mahler et al., 2007; Ho and Berridge, 2013).

Only one of the hedonic hotspots in the posterior ventral
pallidum appears to be necessary in the sense that damage to
it abolishes and replaces “liking” reactions to sweetness with
“disliking” (Cromwell and Berridge, 1993). The difficulty of
damaging the “liking” generators attests to the robustness of the

brain’s capacity for basic hedonic impact processing (Smith et al.,
2010) and might offer an explanation as to why hedonic impact
can appear to be intact in patients suffering from depression
and schizophrenia (at least with here-and-now measures, we will
return to this in section Impairments in liking ).

In humans, the mid-anterior orbitofrontal cortex plays a
crucial role in the translation of subcortically driven “liking”
reactions into our conscious feelings of pleasure and may also
be involved in the actual generation of conscious feelings of
pleasure (Kringelbach, 2005; Kringelbach and Berridge, 2009;
Figure 4C).

The subjective hedonic experience of reward has also been
shown to correlate with activity in rostral anterior cingulate
cortex (Kable and Glimcher, 2007; Petrovic et al., 2008).
Interestingly this activity in rostral anterior cingulate cortex is
partially suppressed after naloxone treatment (Petrovic et al.,
2008). Equally, the hedonic experience has also been linked to
interoceptive mapping (in posterior insula cortex) and “feeling
states” (in anterior insula cortex) (e.g., Craig, 2002). Both
the rostral anterior cingulate and insula cortices have large
concentrations of opioid receptors (e.g., shown in opioid receptor
binding PET study by Willoch et al., 2004) and show increased
activity following opioid treatment (Petrovic et al., 2002) which
could indicate that they may be part of a larger opioid network
that has both cortical and subcortical components (Vogt and
Sikes, 2000; Fields, 2004).

In contrast the orbitofrontal cortex does not have an equally
large opioid-receptor concentration (e.g., Willoch et al., 2004)
and unlike rostral anterior cingulate and insular cortices, the
orbitofrontal cortex was not found to be active following opioid
treatment (Petrovic et al., 2002, 2010). Yet, other positron
emission tomography (PET) studies have shown opioid release
in the human orbitofrontal cortex linked to placebo and alcohol
consumption (Scott et al., 2008; Mitchell et al., 2012). On balance,
some of these studies may lend some support to a division where
rostral anterior cingulate and insular cortices are more strongly
associated with the opioid-dependent liking system (Berridge
and Kringelbach, in press), although new tentative findings
have identified hedonic hotspots in all of the homologous
areas in rodents including the orbitofrontal cortex (Berridge and
Kringelbach, in press). This could support the idea that all of these
regions are related to the hedonic aspect of reward processing,
but also that at least some parts of the orbitofrontal cortex may
be more associated with a higher cognitive non-opioid dependent
system, possibly the dopamine-dependent wanting system.

Although motivational processes have not traditionally been
associated with anhedonia, as per Ribot’s definition, there is
increasing evidence that this part of the pleasure cycle is in
fact most pertinent in terms of optimizing well-being (Fervaha
et al., 2013b; Robinson et al., 2013; Treadway and Zald, 2013).
Opverall, core “wanting” reactions would appear to be generated
in the mesolimbic systems of the brain, in particular those
involving dopamine, while the conscious experience of desires
and incentives recruits cortical regions, including orbitofrontal-
, cingulate-, and insular cortex (see Figure 4).

Mesolimbic dopamine was long considered a pleasure
neurotransmitter involved in the hedonic impact of reward (e.g.,
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human orbitofrontal cortex, which differentiates subjective pleasantness
from valence processing aspects of the same stimulus, such as a
pleasant food.

Wise, 1980), but increasing evidence now suggests that this
is not the case. Studies teasing apart “liking” and “wanting”
have convincingly shown that specific manipulation of dopamine
signaling fails to shift “liking” reactions to pleasure reliably in
animals and humans (Berridge and Valenstein, 1991; Pecina et al.,
2003; Ward et al., 2012). Instead, evidence points to an important
role of dopamine in “wanting” processes. For example, studies
show that elevation of dopamine in rats makes the animal run
more eagerly towards sweet rewards and cause increases in food
consumption (Berridge and Valenstein, 1991; Pecina et al., 2003)
and increases the animal’s willingness to work for food reward
(Bardgett et al., 2009), while attenuation or blockade of dopamine
has the opposite effect (Cousins and Salamone, 1994; Salamone
et al., 2007). Similarly, overexpression of D2 receptors impairs
an animal’s willingness to work for a reward, while “liking”
reactions are preserved (Ward et al., 2012). Studies using PIT
paradigms or progressive ratio schedules also support the notion
that dopamine plays a crucial role in the motivational processes
of hedonia and anhedonia (Barr and Phillips, 1999; Der-Avakian
and Markou, 2010; Venugopalan et al., 2011; Pecifia and Berridge,
2013).

Similarly, human studies show that elevated levels of
dopamine, induced by amphetamine or L-Dopa, increase ratings
of wanting for the drug, but not ratings of liking when actually
taking the drug (Leyton et al., 2002, 2007; Liggins et al., 2012; see
Figure 2). Notably, amphetamine-induced elevated dopamine has
recently been shown to increase willingness to work for rewards,
thereby providing evidence that dopamine affects “wanting” in

C

humans using a more objective, behavioral measure (Wardle et al.,
2011).

Similar to dopamine, elevation of opioids in rats increases
“wanting” reactions. For example, it has recently been shown
that dopamine and opioid stimulation of nucleus accumbens
similarly amplify cue-triggered “wanting” for reward in a study
using a PIT paradigm (Pecina and Berridge, 2013). Importantly,
morphine-induced elevated levels of opioids were recently shown
to increase willingness to work for a reward in humans (using a
behavioral measure), while naltreoxone-induced decreased levels
had the opposite effect (Chelnokova et al., 2014). Notably, the
same study provided similar evidence of the role of opioids in
reward liking in humans (i.e., stimulation of the opioid system
enhanced self-reported liking ratings while the antagonist had the
opposite effect), in line with animal studies.

Still, the interactions between the opioid-dependent liking
system and dopamine-dependent wanting system are not fully
understood at this time. For example, a study has found
an increased subjective liking associated with amphetamine
treatment—which can be suppressed after naltrexone treatment
(Jayaram-Lindstrom et al., 2004). Equally, evidence is emerging
that there is a dynamic interdependency between goal-directed
and habitual systems (Wassum et al., 2009). This suggests that
increased dopamine activity can also increase opioid activity
to rewards, and in general the interactions between these
neurotransmitter systems are important to investigate in future.

The evidence suggests that areas that cause “wanting” reactions
are more widespread in the brain than areas that cause “liking”
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reactions. For example, in the nucleus accumbens shell, the
hedonic hotspot (where opioid stimulation amplifies “liking”
reactions) is only a cubic millimeter in size, while the entire
medial shell mediates opioid-stimulated increases in “wanting”
(Zhang et al., 2003; Smith et al., 2011; Pecifia and Berridge,
2013). This may predispose us more naturally to states of
desire than to states of hedonic impact (Robinson et al,
2013).

Taken together, the evidence shows that wanting and liking
are partly dissociated in the brain. Although we generally want
what we like and vice versa this is not always the case. This
is particularly evident in drug addiction, which is characterized
by an excess of craving for drugs, which is rarely matched by
a comparable positive hedonic impact (Robinson and Berridge,
1993; Robinson et al.,, 2013). Further, while conscious and
unconscious components are usually linked, this is not always
the case. For example, a core “liking” reaction can also happen
without subjective awareness (Berridge and Winkielman, 2003;
Winkielman et al., 2005).

Although it is more challenging to parse “wanting” and
“learning” evidence suggests that it is possible to parse learned
predictions apart from “wanting” (incentive salience) (Berridge
et al., 2009; Smith et al., 2011). One line of evidence comes from
neural coding studies of “wanting”, particularly after dopamine-
elevated brain activity (by amphetamine or prior sensitization).
While dopamine elevation seems to enhance neural firing to
signals that encode maximal incentive salience, it does not
enhance neural signals that code maximal prediction (Tindell
et al., 2005).

Another line of evidence comes from studies where “wanting”
of a conditioned stimulus is reversed, while the learned prediction
remains the same. For example, a cue predicting saltiness would
normally not be “wanted”, but if a salt appetite is induced,
the cue will suddenly turn into a “wanted” cue (Robinson and
Berridge, 2013). This change in motivation is not dependent on
new learning or changes in learned predictions.

Opverall, these findings indicate that “wanting” and “learning”
have distinct psychological identities and distinguishable neural
substrates—although more studies are needed before we can
determine how these psychological states are parsed within the
brain.

RECONCEPTUALIZING ANHEDONIA

These new insights from the study of pleasure in humans
and other animals open up the possibility of reconceptualizing
anhedonia to reflect the heterogeneous and complex nature
of reward processing. Based on the framework developed by
Berridge and Robinson we propose to conceptualize anhedonia
as potential impairments in wanting, liking and learning
components, which can lead to different expressions, or subtypes
of anhedonia, depending on which parts of the pleasure networks
are most affected. In the normal brain, wanting, liking and
learning processes are balanced over the pleasure cycle and over
longer time scales, but impairments in each of the components
can lead to a breakdown of this balance (see Figure 2). This
breakdown can be temporary (e.g., as seen in depression) or
longer lasting (as seen e.g., in schizophrenia) and can manifest

itself in different ways to self-report measures (see Box 1;
Figure 3).

In the following we review the evidence suggesting that
anhedonia can be expressed as impairments in the ability to
experience, pursue, and/or learn from reward, and discuss how
these processes can be measured on different levels of analysis
that can aid traditional self-report measures. This leads to our
proposed reconceptualization of anhedonia and a discussion of
how the components of anhedonia are affected across major
psychiatric disorders (Figures 2, 3).

IMPAIRMENTS IN LIKING

In humans the most straightforward way to measure liking is to
ask people to self-report using various scales and questionnaires
to quantify the experienced pleasure of different stimuli or
activities. However, self-report is not always a reliable indicator of
the state of the underlying pleasure networks. Studies have shown
that what we subjectively report as pleasurable is not always in
accordance with our behavior (Aharon et al., 2001; Winkielman
et al., 2005; Moeller et al., 2009) and there is evidence that reward
affects our behavior, even when we are not consciously aware of
it (Winkielman et al., 2005; Pessiglione et al., 2007, 2008; Aarts
et al., 2008). Still, these measures are used and provide valuable
information on the explicit components of anhedonia.

Self-report measures of liking

The literature of changes in hedonic impact processing in patients
with psychiatric disorders is highly heterogeneous and has used
a variety of self-report measurements (including self-report
questionnaires, see Box 1).

A popular way of measuring liking in humans is to assess
self-reported hedonic reactivity (i.e., ratings of pleasure) and
sensitivity (i.e., identification and threshold) to various pleasant
solutions and odors in a here-and-now setting. As such,
it resembles the taste-reactivity paradigm, which has been
successfully used in animals and newborn babies, but with the
important difference that it is based on self-report. This paradigm
has been used to study reduced liking in depressed patients and
shows mixed findings in terms of sensitivity. While some studies
show reduced sensitivity to pleasant gustatory and olfactory
stimuli (Berlin et al., 1998; Pause et al., 2001; Lombion-Pouthier
et al., 2006; Clepce et al., 2010; Negoias et al., 2010), other studies
report normal levels of identification and perception thresholds
in depressed patients (Scinska et al., 2004, 2008; Swiecicki et al.,
2009; Clepce et al., 2010).

Importantly, most studies of depressed patients and
non-clinical participants with depressive symptoms report
similar, or higher, pleasantness ratings to sweet solutions
(Amsterdam et al., 1987; Berlin et al., 1998; Scinska et al.,
2004; Swiecicki et al., 2009; Dichter et al., 2010) and various
odors (Steiner et al., 1993; Pause et al., 2001; Lombion-Pouthier
et al., 2006; Scinska et al., 2008; Swiecicki et al., 2009; Clepce
et al., 2010), compared to healthy controls. Similarly, studies
of patients suffering from schizophrenia fail to show decreased
hedonic reactivity to pleasurable stimuli in comparison to healthy
controls (Heerey and Gold, 2007; Barch and Dowd, 2010; Strauss
and Gold, 2012). In contrast to this, patients suffering from
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depression and schizophrenia report reduced enjoyment when
asked to rate prospective, retrospective, or hypothetical experiences
(McFarland and Klein, 2009; Watson and Naragon-Gainey, 2010;
Strauss and Gold, 2012).

The majority of studies tapping into hedonic reactivity and
sensitivity have been done with depressed and schizophrenic
patients, while studies looking specifically at anhedonic
symptoms are lacking. Part of the conflict between the hypothesis
of reduced liking and findings of normal levels in these patients
may benefit from a focus on anhedonic symptoms per se. For
example, an inverse relationship between hedonic responses to
sucrose and physical anhedonia scores has been found (Berlin
et al, 1998). Similarly, a recent study looking at olfactory
hedonics in patients in a depressive state, a remitted state and
healthy controls, found no differences in hedonic and intensity
estimates between groups. However, during the depressive state,
they found a negative relation between anhedonia symptoms and
olfactory hedonics, with high scores on the SHAPS being related
to low hedonic estimates (Clepce et al., 2010).

Surprisingly few studies have looked at hedonic reactivity and
sensitivity in unipolar vs. bipolar patients. Bipolar patients are
of particular relevance as their hedonic capacity, or at least their
cognitive construal about hedonic experiences, is likely to be
affected by changes to their current state (i.e., whether they are
in an acute manic or depressive episode).

A recent study looked at hedonic reactivity and sensitivity to
pleasant/unpleasant olfactory and gustatory stimuli in unipolar
and bipolar patients (Swiecicki et al., 2009). They reported no
differences between groups in measures of sensitivity, but bipolar
patients, compared to unipolar patients, tended to rate gustatory
stimuli as more unpleasant and olfactory stimuli as more pleasant.
Unfortunately, the study did not report whether the bipolar
patients were in a manic or depressive episode at time of testing.

So far, studies investigating sensory pleasures in anhedonic
patients have primarily focused on taste and odor, while other
sensory pleasures such as touch remain unexplored. Findings
from these studies are potentially highly relevant, but more
studies are needed before we can determine if the hedonic capacity
across sensory pleasures is attenuated in anhedonia.

Physiological measures of liking

It is crucial that self-report measures are combined with more
objective measures of “liking” reactions. However, finding bodily
markers of emotional feelings and pleasure “liking” in humans
is challenging (Steiner et al., 2001), and we are still in need of
proper methods. For instance, the orofacial “liking” reactions to
sweet and bitter taste, which have formed the basis of seminal
findings in pleasure research in rodents and other animals, are not
easily transferred to human studies. With time humans learn to
carefully control these behavioral reactions, either by inhibiting or
imitating them, which limit the use of them as objective markers
of pleasure and emotional feelings. Some physiological measures
have been used, e.g., showing that people who score high on
self-reported measures of anhedonia show hypo-responsiveness
on measures of heart rate and facial expression to emotion-
eliciting pictures (Ferguson and Katkin, 1996) and scripts (Fiorito
and Simons, 1994) and report lower hedonic responses to

emotion-eliciting pictures (Ferguson and Katkin, 1996) and
scripts (Fiorito and Simons, 1994).

Although physiological measures are more objective in nature,
and as such avoid some of the bias inherent in self-report, they
are often non-specific in nature and thus difficult to interpret.
For instance, with measures such as heart rate, skin conductance
response or respiration depth, the inherent non-specificity of
these measures means that it is difficult to evaluate whether
responses are due to changes in positive or negative affect.
Electromyographic (EMG) recordings are effective in detecting
emotion-related facial movements, including movements that are
not visible to observers (Dimberg, 1982, 1990). Studies have
revealed that we react with distinct facial EMG in response
to emotional facial expressions (partly reflecting a tendency to
mimic the facial stimuli) (Dimberg and Thunberg, 1998), and
these reactions have been demonstrated even in conditions where
participants are unconsciously exposed to facial stimuli (Dimberg
et al., 2000). Although it is unlikely that all changes in facial
musculature are emotion-related, recordings of EMG reactions
could provide a promising mean of investigating deficits in
“liking” reactions to facial stimuli. EMG reactions have been
related to e.g., empathy (Dimberg et al., 2011), but more work is
needed to confirm that these facial reactions are faithful indicators
of reward “liking”.

Other physiological measures, which may be more bias-free
and straightforward to interpret, are measures specific to sexual
pleasures. For example, Georgiadis et al. measured rectal pressure
variability in combination with self-reported perceived level of
sexual arousal to distinguish between female sexual arousal,
simulation of and real orgasms (Georgiadis et al., 2006). To
our knowledge, this type of measure has not been used in
patients with self-reported anhedonia symptoms, but represents
a promising tool to help elucidate impairments relating to sexual
activity.

Neuroimaging measures of liking

Several neuroimaging studies have investigated the neural
correlates of anhedonia in terms of reduced liking, typically by
using self-report measures of pleasure liking and/or emotional
visual stimuli (e.g., pictures of happy and sad faces), or by
looking at neural responses to receiving a reward. Related to
this, recent studies have used the Monetary Incentive Delay
(MID) task, which distinguishes between reward anticipation and
consummation, similar to wanting and liking (Knutson et al.,
2000).

In studies of depressed patients (or participants with elevated
symptoms of self-reported anhedonia) findings consistently
show a positive correlation between levels of anhedonia and
ventromedial prefrontal cortex (VMPEC) activity (extending to
orbitofrontal and anterior cingulate cortices) in response to
positive/pleasant stimuli (Kumari et al., 2003; Mitterschiffthaler
et al, 2003; Keedwell et al., 2005; Epstein et al., 2006).
Further, findings show a negative association between anhedonia
severity and activity in subcortical regions, particularly in ventral
striatum, in response to positive/pleasant stimuli (Limousin et al.,
1995; Dunn et al., 2002; Keedwell et al., 2005; Surguladze et al.,
2005; Epstein et al., 2006; Wacker et al., 2009). Overall, studies
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of depressed patients (and not anhedonia per se) have revealed
diminished activity in striatum, particularly ventral striatum,
in response to receipt of reward (McCabe et al., 2009, 2010;
Pizzagalli et al., 2009; Smoski et al., 2009).

In patients suffering from schizophrenia there is also evidence
of blunted ventral striatum responses to reward receipt, although
findings are more mixed (possibly reflecting the fact that this
patient group is more heterogeneous). In general, however,
studies have reported an association between reduced striatal
responses to reward receipt and increased negative or depressive
symptoms (Waltz et al., 2009, 2010; Simon et al., 2010).

These findings lend support to the hypothesis that the
anhedonia seen in patients can be characterized by specific
changes to the pleasure networks through dual changes in activity
in ventral striatum (including the nucleus accumbens) and in
the prefrontal cortex (including the VMPFC and orbitofrontal
cortex) (Gorwood, 2008; Willner et al., 2013). Such ideas would
fit well with findings from Berridge et al. who have shown that
stimulation with opioids in the nucleus accumbens (shell) and in
the ventral pallidum increases “liking”, as illustrated by the so-
called hedonic hotspots (Pecifia and Berridge, 2005; Smith and
Berridge, 2007). In addition, the recent study by Chelnokova et al.
points to a similar role of opioids in human liking (Chelnokova
et al., 2014), although human hedonic hotspots have not been
demonstrated to date.

Summary

Overall, there are conflicting findings in the literature and
at the moment the evidence does not support the simple
hypothesis that anhedonia is always accompanied by reduced
liking ratings and associated “liking” reactions to pleasurable
stimuli. Taste-reactivity studies measuring self-reported liking
in here-and-now settings show normal levels of enjoyment in
patients suffering from depression and schizophrenia. In contrast,
studies measuring prospective, retrospective and hypothetical
experiences of pleasure find reduced levels of liking in these
patients.

It is important to stress that the reported finding that here-
and-now measures of liking are surprisingly intact in depressed
and schizophrenic patients is based only on self-report. Future
studies applying valid behavioral or physiological measures may
inform us differently, and are needed before we can make
conclusive statements.

Findings from imaging studies have revealed blunted
responses to rewards in a network of structures including
subcortical regions, which could point to a reduced “liking”
reaction, but these measures need to be accompanied by valid
behavioral measures. One of the great challenges is to find
valid measures and bodily markers of core “liking” processes in
humans that can be applied in neuroscience.

IMPAIRMENTS IN WANTING

Similar to liking, a straightforward way to measure wanting
is to ask people about their desires. Further, a number of
promising behavioral tasks have recently been developed that
measure “wanting” processes, primarily by looking at how much
participants are willing to work for a reward. This translation

of measures from the animal literature, where effort-based
measures of behavior have long been used to study motivational
processes, is promising, and may allow us to investigate “wanting”
processes that are outside our conscious awareness and control
(see Figure 3). At the same time, proper use of these methods is
crucial for valid interpretation of the data.

Behavioral measures of wanting

Aharon et al. developed one of the first behavioral measures of
“wanting” for use in humans (Aharon et al., 2001). In their key-
press task, “wanting” was operationalized as the amount of work
participants performed in order to change the relative duration
they viewed images of average and beautiful faces. The study
found a difference between self-reported liking ratings and effort,
with heterosexual males rating beautiful female and male faces as
equally attractive, but using more effort to keep the female faces
on the screen. We and other groups have used similar measures
of effort, and e.g., found support for a dissociation of conscious
appraisal (liking) and behavioral responsivity (“wanting”) to
infant faces (Parsons et al., 2011).

Importantly this type of measure has now also been used in
patients. In a study of cocaine addiction, Moeller et al., showed
that cocaine addicted used more effort to view cocaine-related
pictures compared to control participants. Furthermore, there
was a discrepancy between self-reported ratings and behavior:
while cocaine addicted rated pictures of pleasant scenes as more
pleasant than cocaine-related pictures, they did not show this
preference in the behavioral choice task (Moeller et al., 2009). This
dissociation, or impaired insight, is in line with previous findings
of a disconnection between subjective and objective markers of
behavior in drug addiction (Goldstein et al., 2007, 2008, 2009;
Hester et al., 2007). Impaired insight and self-control is an
important feature of drug and behavioral addiction (Goldstein
et al., 2009; Changeux and Lou, 2011; Remer Thomsen et al.,
2013; Moeller and Goldstein, 2014; Voon et al., 2014), which
underscores the need to compliment self-report ratings with
behavioral measures in these patients.

Other groups of researchers have used a related and promising
measure of effort by using a handgrip device in combination
with subliminal priming paradigms to measure motivational
processes outside of our awareness (Pessiglione et al., 2007;
Aarts et al., 2008). Aarts et al. showed that subliminally priming
of the concept of exertion prepares people to display forceful
action, and when these subliminal primes are accompanied with
a positive stimulus it motivates people to spend extra effort
(Aarts et al.,, 2008). Pessiglione et al. used a similar set-up to
look at unconscious motivation by using an incentive force task
that varied the amount and reportability of monetary rewards
for which participants exerted physical effort (Pessiglione et al.,
2007). In line with Aarts et al., findings showed that even when
participants cannot report how much money is at stake, they still
deploy more force for higher amounts. This type of effort measure
has not been applied to samples of patients with anhedonia yet,
but represents a promising way to investigate “wanting” processes
that are not necessarily conscious.

Another good example of how animal models of motivation
can be translated to human studies comes from Treadway
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et al. who developed an effort-based decision-making task (the
“effort expenditure for rewards task”, EEfRT) (Treadway et al.,
2009) based on an animal model (Salamone et al., 1994).
In the task reduced “wanting” is operationalized as a decreased
willingness to choose greater-effort/greater-reward over less-
effort/less-reward options with varying probability. Initially the
task was employed in a student sample, where they found
an inverse relationship between self-reported anhedonia and
willingness to expend effort for rewards. Recently, the task has
been employed in relevant patient groups. Compared to controls,
patients with subsyndromal depression, first-episode depression
or with remitted depression were less willing to expend effort for
rewards (Treadway et al., 2012a; Yang et al., 2014). Similarly, two
recent studies reported decreased willingness to expend effort for
rewards in patients suffering from schizophrenia (Fervaha et al.,
2013c; Gold et al., 2013). These findings are promising, however,
it shoud be noted that in these tasks, unlike the animal models,
the human participants are not working for fundamental rewards
but for monetary reward. It is an open question whether abstract
rewards such as money are treated in the same way as fundamental
rewards, but there is emerging evidence to suggest that there
are important differences in the underlying brain processing
(Sescousse et al., 2013a,b).

Neuroimaging measures of wanting

To our knowledge, no imaging studies have directly investigated
changes in “wanting” in a patient group with anhedonia.
Although the EEfRT has been applied to relevant groups of
patients, findings from imaging studies have not yet been
published. Recently, however, the task has been used to
investigate the role of dopamine in effort-based decision-
making by using PET imaging and dopaminergic manipulation
(Wardle et al., 2011; Treadway et al., 2012b). Further, imaging
studies using gambling tasks that provide valuable information
on reward anticipation (albeit without behavioral measures)
have been applied to relevant patients. Lastly, findings from
studies measuring wanting in healthy participants are potentially
informative of the mechanisms that are impaired in patients with
anhedonia.

As reviewed in section Parsing liking, wanting, and learning,
mesolimbic dopamine circuitry has consistently been shown
to play a crucial role in “wanting” responses in animals.
Recently, Wardle et al., provided some of the first evidence that
dopamine affects “wanting” similarly in humans, by showing
that administration of the dopamine agonist d-amphetamine
produces dose-dependent increases in the willingness to work
for rewards, as assessed by the EEfRT (Wardle et al., 2011).
A subsequent PET-study showed that individual differences in
dopamine function in left striatum were positively correlated
with willingness to expend greater effort for larger rewards
(particularly when probability of reward was low, which is a
general finding with this task) (Treadway et al., 2012b).

These findings are in line with findings from functional
magnetic resonance imaging (fMRI) studies using gambling tasks
to investigate reward anticipation, which have shown diminished
responses to anticipation of reward in the ventral striatum in
patients suffering from depression (Forbes et al., 2009; Smoski

et al., 2009) and schizophrenia (Juckel et al., 2006a,b; Simon
et al., 2010; Dowd and Barch, 2012).

Taken together, the data provides strong support for a critical
role of striatal dopamine function in effort-related behavior,
mirroring findings from animal studies (Salamone et al., 2007;
Berridge and Kringelbach, 2008) and psychopharmacological
findings in humans (Wardle et al., 2011).

Studies that have applied behavioral measures of “wanting” in
healthy controls also highlight the role of subcortical reward areas.
Using fMRI Aharon et al. revealed activity changes in parts of
the pleasure system, particularly the nucleus accumbens, during
passive viewing of beautiful female faces, while a more complex
set of subcortical and paralimbic reward regions followed aspects
of the key pressing procedure (Aharon et al., 2001). This is
in accordance with findings from animal studies consistently
showing that “wanting” mechanisms include larger networks in
the brain, compared to “liking” mechanisms, which are very
localized (Zhang et al., 2003; Smith et al., 2011; Pecifa and
Berridge, 2013).

The study by Pessiglione et al. showed that even when
participants are unable to report how much money is at stake,
they still use more effort in terms of force for higher amounts
of money. Analysis of corresponding fMRI data revealed that the
reported unconscious motivational effect was underpinned by
bilateral engagement of the ventral pallidum (Pessiglione et al.,
2007). Their findings thus suggest that this region is a key node
in the brain circuitry that enables expected rewards to energize
behavior without the need of the participants’ awareness.

The reported role of the human ventral pallidum in incentive
motivation (“wanting”) accords well with findings from rodents,
which have consistently shown that the ventral pallidum is key
to goal-directed incentive salience processes (Smith and Berridge,
2005; Tindell et al., 2005; Aldridge and Berridge, 2010). Elevation
of dopamine in ventral pallidum appears to specifically enhance
neural firing to signals that encode maximal incentive salience in
rodents (Tindell et al., 2005). Similar to the nucleus accumbens
shell, hedonic “liking” and “wanting” are systematically mapped
in a neuroanatomically and neurochemically interactive manner
in the ventral pallidum (Smith and Berridge, 2005).

Summary

Following the literature in other animals, the wanting or the
motivational salience of rewards can now be investigated using
behavioral tasks in humans, measuring the amount of work that
participants are willing to expend for rewards.

Overall, the available data suggests that deficits in motivational
aspects of pleasure play an important role in anhedonia, as
evidenced by findings that patients suffering from depression
and schizophrenia are less willing to work for a reward,
compared to controls. The idea that motivational processes are
as important in anhedonia as hedonic impact was proposed
already in the 1990s (Willner et al, 1998; Kring, 1999;
Germans and Kring, 2000), and following recent successful
developments of behavioral tasks that measure motivational
aspects of pleasure processing in humans, the idea has gained
renewed interest (Treadway and Zald, 2011, 2013; Strauss and
Gold, 2012).
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Furthermore, there is direct evidence of the role of dopamine
and opioids in the regulation of “wanting” processes, and
imaging studies of healthy participants mirror findings from
animal studies by stressing the role of subcortical reward areas,
such as ventral pallidum and nucleus accumbens. However,
patient populations have yet to be extensively tested using effort-
based measures in combination with neuroimaging, which leaves
much scope for a better characterization of the underlying
networks involved in the reduced ability to pursue pleasure. The
development of effort-based measures of behavior is promising
and holds great promise in terms of investigating “wanting”
processes that are outside our conscious awareness and control
(see Figure 3).

IMPAIRMENTS IN REWARD LEARNING

A large number of animal studies have looked at the ability
to optimize behavior based on past experiences with rewards
and punishers using e.g., decision-making tasks. This literature
has elucidated some of the fundamental principles of learning
involved in reward processing and there is evidence that patients
suffering from anhedonia show impaired reward learning.

Behavioral measures of reward learning
A number of studies have looked at anhedonia using probabilistic
reward tasks that tap into the learning component of reward.
Pizzagalli et al. have used a probabilistic reward task which
measures the propensity to modulate behavior based on positive
reinforcement history. The task is based on signal-detection
theory and was originally developed by Tripp and Alsop (Tripp
and Alsop, 1999). In the task, an asymmetrical reinforcer ratio is
used (i.e., one stimuli is rewarded more frequently than another)
and one of the main outcome measures is the propensity to
develop a response bias toward the more rewarding stimulus. In
the first study, Pizzagalli et al. showed a different reward learning
pattern in participants with low vs. high levels of depressive
symptoms. While both groups developed a response bias toward
the more rewarding stimulus (i.e., indicative of a functioning
“learning” system), the response bias only increased over time
(from block 1 to block 3) in the group with low levels of
depressive symptoms (Pizzagalli et al., 2005). Subsequent studies
of patients showed that clinically depressed patients had problems
integrating reinforcement history over time and failed to show
a response bias toward the more rewarding cue in the absence
of immediate reward. Further, this impairment correlated with
self-reported anhedonic symptoms (Pizzagalli et al., 2008). These
findings were recently replicated and extended by showing that
reward learning was reduced in depressed patients with high
levels of anhedonia symptoms, compared to patients with low
levels. Furthermore, reduced reward learning at entry increased
the odds for the depression diagnosis to persist after 8 weeks
of treatment (Vrieze et al., 2013). Recently, impaired reward
learning was even reported in patients with remitted depression
(Pechtel et al., 2013). In line with these findings, a recent study
using the EEfRT task reported that depressed patients were
less able to effectively use information about magnitude and
probability of reward to guide their choice behavior (Treadway
et al., 2012a).

Related to this, several studies have used probabilistic learning
tasks that differentiate between reward and punishment learning,
i.e., learning “by carrot or by stick”, and have shown impairments
in reinforcement learning in patients suffering from depression
and schizophrenia. Patients suffering from schizophrenia have
been consistently found to exhibit deficits in reward-driven
learning (Waltz et al., 2007, 2011; Strauss et al., 2011; Gold et al.,
2012; Yilmaz et al., 2012; Fervaha et al., 2013a), while findings
regarding punishment-driven learning are more conflicting. In
most studies punishment-driven learning is seemingly intact, but
a few recent studies also report impairments in punishment-
driven learning (Fervaha et al., 2013a; Reinen et al., 2014).

Less data is available on depressed patients, but Chase et al.
reported evidence of blunting in terms of smaller learning rates
in both positive and negative learning in a group of depressed
patients (Chase et al., 2010). Notably, the diagnosis group
accounted for considerably less of the variance in blunting than
individual differences in anhedonia, and the effect of depression
on blunting was very small if anhedonia was factored out.

Interestingly, human studies have shown that even without
conscious processing of contextual cues, the brain can learn
their reward value and use them to provide a bias on decision
making. In a subliminal instrumental conditioning task, where
the cues predicting monetary reward or punishment were
subliminal, participants still developed a propensity to choose
cues associated with monetary rewards relative to punishments
(Pessiglione et al., 2008). These findings support the notion
that reward and punishment also affect our behavior outside of
our awareness, thereby underscoring the problems inherent in
relying (only) on self-report measures. This type of paradigm
has not been applied to patient groups yet, but represents a
promising way to investigate possible impairments in implicit
learning.

In general, isolating reward learning from motivational
processes and hedonic impact is challenging. Although the
presented tasks focus on reward learning, aspects of wanting
and liking may interact and affect findings. For example, in the
probabilistic reward task adopted by Pizzagalli et al. one of the
main outcomes is the development of a bias toward the most
frequently rewarding stimulus. Although development of this bias
represents an ability to optimize behavior based on reinforcement
history, the task does not allow a complete disentanglement of
wanting, liking and learning. Development of this bias is likely
to be influenced by reward wanting, and since development of a
positive response bias also reflects an ability to value high reward
more than low reward, reward liking may interact.

Neuroimaging measures of reward learning

In recent years, there has been a growing interest in studying
impairments in reinforcement learning and corresponding brain
activity in patients suffering from depression and schizophrenia.
Some of these studies have investigated brain responses to
expectation and receipt of reward and punishment using
Pavlovian (i.e., passive) and instrumental (i.e., active) learning
paradigms. Related to this are also findings from the mentioned
MID task (Knutson et al., 2000), which can be used to examine
responses to reward receipt (i.e., liking), but may also inform
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us on associative learning by looking at neural responses during
reward expectation and reward receipt.

Several studies have applied these paradigms to patients
suffering from schizophrenia to examine whether abnormalities
in reward expectation and prediction error signals (i.e.,
differences between expected and actual outcome) could
underlie negative symptoms by disrupting learning and blunting
the salience of rewarding events. Overall, studies have revealed
blunted ventral striatal responses to cues predicting reward, which
has been associated with severity of negative symptoms in some
studies (Juckel et al., 2006a,b; Simon et al., 2010; Dowd and Barch,
2012). Similarly, there is evidence of blunted striatal activity in
response to prediction errors (i.e., responses that do not match
expectations) or reward receipt (Schlagenhauf et al., 2009; Waltz
et al., 2009; Koch et al., 2010; Gradin et al., 2011), although some
studies have reported almost intact neural responses (Simon
et al.,, 2010; Waltz et al., 2010; Dowd and Barch, 2012). This
inconsistency of findings may be partly explained by the fact that
schizophrenia patients are a heterogeneous group. Importantly,
several of these studies found an association between reduced
striatal responses to reward receipt and increased negative or
depressive symptoms (Waltz et al., 2009, 2010; Simon et al., 2010).

Findings from studies of depressed patients also report blunted
striatal responses to reward learning, although less data is
available. Using a Pavlovian learning task during fMRI, Kumar
et al., reported blunted responses to reward learning signals
in depressed patients in regions including ventral striatum and
midbrain (Kumar et al., 2008). Similar findings were reported
using an instrumental learning task. Compared to controls,
depressed patients had reduced activity associated with prediction
errors in the striatum and midbrain, and the extent of signal
reduction correlated with increased (self-reported) anhedonia
severity (Gradin et al., 2011). None of these studies reported
behavioral differences between depressed patients and controls
(i.e., self-reported pleasure from the reward, accuracy).

In contrast to this, Steele et al. reported a blunted response
in depressed patients in both behavioral and neural responses
(measured with fMRI) to feedback information during a
gambling task (Steele et al., 2007). Control participants responded
to losses by an increase in reaction time and activity of the anterior
cingulate cortex, while patients did not increase their reaction
times or activity in the anterior cingulate cortex. Similarly,
controls responded to wins by a reduction in reaction times and
activity in the ventral striatum, while patients showed none of
these effects. Further, self-reported anhedonia correlated with
reaction time adjustment, with increases in anhedonia being
associated with smaller reaction time effects.

These findings are in line with findings from e.g., Chase et al.
who also found support for blunting both in terms of positive
and negative feedback (Chase et al., 2010). Further, measures of
self-reported anhedonia seem to be modulating the magnitude of
these parameters with increasing anhedonia being associated with
reduced effects.

The study of subliminal instrumental conditioning by
Pessiglione et al. also allowed for analysis of corresponding
patterns of brain activity using fMRI data (Pessiglione et al.,
2008). During conditioning, both cue values and prediction errors

correlated with activity in the ventral striatum. Hence, activity
patterns were similar to those found in studies using paradigms
where contextual cues are consciously perceived (Pagnoni et al.,
2002; O’Doherty et al., 2004; Pessiglione et al., 2006).

Summary

Taken together, the bulk of the evidence suggests that anhedonia
is associated with a blunted or attenuated ability to learn to
respond to feedback information, i.e., problems with learning
reinforcement to alter behavior in patients suffering from
depression and schizophrenia. This is particularly evident
in terms of reward-driven learning, while findings regarding
punishment-driven learning are mixed in patients suffering from
schizophrenia. The attenuated ability to learn from feedback
information is supported in neuroimaging studies by revealing
blunted ventral striatal responses during learning in patients
suffering from schizophrenia and depression, which in some
cases was associated with severity of self-reported anhedonia
symptoms. It is also notable that instrumental learning outside
conscious awareness produces similar activity in brain reward
networks to what has been reported in conscious instrumental
conditioning studies.

RECONCEPTUALIZING ANHEDONIA IN PSYCHIATRIC DISORDERS
Based on the presented evidence, it is difficult to maintain a
view of anhedonia as a unitary process, which only manifests
itself in the reduced ability to experience subjective pleasure.
Instead, the available data strongly suggests that anhedonia should
be redefined to reflect the heterogeneous nature of hedonic
processing across disorders and individuals. We therefore propose
to reconceptualize anhedonia as the breakdown or unbalancing
of any or all of the complex psychological processes involved
in reward processing as it unfolds over time in the pleasure
cycle (Figure 1). In the normal brain, wanting, liking and
learning processes are balanced over time (Figure 2). However,
impairments in each of the subcomponents of reward can
lead to specific symptoms (or subtypes) of anhedonia that are
associated with specific imbalances between wanting, liking and
learning processes in the brain. In order to disentangle the
engagement of the various reward components, behavioral or
physiological measures are needed to complement self-report
measures, which will help in terms of quantifying core “liking”,
“wanting” and “learning” components, as well as their explicit
counterparts.

The currently available data does not support the notion
that all components of hedonic processing are compromised at
the same time in various psychiatric disorders. Instead, perhaps
surprisingly, some aspects of conscious liking—which is what
most people intuitively associate with pleasure—can be seemingly
intact in the psychiatric disorders traditionally associated with
anhedonia, including depression and schizophrenia. In contrast,
wanting and learning components are more easily compromised
(see Figure 2). Many studies of patients suffering from depression
and schizophrenia show deficits in these domains, for example
in terms of reduced willingness to work for a reward, and
reduced ability to learn from reward and punishment, while some
aspects of liking can be seemingly intact (as reviewed in sections
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Impairments in liking, Impairments in wanting and Impairments
in reward learning).

This raises the interesting question that if liking is in fact
intact (as shown in experimental taste-reactivity investigations),
why do patients suffering from depression and schizophrenia
subjectively report this symptom in clinical inventories and
interviews? One possibility is that core “liking” reactions remain
intact, yet patients no longer cognitively value them as they did
before (Dichter et al., 2010; Berridge and Kringelbach, 2011). This
interpretation is supported by data showing that while online
measures of hedonic impact are intact, patients suffering from
depression and schizophrenia report reduced enjoyment when
asked to rate future, past or hypothetical experience (McFarland
and Klein, 2009; Watson and Naragon-Gainey, 2010; Strauss
and Gold, 2012), which is standard in most clinical interviews
assessing anhedonia.

At the same time, this interpretation has to be seen in
the light of standard clinical examinations of patients, where
depression with anhedonia is associated with direct behavioral
characteristics implying a problem that is not only related to
cognitive evaluations of past and future. For example, clinicians
often report fewer facial expressions, less smiling, less reactivity to
stimuli and other types of symptoms that could reflect diminished
“liking”. This disagreement between clinical observations and
findings from studies applying taste-reactivity paradigms in
humans stresses the need to consider methodological aspects. The
seemingly intact “liking” reactions to pleasurable solutions and
odors are based on self-report measures, and it is possible that
behavioral or physiological measures will inform us differently.

Another possibility is that core “liking” reactions are intact
in some subtypes of anhedonia, but suppressed in other types,
and correspondingly with the cognitive evaluations. One of the
main reasons for our reconceptualization is to stress the notion
that anhedonia is not a unitary process, but is instead a complex
psychological process which consists of several subcomponents
that can occur on different levels of conscious awareness and
control (similar to reward). As reviewed here, deficits in each of
the reward components, and corresponding imbalance between
components, can lead to different expressions, or subtypes of
anhedonia.

In future, it may be more useful to define separate subtypes
of anhedonia, reflecting impairments in the specific reward
components. In line with this reasoning, Treadway and Zald have
suggested to differentiate between motivational, consummatory
and decisional anhedonia (Treadway and Zald, 2011). It may
even be more useful to replace the term anhedonia with
more functional terms such as diminished (or elevated) reward
wanting, and diminished (or elevated) reward liking. Although
anhedonia has traditionally been associated with diminished
responses, our proposed framework acknowledges that both too
much and too little activity in specific parts of the pleasure system
can lead to pathological changes. This is for example illustrated in
the excessive wanting for drugs in drug addiction or in disorders
with hypersexuality.

Related to this is also the well-documented negative response
bias in (at least) depressed patients (Leppanen, 2006), which
may account for some of the discrepancy between what patients

report in here-and-now situations, and how they cognitively value
past and future events. The lateral habenula is known to be a
key structure in mediating the response to emotionally negative
states (Hikosaka et al., 2008; Hikosaka, 2010), as well as the
balance of activity between the amygdala and nucleus accumbens
(Willner et al., 2013). Increased activity in the lateral habenula
(induced e.g., by stress) can lead to an increase in the salience of
aversive stimuli and a decrease in the saliency of appetitive stimuli,
and as such offers a plausible neurobiological substrate for
the negative information-processing bias seen in e.g., depressed
patients (Disner et al., 2011; Willner et al., 2013). Dysfunctions
of this limbic-striatal relay nucleus have been implicated in
depression and schizophrenia (Hikosaka et al., 2008), and recently
beneficial effects were reported in a treatment-resistant depressed
patient receiving deep brain stimulation in this target (Sartorius
et al., 2010).

Overall, more studies are needed before we can make
conclusive statements regarding the role of wanting, liking,
and learning processes in anhedonia in psychiatric disorders.
In particular, development of valid behavioral or physiological
measures of hedonic impact is needed before we can make any
conclusive statements regarding the role and nature of liking
processes in anhedonia. As already stressed, the current finding
that here-and-now measures of hedonic reactivity can be intact
(in depressed and schizophrenic patients) is based on self-
report alone. Future studies applying behavioral or physiological
measures of “liking” in studies of anhedonia might inform us
differently.

In addition to depression and schizophrenia, which have
traditionally been associated with anhedonia, there has been
a growing interest in the role of anhedonia across disorders,
in particular addictive disorders, including gambling disorder
(Ahmed and Koob, 1998; Markou et al., 1998; Koob and
Le Moal, 2001; Volkow et al.,, 2002; Remer Thomsen et al.,
2009; Hatzigiakoumis et al., 2011), eating disorders (Davis
and Woodside, 2002; Jiang et al., 2010; Keranen et al., 2010;
Tchanturia et al., 2012), and Parkinson’s disease (Isella et al., 2003;
Loas and Krystkowiak, 2010; Santiago et al., 2010; Loas et al.,
2012).

In addictive disorders, motivational processes are more
pertinent than liking per se, and overall addictions represent a
clear example of how wanting can be dissociated from liking.
In contrast to depression, drug addiction is characterized by
an excess of drug wanting, which is rarely accompanied by the
expected feeling of pleasure in pathological cases (Figure 2).
Further, the excessive and never-ending chase of the reward of
choice leaves little room for the pursuit of other pleasures. In
other words, drug craving is expressive of an unhealthy form of
wanting that pushes aside goal-directed behavior toward other
pleasurable activities, as described in the influential incentive-
sensitization theory of drug addiction (Robinson and Berridge,
1993; Robinson et al., 2013). Similar mechanisms are likely to
be at play in behavioral addiction, such as gambling disorder,
which is also characterized by an excess of wanting, that is
rarely matched by the expected feeling of liking (Remer Thomsen
et al., 2014). Until recently, gambling disorder was classified as
an impulse control disorder (American Psychiatric Association,
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1994). However, due to a large overlap with drug addiction in
terms of clinical symptoms and underlying neurobiology, there
has been a growing agreement to view gambling disorder as a
behavioral addiction (Russell, 1996; Gold et al., 2008; Potenza,
2008; McCabe et al., 2009; Smoski et al., 2009; Frascella et al.,
2010), which has been acknowledged in the DSM-5 (American
Psychiatric Association, 2013).

Another class of psychiatric disorders, eating disorders, could
benefit from a reconceptualization of anhedonia. Berridge et al.
suggested that patients suffering from some forms of eating
disorders can be characterized as having normal levels of
wanting, but low levels of liking of food (Berridge et al., 2010).
In other types of eating disorders this pattern is reversed.
Binge eating, for example, may be characterized by an excess
of wanting, which is rarely followed by the expected feeling
of pleasure, similar to drug and behavioral addiction. For
some patients (at the severe end of the continuum) their
eating disorder may in fact resemble addiction, and should
perhaps be termed food addiction. However, this group of
patients would appear to be relatively small (Berridge et al.,
2010).

Additional support for the important role of motivational
processes and underlying mesolimbic dopamine systems comes
from the study of Parkinson’s Disease. While brief administration
of dopamine agonists showed improved willingness to work for
a reward in healthy controls (Wardle et al., 2011), long-term
treatment with dopamine agonists in Parkinson’s patients can
cause compulsive behavior, such as pathological gambling activity
or hyper-sexuality in some patients (Weintraub et al., 2006; Voon
et al., 2009, 2011). As suggested by our reconceptualization of
anhedonia, it would appear that both too much and too little
activity in specific components can lead to pathological changes
(Kringelbach et al., 2012; Robinson et al., 2013). It would be of
considerable interest to carry out studies of anhedonia in this
patient group. Interestingly, it was recently shown that apathy
in some Parkinson’s patients is related to goal-directed behavior
and anticipatory, but not consummatory, anhedonia (Jordan
et al.,, 2013), supporting our proposed reconceptualization of
anhedonia.

Taken together, the available data suggests that anhedonia
is heterogeneous across disorders. Considerable progress can
be expected when a deeper understanding of the interplay and
balance between each of the underlying reward components
in disorders is gained. Improving our understanding of
the neurobiological underpinnings of specific behavioral
disruptions such as anhedonia is crucial because it will
facilitate treatment of disorders that include such symptoms
(Der-Avakian and Markou, 2012). The development of
objective behavioral measures of e.g., “wanting” processes
can facilitate this process and help elucidate the neurobiology
of impairments in the ability to seek pleasure. This work has
already begun, for example with the EEfRT. However, patient
groups have yet to be extensively tested using behavioral
measures of wanting, liking, and learning in combination
with neuroimaging, which leaves much scope for better
characterization of the various imbalances in the human
pleasure networks.

IMPLICATIONS FOR DIAGNOSIS AND TREATMENT OF
ANHEDONIA

Our proposal of anhedonia as impairments in specific reward
components and corresponding unbalancing of pleasure
networks both broadens and strengthens the use of anhedonia in
providing useful diagnostic markers for mental illness. As such it
offers a number of potential test instruments that could be more
reliable and specific than the existing self-report questionnaires
for anhedonia. These tests may offer greater specificity in
diagnosing anhedonia in many heterogeneous psychological
disorders, where symptoms may be expressed differently across
people, or even differently across time within the same individual
(Nelson et al., 2009).

Take depression as an example. In the DSM-5, anhedonia is
described as “decreased interest and pleasure in most activities
most of the day” (American Psychiatric Association, 2013),
thereby collapsing wanting and liking. This is in contrast to
the large literature suggesting that these processes are in fact
dissociable. Although patients suffering from depression often
report reduced enjoyment on a cognitive level (measured in
clinical interviews and self-report inventories), there is evidence
that not all patients have similar impairments in core “liking”
reactions. At the same time there is increasing evidence of
impairments in reward motivation and reward learning in
depressed patients. Considering that there is compelling evidence
that wanting, liking and learning processes are not subserved by
the exact same networks in the brain (e.g., mesolimbic dopamine
is more involved in wanting than liking), potential future medical
(and psychological) treatment could be informed and improved
by a better characterization of the specific reward-related
deficits in individual patients. As a start, self-report measures
of enjoyment could usefully be complemented with behavioral
measures of motivation and learning.

Animal behavioral paradigms have been developed that
measure specific components of reward processing, and there
has been recent progress in developing translational tools for
use in humans. Hopefully these measures will continue to be
developed and applied to relevant patient groups, and in time
help us obtain a fuller picture of anhedonia, and consequently
help improve treatment options. In particular, tests that tap
into the unconscious components of this processing can be
very useful. For example, wanting processes that occur outside
of awareness are important for addiction, as outlined by the
incentive-sensitization theory (Robinson et al., 2013). This
acknowledgment of unconscious mechanisms has implications
for treatment. e.g., cognitive behavioral therapy is important in
terms of targeting conscious craving mechanisms in addiction
(Potenza et al., 2011), but although it reduces some layers of
responsiveness to drug-cues, unconscious layers are likely to
persist (Robinson et al., 2013). In contrast, mindfulness-based
interventions can potentially target unconscious “wanting”
mechanisms by increasing awareness of bodily and emotional
signals (Garland et al., 2014). Preliminary findings show that
these treatments reduce consumption of several substances and is
associated with a reduction in craving in substance users although
more randomized controlled trials are warranted (Chiesa and
Serretti, 2014).
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Given the identification of the importance of the motivational
component of anhedonia, and given the well-documented role
of dopamine in incentive salience processing, it is important to
acknowledge the role of dopamine in the study of anhedonia
(and disorders characterized by anhedonic symptoms such as
depression). Improving current treatments for e.g., depression
may well be aided by a conceptual shift towards focusing on
anhedonia and the role of dopamine in the interaction with
serotonin. Evidence for such a shift comes from a number
of sources including convergent findings from neuroimaging,
post-mortem, behavioral and pharmacological studies pointing
to a reduced dopamine function in depression (Kumar et al.,
2008). This should also be seen in the context of the
emerging evidence that treatments solely targeting serotonergic
noradrenergic systems have limited efficacy, e.g., as shown in
meta-analyzes of antidepressant efficacy compared to placebo
(Kirsch et al, 2008). The findings reviewed here point to
an important role of mesolimbic dopamine and opioids in
anhedonia symptoms, and are in line with recent proposals to
target these neurotransmitters more directly in depressed, or
anhedonic, patients (Kumar et al., 2008; Treadway and Zald, 2011;
Soskin et al., 2013).

CONCLUSION

This review has discussed the emerging evidence for the
functional neuroanatomy of pleasure and shown how the specific
breakdown of any or all of the underlying components of wanting,
liking, and learning can lead to a malfunctioning pleasure system.
This in turn can be conceptualized as anhedonia, the lack of ability
to experience, pursue, and/or learn about pleasure. We discussed
the heterogeneity of anhedonia across psychiatric disorders
and specifically pointed out the dissociation between wanting,
liking, and learning components. We reviewed the behavioral
and neuroimaging studies of anhedonia as the reduced ability
to experience, pursue, and learn from pleasure, and stressed
the importance of including their nonconscious counterparts.
This pointed to a pertinent role of both wanting, liking, and
learning components, which is in contrast to the traditional
view of anhedonia as (only) reduced subjective liking. In fact,
the evidence suggested that here-and-now measures of pleasure
liking are seemingly intact in patients suffering from depression
and schizophrenia (although this may be due to methodological
challenges). In contrast, wanting and learning components are
more easily compromised in these patients, for example in terms
of reduced willingness to work for a reward, and reduced ability
to learn from reward and punishment. Related to this, evidence
from animal studies supports the notion that the capacity for
“liking” reactions is rather robust in the brain, by showing that
only one of the hedonic hotspots in the posterior ventral pallidum
is necessary for “liking” (Cromwell and Berridge, 1993; Smith
etal., 2010).

The findings reviewed here should, however, be seen in
the context of a number of limitations or caveats. First of
all, the reported findings of normal levels of pleasure liking
in here-and-now measurements in depressed and schizophrenic
patients are based on self-report. Development of valid behavioral
measures of “liking” reactions that can be applied in human

studies are needed before we can make conclusive claims.
In contrast, behavioral measures of “wanting” and “learning”
mechanisms have been succesfully translated from animal to
human studies. Some of these measures have started to be
applied in relevant patient groups and offer intriuging new
insights on the reduced ability to seek and learn about pleasure.
However, patient groups have yet to be extensively tested
using behavioral measures of wanting, liking, and learning in
combination with neuroimaging, which leaves much scope
for a better characterization of the underlying neurobiology.
New imaging techniques, in particular magnetoencephalography
(MEG), which offers a unique combination of high temporal and
spatial resolution, represent promising new tools to capture and
tease apart the rapid emotional processes likely to occur outside
of our awareness.

Another important caveat is that so far the majority of human
studies of the brain regions involved in anhedonia have been
correlative in nature, thereby limiting our knowledge of the
underlying brain circuitries. We need a better understanding of
which brain regions are sufficient and necessary for rebalancing
pleasure networks in neuropsychiatric disorders. Such knowledge
is difficult to obtain from human studies, although new
information is trickling in from studies using causal methods
such as psychopharmacological methods with e.g., conditioned
place preferences (Mayo et al., 2013; Mayo and De Wit, 2015)
as well as more direct brain manipulations such as transcranial
magnetic stimulation, transcranial direct current stimulation and
deep brain stimulation (Kringelbach et al., 2007, 2011; Lozano
and Lipsman, 2013).

In addition, computational neuroscience may help generate
new information. The progress in using diffusion tensor
imaging methods to track changes in brain connectivity in
neuropsychiatric disorders together with the high temporal and
spatial resolution of MEG will allow us to make computational
models that can accurately predict the functional consequences
of structural abnormalities. In time, this new understanding may
lead to more precise diagnoses and treatments of anhedonia
(Deco and Kringelbach, 2014).
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Deficient cognitive top-down executive control has long been hypothesized to underlie
inattention and impulsivity in attention-deficit/hyperactivity disorder (ADHD). However,
top-down cognitive dysfunction explains a modest proportion of the ADHD phenotype
whereas the salience of emotional dysregulation is being noted increasingly. Together,
these two types of dysfunction have the potential to account for more of the phenotypic
variance in patients diagnosed with ADHD. We develop this idea and suggest that top-
down dysregulation constitutes a gradient extending from mostly non-emotional top-
down control processes (i.e., “cool” executive functions) to mainly emotional regulatory
processes (including “hot” executive functions). While ADHD has been classically linked
primarily to the former, conditions involving emotional instability such as borderline
and antisocial personality disorder are closer to the other. In this model, emotional
subtypes of ADHD are located at intermediate levels of this gradient. Neuroanatomically,
gradations in “cool” processing appear to be related to prefrontal dysfunction involving
dorsolateral prefrontal cortex (dIPFC) and caudal anterior cingulate cortex (CACC),
while “hot” processing entails orbitofrontal cortex and rostral anterior cingulate cortex
(rACC). A similar distinction between systems related to non-emotional and emotional
processing appears to hold for the basal ganglia (BG) and the neuromodulatory
effects of the dopamine system. Overall we suggest that these two systems could
be divided according to whether they process non-emotional information related to
the exteroceptive environment (associated with “cool” regulatory circuits) or emotional
information related to the interoceptive environment (associated with “hot” regulatory
circuits). We propose that this framework can integrate ADHD, emotional traits in
ADHD, borderline and antisocial personality disorder into a related cluster of mental
conditions.

Keywords: ADHD, emotional instability, top-down regulation, prefrontal, cingulate

INTRODUCTION

Arguably, altered regulation of information processing represents the core underlying
mechanism for many psychiatric disorders. Such aberrations can affect multiple dimensions,
including both non-emotional and emotional processes. Currently, some disorders are
conceptualized as dysfunction of one or the other of these dimensions. For example,
attention-deficit/hyperactivity disorder (ADHD) is defined on the basis of dysfunctional regulation
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of non-emotional information processing (including inattention,
impulsivity and hyperactivity), whereas disorders such as
borderline personality disorder (BPD), antisocial personality
disorder (ASPD) and conduct disorder (CD) entail symptoms
reflecting emotional instability associated with dysfunctional
regulation of emotional processes. Other disorders involving
emotional instability include intermittent explosive disorder
and oppositional defiant disorder (ODD). Traditionally, these
psychiatric disorders have been studied separately, reflecting
their historical categorical divisions, and the tendency of
investigators and disciplines to reify such distinctions. However,
these historical distinctions are increasingly appreciated as
having impeded understanding of specific disorders in relation
to each other. In this Hypothesis and Theory article, we
propose that dysregulation in these different dimensions can be
incorporated into a unified model.

Although disorders that include persistent emotional
dysregulation differ in many symptoms, recent neurocognitive
research results suggests common features are involved in
emotional dysfunction. These “emotional instability disorders”
are characterized by emotional hyper-responsiveness in
amygdala and insula, regions involved in shaping emotional
responses and experience (Blair, 2010; Rubia, 2011; Blair
et al, 2014; Glenn and Raine, 2014; Krause-Utz et al,
2014). Structurally, the gray matter volumes of amygdala
and insula are often reduced in such disorders (Blair, 2010;
Rubia, 2011; Blair et al., 2014; Glenn and Raine, 2014;
Krause-Utz et al,, 2014). These observations suggest that a
more general approach to study emotional instability may
reveal insights into common underlying mechanisms. In this
article, we will illustrate our thesis by focusing on ADHD and
BPD. Less emphasis will be placed on CD and ASPD since
these disorders also include sub-populations with callous-
unemotional traits that are associated with decreased behavioral
and neural responding to emotional stimuli, potentially
confounding the contribution from emotional instability
traits (Blair, 2010, 2013; Rubia, 2011; Blair et al., 2014).
We believe the literature on the neurobiology of ODD and
intermittent explosive disorder is currently insufficient to
warrant their inclusion in this illustrative essay, although the
approaches we highlight should also be applicable in future
studies.

Several reviews and theoretical articles have recently discussed
how top-down regulation in ADHD differs in comparison to
specific emotional instability disorders including BPD (Sebastian
et al, 2014) and CD (Rubia, 2011; Blair et al., 2014). The
difference between putative regulatory systems involved in
classical ADHD and emotional variants of ADHD has also been
noted (Castellanos et al., 2006). Here we focus on the relationship
between ADHD and emotional instability disorders in general.
Instead of emphasizing their many differences, we seek to place
these disorders in a common theoretical framework.

In more detail, we will put forward a model in which ADHD
and emotional instability disorders are mechanistically related.
We will argue that the fundamental problem in both types
of disorders is a similar dysfunctional top-down regulation of
information processing, in which the difference between the two

types of categorical disorders (ADHD vs. emotional instability
disorders) is whether the dysfunctional top-down regulation is
associated with emotional (and interoceptive) processing or non-
emotional (and exteroceptive) processing (Hypothesis 1). Given
that the disorders are mechanistically related we also hypothesize
that the symptoms associated to one type of dysregulation
will be overly represented in patients that have the disorder
associated with the other type of dysregulation—even when there
is no explicit comorbidity (Hypothesis 2). Thus, a dimensional
approach would better describe the existing phenotypes than
categorical distinctions. Finally, if the underlying mechanisms
are similar, treatments proven to be efficacious for one category
of disorders should also be efficacious for the other category
of disorders (Hypothesis 3). This could open new important
possibilities for treatment.

We first discuss a dimensional approach to psychiatric
disorders, as this is central for understanding the relation
between emotional and non-emotional dysregulation in clinical
populations. We then take up the relation between non-
emotional executive functions (“cool” executive functions) and
ADHD. Given that executive functions are fundamentally
associated with ADHD, we then review the underlying prefrontal
networks in the brain mediating such top-down control and
show that these systems are altered in ADHD. A similar review
will be done for emotion associated (“hot”) executive functions
and emotional regulation, and their relation to emotional
instability disorders as well as for “emotional” traits in ADHD.
We then discuss how systems mediating emotional and non-
emotional top-down regulation (and dysregulation) relate to
each other in prefrontal, striatal and dopamine networks. We
will also discuss how this stratification between emotional and
non-emotional regulation could be discussed in terms of systems
related to interoceptive and exteroceptive processing. Finally, we
present a model that can incorporate both ADHD and emotional
instability disorders based on the relationship between these top-
down regulatory systems.

CATEGORICAL AND DIMENSIONAL
APPROACHES TO PSYCHOPATHOLOGY

In psychiatry, the adoption of the third edition of the Diagnostic
and statistical manual of mental disorders (DSM; American
Psychiatric Association, 1980) initiated the practice of defining
psychiatric disorders as present or absent depending on whether
a minimum number of clinical criteria were satisfied. This
categorical approach enhanced the reliability of psychiatric
diagnoses, but it has not advanced our understanding of
underlying mechanisms (Insel et al., 2010; Cuthbert and Insel,
2013). One problem is that many psychiatric symptoms are
continuously distributed in the general population. Truncating
the range of variation by applying arbitrary cut-points impedes
an understanding of underlying mechanisms since it does
not mirror the true relationship between symptom levels and
neurocognitive levels. Moreover, only focusing on psychiatric
disorders excludes data from healthy individuals that are not
treated with medication nor show any comorbidities—factors
that confound categorically based research. Another problem is
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that defining disorders categorically based on whether criteria
cut-points are met increases heterogeneity. Two patients can
differ on nearly every symptom and still receive the same
diagnosis. Moreover, in existing categorical diagnostic systems
such as the 5th edition of the DSM (DSM-5; American
Psychiatric Association, 2013) or the 10th edition of the
International classification of diseases (ICD-10; World Health
Organization, 2011), a particular diagnosis can be partially
defined by opposite symptoms. For example, patients with
depression can sleep too much or too little, have increased
or decreased appetite, or increased or decreased activity levels.
Logically, different underlying mechanisms could mediate
these behaviors—although an alternative hypothesis is that
both extremes become more likely when a regulatory process
is dysfunctional (Klein, 1999). Accordingly, investigators are
being urged to focus on specific fundamental behavioral
components that may be altered in multiple psychiatric disorders,
such as attention or emotional regulation as a part of the
Research Domain Criteria (RDoC) initiated by the USA
National Institute of Mental Health (NIHM; Insel et al.,
2010; Cuthbert and Insel, 2013). Variation of such functions
in the general population has specifically been identified
as a promising way to understand dysfunction in these
systems.

By focusing on how information is processed on a systems
level, cognitive neuroscience has been successful in describing
mechanisms underlying normative human perception and
behavior (Gazzaniga, 2014). A major challenge for cognitive
neuroscience is to translate such basic knowledge of brain
function to psychiatric disorders. From a cognitive neuroscience
perspective, specific cognitive processes underlie particular
behaviors—here we term those cognitive core processes. Building
on previously given examples of fundamental behavioral
components from the RDoC such as attention and emotional
regulation, we define cognitive core processes as the underlying
neuronal mechanisms, on a system level, needed to produce
a given behavior. There are many different attentional and
emotional regulation processes and each process may include
multiple aspects. For example, ample data suggest that amygdala
modulates visual processing of threat cues (Vuilleumier and
Driver, 2007; Vuilleumier, 2015). The specific modulation of
amygdala on information processing in visual cortex may
then be defined as a cognitive core process. Dysfunctions
in these processes underpin the fundamental behavioral
components that are coupled to different psychiatric states
(Insel et al., 2010; Cuthbert and Insel, 2013). Variability
between individuals in different cognitive core processes may
underlie behavioral differences among healthy individuals
but also clinical symptoms beyond the normative range.
As cognitive neuroscience often includes analyses of inter-
subject variability in cognitive core processes (Bishop, 2009;
Indovina et al, 2011), it is well suited to study variation
in fundamental behavioral processes (Insel et al, 2010;
Cuthbert and Insel, 2013) related to specific psychiatric
symptoms.

Studies adopting a neurocognitive endophenotype approach
have often compared patients and healthy next-of-a-kin in

specific behaviors and underlying structure/processes that
are more present in these groups than in controls (Ersche
et al., 2010, 2012, 2013; Morein-Zamir et al., 2013). An
alternative approach is to directly study variability in the
general population. A fundamental question is then how
variation in the capacity to process information relates to
clinical symptoms. One hypothesis is that the capacity to
carry out cognitive core processes is inversely and directly
related to certain psychiatric symptoms. From an information-
processing viewpoint, cognitive core process capacities vary in
the population from extremely efficient to extremely inefficient,
depending on underlying genetic composition, learning history
and state variables. This variation is often normally distributed
(Figure 1A), e.g., in executive functions (Zelazo et al., 2013).
Since cognitive processes form and shape individual behaviors,
suboptimal cognitive core capacity can translate into behavioral
symptoms. The frequency and intensity of these symptoms will
be continuously distributed in the general population—with
most below the threshold for clinical significance (Figure 1B).
However, increasingly severe symptoms impair functioning,
making it difficult for the affected individual to uphold expected
social relations, or be occupationally productive. Such loss of
functioning is the sine qua non of psychiatric disorders. To
the extent that psychiatric disorders constitute extremes in
variation across the population caused by suboptimal cognitive
core process function, dimensional approaches will be a
better fit than categorical ones. This has been suggested for
several disorders such as ADHD (Figure 1C; Das et al,
2012).

“COOL” EXECUTIVE FUNCTIONS AND
ADHD

Applying the model described above on dimensional approaches
of psychopathology suggests that the worse cognitive capacity
an individual possesses, the more symptoms he or she should
manifest. Empirically, the general dimensional model seems
to hold particularly well for ADHD. For example, in a non-
clinical sample of more than 2000 adults, ADHD symptoms were
normally distributed (Das et al., 2012). The dimensionality of
ADHD symptoms has also been repeatedly observed in patient
samples (Levy et al, 1997; Salum et al., 2014). Early models
of ADHD posited that ADHD is a disorder of dysfunctional
executive functions (e.g., Barkley, 1997). In line with these
ideas, ADHD patients as a group tend to perform below
average in laboratory tests of executive function capacity
(Willcutt et al, 2005). While there is evidence suggesting
a dimensionality for both ADHD symptoms and executive
function capacity, associating trait-like capacities for executive
functions to ADHD symptoms in the general population is
not trivial. Namely, test performance can vary across and
within individuals as a function of numerous factors including
alertness/arousal, motivation, and past experience/exposure.
Other clinical conditions such as traumatic brain injury or
periodic psychiatric problems (e.g., mood disorders) also
may affect executive function performance. Correspondingly,
numerous traits may be related to ADHD, only some of which
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FIGURE 1 | Distribution of processing capacities and symptoms in the
general population. (A) A model that suggests that different cognitive core
capacities in the population often follows a normal distribution. Extremely low
cognitive core capacities will induce a functional loss. Such a distribution is for
example observed for executive function capacity. (B) The model posits that
this capacity is mirrored in different behavioral symptoms, and that the
transition from sub-clinical to clinical symptoms is defined by functional loss.
(C) ADHD symptoms in the general population follows such a distribution.
Panel C is originally from Das et al. (2012) and reprinted with permission from
PLos One.

are related to dysfunctional executive functions (Castellanos
and Proal, 2012). Finally, different individuals may rate the
same behavior differently depending on cultural factors and
meta-cognitive capacity. Still, a community study of more than
16,000 children and adolescents provides some support for
the dimensionality of ADHD symptoms and their relationship
to putative executive function capacity (Crosbie et al., 2013).
Specifically, the study reproduced, in a general pediatric
population, the normal distribution of ADHD-symptoms (Das
et al., 2012). Moreover, rated attentional problems in daily
life correlated with putative executive function capacity on
the stop signal test. The stop signal test measures capacity

to suppress an initiated movement and is frequently used
for measuring executive functions in ADHD (Nichols and
Waschbusch, 2004; Alderson et al., 2007). The relationship
between real life problems and stop signal performance was
linear across the entire distribution rather than limited to the
children who had been diagnosed with ADHD. Thus, there is
evidence that both ADHD symptoms and executive function
capacity are normally distributed in the population, and that
they are associated with each other. On a more general level
this suggests that there is a relation between the capacity of
specific cognitive core processes and symptom severity in the
population extending from healthy individuals to those with
frank psychiatric states.

Neuroatonomy of “Cool” Executive

Functions

Since executive functions and ADHD symptoms appear to
be linked, understanding the underlying neural mechanisms
mediating the cognitive processes should help elucidate how
related clinical symptoms emerge. Executive functions may be
defined as a set of control mechanisms that regulate non-routine
information processing including behavioral suppression, task
switching, adaption, or change of strategy (Barkley, 2012;
Goldstein and Naglieri, 2014). To distinguish classical executive
functions from those related to emotional processes, the former
have been termed “cool” executive functions. These functions
are dependent on the prefrontal cortex (PFC) although they
represent distributed network processes encompassing many
different brain regions including the basal ganglia (BG) and
brainstem neuromodulatory systems. The circuits subserving
executive functions also involve thalamus, parietal cortex and
cerebellum. However, for simplicity, we abbreviate these complex
circuits by referring primarily to the prefrontal and anterior
cingulate cortex (ACC). In part resulting from Barkley’s
(1997) suggestion of the primacy of inhibitory capacity in
ADHD, many investigators have examined performance on
the stop-signal test (Crosbie et al, 2013) and the Stroop test
(Lansbergen et al., 2007), both of which involve inhibitory
aspects.

The Stroop test targets the involvement of executive
functions in resolution of a cognitive conflict mediated by an
incongruent stimulus (see Figure 2). This test of executive
functions is especially interesting for the model presented
here because it can also be used in the emotional domain
(Egner et al,, 2008; Eippert et al, 2009). A seminal article
(Kerns et al., 2004) used the Stroop task to decompose
different neuronal aspects of executive functions. This study
leveraged the conflict resolution that occurs when the same
cognitive conflict condition is repeated (see Figure 2A). By
presenting two incongruent stimuli in a row, Kerns et al.
(2004) differentiated two separate conditions for the same
type of incongruent stimulus: (1) when conflict was high
and conflict resolution was low (first incongruent stimulus);
and (2) when conflict resolution was high and conflict was
low (second incongruent stimulus). The first type of stimulus
presentation evoked an error signal that could activate prefrontal
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FIGURE 2 | The Stroop task—as an example of “cool” executive function tasks. (A) In the Stroop task colored words are presented where the word itself
represents a color. The task is to indicate the color of the word but ignore the word meaning. In some conditions both the color and the word are associated with the
same color (congruent condition), while in other conditions the color and the word are associated with different colors (incongruent condition). In the incongruent
condition there is a conflict between processes associated with color identification/naming and reading. In order to solve the task, this cognitive conflict has to be
regulated using top-down control by suppressing the conflicting process and strengthening the processes associated with the correct response. If two incongruent
stimuli are presented in a row, the conflict and error signal is somewhat smaller in the second incongruent condition as conflict-resolution (i.e., adjustment) has been
engaged (Kerns et al., 2004). (B) Behaviorally, response times mirror the cognitive conflict (red vs. blue) and its resolution (smaller response time in the second
incongruent condition vs. the first incongruent condition—both in red). (C) These different conditions are mirrored in the underlying brain activations of caudal anterior
cingulate cortex (cACC) and dorsolateral prefrontal cortex (dIPFC) representing conflict, error and adjustment. Panels B,C are originally from Kerns et al. (2004) and
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conflict resolution systems and decrease conflict in the next
stimulus presentation. These manipulations were reflected
behaviorally in terms of magnitude of response-time cost of
incongruency and in neural signals. Specifically, activation in
caudal anterior cingulate cortex (cACC), observed in the first
incongruent stimuli condition, was associated with conflict
and error-signals (see Figure 2C; Kerns et al., 2004) or
with initially resolving the conflict (Roelofs et al, 2006;
Aarts et al, 2008). Subsequent activation of dorsolateral
prefrontal cortex (dIPFC), observed in the second incongruent
stimulus condition, was interpreted as reflecting updating
the rules used to more effectively solve the conflict (see
Figure 2C).

Meta-analyses suggest that similar regions including cACC
and dIPFC are also involved in other executive function tasks
including spatial interference, stop-signal task, go/no-go task,
flanker task and Simon task (Nee et al., 2007; Cieslik et al.,
2015). Apart from those regions, parietal cortex is also critically
involved in executive function tasks as a part of frontoparietal
executive control networks. Interestingly, both ventrolateral PFC

(VIPFC) and anterior insula are involved in such executive
function tasks (Nee et al., 2007; Whelan et al., 2012; Cieslik et al.,
2015)—although they often are assigned to emotional processing
systems.

Neuroanatomy of “Cool” Executive
Functions in ADHD

Dysfunctional executive functions observed in ADHD patients
should be mirrored in the underlying structure and function
of systems mediating this regulation (Castellanos et al., 2006;
Bush, 2010). In line with this idea, maturation of the thickness
of the cortex, which follows a normative inverted-U trajectory,
was found to be significantly delayed in children with ADHD
across nearly the entire cortex, with greatest delays in PFC and
ACC (Shaw et al., 2007). In a naturalistic comparison, adolescents
taking psychostimulants differed in the rate of change of cortical
thickness from those not taking psychostimulants (Shaw et al.,
2009), suggesting that medication might ameliorate the delayed
development. Thinning in the medial and dIPFC was persistent
only in those patients that maintained the full ADHD diagnosis
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FIGURE 3 | Altered networks in ADHD associated with “cool” executive functions. (A) Some studies have suggested a smaller gray matter volume in cACC
and dIPFC (e.g., Seidman et al., 2011), and (B) diminished activations in these networks during executive function tasks in patients with ADHD compared to controls
(Dickstein et al., 2006). Panel A is originally from Seidman et al. (2011) and reprinted with permission from Elsevier. Panel B is originally from Dickstein et al. (2006)
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in adulthood (Shaw et al., 2013). An earlier and smaller study
found that adult patients with ADHD displayed decreased
smaller gray matter volumes in both cACC and dIPFC, although
the findings were modest and did not survive full brain correction
(Seidman et al., 2011; Figure 3A).

Similarly, activation of these networks is altered during
top-down regulatory tasks in ADHD-patients. Meta-analysis
of functional imaging studies reveals decreased activation in
patients with ADHD in systems involved in executive functions
(e.g., the frontoparietal networks) and attention (e.g., ventral
attentional network) in task-based studies (Cortese et al., 2012).
When studies were restricted to inhibition or attention tasks,
ADHD patients showed reduced activation in similar networks
(Dickstein et al., 2006; Hart et al., 2013; Figure 3B). While the
deficit in inhibition activation was more prominent in right
inferior frontal cortex, supplementary motor area (SMA) and
ACC, the deficit in attention-activation was more prominent
in dIPFC, parietal and cerebellar areas (Hart et al., 2013).
Specifically in the Stroop task, dIPFC was less activated for
sustained attentional control and the cACC less activated for
transient aspects of attentional control (i.e., incongruent trials
vs. neutral trials in the incongruent block) in young adults with
ADHD vs. controls (Banich et al., 2009).

“HOT” EXECUTIVE FUNCTIONS,
EMOTIONAL PROCESSING, AND
EMOTIONAL INSTABILITY

Can Emotional Processes be Isolated?
Information processing in the brain is dependent on complex
reciprocal interactions between multiple regions in large-scale

networks (Mesulam, 1998, 2012; Engel et al., 2001; Dehaene
and Changeux, 2011; Siegel et al., 2012). It has therefore been
debated whether brain processes associated with “emotion” can
be separated from those associated with “cognition” (Pessoa,
2008; Okon-Singer et al., 2015). This question may be rephrased
in terms of whether it is possible to separate “emotional”
from “non-emotional” processes (and associated regulatory
mechanisms), since cognition comprises both emotional and
non-emotional information. For example, attention, working-
memory and executive-control are not either emotional or
non-emotional processes as they operate on both types
of information. This point has previously been made for
theoretical constructs of attention in distinguishing “cool”
executive functions regulating non-emotional processes and
“hot” executive functions regulating emotional processes (Zelazo
and Mueller, 2002; Kerr and Zelazo, 2004; Castellanos et al,,
2006; Rubia, 2011). Therefore, the focus is instead on the possible
distinction between emotional processes and non-emotional
processes. Clearly, both processes influence each other (Pessoa,
2008; Okon-Singer et al., 2015). In the same vein, any emotional
regulatory task will contain non-emotional processes such as
holding instructions on line in a working-memory buffer and
associated attentional processes.

Nevertheless, the distinction between emotional regulatory
systems and non-emotional regulatory systems is useful
since there are clinical states in which dysfunction of one
pole or the other predominates. Dysregulation is more
related to non-emotional processes in classical ADHD
while it is more associated with emotional processes in
various clinical disorders of emotional instability such as
BPD, ASPD or CD. These clinical entities suggest that
although emotional and non-emotional processes are both
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overlapping and interwoven (Pessoa, 2008; Okon-Singer
et al., 2015), certain aspects of the involved networks may be
more related to emotional or non-emotional dysregulation,
respectively. Therefore, to understand the specificity of
these disorders, components that are more associated with
emotional regulation and non-emotional regulation need to be
identified.

Large numbers of emotional regulatory processes have been
described (Hartley and Phelps, 2010; Gyurak et al., 2011; Ochsner
et al, 2012). While some directly modulate an emotional
experience (Ochsner et al., 2012), others are subtler and regulate
emotional processes to accomplish a cognitive task (Gyurak
et al,, 2011), i.e., “hot” executive functions, or are involved
in extinction (Schiller and Delgado, 2010; Milad and Quirk,
2012). While processes that regulate emotions are often voluntary
and therefore explicit, attentional processes are often automatic
and implicit. Here we focus on two fundamental types of
emotional regulatory processes that represent different types
of top-down control: implicit attentional and explicit cognitive
reappraisal processes (Gyurak et al, 2011; Ochsner et al,
2012).

Implicit Attentional Control of Emotional

Processes

The attentional dimension in voluntary regulation of emotional
experiences has been extensively discussed (Ochsner et al,
2012). However, for the present purpose automatic implicit
attentional mechanisms in strictly defined executive function
tasks (Gyurak et al, 2011) may be even more interesting
since they have the potential to separate emotional from non-
emotional components.

Building on the model of decomposing sub-components of
executive functions in the Stroop task (Kerns et al., 2004),
Etkin et al. (2006) constructed an emotional Stroop task in
which affective facial expressions were displayed with overlaid
congruent or incongruent words expressing affects (Figure 4).
The task was to report the facial affect and ignore the overlaid
words. This yielded both congruent stimuli (in which the facial
expression and the word corresponded to the same emotion) and
incongruent stimuli incorporating a conflicting process (in which
the affective facial expression and emotion word differed). As in
the non-emotional version (Kerns et al., 2004), this task could
separate an incongruent stimulus in which conflict remained
high (first incongruent stimulus) from an incongruent stimulus
in which the conflict level was smaller due to conflict resolution
(second incongruent stimulus). There was a reaction time
increase for the incongruent condition as compared with the
congruent condition, indicating that a conflict was successfully
induced. Importantly, this increase was smaller for the second
incongruent condition compared with the first incongruent
condition, indicating conflict resolution. On a neuronal level,
amygdala activation was observed in the high conflict condition
reflecting increased influence of the non-relevant emotional
incongruent stimuli. However, amygdala activity decreased and
activity in rostral ACC (rACC) increased in the low conflict
(repeated) incongruent condition. Path-analysis indicated that
rACC directly suppressed amygdala activity in this condition.
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FIGURE 4 | Brain systems underlying the emotional Stroop task.

(A) The emotional Stroop task has similar features as the original Stroop task
including congruent stimuli (without conflict between different processes) and
incongruent stimuli (with a conflict between different processes)—but also
includes an emotional dimension that needs to be controlled. In the presented
example above faces were used from the karolinska directed emotional faces
(KDEF; Lundqvist et al., 1998). (B) Using a similar version of emotional Stroop
task Etkin et al. (2006) showed that higher conflicts increased amygdala
involvement and conflict resolution was associated with rostral anterior
cingulate cortex (rACC) activation and negative influence on amygdala activity.
Panel B is orginally from Etkin et al. (2006) and reprinted with permission from
Elsevier.

Thus, this study suggests that rACC influences amygdala
processing to solve an executive function task with emotional
content.

A potential confound in the above study was that non-
emotional regulation was not controlled for. Therefore,
regulatory mechanisms that were specific to emotional regulation
could not be differentiated from mechanisms that are shared
with non-emotional regulatory processes. A later study by
the same group (Egner et al., 2008) sought to distinguish
these two dimensions by presenting the same stimuli in two
different tasks, differing in emotional intensity. One task was
as described above, and the other involved labeling sex with
congruent or incongruent words (i.e., “male” or “female”)
using the same set of pictures. The original findings were
reproduced and survived controlling for the non-emotional
regulatory processes. It may be argued that the control for
non-emotional regulation was not perfect since both tasks
contained affective facial expressions. However, this tradeoff
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is inevitable since using different types of stimuli in the non-
emotional condition would have confounded the task. In sum,
this study represents an innovative example of how to control
for non-emotional aspects of top-down regulation in automatic
attentional tasks.

Other studies on affective interferences in the Stroop test
and comparable tasks (Whalen et al, 1998; Ochsner et al.,
2009; Rahm et al, 2013) also support the conclusion that
similar attentional processes take place in the emotional
domain as in the non-emotional domain. The studies
converge in highlighting the rACC as specifically involved
in emotional executive function tasks, while the cACC is
specifically involved in related non-emotional executive function
tasks. These findings are consistent with the distinction
between “cool” and “hot” executive function processes
and their relative regional specificity (Zelazo and Mueller,
2002; Kerr and Zelazo, 2004; Castellanos et al., 2006; Rubia,
2011).

Explicit Regulation of Emotional Processes
Arguably, the cognitive reappraisal task is one of the most
frequently used experimental methods to study emotional
regulation (Ochsner et al., 2012; Buhle et al., 2014). Cognitive
reappraisal tasks differ substantially from Stroop tasks. While
Stroop tasks entail a mechanism that implicitly deals with
demanding and fast interference that needs to be resolved
on-line for the task to be performed, cognitive reappraisal
of emotional stimuli involves an explicit in-depth regulation
of information processing. In cognitive reappraisal of emotional
stimuli, the task is to change the emotional interpretation
of a stimulus. In this way it is more explicit and proactive
than Stroop tasks. A task can involve reinterpreting the
meaning of emotional pictures from negative to neutral or
positive valence. For example, the face of a crying woman,
which is automatically interpreted as an emotionally negative
picture, can be reinterpreted as a woman who is crying
from happiness over seeing her son again after a year. Thus,
instead of controlling distracting emotional processes (as in an
emotional Stroop task) the reappraisal task actually changes

the rules for the emotional interpretation of the world. It
requires active assignment of different emotional meaning to
stimuli.

The inherent problem of cognitive reappraisal tasks is the
difficulty of obtaining behavioral measures since these tasks
rely on subjective reports. Moreover, subjects have little insight
into what they do during the task. Nevertheless, this has been
a popular approach to study emotional regulation since it
can dramatically change how we experience the world and
it is theoretically close to various cognitive therapies. Cognitive
reappraisal tasks have been found to modulate the processing of
emotional stimuli in regions such as amygdala and the ventral
striatum (Buhle et al., 2014).

The emotional Stroop task regularly shows prefrontal
activations both in dIPFC and lateral orbitofrontal cortex
(IOFC)/VIPEC (Eippert et al., 2007; Wager et al., 2008; Kanske
etal., 2011; Golkar et al., 2012; Buhle et al., 2014), although other
regions (including the dorsal ACC and the dorsomedial PFC)
seem to support other components of the task (Ochsner et al.,
2012). It has been suggested that dIPFC is involved in general
selective attention and working memory, while the IOFC/vIPFC
seems to be important for selecting a goal-appropriate reappraisal
(Ochsner et al, 2012). Thus, theoretically the 1OFC/vIPFC
should be more specifically involved in emotional regulatory
components of the task. In a few studies, attempts have been
made to tease apart these components (Wager et al., 2008;
Golkar et al., 2012). In one of the studies (Wager et al., 2008),
when the rated success of emotional regulation was regressed
on the cognitive reappraisal of emotion contrast, the dIPFC
contribution was smaller and that of the 10FC/vIPFC larger
than in the standard subtraction analysis (Figure 5). Thus
a measurement better reflecting actual emotional regulation
was more tightly coupled to 10FC/vVIPFC than dIPFC. In
another study (Golkar et al., 2012), a neutral control state was
introduced which contained non-emotional aspects of the task,
and the interaction revealed more specific activation also in
the JOFC/VIPFC. Both these studies are examples that suggest
that it is possible to partially separate emotional from non-
emotional components in the cognitive re-appraisal task and

VLPFC (L) /

gj o

22 oo

@ ;‘4

2

) %h

-2
0 1 2

Reappraisal Success

FIGURE 5 | Brain systems underlying cognitive re-appraisal. In cognitive reappraisal studies, typically an emotional picture is presented and the subjects are
given a task to explicitly down- or up-regulate the emotional content. In conditions where unpleasant pictures are re-interpreted as more positive, amygdala activity is
down-regulated and a network of regions is activated including lateral orbitofrontal cortex (IOFC). IOFC activity correlates closely with re-appraisal success during
cognitive re-appraisal (Wager et al., 2008). Figure is originally from Wager et al. (2008) and reprinted with permission from Elsevier.
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that indicate greater involvement of the IOFC/vIPFC in the
emotional component. Thus, as for rACC there seems to be
specificity for IOFC in emotional regulation. This also suggests
a possible role for this region in disorders involving emotional
dysregulation.

A Role for rACC in Regulation of Emotion

and Pain

Previously we have suggested the importance of rACC in implicit
attentional regulation in the emotional domain (such as “hot”
executive functions). However, a range of other studies suggests
a general role for the ACC in emotional regulation. Importantly,
although the rACC and cACC differ in their involvement in
attentional tasks—as has long been suggested (Bush et al,
2000)—there is little support for a general division between an
emotional and a non-emotional cingulate (Etkin et al., 2011;
Okon-Singer et al., 2015). In fact, some parts of cACC are
highly involved in emotional processes that include negative
valence such as pain unpleasantness (Vogt et al., 1993), social
exclusion (Eisenberger, 2012) and fear potentiation and appraisal
(Etkin et al., 2011; Milad and Quirk, 2012). The cACC is also
implicated in behaviors associated with emotional or painful
situations and has been viewed as an emotional motor output
region (Craig, 2009; Perini et al., 2013). Other influential theories
suggest that this part of the cACC has a common role of linking
reinforcers to motor centers responsible for expressing negative
affect and executing goal-directed behaviors (Shackman et al.,
2011) and thereby performing similar fundamental processes
for both pain and attention. However, the anatomical and
functional relation between ACC involvement in processing of
pain/emotion and non-emotional attentional processes is yet to
be established.

Studies on placebo analgesia (Petrovic et al.,, 2002; Wager
et al., 2004, 2007; Zubieta et al., 2005; Bingel et al., 2006; Eippert
et al., 2009; Wager and Atlas, 2015) and emotional placebo
(Petrovic et al., 2005; Ellingsen et al., 2013) have also suggested
the rACC is involved in top-down regulation of pain and
emotion (see Figure 6A). Importantly, this activation remained
when controlling for non-emotional attentional aspects of
treatment either through interaction or correlation analyses
(Petrovic et al., 2002, 2005). The high concentration of opioid
receptors expressed in rACC (Vogt et al., 1993; Fields, 2004)
has been hypothesized to relate to attentional mechanisms that
can suppress pain processing (Petrovic et al., 2002), a suggestion
that has received experimental support (Zubieta et al., 2005;
Wager et al, 2007; Eippert et al,, 2009). In more general
terms, specific neuromodulatory systems in the rACC have
been suggested to be involved in conflict resolution in the
pain or emotion domains when expectations do not match
processing of sensory input (Petrovic et al., 2002). The known
anatomical connectivity between opioid systems in rACC and
the periaqueductal gray (PAG; Vogt et al, 1993) in turn
suggests that such modulation acts through regulating opioid
systems in the PAG (Petrovic et al., 2002). This was suggested
by functional connectivity between rACC and PAG that was
opioid and placebo specific (Petrovic et al., 2002) as well as opioid

dependent (Eippert et al., 2009; see Figures 6B,C). More specific
opioid connectivity between these structures was also shown
(Wager et al., 2007). Apart from the PAG, other regions such as
amygdala and ventral striatum are likely involved in the placebo
effect and may be directly controlled by the rACC (Petrovic et al.,
2005; Zubieta et al., 2005; Bingel et al., 2006; Wager et al., 2007;
Scott et al., 2008; Eippert et al., 2009; Ellingsen et al., 2013).
Thus, studies of the placebo effect suggest that rACC is in a
position to regulate emotion and pain processes using specific
underlying neuromodulatory systems such as the opioid system.
Other neuromodulatory systems may also be involved although
this is still unknown. Note that more caudal parts of the ACC
process pain per se (Petrovic et al., 2002), in line with the idea that
cACC is involved in processing the unpleasant aspects of pain
(Vogt et al., 1993).

A closely related domain of research on conditioning
and extinction in both rodents and humans also suggests
that ventromedial PFC (vinPFC), an area neighboring rACC,
supports extinction while cACC supports increased aversive
processing (Milad and Quirk, 2012; see Figure 7). The vmPFC
is thought to modulate amygdala processing of conditioned
fear by suppressing fear responses through a set of amygdala
neurons in the intercalated region between the basolateral and
central amygdala nucleus (Milad and Quirk, 2012). Different
strategies to modify conditioned fear, i.e., extinction, reversal
and voluntary regulation of fear, have been shown to activate
similar regions in vmPFC/rACC (Schiller and Delgado, 2010).
In other words, this line of research mimics placebo research in
assigning similar regions in the brain an emotional regulatory
function on emotional processes in subcortical regions such as
amygdala.

Another line of research has suggested that rACC and the
neighboring vmPFC are important in processing the subjective
value of rewards (Kable and Glimcher, 2007), which may also
be associated with opioid activation (Petrovic et al., 2008). In the
neuroeconomics literature, overlapping activity often centered
on neighboring vmPFC is thought to integrate anticipated values
and costs (from regions such as ventral striatum and amygdala)
associated with the different options being converted into a single
quantity to guide behavior (Ruff and Fehr, 2014).

In summary, converging lines of evidence (including research
on emotional executive functions, placebo research and research
on extinction of conditioned fear) suggest that rACC and
neighboring vmPFC are specifically involved in emotional
regulation of lower-level structures including amygdala, PAG
and ventral striatum. This effect seems to be specific for
emotion/pain processes and supports the idea of a system
sub-specialized for “hot” executive functions and emotional
regulation.

A Role for OFC in Regulation of Emotion

and Pain

Above we have suggested that OFC has an important role in
explicit emotional regulation such as cognitive re-appraisal, in
which subjects are asked to modulate the emotions associated
with a picture (see above). How does this relate to the
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Covariation between rACC and the brainstem
A POP B PPL

FIGURE 6 | Brain systems underlying the placebo effect. (A) Meta-analysis indicating brain networks showing suppressed activity (blue) and increased activity
(yellow/orange) related to placebo analgesia (PPL; Atlas and Wager, 2014). Regions showing increased activity include ventromedial prefrontal cortex (vmPFC)/rACC
and IOFC. Note that caudal ACC (cACC) decreases in activity after placebo treatment in association with decreased pain unpleasantness. (B) Studies also show that
PPL involves opioid dependent interactions between rACC and the brainstem. For example, functional connectivity between rACC (blue dot) and the brainstem was

observed in opioid analgesia (POP) and in PPL but not in untreated pain (P; Petrovic
(Eippert et al., 2009). Panel A is originally from Atlas and Wager (2014) and reprinted

and reprinted with permission from AAAS. Panel C is originally from Eippert et al. (2009) and reprinted with permission from Elsevier.
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et al., 2002). (C) This connectivity has been shown to be opioid dependent
with permission from Springer. Panel B is originally from Petrovic et al. (2002)

general function of OFC? The OFC comprises a complex
set of regions that may be differentiated along medial-lateral
and anterior-posterior gradients (Ongur and Price, 2000;
Ongur et al,, 2003; Kringelbach and Rolls, 2004; Kringelbach,
2005). Although the OFC receives input from many sensory
modalities and may be the most polymodal region in the cortex
(Kringelbach and Rolls, 2004), it is notable that many OFC
inputs are interoceptive. Thus, the interoceptive needs of the
subject are mapped in OFC where they may interact with
reward signals and reinforcers from the exteroceptive world.
While more primitive unimodal signals seem to be processed
posteriorly, more abstract multimodal signals and reinforcers
seem to be processed anteriorly (Kringelbach and Rolls, 2004).

A lateral orbital network receives inputs from different sensory
modalities and a medial network includes regions in ACC and
ventro/dorsomedial prefrontal systems and has been suggested
to be an important cortical output for visceromotor structures
(Ongur and Price, 2000). The medial-lateral distinction has
also been observed in human functional imaging of reward
processing in which positive feedback and value are mapped
to medial OFC while negative feedback is mapped to 10FC
(O’Doherty et al., 2001). These results are in line with findings
that 10FC represents aversive error-signals (Seymour et al,
2005).

Recent models of a general OFC function emphasize
involvement in constructing expected values based on
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More Fear

Less Fear

FIGURE 7 | Brain systems underlying fear conditioning. In fear conditioning, vmPFC in humans and infralimbic regions (IL) in rodents is associated with
suppressed conditioned fear while cACC (dACC here) in humans and prelimbic regions (PL) in rodents is associated with increased conditioned fear through
modulation of amygdala (Milad and Quirk, 2012). Figure is originally published by Milad and Quirk (2012) and reprinted with permission from Annual Reviews.

multimodal inputs (including current internal states) that
drive behavior (Schoenbaum and Roesch, 2005; Murray et al.,
2007; Schoenbaum et al., 2009; Rudebeck and Murray, 2014). In
functional imaging, the association between OFC and complex
expected values is illustrated in selective reward devaluation
(Small et al.,, 2001; Gottfried et al., 2003; Kringelbach et al.,
2003) and context dependent processing of subjective values (de
Araujo et al., 2005; Plassmann et al., 2008).

While the studies above suggest that subjective experience
of stimuli may be driven by expectation systems, this has
been a principal focus in research on the placebo effect.
The 10FC has been activated in several placebo treatment
studies (often in co-activation with rACC) as indicated by
meta-analysis (Atlas and Wager, 2014; Wager and Atlas, 2015;
Figure 6A) including placebo analgesia (Petrovic et al., 2002;
Lieberman et al, 2004; Wager et al., 2004) and emotional
placebo (Petrovic et al,, 2005). Interestingly, the IOFC was
specifically activated during placebo analgesia but not during
opioid-induced analgesia (Petrovic et al., 2002, 2010) suggesting
that some cognitive mechanisms are important for the placebo
effect but not for opioid-mediated analgesia. Activation in
IOEC is believed to represent treatment expectation and the
related error-signal between treatment expectation and incoming
nociceptive signal (Petrovic et al.,, 2010) in line with the idea
that predictions about different outcomes drive the placebo
response (Buchel et al., 2014). Such expectation related processes
in the IOFC have been suggested to drive pain and emotion
regulatory signals in rACC and are in line with placebo-specific
functional connectivity between these regions (Petrovic et al,
2010).

The involvement of IOFC in cognitive reappraisal and
placebo can be understood in light of theoretical models
of OFC function (Schoenbaum and Roesch, 2005; Murray
et al., 2007; Schoenbaum et al., 2009; Rudebeck and Murray,
2014). In cognitive reappraisal, subjects are instructed to
shift their expectation about emotional stimuli, which
resembles the expectation manipulation performed in
response to placebo. The change of expectations in both

paradigms involves assigning new values to emotional stimuli
by OFC.

“Hot” Executive Functions and Emotional

Regulation in Emotional Instability

The need for understanding the specific processes underlying
emotional regulation is driven by the clinical symptoms
often observed in emotional instability disorders such as
BPD, ASPD and CD. Although all these disorders have
a high rate of comorbidity with ADHD and with ADHD
symptoms, they are unquestionably different from classical
DSM-5 ADHD. Symptoms involving frequent variability in
experiencing intense emotional states and emotion related
behaviors are fundamental to emotional instability disorders
but not a necessary component of classic ADHD. A central
question is therefore whether networks that are more specifically
involved in emotional regulation also are more specifically
dysfunctional in these disorders. Given the specific involvement
of rACC and 10FC in emotional regulation (as outlined above)
it may be questioned whether these regions also differ in
structure and function in conditions characterized by emotional
instability.

Several studies of brain morphometry have been conducted
in emotional instability disorders including BPD, ASPD and
CD. Although, they represent initial steps in understanding
the underlying pathophysiology, there are two major problems
with many of these studies. The first is that most studies
have been underpowered, with few patients and controls. The
second is that ADHD has not been considered. Nevertheless,
two relatively well-powered volumetric studies of BPD (Soloff
et al, 2008, 2012) found smaller gray matter volume in
rACC and lOFC (Figures 8A,B). Smaller IOFC volume was
specifically observed in suicide attempters and even more
so in high lethality suicide attempters (Soloff et al., 2012).
Similar structural abnormalities have also been observed in
other emotional instability disorders such as ASPD (Yang
and Raine, 2009). However, such findings have not regularly
been observed in morphometric studies of ADHD—in fact
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FIGURE 8 | Altered networks in borderline personality disorder (BPD) associated with “hot” executive functions and emotional regulation.

(A,B) Previous research has suggested smaller gray matter volume in rACC and IOFC in patients with BPD (Soloff et al., 2008, 2012). (C) Attenuated activity has
been observed in rACC during emotional Stroop (Wingenfeld et al., 2009) in BPD as compared to controls. (D) Moreover, lower IOFC activity has been observed
during cognitive re-appraisal in BPD as compared to controls (Schulze et al., 2011). Panel A is originally from Soloff et al. (2008) and reprinted with permission from
Elsevier. Panel B is originally from Soloff et al. (2012) and reprinted with permission from Elsevier. Panel € is originally from Wingenfeld et al. (2009) and reprinted with
permission from Elsevier. Panel D is originally from Schulze et al. (2011) and reprinted with permission from Elsevier.
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the opposite has been observed (Seidman et al, 2011)—as
discussed below. The volume of other regions suggested
to be involved in emotional processing in BPD, such as
amygdala and insula, was also smaller (Soloff et al., 2008,
2012).

Although structural findings can be suggestive, ultimately,
the functionality of regions such as rACC and IOFC in
tasks involving emotional regulation must be addressed to
better understand emotional instability. Few studies have been
published so far that directly test “hot” executive functions
and emotional regulation in emotional instability disorders.
However, some studies suggest a lower activation of regulatory
networks in such disorders. Using a verbal emotional Stroop
task, Wingenfeld et al. (2009) observed that BPD patients had
overall slower reaction times compared to healthy controls but
no increased slowing with emotional interference. However,
the BPD patients were not able to recruit rACC when they
needed to control for negative words (see Figure 8C). Another
recent study showed that BPD patients that dissociated were
more prone to show greater emotional interference (Winter
et al,, 2015), although no differences were observed in rACC
using a verbal emotional Stroop task. One reason may be that
the interference in the verbal emotional Stroop task that was
used was too weak, as the controls showed neither a behavioral

interference effect nor any rACC activity. By contrast, this was
readily observed in Stroop tasks using affective faces (Etkin
et al,, 2006; Egner et al., 2008). Several other studies using tasks
involving emotional conflict control have also shown deficient
activations of the subgenual ACC and rACC in patients with
BPD (Silbersweig et al., 2007; Enzi et al., 2013; Holtmann et al.,
2013; Jacob et al., 2013). Interestingly, in most studies involving
patients with BPD in which an emotional conflict must be
suppressed, increased activity in amygdala or insula (compared
with controls) has been observed, indicating unresolved or
heightened emotional conflict (Silbersweig et al., 2007; Krause-
Utz et al.,, 2012; Holtmann et al.,, 2013; Jacob et al., 2013;
Prehn et al., 2013)—but see Smoski et al. (2011). In line with
these findings a behavioral study has shown that patients with
CD have an impaired Stroop performance under distressing
emotional stimulation but no difference under neutral emotional
stimulation as compared to controls (Euler et al.,, 2014). Thus
this generalizes the above findings for other emotional instability
disorders.

Testing more complex emotional regulation targeting the
OFC with cognitive reappraisal of emotional pictures, BPD
patients have been found to activate IOFC to a lesser extent
than controls while they activated amygdala and insula more
(Schulze et al., 2011; Figure 8D). A study of cognitive reappraisal
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of a script-driven emotional induction did not show differences
in IOFC but found lower activations in rACC during up- and
down-regulation in BPD subjects compared to controls (Lang
et al., 2012).

Although the studies above have not corrected for non-
emotional ADHD symptoms nor isolated emotion-specific
components in the emotional Stroop-task or during cognitive
reappraisal, they indicate that rACC and lOFC appear to be
activated to a lesser degree during “hot” executive functions
and complex emotional regulation, and are structurally
smaller in BPD, the paradigmatic emotional instability
disorder.

Emotional ADHD and “Hot” Executive

Functions

ADHD as defined since DSM-III has considered emotional
dysregulation an associated feature, rather than a core
component. Instead, ADHD has been considered by many
to be synonymous with a disorder of executive function.
However, as mentioned previously, laboratory measures of
executive function are only moderately correlated with ADHD
symptoms and they correspond poorly to measures of real
world impairment. Interestingly, the effects of stimulant
medications impact laboratory measures of executive function
less than rated symptoms (Coghill et al, 2014b; Baroni
and Castellanos, 2015). Rather, the main effects seem to
be on subjective factors such as motivation. Along these
lines, phenomenological studies increasingly point to the
profoundly impairing effects of emotional dysregulation
among many adolescents and adults with ADHD (Castellanos
et al., 2006; Thorell, 2007; Yu et al,, 2015). In line with this
reasoning, including tests on delay aversion and temporal
discounting along with standard executive function tests
reveals abnormalities in a large majority of ADHD patients
(Castellanos et al.,, 2006; Thorell, 2007; Yu et al, 2015).
These tests show that many subjects with ADHD more
often chose a smaller reward immediately than a larger
reward later in time as compared to controls. Thus, they
indicate that altered reward processing and behavior is
another important aspect of ADHD rather than only
dysfunctional executive functions. These observations have
formed the basis for the notion that the neurobiology
of ADHD entails at least two pathways, one related to
motivation, emotion and reward, and the other focused on
dysregulation of action and thought resulting from poor
inhibitory control (Sonuga-Barke, 2002; Thorell, 2007; Coghill
et al., 2014a).

Few functional imaging studies have addressed the difference
between “non-emotional” and “emotional” ADHD traits.
However, we note that one study observed that the strength
of functional connectivity (magnitude of correlation in
spontaneous activity) between amygdala and rACC and
between amygdala and posterior insula were significantly
correlated with parent ratings of emotional dysregulation in
children with ADHD (Hulvershorn et al., 2014)—suggesting
that emotional traits in ADHD may influence information
processing. Studies of this type are beginning to link

emotional dysregulation and brain circuits in the context of
ADHD.

THE RELATION BETWEEN EMOTIONAL
AND NON-EMOTIONAL REGULATORY
SYSTEMS

In summary, clinical dysfunctions of top-down regulatory
networks can be associated to non-emotional control such as
in classic DSM-5 ADHD or to emotional control such as
in BPD. We propose that this distinction is tenable because
certain regulatory components are more linked to one of
the two dimensions although emotional and non-emotional
processes highly overlap in the brain. As the cognitive core
process capacity of these regulatory systems varies in the
population, symptoms associated with both non-emotional
dysregulation and emotional dysregulation can be found along
a continuum—often normally distributed. This suggests that
some clinical states could therefore better be described as
extremes on this continuum than as categorically defined
disorders.

One important question that arises in this comparison
is how dysregulation of emotional processes relates to
dysregulation of non-emotional processes. It could be argued
that the underlying systems are completely independent,
and therefore separate in function and dysfunction. In this
case there should not be any increased comorbidity between
related clinical disorders (as compared to other disorders)
nor an increased risk to have dysregulation in another
dimension as compared to healthy subjects. However, this
is not the case. The comorbidity between ADHD and the
different emotional instability disorders is remarkably large.
For example, 42% comorbidity between ADHD and BPD
was reported in adolescence and 16% in adulthood in a
BPD sample (Philipsen et al., 2008) while the prevalence
of BPD in a cohort of 81 patients with ADHD was 37%
(Anckarsater et al., 2006). Up to 65% of men with ASPD were
reported to present comorbid ADHD (Semiz et al., 2008).
Comorbidity among ADHD and CD is substantial (Rubia,
2011). The clinical state of emotional ADHD (Castellanos
et al., 2006) also suggests a link between non-emotional and
emotional dysregulation. Moreover, ADHD is genetically
related to emotional instability disorders such as BPD (Distel
et al, 2011). Therefore, the emerging picture suggests both
common overlapping mechanisms and specific non-overlapping
mechanisms.

However, although research suggests a strong association
between non-emotional and emotional regulation, recent brain
imaging results suggest that the relation is complex. In a
reasonably large study on ADHD that specifically excluded
patients with affective problems (Seidman et al., 2011) somewhat
smaller gray matter volumes were found in dIPFC and cACC as
predicted. An exploratory analysis also found tentative evidence
of larger gray matter volumes bilaterally in IOFC and rACC in
the ADHD group than in the healthy controls (Figure 9A). By
contrast, well-powered studies of BPD (Soloff et al., 2008, 2012)
showed smaller gray matter volumes in rACC and 10FC. Thus,
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FIGURE 9 | Relation between networks mediating emotional and
non-emotional top-down regulation. (A) Patients with ADHD without
emotional dysregulation disorders showed larger gray matter volume in IOFC
and rACC compared with controls (Seidman et al., 2011). (B) Variability
observed when healthy subjects rate sub-clinical symptoms associated with
non-emotional attentional dysregulation and emotional dysregulation (Petrovic
et al., 2015) using the Brown Attention-Deficit Disorder Scales (Brown, 1996).
(C) Gray matter volume in IOFC was negatively correlated with symptoms
related to emotional dysregulation but positively correlated with symptoms
related to non-emotional attentional dysregulation (Petrovic et al., 2015). Panel
A is originally from Seidman et al. (2011) and reprinted with permission from
Elsevier. Panels B,C are originally from Petrovic et al. (2015) and reprinted with
permission from Oxford University Press.

the opposite picture emerges for gray matter volume in these
regions in classical ADHD (where the affective component is
small) compared to BPD.

These results were partially replicated in a recent study on
emotional dysregulation in 87 healthy subjects (Petrovic et al.,
2015; see Figures 9B,C). In this study, symptoms related to
emotional dysregulation correlated negatively with gray matter
volume in 1OFC bilaterally, while symptoms related to non-
emotional attentional dysregulation (i.e., classical ADHD-like
symptoms) were positively correlated with gray matter volume
in the same region. Thus, it seems that although emotional
and non-emotional dysregulation are positively correlated, these
dimensions can be inversely related to brain volume in regions
that are more involved in non-emotional regulation (such as
dIPFC and cACC) and regions that are more involved in
emotional regulation (such as IOFC and rACC).

What underlies this puzzling relation between the two
regulatory systems is not known. However, these top-down
modulatory regions have shown opposite activations during
specific attentional tasks (Simpson et al., 2000; Dolcos and
McCarthy, 2006; Dolcos et al., 2011)—suggesting mutual active
suppression. Moreover, some of these regions such as rACC
and cACC tend to correspond to distinct resting state networks
that can exhibit anticorrelations during resting state scans
(Fox et al, 2005; Fransson, 2005). Although such negative
correlations cannot be interpreted as implying mutual inhibition,
these robust anti-phase patterns do suggest interactions between
emotional and non-emotional regulatory systems in general. We
speculate that dysfunction in one regulatory system (e.g., “non-
emotional”) could promote the other regulatory system (e.g.,
“emotional”) to develop and compensate for the dysfunctional
system. This imbalance in development would further inhibit
the other system leading to even more protracted development.
It would be interesting to study whether larger IOFC/rACC
gray matter volumes also suggest better emotional regulation
after controlling for the non-emotional components in an
experimental task.

The findings that emotional dysregulation and non-emotional
dysregulation may be inversely related to brain volume and
activation patterns in prefrontal regulatory networks suggest
that both dimensions should be assessed simultaneously. Thus,
endophenotype dimensions relating to emotional dysregulation
and non-emotional dysregulation as well as the emotional vs.
non-emotional aspects of different tasks must be taken into
consideration. This has rarely been done in studies of BPD
and ASPD. However, some research on CD in children has
tried to control for ADHD and even directly test for differences
between patients with “pure” CD vs. patients with “pure” ADHD
(Rubia, 2011). In a set of executive function tasks (Rubia, 2011),
children with ADHD activated PFC less than children with
CD, while on a reward task, children with CD showed less
activation in OFC than children with ADHD, as expected from
the neuropsychological profiles of the two disorders.

The balance between emotional and non-emotional processes
may also be discussed in relation to specific behaviors that
are altered in a set of psychiatric states. For example,
impulsivity (measured with self-rating questionnaires or
behavioral tests such as stop signal or go-no-go tests) has
been studied as a neurocognitive endophenotype marker
across disorders (Robbins et al., 2012). This suggests that
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a common underlying process related to impulse control
capacity could underlie different disorders. However, impulse
control is not a simply unitary construct (Robbins et al., 2012;
Sebastian et al., 2014). For example, in BPD, impulsivity is
associated with emotional distress and self-injurious behavior
while it is associated with both emotional and non-emotional
behaviors in ADHD (Sebastian et al., 2014). Thus, impulse
control and impulsivity may exist in both non-emotional and
emotional domains and represent different cognitive core
processes.

Even in the same cognitive task, different components
may fail in individuals with non-emotional dysregulation as
compared to individuals with emotional dysregulation. Evidence
for this was observed in the Imagen project (Schumann
et al., 2010) in which almost 2000 children underwent
structural and functional imaging scanning and a battery of
cognitive tests and clinical questionnaires. In a functional
imaging analysis of the stop-signal task, two main regressors
(indicating different phenotypes) were tested separately while
controlling for the other. One regressor involved misuse of
substances as an indicator of [emotional] impulsivity (associated
with emotional dysregulation; n = 1593) and the other
regressor quantified non-emotional ADHD traits (attentional
problems and impulsivity; n = 342; Whelan et al, 2012).
While there was no behavioral difference in performance
on the stop-signal test, the substance abuse regressor was
associated with hypoactivation in the 1OFC during the stop-
success aspect of the trial while the ADHD-associated regressor
was linked to hypoactivation of bilateral inferior frontal
network and BG network during the stop-fail aspects of the
trials. Thus, this study suggests that different strategies are
used by subjects with emotional dysregulation tendencies vs.
non-emotional attentional dysregulation, possibly mirroring
an imbalance in the emotional vs. non-emotional regulatory
systems.

A DIVISION BETWEEN EMOTIONAL AND
NON-EMOTIONAL REGULATION BEYOND
PREFRONTAL AND CINGULATE CORTEX

Neuronal Circuitry—Prefrontal-Basal

Ganglia Loops

The PFC and ACC work in close connection with the
BG and specific neuromodulatory systems, including the
dopamine system, to accomplish cognitive computations such
as choosing specific behavioral responses, learning reward
associations and behaviors, and transforming new behaviors
into habits (Graybiel, 2008; Haber and Knutson, 2010; Haber
and Behrens, 2014). If emotional and non-emotional processing
can be partially differentiated, then so should prefrontal
interactions with BG and neuromodulatory systems. In line
with this idea, the distinction between OFC/rACC (including
vmPFC) and dIPFC/cACC is mirrored in the circuits linking
PFC/ACC with BG (Graybiel, 2008; Haber and Knutson,
2010; Haber and Behrens, 2014). The PFC-BG-thalamus-PFC
circuit is organized as parallel loops that are both segregated

and integrated (Graybiel, 2008; Haber and Knutson, 2010;
Haber and Behrens, 2014). While rACC/vmPFC and OFC
are particularly strongly connected with ventral striatum, the
cACC and dIPFC are strongly connected with dorsal striatum
in a graded manner (Graybiel, 2008; Haber and Knutson,
2010; Haber and Behrens, 2014). This allows a degree of
separation between reward processes, non-reward cognitive
processes and motor processes. As the loops interconnect, the
different dimensions can also interact with each other, as is
essential. In this way, this system allows a transformation from
reward guided responses and reward learning to behavioral
habits and compulsions (Graybiel, 2008; Robbins et al,
2012).

Neuromodulatory Effects of Dopamine and

Reward Processing

The dopamine system is especially interesting in relation to
ADHD as it is altered in ADHD and the main pharmacological
treatments modulate catecholamines, including dopamine
(Swanson et al., 2007, 2011; Volkow et al., 2009). A similar
division between an “emotional” and a “non-emotional”
dimension can also be discerned in the dopamine system as
for the prefrontal and BG circuits (Williams and Goldman-
Rakic, 1998; Bjorklund and Dunnett, 2007; Haber and Behrens,
2014; Figures 10A,B). Dopamine neurons are organized
as tiers of nuclei from the ventral tegmental area (VTA)
to the substantia nigra. While VTA neurons tend to reach
ventral striatum and the subgenual/rostral ACC (including
vmPFC), substantia nigra neurons tend to project to the
dorsal striatum and the dIPFC—also in a graded manner. The
described system allows for both segregated and integrated
processing at multiple levels (midbrain/dopamine, BG
and PFC/ACC) and is likely relevant to specific behaviors
related to ADHD and emotional instability disorders,
respectively.

Both associative and instrumental reward learning are
dependent on the ventral striatum, which signals reward
prediction errors via the dopamine system (Schultz et al., 1997;
Schultz, 2007). Functional imaging studies on humans support
this model (O’Doherty et al., 2003, 2006; Pessiglione et al., 2006).
The reward anticipation period is an important component of
this reward learning system (Haber and Knutson, 2010).

Numerous functional imaging studies have found that ADHD
patients show a decreased BOLD response in the ventral striatum
during the anticipation of rewards (Scheres et al., 2007; Strohle
et al, 2008; Stark et al, 2011; Carmona et al, 2012; Edel
et al,, 2013; Furukawa et al., 2014; Kappel et al., 2015)—making
this one of the most robust paradigms in functional imaging
research on ADHD—but see von Rhein et al. (2015) and the
following discussion (Plichta and Scheres, 2015). Interestingly,
even the degree of subclinical ADHD symptoms has been
shown to correlate with striatal hypoactivity during reward
anticipation in a non-clinical sample (Stark et al,, 2011). At
the same time, some studies have found a stronger response
to reward outcome either in striatum (Furukawa et al., 2014;
von Rhein et al., 2015) or in the OFC (Strohle et al., 2008) in
ADHD patients vs. controls. Together with hypofunction during
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FIGURE 10 | Connectivity between the dopamine system and basal ganglia (BG), and between the dopamine system and PFC. (A) The division between
different prefrontal and anterior cingulate cortex systems is mirrored in BG organization and dopamine system projections to BG. Color-coded connectivity is shown
between dopamine neurons in the midbrain (lower part of the figure) and different parts of the BG (middle part of the figure; the ventral striatum in is shown in red and
dorsal striatum is mainly shown in yellow and green) (Haber and Behrens, 2014). The color-coded upper part of the figure indicates that while vmPFC/rACC and
orbitofrontal cortex are more connected to the ventral striatum, caudal ACC (cACC, here designated dACC) and dorsal PFC (dPFC) are more connected to the
dorsal striatum. (B) In primates a distinction between different prefrontal and anterior cingulate cortex areas is also preserved in the dopamine system projecting
directly to the cortex (Williams and Goldman-Rakic, 1998; Bjorklund and Dunnett, 2007). Panel A is originally from Haber and Behrens (2014) and reprinted with
permission from Elsevier. Panel B is originally from Bjorklund and Dunnett (2007) and reprinted with permission from Elsevier.

reward anticipation, this suggests that ADHD patients are more
affected by immediate rewards than by future rewards. Although
a robust finding, the striatal reward anticipation dysfunction
observed in ADHD patients must remain tentative as emotional
instability traits have not been controlled for in most existing
ADHD studies. We speculate that the emotional dimension
of ADHD will be more related to the differential processing
of reward anticipation than the non-emotional dimensions.
Few studies have investigated this issue in emotional instability
disorders but initial studies show similar results in BPD and
ASPD (Vollm et al., 2007).

The decreased striatal BOLD signal in reward anticipation
observed in ADHD may be associated with the abnormalities
in delay aversion and temporal discounting that are often
observed in ADHD (Castellanos et al., 2006; Thorell, 2007;
Yu et al, 2015)—as all are related to processing of future
rewards (vs. processing an immediate reward). These processes

involve error signals from dopamine neurons in the VTA
(Haber and Knutson, 2010), also pointing towards dysfunction
in the emotional domain. In line with this reasoning, initial
studies have shown that emotional instability in CD is related
to increased temporal discounting unrelated to ADHD (White
et al, 2014). It would therefore be important to test how
reward anticipation relates specifically to the emotional vs. non-
emotional dimensions in ADHD. Interestingly, timing deficits
are highly problematic in non-emotional tasks in patients with
ADHD (Rubia et al., 2009) and may be more related to the “non-
emotional” dysregulation traits.

Initial studies suggest that the hypoactivation of ventral
striatum observed in reward anticipation is more expressed in
inattentive ADHD compared to combined type ADHD in adults
(Edel et al., 2013) suggesting that sub-categorization of ADHD
may be important in understanding how future rewards are
processed. In line with this, non-emotional trait impulsivity in
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the general population is related to increased striatal activation
in the reward anticipation phase in contrast to hypoactivation
in ADHD (Plichta and Scheres, 2014). Different models have
been evoked to explain this discrepancy (Plichta and Scheres,
2014). However, an unmentioned possibility is that emotional
dysregulation may be linked to striatal hypoactivation in ADHD
but not to the trait-impulsivity of healthy subjects. This would
be in line with the finding that subclinical ADHD symptoms
are also associated with lower striatal activation during reward
anticipation (Stark et al., 2011). Thus, non-emotional trait
impulsivity and ADHD symptoms appear to be dissociated in the
general population in relation to reward processing.

INTEROCEPTION VS. EXTEROCEPTION
AS AN ALTERNATIVE FRAMEWORK

The differentiation of information processing into an
“emotional” domain and a “non-emotional” domain may
be criticized in several ways. First, the definition of emotion is at
best weak. Emotion pertains to a subjective experience. However,
many associated processes that deal with threats, rewards, or
social signals are subconscious—but are also referred to as
emotional processes. Moreover, some fast behavioral responses
that are associated with threat or reward cues that may start
even before the emotional experience are also termed emotional
responses.

The common theme with all “emotional” processes is that
they are directly or indirectly associated with interoceptive
systems. While exteroceptive stimuli involve the external world,
interoceptive stimuli relate to the state of the body, its
needs and threats (Craig, 2002, 2009). Craig (2002, 2009) has
suggested that interoceptive information from the body directly
reaches posterior insula and cACC. Craig (2002, 2009) views
the posterior insula as the primary cortex for interoceptive
stimuli (“primary interoceptive representation”), and the cACC
as a limbic motor region. The interoceptive signal progresses
forward in the insula and is integrated with information
from various sensory modalities (via, for example, higher-order
sensory regions, the temporal pole and the amygdala) and
prefrontal input (including information from OFC) to form a
“meta-representation” in the anterior insula. According to this
theory, such meta-representations form the moment-to-moment
emotional states that we experience subjectively (termed “global
emotional moments”). These representations are considered
fundamental for emotional experiences.

Apart from interoceptive signals from the body being
re-represented to construct a subjective feeling state, emotional
states may be produced by top-down mechanisms that
directly activate emotional processes in anterior insula and
ACC. Similarly, exteroceptive signals may trigger conditioned
responses in these systems. It could be argued that such top-down
induced processes are closely associated to the interoceptive
system by analogy with visual imagination induced by top-down
systems. For example, increased activity in anterior insula and
ACC in empathy for pain overlaps with the activations induced
by nociceptive signals associated with the experience of pain
(Singer et al., 2004). The extent to which the top-down induced

activity in empathy for pain is related to the processing of
bottom-up nociceptive input is under debate (Singer et al., 2004;
Wager et al., 2013; Rutgen et al., 2015).

Top-down activated emotional processes may be also
indirectly associated to interoceptive systems through the
activation of bodily responses and induction of peripheral
perceptions (e.g., through emotional expressions and autonomic
responses), which in turn can provide interoceptive feedback to
“hot” circuits (James, 1890; Damasio, 1993; Craig, 2002, 2009).
Thus, there is a tight relation between bottom-up and top-down
influences on emotional processes.

While it is not clear to what extent early interoceptive signals
are prone to modulation, it has been shown that all parts of
insula (posterior, mid and anterior) as well as cACC may be
regulated by top-down systems during processing of bottom-up
interoceptive input (Atlas and Wager, 2014) and processing of
top-down induced activation in the interoceptive stream (Singer
et al., 2006; Rutgen et al., 2015).

Apart from insula and ACC, several subcortical regions are
important for processing stimuli that are closely associated to
the bodily state. External signals related to threat and rewards
are not directly generated in the interoceptive environment
although they are of fundamental importance for survival.
Such signals are dependent on amygdala and ventral striatum,
sub-cortical regions that often are co-activated with insula
and ACC (Paulus et al., 2005; Paulus and Stein, 2006; Kable and
Glimcher, 2007; Milad and Quirk, 2012). Thus, amygdala and
ventral striatum form a tight network with cortical interoceptive
structures. Apart from a direct interaction with insula and ACC,
signals from amygdala and ventral striatum may also re-enter
the interoceptive loop through proprioceptive feedback from
behavior and autonomic responses related to fear and reward.
Therefore, the processing of certain external inputs in these
structures, including threats and rewards, may be viewed as
highly associated to the interoceptive dimension.

Given the difficulties of differentiating “emotional” and
“non-emotional” processing, an alternative is a division into
one set of processes related only to the “exteroceptive”
dimension and another set of processes associated to the
“Interoceptive” dimension focused on bodily survival and
homeostasis. Importantly, even in this type of division of
information processing, we note that exteroceptive information
interacts with interoceptive information at many stages of the
brain hierarchies.

The division between a network that is mostly focused on
exteroceptive processes and a network that is associated with
interoceptive processes (such as body states and the needs of the
bodily functions related to survival) suggests a demand for two
different regulatory functions as well. One proposal would be that
cACC and dIPFC regulate processes related to the exteroceptive
world, while rACC and 10FC regulate processes related to the
interoceptive world and its needs by controlling information
processing in insula, cACC, amygdala, ventral striatum and the
brainstem. As every individual acts in an external environment,
these networks need to interact at multiple levels. The division
between interoceptive and exteroceptive networks, including
their specific top-down regulatory systems, fits with the
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observation that some individuals have problems that relate
more to a specific dimension of top-down control such as “non-
emotional” regulation or “emotional” regulation. A testable
hypothesis derived from this reasoning is whether processing of
more classical interoceptive input is also dysregulated in subjects
with emotional instability.

AN INTEGRATIVE MODEL OF ADHD AND
EMOTIONAL INSTABILITY

We have presented a model in which ADHD and emotional
instability disorders (such as BPD, ASPD and CD) are
mechanistically related in that they all involve similar
dysfunctional top-down regulation of information processing.
We hypothesized that the difference between the classically
defined disorders (ADHD vs. emotional instability disorders)
is whether this dysfunctional regulation is related to emotional
(and interoceptively associated) processing or non-emotional
(and exteroceptively associated) processing (Hypothesis 1).

To probe this hypothesis, we have shown that it is possible
to divide these two dimensions of top-down control. In
summary, we have discussed that information processing in the
brain is highly dependent on complex reciprocal interactions
between multiple regions in large-scale networks (Mesulam,
1998, 2012; Engel et al.,, 2001; Dehaene and Changeux, 2011;
Siegel et al, 2012) rather than isolated processes in specific
regions (such as specific emotional and non-emotional regions).
Moreover, emotional and non-emotional networks cannot be
rigidly differentiated—since most tasks require subcomponents
that include both types of processes and information interacts
at every hierarchical stage. Finally, some structures may perform
information processing that pertains both to emotional and non-
emotional processes (Shackman et al.,, 2011). Nevertheless, the
clinical perspective suggests that some specificity must exist,
indicating that different networks focus on either emotional or
non-emotional processing that can be separated to a certain
degree. It is likely that each of these two putative networks
has a hierarchical perception-action organization (Fuster, 2000,
2004; Fuster and Bressler, 2012), where the highest levels
process more complex and temporally dispersed information.
In line with this view, we have reviewed research suggesting
that cACC and dIPFC perform similar types of information
processing for the non-emotional (and exteroceptive) processing
stream, as rACC and lOFC perform for the emotional
(and interoceptive) processing stream. Both top-down systems
interact with BG to choose and learn behaviors. Moreover,
specific parts of the dopamine system interact with the respective
system.

While it seems plausible to partially divide top-down
regulatory systems that are more specifically tuned to regulate
emotional and non-emotional processes, future research must
better understand the degree of specificity in these systems by
controlling for the other dimension—as few studies have done
so far. A prediction would be that cACC and dIPFC should
be more involved in top-down regulation of non-emotional
processes after controlling for emotional components while
rACC and 10FC should be more involved in top-down regulation

of emotional processes after controlling for non-emotional
components.

Similarly, we have reviewed research suggesting that ADHD
involves dysfunction of cACC and dIPFC in non-emotional
top-down control while emotional instability disorders involve
dysfunction in rACC and IOFC in emotional regulation, in line
with the predicted hypothesis. However, these studies often suffer
from lack of control of the other dimension, which needs to be
addressed in future studies.

A related hypothesis predicts that the classically defined
phenotypes of “pure” ADHD and emotional instability disorders
should be unusual if the underlying processes are mechanistically
related—instead most patients will have both components in
different proportions (Hypothesis 2). Therefore, a dimensional
approach should better describe the problems of most patients.
In the present article we have highlighted research suggesting
that top-down regulatory capacities of the emotional and the
non-emotional systems vary in their efficiency among subjects
in the general population (Das et al., 2012; Petrovic et al,
2015). An extremely poor cognitive core capacity in such top-
down regulation may be described as a dysregulation since
it would be associated with clinical symptoms and functional
loss. Dysregulation strictly encompassing the non-emotional
(and exteroceptive) processes would be related to ADHD,
while dysregulation strictly pertaining to the emotional (and
interoceptive) processes would be related to emotional instability
disorders (Figures 11A,B). It would therefore be possible to
describe both types of disorders on a two dimensional scale
where poor capacity for non-emotional regulation but normal
(or at least not handicapping) emotional regulation would be
associated with ADHD (Figure 11C). On the same scale, poor
capacity for emotional regulation but normal (or at least not
handicapping) non-emotional regulation would be associated
with emotional instability disorders such as BPD, ASPD or
CD. Comorbid states would have poor capacity for both non-
emotional and emotional processing. Emotional ADHD would
be explained as a disorder in which there is dysregulation of both
non-emotional and emotional processes (but to a milder degree).
However, these dysregulatory capacities are not independent. As
we discussed previously, there is a substantial overlap between
the disorders and a tight relation between degree of symptoms
both in patients and in healthy individuals in line with a
common underlying mechanism for all these clinical states.
Possibly, the best way to describe these clinical states is with
traits related to emotional dysregulation and traits related to
non-emotional dysregulation that are combined to different
degrees.

One possible primary candidate for a common substrate
that may incorporate both dimensions is the dopamine system.
This neuromodulatory system is implicated in ADHD (Swanson
et al, 2007; Volkow et al, 2009) and may affect both
emotional and non-emotional processing. The possibility that
the dopamine system may be similarly altered in both ADHD
and emotional instability disorders suggests that the same
treatment, i.e., dopaminergic agonists, may be efficacious for
both categories of disorders (Hypothesis 3). This idea is in
line with initial studies, suggesting that methylphenidate also
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FIGURE 11 | Model of relation between emotional and non-emotional top-down regulation in ADHD and emotional instability. (A) In classical ADHD,
top-down control of exteroceptive processes subserved by dIPFC and cACC and the associated dopamine system and dorsal striatum are dysfunctional (affecting
“cool” executive functions)—shown in light blue. (B) In emotional instability disorders [such as borderline personality disorder (BPD), conduct disorder (CD) and
antisocial personality disorder (ASPD)], the top-down control of interoceptive and emotional processes induced by orbitofrontal cortex OFC and rostral ACC and
associated dopamine system and ventral striatum are dysfunctional (affecting “hot” executive functions and emotional regulation)—shown in light blue. Instead of
representing two extreme variants, dysregulation in different individuals lies on a gradient extending from mostly non-emotional top-down control (all blue) to mainly
emotional top-down control (all red). (C) A two-dimensional model indicating “non-emotional” attention regulation capacity on one axis and “emotional” regulation
capacity on the other axis can incorporate ADHD, emotional ADHD and emotional instability disorders such as BPD, ASPD and CD.
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has an impact on emotional dysregulation behaviors in ASPD
and CD (Kaplan et al., 1990; Brown et al., 1991; Klein et al,,
1997; Connor et al., 2000) as well as BPD (Schulz et al., 1988;
Golubchik et al., 2008; Prada et al., 2015; although see Schulz
et al. (1988) for possible issue with schizotypal comorbidity).
Interestingly, central stimulants also reduce behaviors related
to emotional impulsivity and instability in ADHD such as
suicide rate (Chen et al., 2014), drug use (Chang et al., 2014)
and criminal behavior (Lichtenstein et al, 2012)—possibly
indicating a specific effect on emotional dysregulation in ADHD.

One possibility is that there may be graded variability in
capacity of the dopamine system in the ventral vs. dorsal
tiers of dopamine neurons. This would then be mirrored
in and impact the whole regulatory brain network including
BG, ACC and PFC processing either emotional or non-
emotional related information. It would affect higher order
processing and regulation as well as brain structure on a longer
term.

Here, we have argued that there is a mechanistic relation
between ADHD and emotional instability disorders such as
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BPD, ASPD and CD. Perhaps emotional instability disorders
should not be regarded as personality disorders but as emotional
neuropsychiatric states. Also, using a dimensional approach,
characteristics of patients may be better described than using
standard categorical distinctions among psychiatric disorders.
This may both improve understanding of patients’ needs
and their treatment. However, the model presented here
is theoretical, and must be tested and scrutinized in detail. To
better understand how ADHD relates to emotional instability
disorders, traits must be measured in patients and healthy
participants and experimental studies must be designed that can
control for both non-emotional and emotional components of
different processes.
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Resignation syndrome (RS) designates a long-standing disorder predominately affecting
psychologically traumatized children and adolescents in the midst of a strenuous and
lengthy migration process. Typically a depressive onset is followed by gradual withdrawal
progressing via stupor into a state that prompts tube feeding and is characterized by
failure to respond even to painful stimuli. The patient is seemingly unconscious. Recovery
ensues within months to years and is claimed to be dependent on the restoration of hope
to the family. Descriptions of disorders resembling RS can be found in the literature and
the condition is unlikely novel. Nevertheless, the magnitude and geographical distribution
stand out. Several hundred cases have been reported exclusively in Sweden in the past
decade prompting the Swedish National Board of Health and Welfare to recognize RS as
a separate diagnostic entity. The currently prevailing stress hypothesis fails to account for
the regional distribution and contributes little to treatment. Consequently, a re-evaluation
of diagnostics and treatment is required. Psychogenic catatonia is proposed to
supply the best fit with the clinical presentation. Treatment response, altered brain
metabolism or preserved awareness would support this hypothesis. Epidemiological
data suggests culture-bound beliefs and expectations to generate and direct symptom
expression and we argue that culture-bound psychogenesis can accommodate the
endemic distribution. Last, we review recent models of predictive coding indicating
how expectation processes are crucially involved in the placebo and nocebo effect,
delusions and conversion disorders. Building on this theoretical framework we propose a
neurobiological model of RS in which the impact of overwhelming negative expectations
are directly causative of the down-regulation of higher order and lower order behavioral
systems in particularly vulnerable individuals.

Keywords: catatonia, migration, culture-bound syndrom, pervasive refusal, psychogenic, apathy, hopelessness,
predictive coding

INTRODUCTION

In Sweden, apathy has been the colloquial term for a condition characterized by global and severe
loss of function affecting children and adolescents seeking asylum or undergoing migration
process. Typically prodromal anxiousness and depressive symptoms, in particular lethargy,
progresses into stupor and finally complete lack of any response behavior even to painful stimulus.
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Resignation Syndrome: Catatonia? Culture-Bound?

At this stage patients are seemingly unconscious and tube
feeding life sustaining. After months to years remission
ensues with gradual return to what appears to be normal
function.

From January 1st 2003 to April 31st 2005, 424 cases were
reported (Hessle and Ahmadi, 2006) and out of the 6547 asylum
applications submitted for children (0-17 years) in Sweden
in 2004 (Von Folsach and Montgomery, 2006), 2.8% were
thus diagnosed. No cases reported from other countries, the
phenomenon appears unique to Sweden.

The nature and prevalence of the condition has been
subject to intense public debate. Malingering or Munchausen
syndrome by proxy has been proposed. Opposing views have
labelled these hypotheses xenophobic and instead suggested
the migratory process, purportedly unpredictable and long,
to precipitate the putatively stress-induced condition affecting
traumatized individuals. An asserted “questioning attitude”,
in particular within the health care system, it has been
claimed, may constitute a “perpetuating retraumatization
possibly explaining the endemic” distribution (Bodegérd,
2014).

An official inquiry (Hessle and Ahmadi, 2006) and an expert
committee (Rydelius, 2006) have both proposed multifactorial
explanatory models involving individual vulnerability,
traumatization, migration, culturally conditioned reaction
patterns and parental dysfunction or pathological adaption
to a caregiver’s expectations to interplay in pathogenesis.
Severe depression or conversion/dissociation disorder has been
suggested (Rydelius, 2006) and malingering or factitious disorder
remain unsupported (Aronsson et al., 2009).

January 1st 2014, the Swedish National Board of Health
and Welfare recognized the novel diagnostic entity resignation
syndrome (RS; Socialstyrelsen, 2013). Implying a psychological
etiology, its appropriateness remains to be demonstrated. In
this presentation, the term will be used; however, should be
interpreted free from theory.

As of today, diagnostic criteria are undetermined,
pathogenesis uncertain and the regional distribution
unexplained. New cases are presenting, 22 in the Stockholm area
in 2014 (Schiller, 2015, Personal Communication), and effective
treatment is lacking.

In this article we address three questions in relation to RS:
What is it? Why is it locally distributed? And how can it
arise? First we summarize and analyze the literature on RS.
Then we argue: (1) that RS should be perceived as catatonia, a
hypothesis readily testable by either neuroimaging or evaluation
of treatment response; (2) that culturally transmitted and
sanctioned beliefs may, through psychogenesis, account for
the regional distribution; and (3) on a mechanistic level, that
cultural and contextual influence may fundamentally change
expectations and priors on the bodily functions inducing failure
to activate both higher order and lower order behaviors in
vulnerable individuals. To support this claim we frame it in a
predictive coding context that has been suggested to be causally
involved in placebo and nocebo effects, delusions and conversion
disorders.

BACKGROUND

Clinical Observations and Treatment

In a material of 23 patients, Bodegard (2005b) described
the typical patient as “totally passive, immobile, lacks tonus,
withdrawn, mute, unable to eat and drink, incontinent and
not reacting to physical stimuli or pain”. He further noted
that “[p]eriods of panicky refusal and/or anxiety can proceed
or intervene with the stuporous state” and that “[s]econdary
symptoms may appear, such as tachycardia, rise in temperature,
weight gain, oedema, profuse sweating, reactivation (?) of latent
viral infection, skin ulcers and muscular atrophy” (Bodegard,
2005b). Later reports and current observations find less evidence
of “panicky refusal” and “secondary symptoms”. The persisting
impression is that of symptoms progressing on a continuum
from introversion and lethargy to stupor, lack of response and
seeming unconsciousness.

Typically, non-negotiable symptoms, such as inability to
ingest, elicit contact with the health care system. Sometimes a
possible trigger incident, such as a negative asylum decision,
can be identified. Patients may be admitted after a few
days marked by rapid deterioration and stupor. On other
occasions a more gradual presentation of anxiety, dysphoria,
sleeping disturbances, social withdrawal and other symptoms
are subsequently supplemented by mutism, failure to participate
in activities such as school and play, failure to communicate
altogether, and finally, to initiate motor activity and respond
to stimulus leaving the patient in a supine position seemingly
unconscious and generally with eyes closed (for clinical
characteristics, see Box 1). At this stage, RS prompts tube
feeding and full ADL-support (Bodegard, 2005b; Aronsson
et al.,, 2009; Ascher and Hjern, 2013; Forslund and Johansson,
2013).

Routine work-up includes toxic screening and anamnestic
interviewing via interpreter. Neuroradiology, neurophysiological
examinations and lumbar puncture are considered optional
(Socialstyrelsen, 2013). Electroencephalogram (EEG) and
computed tomography of the skull have generally been
unimpressive as well as laboratory screenings (Bodegard,
2004; Aronsson et al., 2009; Forslund and Johansson, 2013).
Magnetic resonance tomography (MRT) is recommended
(Rydelius, 2006) however, rarely performed.

Once stabilized, somatic illness excluded and the parent(s)
comfortable administering tube feeding, the patient is discharged
and subsequent treatment given in a home setting with regular
ambulatory visits to the clinic. In previous years long-term
hospitalization was common and there is still a lacking consensus
regarding level of care (Lindberg and Sundelin, 2005). Although
Bodegard (2006) finds support for hospitalization in one report
out-patient care aiming for family involvement is presently the
preferred model.

Apart from life-sustaining tube feeding, treatment amounts to
promoting and maintaining a secure and hopeful environment,
encouraging a sense of coherence. Several authors stress the
importance of a permanent residency permit (PRP; Lindberg and
Sundelin, 2005; Ascher and Gustavsson, 2008) although a permit
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BOX 1 | Clinical characteristics of RS.

Prodromal

Anxiety

Dysphoria

Sleeping disturbances
Social withdrawal

Deterioration

Mutism

Failure to participate in activities
Failure in non verbal communication

Fully developed

Stupor

Unresponsiveness/negativism

Immobility

Incontinence

No reaction to pain stimulus including reflex
Dependent on tube-feeding and full ADL assistance
Tachycardia

Elevated temperature

Occasional profuse sweating

Occasional hyperventilation

Muscular atrophy

Periods of excitability, anxiety, “refusal”

Generally normal routine neurologic examination
Hypotonicity (sometimes coded as flaccid paralysis)
Reflexes generally responding but weak

Eyes open or closed not permitting passive opening
Pupils reactive to light and occasionally responsive to threat
Eyes divert from examiner and appear unseeing
Jerks

Indications of preserved awareness
Electroencephalogram (EEG), CT of skull and brain, laboratory sampling
including toxicology all unimpressive

Remission

Generally in an ordered pattern (hand squeeze or eye opening without eye
contact; eye contact; nodding and active partaking in feeding; gross motor
skills; fine motor skills; verbal communication)

Indications of varying degrees of amnesia

Full recovery without remaining symptoms or deficits

Based on own experience and reports (Bodegard, 2005b; Aronsson et al.,
2009; Ascher and Hjern, 2013; Forslund and Johansson, 2013).

in itself neither is sufficient for remission nor precludes debut
(Bodegard, 2006). Alongside care given by the family, nurses,
psychologists, physiotherapists and occupational therapists are
responsible for day-to-day care. A pediatrician and a child
and adolescent psychiatrist are involved at regular intervals.
One center employed individualized sense stimulation (Forslund
and Johansson, 2013). No reports of successful pharmacological
treatment, including antidepressants, or attempted electro-
convulsive therapy (ECT) exist.

The duration of tube-feeding ranges from months to years. In
one study (n = 29) the mean duration was 10, 6 months (1.1-24.5;
Aronsson et al., 2009) and in another, inpatient study (n = 5),
27 weeks (10-60; Forslund and Johansson, 2013). Bodegard
(2006) (n = 25) reports duration of tube feeding to covariate,
in particular, with level of care (in favor of hospitalization);
however, also with time elapsed between hospitalization and PRP
being granted.

One study (n = 29) described remission following a similarly
ordered pattern in 22 patients; hand squeeze or eye opening
without eye contact was followed by eye contact, nodding and
active partaking in feeding, return of gross motor skills, return
of fine motor skills and verbal communication (Aronsson et al.,
2009).

One survey (n = 5) report full recovery 1-8 years after
discharge (Forslund and Johansson, 2013). At present, in relation
to available data, the generally held assumption of “full recovery”
remains poorly supported.

Epidemiology
The patient group as hitherto described comprises of children
and adolescents 7-19 years of age (mean 14.3) with 2:3
female predominance (Bodegard, 2004; Aronsson et al., 2009;
Sondergaard et al., 2012; Forslund and Johansson, 2013). All
described cases are refugees often belonging to a political
or ethnic minority (Bodegard, 2005a, 2014; Forslund and
Johansson, 2013). A disproportionally large share of patients
originate from former Soviet republics or former Yugoslavia
(Von Folsach and Montgomery, 2006) but cases from Bangladesh
and Africa have been reported (Lindberg and Sundelin, 2005).
The Uighur ethnic group is reported to be overrepresented
among those affected (Rydelius, 2006). Traumatization in terms
of physical abuse, harassment or by witnessing violence and
abuse in the close family, is prevalent in half to all affected
individuals (Bodegard, 2005b; Godani et al., 2008; Aronsson
et al., 2009; Forslund and Johansson, 2013). Purported pre-
morbid personality traits such as conscientiousness and high
achieving have been reported (Forslund and Johansson, 2013).
To our knowledge, no cases have been established outside
of Sweden. An accurate estimate of the total number of cases
is challenging due to varying quality in reported materials.
In 2002, 65 cases were reported and in 2004, 130. A
national effort in 2003-2005 recognized 424 cases. In 2006 a
temporary refugee amnesty easing asylum approval was enforced
and later considered to contribute to a subsequent decrease
(Socialstyrelsen, 2013). In 2005-2007, 70 patients were included
in the rehabilitation programme in the Stockholm area alone
(Aronsson et al., 2009), in 2013, 15 and in 2014, 22 (Schiller,
2015, Personal Communication). The prevalence as stated by the
national effort 2003-2005 probably represents an exaggeration
(Billing, 2014, Personal Communication). In an official inquiry
from 2006 extensive interviewing, register inventories and field
studies conducted in relevant countries and regions yielded no
information of reaction patterns, nor of circumstances, such as
cultural peculiarities, that could account for the phenomenon
(Hessle and Ahmadi, 2006).

Apathy
In relation to the epidemiological data it is not entirely
unreasonable to at least speculate in a novel pathogenic entity.
However, historic accounts of similar symptom panoramas exist
arguably precluding this interpretation.

In 1913, Jaspers characterized apathy: “[t]his is the term
given to absence of feeling” where “there is no incentive to act”
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BOX 2 | “Apathy” according to Jaspers (1913/1993).
“This is the term given to absence of feeling. If this absence is complete, as can
happen in acute psychoses, the patient is fully conscious and oriented, sees,
hears, observes and remembers, but he lets everything pass him by with the
same total indifference; happiness, pleasure, something positive in which he is
involved, danger, sorrow, annihilation are all the same. He remains “dead with
wakeful eyes”. In this condition there is no incentive to act; apathy brings about
aboulia. It seems as if that one aspect of psychic life we call object-awareness
has become isolated; there is only the mere grasp of reason on the world as
an object. We can compare it to a photographic plate. Reason can portray
its environment but cannot appreciate it. This absence of feeling shows itself
objectively in the patient not taking food, in a passive indifference to being hurt,
burnt, etc. The patient would die if we did not keep him alive with feeding and
nursing care. The apathy of these acute states must be distinguished from the
dullness of certain abnormal personalities who are constantly at the mercy of
innumerable feelings, only crude in quality.”

(Jaspers, 1913/1993)

manifested “objectively in the patient not taking food, in a passive
indifference to being hurt, burnt, etc. The patient would die if we
did not keep him alive with feeding and nursing care” (Jaspers,
1913/1993; see Box 2).

Children exhibiting lethargy and apathy with resemblance to
depressive stupor or catatonia in connexion to traumatic events
(Annell, 1958) and reaction patterns in catastrophes and war
involving reduced contact and “apathic introversion” along with
other symptoms interpreted to be psychosomatic (Otto, 1982),
have been described.

Numerous phenomena resembling RS have been reported
by physicians and anthropologists across contexts, cultures and
time periods suggesting a common psychosomatic mechanism
(Kihlbom, 2013). Acute as well as prolonged death ensuing real
or magical threat of death is known from cultures on most
continents (see e.g., Lester, 2009). “Epidemics” of dying in
war and captivity where no hope remains has been described
(Kihlbom, 2013). Nostalgia has been examined in relation
to deterioration, apathy and dying (Johannisson, 2001). The
concentration camp term “muselmann” denoted those void of
all hope exhibiting resignation behavior (Kertész, 1998) claimed
to sustain for weeks without nutrition in a state of “archaic
autohypnosis” (Kihlbom, 2013). Unexpected and unexplainable
sudden death following cancer diagnosis has been termed “self-
willed death” (Milton, 1973). Sudden nocturnal death in Hmong
immigrants in the USA (Adler, 1994) is hypothesized to result
from sleep paralysis-type panic attacks involving punishment by
spiritual encounter inspired by folk tales.

Resignation, apathy and eventually death in response to severe
unavoidable threat is a consistent finding throughout history and
across cultures.

Diagnostic Conceptualizations

A wide range of diagnostic alternatives have been considered;
various neurological disorders, anorexia nervosa, selective
mutism, school refusal, social phobia, other anxiety states,
states of conversion and dissociation, chronic fatigue syndrome,
depression, catatonic states, and malingering. Among these none,
according to Bodegard (2005a), fully exhaust the clinical picture
including presentation, course and recovery. He therefore coined

the term Depressive Devitalization (DD) only to later argue the
condition, in its most severe form, to be identical to Pervasive
Refusal Syndrome (PRS; Bodegard, 2005b) as introduced by Lask
etal. (1991) and designating a child’s “dramatic social withdrawal
and determined refusal to walk, talk, eat, drink, or care for
themselves in any way’.

The similarities and differences between DD and PRS have
been discussed (Von Folsach and Montgomery, 2006); PRS
involves active refusal, DD in all its forms does not, and further,
PRS does not manifest “flaccid paralysis and generalized sensory
loss”, DD does. Accordingly, DD and PRS have been suggested to
be subgroups of “the same refusal syndrome” (Von Folsach and
Montgomery, 2006).

In a re-conceptualization of PRS, yet another term—Pervasive
Arousal-Withdrawal =~ Syndrome (PAWS)—was introduced
together with an hypothesis of hyper-arousal in the sympathetic
and parasympathetic autonomic nervous systems resulting
in a “deadlock” manifesting itself in refusal, on this account
re-conceptualized as a combination of “extreme anxiety
avoidance” and “behavioral paralysis” mirroring the autonomic
responses respectively. The authors predict high energy
consumption as well as activity shifts in amygdala and insula to
be present (Nunn et al., 2014). Interestingly, indirect calorimetry
demonstrated energy expenditure below the requirement of
basal metabolism in two patients suggesting an equivalent of
hibernation (Jeppsson, 2013).

In contrast to the novel diagnostic entities such as DD, PRS
and PAWS stand accounts relying on established diagnoses.

Several authors discuss stress-induced conditions such as
posttraumatic stress disorder (PTSD) yet refrain, due to lack of
diagnostic fit, from adopting these (Lindberg and Sundelin, 2005;
Sondergaard et al., 2012; Bodegard, 2014).

An expert committee (Rydelius, 2006) identified severe
depression or conversion/dissociation disorder to be the best
diagnostic alternatives. Engstrom (2013), a member of the
committee, argued traditional diagnostic entities sufficient in the
majority of cases. He recognized RS as severe major depressive
disorder with psychotic features specified as catatonic (DSM-IV
296.24), or in the ICD-10 taxonomy; as a severe depressive episode
with psychotic symptoms, in particular stupor (F32.3).

January 1st 2014 the Swedish National Board of Health
and Welfare, for epidemiological purposes, recognized RS
(uppgivenhetssyndrom, ICD-10 F32.3A) and the specifier problem
adhering to status as refugee and asylum seeking (Z65.8A).
From a diagnostic viewpoint the introduction has been
argued unnecessary (Engstrom, 2013). RS classified among
the depressive entities (F32-33) should be interpreted as
pragmatic solution to controversies regarding the nature of the
phenomenon (Socialstyrelsen, 2013). Diagnostic criteria remain
undetermined.

Etiological Conceptualizations

An expert committee suggested six etiological conceptualizations
(Rydelius, 2006). These included: (1) the medical model of
disorder according to which a disorder affects vulnerable
individuals under certain circumstances; (2) the family
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model stressing family psychology system theory; (3) the
psychological model emphasizing effects of uncontrollability;
(4) the political model identifying political decisions governing
the asylum process; (5) the cultural model proposing the
symptoms to instantiate a phenomenon belonging to either
the patients’ cultural, religious or existential descent or to
that of the country to which they migrate. Implicit in the
cultural model lays the notion of secondary illness gain;
and (6) according to the intended model an intentional
decision made by the family or by the child explains the
symptoms.

A Stress Hypothesis

Several authors endorse a stress hypothesis arguing a sustained
stress response to be, if not the explanation, at least a
contributing factor in pathogenesis (Lindberg and Sundelin,
2005; Sondergaard et al., 2012; Bodegard, 2014). Hypothetically,
a sufficient and sustained “discrepancy between what is expected
and what really exists” (Ursin and Eriksen, 2010) eliciting a stress
response could precipitate debut in individuals predisposed
by genetic, comorbid (depression, anxiety, neuropsychiatric
disorders), premorbid (personality traits or adverse life events)
or other unknown factors. Early symptoms accord with a stress
induced condition (Lindberg and Sundelin, 2005) and altered
autonomic function (tachycardia and rise in temperature) may
be interpreted in analogy. The impact of a PRP on remission
is taken to support the stress hypothesis and obtaining it is
therefore considered an essential element in treatment (Lindberg
and Sundelin, 2005).

Trauma and stressful events interplay with coping. This
conjunction in turn impact on risk and resilience with
regards to psychopathology (Ursin and Eriksen, 2010).
Relatedly, one RS report (n = 29) surveyed predisposing,
precipitating and perpetuating factors (Godani et al, 2008).
In the neonatal period, 15 children exhibited predisposing
factors associated with attachment (preterm birth, obstetric
or neonatal complications, malformations, severe infection,
congenital hip dysplasia etcetera). In the toddler period 25
had exhibited behavioral anomalies or had been subject to
stressors (migration, loss of primary carer, severe illness,
starvation, war, threat, death in family etcetera). Only a
few individuals failed to demonstrate predisposing factors
altogether. Putatively precipitating factors of either having
witnessed or been subject to traumatization by threat, violence,
rape or witnessing death, were demonstrated in all but one
child. Indications of perpetuating factors, such as insufficient
maternal care and ability to supply security, including previous
maternal psychiatric illness and traumatization by assault, rape,
murder of relative etcetera were, taken together, present in
the majority of cases. The fathers’ contribution could not be
studied due to insufficient data. Findings support predisposing
and perpetuating factors being of considerable importance.
Traumatization of mothers and children correlate inversely with
time spent in Sweden prior to debut and directly with length
of tube-feeding dependency (Godani et al., 2008). The material
was biased towards advanced cases, and controls were lacking
altogether.

In concordance with the stress hypothesis diminished
diurnal variation of cortisol measured in saliva has been
demonstrated, however in a small sample (n = 4; Godani et al,,
2008). In another study (n = 11), patterns of endogenous
steroids imply negative association of concentrations of cortisol
and cortisone, and positive association with pregnenolone,
17-hydroxypregnenolone and dehydroepiandrosterone (DHEA)
with severity of symptoms and the time of recovery (Sondergaard
etal.,, 2012). No statistically significant difference in cortisol levels
at entry and after recovery was shown. Elevated levels of DHEA
and pregnenolone was demonstrated and suggested to support a
neurosteroid hypothesis of stress (Sondergaard et al., 2012).

The reported overrepresentation within the Uighur ethnic
group (Rydelius, 2006), it may be hypothesized, could result from
a predisposing genetic or epigenetic factor. However, no cases of
RS or similar phenomena were confirmed in the regions from
which the Uighurs migrate (Hessle and Ahmadi, 2006).

The stress hypothesis suggests the condition to be present
in comparable populations and in particular other refugee
populations. To our knowledge no such reports exist. Personal
communication with the child and adolescent psychiatrist Dr
Abdulbaghi Ahmad, founding director of Metin Health House, a
child mental health center in Duhok, Kurdistan, reveals no cases
in the Duhok refugee camps accommodating approximately
100,000 people of Syrian decent and more than 600,000 internally
displaced people from Iraq, among which about 28% are
5-14 years of age. Dr Ahmad, with expertise in childhood
trauma, from Sweden and Kurdistan (Ahmad, 2008; Ahmad
et al.,, 2008), reports various stress-induced conditions in the
camps but none resembling RS. To account for the regional
distribution, the stress hypothesis would need an auxiliary
hypothesis.

A Psychodynamic Interpretation

A model implicating the mother’s predicament as the driving
force behind RS has been proposed (Bodegérd, 2005a). Inspired
by the hypothesized mechanisms underpinning PRS (Nunn
and Thompson, 1996), Bodegard suggests a psychodynamic
interpretation.

The majority of mothers in Bodegard’s material had been
subject to physical and or sexual abuse (Bodegard, 2005a;
Godani et al., 2008) and were described as severely traumatized.
Their attitude was signified by a lack of trust, rejection of
medical information excluding physical illness as causing the
condition and resistance to rehabilitation and treatment on the
child’s behalf. On Bodegard’s interpretation, this attitude and
the corresponding behavior may be perceived as parts of a
coping strategy by which the mother’s traumatized depressed
situation and need for consolation is projected from herself
and onto her child. She creates a “delusive fantasy of the
child as dying” and the child acting to maintain the right to
be its mother’s child, a folie a deux implicating the idea of
a serious illness is staged. By “lethal mothering” the mother
unconsciously creates and maintains an alternative reality in
which she finds meaning in caring for a child imagined as dying
in turn affecting the child and promoting debut and progression
of the disorder.
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The situation can be related to a Munchausen by proxy
scenario in which the mother’s delusion, aimed at concealing
her own desperate situation by projecting it to the imagined
disorder of the child, distorts not only her reality but also that
of the child which in the process is abandoned and forced
into adapting the role of dying or, “devitalized”. From the
child’s perspective the prospect of rejection by the mother
is more frightening (on a subconscious level) than adopting
the delusion which protects not only from rejection itself
but also from the emotional trauma of failing mothering. In
relation to this interplay the child’s deterioration, withdrawal,
stupor and finally, full blown DD, may be conceptualized
on a psychodynamic interpretation according to Bodegard
(2005a).

Other authors fail to report evidence of inadequate mothering
or disadvantageous maternal coping strategies. The hypothesis
would suggest the phenomenon to be present in comparable
populations. Such reports have failed to reach the research
community.

Interestingly, a notion of expectancy as a contributor in
pathogenesis is invoked. The staging of the child as dying and
it acting accordingly, would serve to illustrate how a propagated
set of beliefs may govern reaction patterns. Also, Bodegard’s
proposal involves a family system perspective attractive in
relation to the observation that, to our knowledge, RS in
unaccompanied minors have not been observed.

HYPOTHESES

In relation to the nature and regional distribution of RS neither
of the two examined hypotheses—the stress hypothesis and
the psychodynamic hypothesis—are sufficient. Both, although
possibly of importance, fail to account for the regional
distribution and predict the disorder to be present in populations
where it is not. We now proceed to argue that catatonia
satisfyingly fits the clinical characteristics of RS and that the
regional distribution can be explained by invoking a notion of
culture-bound psychogenesis.

RS is Catatonia

Rather than a lack of awareness, RS is characterized by an
inability to initiate motor response, a finding also present in
catatonia and conversion disorder. On the basis of substantial
clinical overlap, we argue that RS should be perceived as
catatonia. As catatonia promptly responds to a test dose of
lorazepam (or equivalent) and is validated by positive treatment
effect with benzodiazepines and/or ECT (Fink and Taylor, 2003);
and as neuroimaging may indicate altered brain activity in
catatonia (De Tiége et al., 2003), as well as preserved awareness
(Vanhaudenhuyse et al., 2010) the hypothesis is testable.

Arousal and Awareness in RS

At its most advanced stage RS patients appear unconscious.
The eyes of the patients are generally closed and remain
so despite stimulation. If passively opened eyes sometimes
diverge away from the examiner. Further, patients exhibit
(what has been interpreted as) flaccid paralysis or hypotonicity

and complete lack of pain response (sternal rub, supraorbital
pressure, nail-bed pressure) as well as reaction to extraction
or insertion of nasogastric tube. We are unaware of caloric
testing having been performed in order to determine
physiological nystagmus indicative of wakefulness. An
“Amytal interview”! (Iserson, 1980; Posner et al., 2007) or
a benzodiazepine challenge? (Fink and Taylor, 2003) has
to our knowledge not been exploited in order to reveal a
psychogenic state. Interestingly, however, Bodegard (2005a)
reports of two patients temporarily normalizing following
midazolam administration prior to insertion of a nasogastric
tube. Nevertheless, a condition lacking both arousal and
awareness is the general impression when examining RS
patients.

The general impression needs however be questioned. Sleep-
wake cycles are indicated by hypnagogic jerks and confirmed by
EEG-recordings (Bodegird, 2005a). Language acquisition in the
seemingly unaware state, tear excretion in otherwise detached
faces, self-report of inclination to console parents in despair
as well as of blurred visions including “fairies” all testify to
preserved awareness (Engstrom, 2013). Bodegird claims full
awareness (n = 5) during the course of the disorder and negates
amnesia (Bodegard, 2005a). Another study reports varying
degrees of amnesia (Forslund and Johansson, 2013).

According to these reports RS exhibits a combination of
inability to respond to any stimulation and maintained, perhaps
fluctuating, awareness, as well as preserved arousal. Neither
arousal nor awareness thus appear impaired to an extent
explaining the lack of response to painful stimulus. Accepting
this line of argument, the inability to initiate motor activity
would have to account for unresponsiveness, which indeed has
been proposed (Engstrom, 2013). On this interpretation, RS is
consistent with psychogenic unresponsiveness possibly on the
basis of catatonia or conversion disorder both known to generate
motor symptoms of either inhibitory or excitatory nature (Posner
et al., 2007).

Catatonia
Recently a considerable shift has occurred in the conception of
catatonia (Tandon et al., 2013). For a long period considered a
sub group within schizophrenia, in DSM-IV catatonia was partly
separated from this hierarchy by the addition of a new class;
Catatonia secondary to medical condition. Successful treatment
in catatonia exhibiting little or no effect in schizophrenia,
and catatonia occurring in relation to other psychiatric as
well as somatic disorders motivated the separation, which
in DSM-5 was finalized by the deletion of schizophrenia,
catatonic type altogether. Currently catatonia is conceived of
as a neuropsychiatric syndrome associated with systemic illness
(Fink, 2013; Fink et al., 2015).

In DSM-5, catatonia is defined as the presence of three
or more symptoms out of a list of twelve (Table 1). Among

lUnder the slow intravenous injection of amobarbital, continuous
interviewing and evaluation of symptoms, patients with psychogenic
impairment of consciousness exhibit symptom relief.

2 A modern version of the Amytal interview in which lorazepam or diazepam
is used.
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TABLE 1 | Catatonia in DSM-5.

Catatonia is defined as the presence of three or more of the following:

1. Catalepsy Passive induction of a posture held against gravity

2. Waxy flexibility — Slight and even resistance to positioning by examiner

3. Stupor No psychomotor activity; not actively relating to
environment

4. Agitation (Not influenced by external stimuli)

5. Mutism No, or very little, verbal response (not applicable if there is

an established aphasia)

Opposing or not responding to instructions or

external stimuli

Spontaneous and active maintenance of a posture against
gravity

Odd caricature of normal actions

Repetitive, abnormally frequent, non-goal directed
movements

6. Negativism
7. Posturing

8. Mannerisms
9. Stereotypies

10. Grimacing
11.  Echolalia
12.  Echopraxia

Mimicking another’s speech
Mimicking another’s movements
American Psychiatric Association (2013)

these, stupor, mutism and negativism are all general finding
in RS (Box 1). Diagnostic criteria apply regardless of age.
Nevertheless, pediatric catatonia has been suggested to consist
of three cardinal symptoms; immobility, mutism and withdrawal
or refusal to ingest (Takaoka and Takata, 2003). Depending on
clinical presentation, either the specifier with catatonia together
with major depressive disorder, or, the separate entity catatonic
disorder NOS (not otherwise specified; Tandon et al., 2013) would
be applicable to RS. From a phenomenological perspective,
applying these diagnostic labels should meet no resistance.

Posner et al. (2007) characterize catatonic stupor (as opposed
to the excited form): the patient’s eyes are usually open
apparently unseeing, or sometimes, tightly closed resisting
passive opening. Skin is pale and acne or oily skin common. Pulse
is rapid (90-120) and temperature often elevated (1.0-1.5°C).
Spontaneous movement is rare and unawareness the impression.
Pupils are dilated and reactive to light, alternating anisochoria is
common and opticokinetic response present, however, patients’
may fail to blink to visual threat. Doll’s eye test is negative
and caloric testing produces normal ocular nystagmus. Increased
salivation is sometimes noted. Incontinence may be present.
Urinary retention may require catheterization. Extremities
are relaxed or rigid resisting passive movements. Catalepsy
(waxy muscular/postural rigidity and reduced responsiveness)
is present in 30%. Choreiform jerks of the extremities and
grimaces are common. Reflexes are normal. Consciousness
is preserved although the appearance is the opposite. On
recovering, the patient is often, but not always, able to
recall events that occurred during illness. Normal neurological
examination and self-reports after recovery attest preserved
consciousness.

Further, inability to speak despite urge to do so, as reported in
an RS patient (Engstrom, 2013), has been reported in Catatonia
(Fink, 2013) and after remission, catatonic patients recover fully
which appears to be the case also in RS patients (Forslund and
Johansson, 2013) although this finding need to be confirmed.
“Panicky refusal” (Bodegard, 2005b) may be interpreted as

agitation, a common finding in the exited form of Catatonia
(Fink and Taylor, 2003).

Reviewing the symptoms of RS and catatonia, (Box 1, Table 1)
resemblance is undeniable. Clinical characteristics of RS match
the diagnostic criteria of catatonia. Dhossche et al. (2012) argue
pediatric catatonia to be the genuine diagnosis in both RS and
PRS and find evidence of deprivation, abuse and trauma to
precipitate catatonia in children and adolescents. Shorter (2012)
contests the prevailing belief that pediatric catatonia is a rare
disorder; other diagnostic labels have obscured the condition
(Table 2), which, prior to Kahlbaum coining the term in 1874,
was only natural. An extensive review of catatonia in all age
groups supports Shorter’s analysis (Fink, 2013). Cohen et al.
(1999), based on a literature review, report 42 cases of adolescent
catatonia among which 19 were associated with mood disorder.
Posner et al. (2007) suggest catatonic stupor to be rare due
to effective treatment. This is of course only applicable if the
condition is recognized and treated.

Demonstrating Catatonia

In acute catatonia, treatment effect verifies the diagnosis: prompt
response to a benzodiazepine challenge implies catatonia and
treatment effect with benzodiazepines and/or ECT validates the
diagnosis (Fink and Taylor, 2003). As already noted, Bodegard
(2005a) observed two patients temporarily normalizing in
response to midazolam. In acute catatonia, 60-90% responds
to lorazepam (Northoff, 2002; Fink and Taylor, 2003). Chronic
cases may fail to respond (Northoff, 2002). Amantadine may
have effect in these cases and ECT, considered the most potent
alternative, exhibits effect in 80-100% of all cases (Luchini et al.,
2015).

Pediatric catatonia is typically treated with benzodiazepines
and ECT (Dhossche et al., 2009; Weiss et al., 2012; Wachtel
et al., 2013). In a pediatric population ECT is considered
effective and safe. There are no studies indicating deleterious
side-effect and the fear of inflicting damage to the developing
brain finds no support (Wachtel et al., 2011). Interestingly, the
first five patients receiving treatment with convulsive therapy
in 1934 were stuporous and had required tube-feeding for

TABLE 2 | Diagnostic labels that have historically obscured Catatonia as
an independent disease according to Shorter (2012).

Pre 1850s Stupor
Catalepsy
Stupidité
Death spells
1869 Neurasthenia
Hysteria (dissociated from Catatonia in 1920s)
1871 Hebephrenia
1874 Catatonia
1899 Dementia praecox
1903 Psychasthenia
1908 Schizophrenia
1920s Encephalitis lethargica
1934 “Brain stem” changes (precursor to ADHD)
1943 Autism
1991 Pervasive refusal syndrome
2007 Anti-NMDA receptor encephalitis
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several months; repeated intramuscular injection of camphor
precipitating seziures were effective in all patients (Luchini et al.,
2015).

Posner et al. (2007) conceive of catatonia as psychogenic
unresponsiveness (which is not to say it is imagined).
In the clinical context, psychologically induced neurological
symptoms usually exhibit normal EEG and MRI findings (Posner
et al., 2007); however, using positron emission tomography
(PET) technology, regional metabolic abnormalities have been
demonstrated including reduced metabolism in the prefrontal
cortex (the anterior cingulate, the medial prefrontal and
dorsolateral cortices) in a 14 year old girl diagnosed with akinetic
catatonia in the context of Bipolar type 1 disorder (De Tiége et al.,
2003). Interestingly, anterior cingulate cortex (ACC) lesions
are known to contribute to a range of behavioral disorders
including akinetic mutism, diminished self-awareness, impaired
motor initiation and reduced pain response (Devinsky et al.,
1995). Posner et al. (2007) predict abnormal brain metabolism
in psychogenic coma. Evaluation of prefrontal metabolism in RS
patients is an attractive, so far unexplored, diagnostic alternative.

Demonstrating Awareness in RS

If RS is catatonia, consciousness should be preserved. In
RS the general impression is that of a condition void of
arousal as well as awareness, which by definition implies
unconsciousness, yet indications of the opposite exist (Bodegard,
2005a; Engstrom, 2013). The unresponsive RS patient exhibiting
only that behavior, bedside tests are inadequate. A similar
situation faces the clinician examining patients suffering from
disorders of consciousness (DOC) where residual awareness may
be impossible to determine with traditional methods (Giacino
et al., 2009). However, through analysis of brain resting state
activity a further means of discriminating between the unaware
and aware patient has been made possible (Owen et al., 2006;
Vanhaudenhuyse et al., 2010; Evers and Sigman, 2013).

Aberrant activity in the default mode network (DMN) has
been demonstrated to correlate with a number of psychiatric and
neurological disorders (Zhang and Raichle, 2010) as well as with
physiological and induced variations in level of consciousness
(Heine et al, 2012). Importantly, the level of consciousness
in patients suffering from DOC have been described vis-a-vis
activity in the DMN: functional as well as structural connectivity,
established by exploiting fMRI BOLD-signal and diffusion
tensor imaging (DTI) respectively, have been demonstrated
to correlate with levels of consciousness thus discriminating
between unaware and aware patients (Vanhaudenhuyse et al.,
2010; Fernandez-Espejo et al., 2012).

RS, like the DOC, may benefit from characterization by means
of fMRI-BOLD resting state analysis. Undoubtedly different
mechanisms generate DOC and RS. Nevertheless, the covariance
between level of consciousness and DMN connectivity also in
anesthesia (Ramani, 2015), hypnosis (Vanhaudenhuyse et al.,
2014) and sleep (Horovitz et al, 2009) implies the DMN
connectivity of interest in relation to level of consciousness
regardless of cause. Resting state analysis could indicate to what
extent RS patients are conscious and demonstration of preserved
awareness would indirectly support RS being catatonia. It would

also imply feasibility of neuro-technological communication
(Owen et al., 2006; Evers and Sigman, 2013).

Interim Summary

Catatonia is from a phenomenological and clinical perspective
an adequate label of what has been labelled RS. The reluctance
to this attribution may be explained by unwillingness to
ECT in children in Sweden (Shorter, 2012) and the up until
recently prevailing view of catatonia as a sub group within
schizophrenia. Catatonia prompts ECT or benzodiazepines. To
our knowledge no RS patients have received such treatment.
Residual hesitance may be overcome by at test dose of
a benzodiazepine or by performing a PET examination
to objectify suggested reduced prefrontal metabolism.
Clinical observations implying preserved awareness may
be evaluated further by resting state network analysis. The
reconceptualization of catatonia invites to a re-evaluation
of RS, more so now than ever, and its correspondence to
catatonia.

Culture-Bound Psychogenesis Explains
the Regional Distribution of RS

Regardless of the relationship between catatonia and RS, the
question remains how to explain the regional distribution of RS.
Expressions of distress are constrained by brain function upon
which beliefs and expectations impact. Evolving and transpiring
within cultural contexts, beliefs and expectations readily serve as
vehicles of idioms of distress. Culture-bound psychogenesis, it will
be argued, may explain the regional distribution of RS. Genetic
or environmental factors are conceivable in accounting for the
regional distribution, nevertheless; such commendable analyses
are beyond the scope of this article.

Clinical Traditions

Differences in diagnostics and treatment across countries
conceivably supply explanations for the endemic distribution
of RS. Provided the condition is promptly reversed, patients
would not reach the prolonged stuporous state RS exhibits. This
hypothesis predicts the incidences of catatonia—and/or other
similar disorders—and RS to correspond.

In 2003-2005, the estimated annual incidence of RS was
2.8% in 0-17 year old asylum seekers. Catatonia incidence
has been examined in two pediatric and adolescent psychiatric
materials and found to be 0.6 and 5.5% respectively (Cohen et al.,
1999; Thakur et al., 2003). The general incidence in the young
population was estimated at 0.16% in Paris (Cohen et al., 1999).
Estimated RS incidence is thus comparable to that of catatonia in
psychiatric materials but does not correspond to that in a general
material.

This discrepancy could reflect the vulnerability refugees as a
group exhibit and the high incidence interpreted accordingly.
Similar incidences would then be expected in comparable
populations—in particular refugees populations—which, to our
knowledge, remains to be surveyed in this respect. However,
were the incidence of catatonia in young refugees in the vicinity
of 2.8%, it would most likely have been reported, and; thus,
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differences in clinical practice are not likely to account for the
regional distribution of RS. Possibly, however unlikely, other
diagnostic entities could obscure RS in other refugee populations.

Billing (2014, Personal Communication) proposed too liberal
diagnostic inclusion could explain the peak in incidence
2003-2005. However, this proposal does not explain the regional
distribution per se. Instead, it illustrates the importance of
perceiving a diagnosis as more than the label of a clinical entity.
It invites the discussion of the diagnosis as a culturally influenced
construct and an analysis of its application within a cultural
context.

Culture-Bound

Yap (1962), in order to unify and retain traditional nosology,
proposed the «class “atypical culture-bound psychogenic
psychoses” (later culture-bound syndromes) on recognizing the
“pathoplastic influence” effected by culture to generate in “exotic
psychoses”. Consequently, Latah, Susto, Koro, Dhat etcetera,
were conceptualized as, and grouped among, the “reactive
psychoses (psychogenic reactions)” (Yap, 1967). By culture-
bound it was implied that “[w]ith respect to the psychogenic
reactions, significant etiological factors are commonly to be
found at the social and psychosocial level rather than the
anatomical and biochemical” (Yap, 1967).

Although transcultural differences in psychiatry are
controversial (Kleinman, 1987; Prince and Tcheng-Laroche,
1987; Keshavan, 2014; Ventriglio et al., 2015) they are evident;
the incidence, symptoms, course and outcomes in schizophrenia
(Myers, 2011); clinical presentation of depression and anxiety
(Kirmayer, 2001), and; symptoms, self-perception, help-seeking
behavior and treatment in relation to war trauma (Miller et al.,
2009; Hinton and Lewis-Ferndndez, 2010; Shannon et al., 2015)
vary across cultures. In recognition, all mental distress is, in
DSM-5, considered culturally framed and populations expected
to display culturally determined differences in communicating
distress as well as in relation to explanations of causality, coping-
methods and help-seeking behaviors (American Psychiatric
Association, 2013). Consequently, culture-bound syndromes
are recognized and grouped within the cultural concepts of
distress defined as “ways cultural groups experience, understand,
and communicate suffering, behavioral problems, or troubling
thoughts and emotions” (American Psychiatric Association,
2013).

By culture-bound we recognize the impact exerted by socio-
culturally transferable beliefs and expectations on an individual
or population.

Many consider dualism an out-dated metaphysical basis
for psychiatry (Shorter, 2006). In cognitive neuroscience the
connexion between psychology, brain physiology and behavior
is nevertheless indisputable and everyday life as well as clinical
experience informs of the relevance of psychological processes to
behavior. To demonstrate the impact of culture and context on
symptom generation and presentation we draw on an account of
psychogeninc illness (Shorter, 1992) exemplified by “La Grand
Hystérie”, epidemic hysteria and suggestion. These phenomena
are presented to illustrate the likelihood of RS being culture-
bound.

“La Grande Hystérie”

Shorter, in an extensive analysis of the history of psychogenic
illness, explores the relationship between physicians, patients and
conceptions of disease throughout centuries (Shorter, 1992). In
essence, he argues that cultural context-in particular diagnostic
techniques, medical paradigms, familial expectation and social
roles-influences what symptoms are legitimate and illegitimate
by associating to them underlying organic disease for which the
patient cannot be blamed, and; that unconsciously, in response
to stress, trauma or suggestion, symptoms are assimilated from
the “symptom pool” of legitimate symptoms and perceived as
genuine indicators of an organic disorder or dysfunction by
patients and physicians alike.

In treating patients with “hystero-epilepsy” at La Salpétriere
hospital in Paris, Jean-Martin Charcot developed a theory
asserting that hysteria was an inherited, life-long, disease of
the nervous system with sensory (headache, loss of sensation
etcetera) and motor (tremor, paralysis etcetera) stigmata
accompanied by reoccurring fits characterized by four phases
presenting in a law-like manner: (1) the epileptiod period;
(2) the “period of contortions and grande mouvements” during
which the patients flung themselves about, crying and adopting
improbable postures like “arc-de-cercles”; (3) the period of
“impassioned poses” like prayer, crucifixion etcetera; and
(4) a “terminal period” where anything could happen. Ovary
tenderness at debut of fits was considered pathognomonic as well
as hypnotisability.

Treatment—consisting of “metallotherapy” and hypnosis—
and patient demonstrations, attended by students, visiting
physicians, journalists and the general public, produced “a
climate of suggestion” prompting patients to exhibit symptoms
in accordance with the “laws of hysteria”. Scientific and
journalistic reports paralleled the spread and increase of cases
with predicted symptomatology. Eventually patients were
referred from other continents.

On observing startle shock and suggestion by hypnosis
precipitating the symptoms, Charcot later came to recognize
psychological factors as possible inducers of hysteria. This
shift Shorter interprets as the beginning of the end for
“Charcot’s Hysteria”. No longer an organic disorder—and
patients less prone to unconsciously select and present
symptoms indicating a problem “merely in the head”—the
incidence dropped. Also, Charcot’s successor, attributing
the “epidemic” to iatrogenic suggestion, prohibited mention
of hysteric symptoms in front of patients and ferociously
challenged those exhibiting fits. Babinski, a student of
Charcot’s—and the discoverer of a clinical procedure useful
in distinguishing hysteric from organic paralysis—later
characterized hysteria in La Salpétriere as “any symptom
that could be induced by suggestion [understood as medical or
cultural] and abolished by persuasion [including hypnosis and
psychotherapy]”.

“La Grand Hystérie” illustrates how psychogenic symptoms
evolve over time, transpire epidemically and affect by suggestion.
According to Shorter, the content of the symptom pool
constantly, through the negotiation
between physicians and patients immersed in cultural

evolve continuous
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context, and is reflected in “pathoplasticity”, the changing
psychogenic symptomatology. Current negotiations are
affected in particular by media, and the contemporary
expressions—controversially—include chronic fatigue syndrome
and environmental hypersensitivity (Stewart, 1990; Shorter,
1992).

Epidemic Hysteria

Epidemic hysteria (Boss, 1997) of mass sociogenic illness—the
rapid spread of unconsciously exhibited symptoms indicative
of excitation, loss or alteration of neurological function
without corresponding etiology in a cohesive group—exhibit
contagious characteristics, and has been asserted, due to surface
heterogeneity, to represent an under-appreciated, social problem
(Bartholomew and Wessley, 2002).

Examples  include regionally  dispersed  “dancing
mania”—known as the St Vitus dance—reoccurring throughout
the Middle Ages; motor hysteria outbreaks in nunneries or, more
recently, boarding schools (reported from Malaysia during the
1980s), and; mass hysteria—often in poor working environment
and related to mysterious odors (Boss, 1997). Continuous
anxiety or stress in segregated highly controlled groups has been
suggested to engender dissociation and hyper-suggestibility
eliciting delusions reflecting the Zeitgeist, epidemic hysteria thus
mirroring its time (Bartholomew and Wessley, 2002).

Recent reports include mass psychogenic illness (n = 170)
attributed to toxic exposure at a high school (Jones et al,
2000); an outbreak of conversion disorder (n = 5) among Amish
adolescent girls (Cassady et al., 2005), and; acute stridor (n = 12)
in a female cohort of students in preparation for national exams
(Powell et al., 2007).

Suggestion

Socio-cultural impact on individual psychogenic expressions
has also been studied. Patients present symptoms in relation
to social surroundings, iatrogenic suggestion (Fallik and
Sigal, 1971) and following hypnosis (Halligan et al., 2000).
Also, symptom attribution varies with “trendy diagnoses’™
In 1985, most patients with environmental hypersensitivity
disorder (n = 50), also attributed their problems to food
and synthetics, in 1986 to Candida albicans, and in 1987
to chronic Epstein-Barr virus (Stewart, 1990). Contemporary
fixed illness attributions have been suggested to align with
media reports, and controversially, chronic fatigue syndrome,
myalgic encephalomyelitis and environmental hypersensitivity are
examples from our time (Shorter, 1992).

RS is Culture-Bound

Psychogenic symptom expression paralleling progression in
medicine and culture (Shorter, 1992; North, 2015), discrete
episodes of epidemic hysteria (Levy and Nail, 1993; Boss,
1997; Bartholomew and Wessley, 2002) and intra-individual
presentation as well as progression of psychogenic illness
attributions relating to trends (Stewart, 1990; Shorter, 1992)
suggest culture-bound psychogenesis to be a robust and
important phenomenon. The acknowledgment of transcultural
differences (American Psychiatric Association, 2013), idioms of

distress (Ventriglio et al., 2015) and varying psychogenic illness
presentation supply indirect evidence culture-bound transfer of
psychopathology and symptom induction by hypnosis (Halligan
et al., 2000) provide direct evidence.

Mass psychogenic illness, traditionally epidemic hysteria,
exhibit certain characteristics (Levy and Nail, 1993; Boss, 1997;
Bartholomew and Wessley, 2002). Highly segregated groups
where stress, control or obligations are evident and inescapable
are predisposed and historically in particular religious settings
are overrepresented. Female patients predominate. Patients
below 20 years of age are overrepresented. Epidemics involve
typical symptoms, including fatigue and unconsciousness,
without demonstrable organic lesions. Relapse is common.
“Compensational” issues have been reported of importance.
Media reports are known to enable transmission of illness
behavior.

RS mostly afflicts individuals of the same ethnic group,
language community and previous, as well as present,
cultural context (Rydelius, 2006) in which psychological
and or physical trauma as well as stress are prevalent (Godani
et al, 2008). Helplessness and hopelessness—equivalents
of inescapability—are generally asserted (Bodegard, 2005a;
Lindberg and Sundelin, 2005). Uighurs early trust children with
high responsibility (Rydelius, 2006) something the predicaments
of migration and asylum seeking may reinforce creating more
of control and obligations. The male to female ratio is 2:3,
mean age 14.3 years old and relapses have occurred. Symptoms
imply a central nervous affliction, however, none have been
demonstrated. A secondary illness gain may be assumed, as
severe illness hypothetically generate in increased chances of
asylum approval. On a different level the seemingly unconscious
state may per se be perceived as a secondary illness gain
offering relief. The estimated peak in RS cases was paralleled
by extensive media reports, popularization and an infected
debate—regarding in particular etiology, malingering and level
of care—and involving, in a transparent way, also the medical
profession (Hacking, 2010) supplying ample opportunities for
the negotiation and transpiration of legitimate symptoms.

The RS endemic fails to demonstrate a clear index case (which
there nevertheless may have been), an identifiable trigger event
(although individual presentation sometimes is preceded by e.g.,
a negative asylum decision) and it is uncertain to which degree
individual cases have been in contact prior to presentation.
These factors are generally seen in epidemic hysteria
(Boss, 1997).

Not described in other parts of the world and overrepresented
in ethnic minorities from certain parts of the world, RS respects
national borders and to some extent, ethnicity and/or language
community. These peculiar circumstances are difficult to explain
without reference to culture and context and we therefore assert
RS to be culture-bound.

Psychogenesis

In the previous section the notion of psychogenesis was
inherent and served to transform culturally transpiring idioms
of distress into generation of corresponding symptoms. Such
neurological dysfunction in the absence of demonstrable organic
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lesion has been know to physicians since ancient times as
hysteria. Grouped either among conversion disorders (DSM-5)
or dissociative disorders (ICD-10), symptoms encompass loss,
excitation or alteration of motor and sensory functions,
including altered states of consciousness, sometimes in
conjunction. Symptoms are genuine, sometimes disabling,
and common-in one study functional and psychological
symptoms were found to account for 16% of diagnosis
in neurology units (Stone et al., 2010). Importantly, the
symptoms are also involuntary, a fact not consistently
recognized.

From Latin “hysterus”, hysteria originally implied an etiology
involving dysfunction or displacement of the uterus. Charcot
recognized suggestion or psychogenic shock to precipitate
symptoms—treatable with hypnosis—and proposed abnormal or
absent “mental imagery” to result in corresponding neurological
dysfunctions (Shorter, 1992; Gelder, 2001). Janet, invoked
traumatic narrowing of attention with subsequent dissociation
and disintegration of mental processes creating unconscious
yet processed mental realms (Gelder, 2001). Breuer and Freud
(1956/1893) adopted this notion in their psychodynamic theory
of conversion in which negative emotions ensuing “psychical
trauma” were hypothesized to convert into symbolic physical
symptoms resulting in primary and secondary illness gain.
Invoking “a morbid condition of emotion, of idea and emotion,
or of idea alone” in pathogenesis, Reynolds (1869) appreciated
emotive as well as cognitive dysfunction.

The most commonly reported symptoms—psychogenic non-
epileptic seizures (PNES), loss of consciousness and motor
symptoms (Brown and Lewis-Fernandez, 2011)—imitate organic
disorders. Prevalence is increased following brain injury (Eames,
1992), prior to debut of, and parallel to, epilepsy (Devinsky
et al, 2011), with depression, PTSD (Ballmaier and Schmidt,
2005), anxiety and borderline personality disorder (Brown and
Lewis-Fernandez, 2011). Although transculturally understudied
(Brown and Lewis-Fernandez, 2011), functional disorders have
been claimed to vary little in incidence and semiology across
cultures (Carota and Calabrese, 2014). Importantly, complex
behavior, such as pseudo-labor, Genser syndrome, anorexia
nervosa and catatonia, has been attributed to conversion
(Jensen, 1984; Lyman, 2004; Jiménez Gémez and Quintero,
2012; Shah et al, 2012; Goldstein et al, 2013) implicating
also higher order processes. Moreover, de facto organic
findings in conversion disorder (Ballmaier and Schmidt, 2005;
Vuilleumier, 2005, 2014; Garcia-Campayo et al., 2009) indicate,
contrary to the traditional conception, the possibility of a
neurocognitive mechanism answering to symptom generation,
and conversion disorder thus being a phenomenon, also, of the
brain.

Reflecting the multitude of mechanisms and etiologies
suggested, current DSM and ICD nosology is “widely regarded
as unsatisfactory” (Gelder, 2001) in particular with regards
to clinical overlap between conversion, dissociation and
somatization (Brown and Lewis-Fernandez, 2011; North,
2015), and mechanistic as well as etiological bias involving
unconscious mental states and psychological stress or trauma,
with undecided, little, or no empirical relation to symptoms

(Roelofs and Spinhoven, 2007; Brown and Lewis-Fernandez,
2011). Although the DSM-5 criterion involving identification of
a specific psychological cause has been abandoned and functional
neurologic symptom disorder (FNSD) introduced as an alternate
term to conversion disorder (American Psychiatric Association,
2013), more extensive reclassification has been proposed (Brown
et al., 2007; North, 2015).

In the previous section culturally determined expectations
and beliefs were demonstrated of importance to symptom
generation of culture-bound phenomena (Stewart, 1990; Shorter,
1992; Levy and Nail, 1993; Boss, 1997; Hinton and Lewis-
Fernandez, 2010; Medeiros De Bustos et al., 2014). Even
so, a dogmatic psychological approach has been asserted
“misguided and unhelpful” (Edwards and Bhatia, 2012) as
psychological factors, particularly understood as trauma or
internal conflict, not consistently are supported clinically or
in epidemiological studies (Roelofs and Spinhoven, 2007;
Brown and Lewis-Fernandez, 2011). Moreover, inorganic
genesis has been denied altogether (Slater, 1965) perhaps
signaling dualism to some an out-dated metaphysical basis
for psychiatry (Shorter, 2006). In cognitive neuroscience the
connexion between psychology, brain physiology and behavior
is nevertheless indisputable and everyday life as well as clinical
experience informs of the relevance of psychological processes to
behavior.

In general, the presupposition of physical symptoms
occurring unattended by demonstrable organic findings, where
there are strong evidence or presumptions that the symptoms are
linked to psychological factors, seems to force an unwarranted
and unfortunate mutually excluding, dichotomy creating a
divide between neurological and psychological mechanisms.
Either it is in the mind or, it is in the body. This starting
point is infertile and so, denying psychogenesis—understood
as implying psychological impact on symptom generation
and precipitation—altogether, is equally absurd as is the
opposite.

However, as the controversies regarding mechanisms and
etiologies indicate fundamental difficulties in conceiving of the
pathophysiology (Gelder, 2001; Roelofs and Spinhoven, 2007;
Brown and Lewis-Ferndndez, 2011; North, 2015), an analysis
of psychogenesis, relying on current nosology, is from the
outset likely to perpetuate previous unhelpful conceptions.
Ultimately, a model appreciating the impact of beliefs and
expectations in directing and generating symptoms is the
ambition. Consequently, although aspiring to neutrality, also
culture-bound psychogenesis should be considered preliminary
and any mechanistic analysis of symptom generation preferably
be unbiased even in relation to, although not inconsistent with,
psychological causation.

Relying on a framework of predictive coding, a mechanism
answering to the protean nature of phenomena attributed
to psychogenesis, we argue, may be attained. Importantly,
such a mechanism permits also organic genesis of symptoms.
Nevertheless, in relation to the present context—the notion of
culture-bound serving to explain the regional distribution of
RS—it should be emphasized that a description solely on the level
of the brain is unlikely to be successful.
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A PREDICTIVE CODING MODEL

The effect of expectations on biological systems has been shown
to be a decisive factor in both health and disease. The common
denominator may be found in the models of predictive coding as
a fundamental way the brain processes information. The general
idea that the models of the world harnessed within the brain
impact how we experience the world itself have been proposed
more than a hundred years ago by Helmholtz (Helmholtz, 1866;
Frith, 2007). Modern predictive coding theories suggest that
Bayesian inference describe these processes (Friston, 2005; Frith,
2007).

Conceptually, such predictive coding hypotheses suggest
that the brain constructs models of the world on different
hierarchical levels. The models also act as expectations or
predictors (priors) of the external and internal worlds. When
a signal reaches the brain in a primary sensory region it will
be compared with the priors, and if it does not match (in
that the expectations are different as compared to the signal)
it will produce an error signal. This error is proportional to
the difference between prior and input, and will be propagated
to the next hierarchical level where it is compared to priors
on the intermediate levels. If these priors fail to explain the
error signal it will continue its propagation to higher order
hierarchies. The error signal may be used to change the priors
or models of the world. However, the priors and the models
may also change the way input is processed or perceived. Thus,
a percept is determined both by the input and by the model.
In Bayesian terms the models are conceptualized as priors and
input as observation while the percept (thus dependent on
both the prior and the observation) is often referred to as the
posterior.

Research on placebo and nocebo treatment effects has
suggested that expectation processes are crucially involved in the
underlying mechanism (Petrovic et al., 2010; Biichel et al., 2014).
For any given treatment, expectations about its effect will be
built up in the subject or the patient. Verbal information about
the effectiveness of the treatment is one source of information
affecting the expectations. Other contextual factors in treatment
may also change the expectations—including how invasive
the treatment is (e.g., injections seems to be more effective
than giving a pill). Importantly, also low-level conditioning
effects are important for determining the expectation effect
(Amanzio and Benedetti, 1999; Jensen et al., 2012, 2015), albeit
in lower levels of the hierarchical network. Thus, placebo
effects are not dependent on conscious mechanism. In more
formal terms all these sources of information processing
change the priors of the brain in different hierarchical
levels, all of which are thought to contribute to the placebo
effect.

The underlying neural mechanism of the placebo effect
has mostly been studies with regards to pain, where also the
underlying opioid system has been proposed of importance
(Petrovic et al., 2002; Zubieta et al., 2005; Wager et al., 2007).
Further, placebo treatment has been suggested to change the
neural processing underlying emotions (Petrovic et al., 2005)
depression (Mayberg et al., 2002) and Parkinson’s disease

(de la Fuente-Ferndndez et al, 2001). Moreover, similar
manipulations of expectations have been shown to change how
visual stimuli are processed (Sterzer et al., 2008; Schmack et al.,
2013) in line with the idea that any type of perception is perceived
in relation to the expectations of the systems.

How profoundly can expectation change the experience of the
world? It has been suggested that extremely powerful priors are
essentially the cause of hallucinations and delusions in psychosis
(Frith, 2007; Fletcher and Frith, 2009; Adams et al., 2013). In line
with this idea, manipulations of higher order expectations have
shown that delusion prone individuals will experience the world
more in line with those expectations (Schmack et al., 2013; Teufel
et al., 2015).

A common theme, apart from the involvement of
expectations, is dopamine system involvement in different
aspects of placebo responses (de la Fuente-Fernandez et al,
2001; Scott et al., 2008). As a main contributor also in psychosis,
it may have a specific role in the balance between priors and
observation.

Thus, in a predictive coding framework, priors change the way
information is processed, even to the extent that delusions may
arise in realms beyond control and awareness. Moreover, certain
personality traits, such as delusion proneness, may explain why
some individuals are more likely to develop pathogenic priors.

Interestingly, it has furthermore been suggested that
functional sensory or motor symptoms in somatization and
conversion disorder may be initiated and maintained by strong,
although not necessarily conscious, priors (Edwards et al,
2012). In the sensory domain, the results of strong priors
are well formed precepts, which may or may not be accurate
representations of the world. In the motor domain, strong priors
will elicit motor behavior, or its absence, through top-down
influence on motor reflex arcs which, involuntarily generated, is
perceived as abnormal behavior and symptoms of a neurological
disorder.

The interoceptive system has been proposed to be likewise
affected by expectation (Barrett and Simmons, 2015). Thus, the
experienced bodily state will be determined not only by input
from different interoceptive channels but also by expectations
regarding the state itself. In particular, homeostatic cues from
the hormonal, immune, metabolic and autonomic nervous
systems have been suggested to generate error signals resulting
in either bottom-up adjustment of predictions, or, top-down
influence over physiological homeostasis (Seth, 2013; Barrett and
Simmons, 2015). Thus, by predictive coding, the brain not only
acquires and adjusts to homeostatically relevant information; it
also orchestrates the adaption of the organism in relation to
physiological needs instructed by priors. In particular, according
to the model, the latter occurs in parts of the system where
priors are strong and observations weak or imprecise, a balance
likely to be of importance in homeostatic systems relying on
fixed parameters to maintain the organism within a physiological
state.

It is hypothesized (Seth, 2013; Barrett and Simmons, 2015)
that not only basic homeostasis—converging particularly on
the anterior insular cortex (AIC)—but also higher order self-
related representations of emotion, agency, self-narration and
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body-ownership—subserved in ACC, posterior ventromedial
PEC, posterior OFC—and supporting conscious self-perception
and attentional control, are implicated in a wider interoceptive
predictive coding system instantiated by the brain. Through
the multisensory representation of in particular homeostatically
relevant predictions distributed in the AIC and ACC, modulation
of attentional, sensory and behavioral responses, is attained and
transmitted in the wider system. Through these channels higher
order functions may be recruited in minimizing prediction error
by adjusting priors or instructing behavior on the conscious level.

Thus, by engaging physiological control mechanisms at
the core of the organism, as well as attentional, sensory and
behavioral responses also under the influence of higher cognitive
processing, a powerful and integrated system answering to
ecological needs of the organism is running, orchestrated within
a predictive coding framework, in the brain.

Here we propose that a multitude of factors—psychological
and or physical trauma, helplessness and hopelessness, familial
expectations and obligations, the predicaments of migration
and asylum seeking, including negative expectations regarding
chances of obtaining a PRP—are crucial for setting inner priors
of the interoceptive system to extreme levels in predisposed
individuals. These priors may include (conscious or non-
conscious) models untenable for bodily function under massive
external stress thus eliciting a vulnerable state evolving into RS.

A situation of extreme stress and negative prospects (nocebo)
is under normal circumstances not detrimental as interoceptive
and exteroceptive input generates prediction errors driving
physiological and behavioral change aimed at overcoming the
situation. On the contrary, when strong priors are set “low”, due
to previous experience projecting to the present, the same nocebo
situation will only accord with the predictions and adjustment
will be absent thus perpetuating negative predictions with
corresponding physiological, attentional, sensory and behavioral
consequences.

Moreover, even if the interoceptive and exteroceptive input
improve, prediction error may—provided priors are sufficiently
strong, or sensory input imprecise—drive adjustment not of
the model, but instead towards the prediction, in which case
homeostatic mechanisms are directed top-down to attain a
physiological state in correspondence with the prediction so as
to minimize prediction error. The corresponding percept of the
internal state represented in the AIC and the ACC is through the
wider system responsible for modulation of cognitive, emotive
and behavioral processes thus unlocking the full potential of
the organism’s predictive capacity resulting also in a mind-set
corresponding to the prediction.

At this stage, negative predictions having generalized in
higher and lower levels of the hierarchy, and physiological
systems threatening homeostasis, the organism, at some point,
adopts a behavior which elicits support from its surroundings;
an idiom of distress.

Within a predictive coding framework this may be interpreted
either as an attempt at minimizing prediction error by projecting
the interocepted state onto the world as to affect it to accord with
the prediction, in which case the intended result is the prevention
of help from the surrounding; or, as a change in strategy and

if so presumably driven by another set of priors corresponding
to a rescue attempt from an inexorably escalating development.
Interestingly, Seth (2013) finds support for an extended Bayesian
framework encompassing also social interaction. Drawing on
evidence from psychosis, behavior such as loss or alteration of
general function may be as powerful as a delusion. Importantly,
the response from the surrounding may on this hypothesis
not only contribute to perpetuation of an illness-state but also
possibly hold the key to its resolve.

We thus propose that RS may be conceived within a
predictive coding framework, as a condition where predisposing
and contextual factors generate in negative expectations and
beliefs instantiated in fixed priors, which drives homeostatic
and behavioral effects as well as self-perception, towards the
prediction, minimizing prediction error, however at the cost
of pushing the physiological, cognitive and emotional state
further away from that which sustains life. The resulting
behavior—described in terms of apathy, RS or catatonia—may
be interpreted as, an outwardly broadcasted self-representation
functioning as to minimize prediction error by extending also
into the world the interocepted state in order to affect it
accordingly, or, as a behavior serving to elicit support from the
surrounding. In either case, the particular behavior, intended
for a specific purpose, is conceivably one corresponding to
culturally sanctioned expectations of what that behavior entails.
Consequently, culture-bound reaction patterns are predicted by
the model.

DISCUSSION

With regards to the phenomenon referred to as RS, our analysis
has suggested catatonia to supply the best fit with clinical
data, culture-bound psychogenesis to account for the regional
distribution and predictive coding to supply a promising context
in which to express a mechanistic model. We have purposely
omitted to develop an account of the neural components
instantiating the Bayesian machinery in the brain and instead
direct the reader to recent conceptualizations (Edwards et al.,
2012; Seth, 2013; Barrett and Simmons, 2015).

Our analysis has lead us to a proposal that catatonia in
certain instances may be culture-bound, which, considering the
organic presentation of the disorder and its historical relation
to schizophrenia, is highly controversial. Nevertheless, the
current conception of catatonia as a neuropsychiatric syndrome
associated with systemic illness (Fink et al., 2015) implies the
possibility of a heterogeneous etiology.

Relatedly, an analysis of catatonia and Parkinson’s
disease—conceived as movement disorders—at the level of
the brain, has been suggested should invoke a “principle of
double way”, asserting that “function of the same anatomical
apparatus may be disturbed by both organic lesions and
psychological alterations”. Hypothetically, the same motor
loop may be abnormally affected either by psychological
(cortical) top-down regulation, or, by aberrant (subcortical)
bottom-up regulation illustrated by akinetic catatonia and
Parkinson’s disease functionally affecting the same “motor
loop”, however, by different mechanisms originating in the
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orbitofrontal cortex (OFC) and the substantia nigra respectively
(Northoff, 2002). Even though this proposal is not set in a
predictive coding framework, it may be reinterpreted in relation
to motor predictions and proprioceptive input generating error
signals eliciting top-down directed (absence of) movement
or bottom-up adjustments of predictions, both converging
on intermediate levels of the hierarchy and eliciting motor
symptoms in accordance with a recent proposal by Edwards et al.
(2012).

Catatonia has further been conceived of as a disorder resulting
from abnormal emotional processing. Catatonic patients (n = 10)
exhibited altered activity in mOFC and mPFC as well as
abnormal orbitofrontal and premotor/motor cortical functional
connectivity on exposure to negative emotional images and
compared to psychiatric and healthy controls. Also, catatonic
behavioral and affective symptoms correlated with deactivation
in OFC whereas motor symptoms correlated with mPFC
activation (Northoff et al., 2004). It was suggested that abnormal
emotional processing and deactivation of OFC—through
connections to the basal nucleus of amygdala implicated in
affective inhibition by cognitive control—result in subsequent
altered activity in medial prefrontal and premotor/motor
function generating affective, behavioral and motor symptoms
of catatonia. Response to anxiolytic drugs and self-report of
overwhelming uncontrollable emotions—both notably reported
also in RS (Bodegard, 2005b; Engstrom, 2013)—is taken to
support the hypothesis (Northoff et al., 2004). Supplying an
adequate fit with the data, this hypothesis nevertheless lacks
in sufficient precision to allow anything but a very general
reconceptualization within a predictive coding framework
amounting to an analysis involving inadequate priors generating
prediction errors the system adapts to by actions on intermediate
levels involving lower as well as higher processing nevertheless
below the conscious level.

An alternate exploration of catatonia recognizes connexion
with anxiety or fear states on the basis of immediate
treatment response to anxiolytics drugs, taken to support a
limbic system pathophysiology (Daniels, 2009). Deficits in
akinetic catatonia, such as stupor, mutism and negativism, are
however consistent also with an underlying motivational deficit
suggesting that suppression of incentive salience (“wanting”;
Berridge and Robinson, 2003), mediated in dopaminergic
mesolimbic structures projecting into prefrontal areas could
account for core symptoms. Dopamine, of importance in placebo
(Scott et al., 2008) and delusions (Adams et al., 2013) may
interplay in shifting the balance between prior and observation
also generating catatonic symptoms in relation to predictions.

Other than reconceptualizations of previous findings
complying with a Bayesian analysis, there are clinical evidence
of a multifactorial genesis involving also psychogenic generation
of catatonia. Case-reports attributing catatonia to conversion
(Jensen, 1984; Shah et al., 2012) and catatonia (n = 10) as well as
conversion (n = 5) successfully confirmed through a common
method of Amytal interviewing (Iserson, 1980) are found in
support. Moreover, catatonic presentation varying throughout
history (Shorter, 2006, 2012) attributes to it a characteristic
generally considered a hallmark of conversion disorder and

Shorter (2012) asserts “It is important to understand that
cultural suggestion can cause patients to present catatonic
symptoms in some epochs, but not in others, whereas changes
in diagnostic fashion determine whether physicians make the
diagnosis or not”. Thus, it does not seem unlikely that the brain,
influenced by “cultural suggestion”, could generate catatonic
symptoms and the model here proposed supply a mechanistic
account of how this could be instantiated.

Pertaining to RS, there are, as we have here demonstrated,
indications that mandate the assertion equating RS with
catatonia. Apart from clinical characteristics, in particular
reports of normalization in response to midazolam, implies
this hypothesis should be evaluated and we have suggested
means thereto. As for the regional distribution, considered as
a hypothesis, it is difficult to test. In different parts of science,
however, different truth-criteria are manifest and from the
general point of view, broader involvement in this issue, and in
particular an epidemiological effort, is much needed.

Other than treatment already routinely offered in
catatonia—which is reported safe and efficient, also in children
adolescents—our model predicts no magic bullet. On the
contrary, if fixed predictions—laid down by previous experience
projecting into the present, in order to tell the future—generate
in prediction error denial, with subsequent drive in homeostatic
and higher level systems, towards the perpetuation of those
malicious predictions, by arranging the inner and outer world so
as to accord therewith, the situation indeed seems desperate.

Nevertheless, on the hypothesis that the behavior
characterizing RS is a social extension of interoceptive
predictions, which serves to either sound the alarm or perpetuate
inappropriate priors, the behavioral pattern represents on some
level a strategy selected in a social context. (Which is not to say
it is in any way voluntary). If this line of reasoning is correct,
which indeed is implied by the phenomenon respecting barriers
pertaining to language, culture, ethnicity and national borders,
measures aimed at pre-empting the unfortunate strategy should
be enforced. Certainly, a deepened understanding of the history,
culture and situation of risk groups individuals would be
necessary in order to reach out to these individuals.

The appeal to culture-bound psychopathology raises an
ethical dilemma. The argument we have presented, according
to which cultural sanctioning contributes to the generation of
specific kinds of behavioral patterns, implies that by offering
treatment, to which there is no alternative, we are also, on
another level, causing new cases.

CONCLUSION

The regional distribution and the prevalence of RS are
challenging to explain. Firstly, we have tried to establish that RS
represents a disorder previously described. Historical accounts
demonstrate that so is the case. We find no reason to ascribe to
this phenomenon a novel diagnostic entity.

Secondly, bearing this in mind, the diagnostic fit to known
disorders and hypotheses previously put forward have been
evaluated. We have argued catatonia to supply the best fit and
suggested means of examining this hypothesis in accordance
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with clinical practise and by neuroimaging. Catatonia, recently
reconceptualized, amounts to a phenomenological description
of a clinical entity for which there presumably can be different
causes.

Thirdly, the regional distribution, we have argued, is best
explained by perceiving RS as culture-bound. Importantly, this
does not preclude other factors to interplay in pathogenesis.
On the contrary, individual predisposition, traumatization,
contextual factors as well as culturally sanctioned beliefs and
expectations, may all be involved.

Lastly, we have provided a predictive coding model of RS.
On the basis of extreme priors, fixed by previous experiences,
the percept of the inner and outer world is stable and
skewed. Consequently, error signal minimization is directed
towards effecting the inner and outer worlds to accord with
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