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    Abstract     Anhedonia is the reduced ability to experience pleasure emotion and has 
been considered a key symptom in schizophrenia spectrum disorders. However, 
little is known about the hedonic capacity and related neural basis for individuals 
prone to develop psychosis such as people with schizotypal personality traits. On 
the other hand, anhedonia is a complex, multidimensional construct that is impor-
tant for social interaction and functioning in both healthy individuals and people 
with neuropsychiatric disorders. However, most measures of anhedonia are limited 
to clinical rating and self-report checklists that adopt a unitary concept. Increasing 
interest has emerged in the past decade to subdivide this construct into anticipatory 
and consummatory experience of pleasure. This book chapter will examine these 
two facets of anhedonia in individuals with schizotypal personality traits using a 
multi-pronged approach, including self-report questionnaires, computerized tests, 
and neuroscientifi c measures.  
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  Abbreviations 

   DSM-IV    Diagnostic and Statistical Manual of Mental Disorders Fourth Edition   
  fMRI    Functional magnetic resonance imaging   
  SPD    Schizotypal Personality Disorder   
  TEPS    The Temporal Experience of Pleasure Scale   
  VBM    Voxel Based Morphometry   

10.1           Introduction 

 Emotional impairments have been considered core features of negative symptoms 
of schizophrenia and one of the most critical determinants of functional outcome of 
this clinical group [ 1 ,  2 ]. Anhedonia is defi ned as the diminished ability to experi-
ence pleasure, whereas avolition is defi ned as the diminished motivation to seek and 
sustain in goal-directed behaviour driven by positive or desirable events or the pos-
sibility of these events happening [ 3 ,  4 ]. Negative symptoms in schizophrenia pres-
ent great challenge to available treatments [ 5 ,  6 ] and have signifi cant bearings on 
prognosis. The reason which could account for the diffi culties in fi nding effective 
treatment is that the nature (especially the neural mechanism) of anhedonia in 
schizophrenia remains unclear. However, even though the clinical understanding of 
anhedonia in schizophrenia is not completely clear, it is commonly acknowledged 
that there is an “emotional paradox” observed in this clinical group. Patients with 
schizophrenia demonstrate intact pleasurable experience when they are presented 
with evocative stimuli in laboratory-based assessments when compared to their self- 
reported pleasure experience [ 7 – 11 ]. Moreover, the study of anhedonia has been 
extended to at-risk individuals before the development of the disorder such as indi-
viduals with schizotypal personality disorder (SPD) traits. In Meehl’s [ 12 ] model of 
schizophrenia, he considers anhedonia as an important marker of genetic vulnera-
bility for schizophrenia which can also be observed in individuals at risk of develop-
ing the illness such as those exhibiting SPD traits. Studying anhedonia in these 
medication-free individuals with SPD traits can help us understand the nature of 
hedonic capacity in patients with schizophrenia. 

 In an effort to address the complex nature of anhedonia in schizophrenia spec-
trum disorders, the present chapter summarizes up-to-date fi ndings of anhedonia in 
individuals with SPD traits. We begin with the conceptualization of SPD and its 
relationship with schizophrenia spectrum disorders, and the current constructs of 
hedonic capacity. We emphasize how important the current view and conceptualiza-
tion of hedonic capacity (or anhedonia) is in understanding the aforementioned 
emotion paradox observed in this clinical group. In particular, we focus on the two 
distinct components of pleasure experience, namely anticipatory and consumma-
tory pleasure, and their relationships to the objective laboratory-based assessments 
of hedonic capacity in individuals with SPD traits.  
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10.2     Conceptualizaiton of SPD and Its Relationship 
with Schizophrenia Spectrum Disorders 

 Meehl [ 12 ] proposed that schizotaxia, a genetic liability, predisposes an individual 
to develop some form of disorganization termed schizotypal behaviours which in 
turn will form a predisposition to schizophrenia. However, he also pointed out 
that this genetic risk alone is not suffi cient for the development of schizophrenia. 
This implies that individuals with schizotypal traits can have behavioural manifes-
tations that range from nearly normal to clinically abnormal presentation. Since 
then, Paul Meehl’s theory has evolved into two separate but related lines of 
research. The fi rst one focuses on schizotypy traits that comprise cognitive  slippage 
(mild associative loosening), anhedonia (pleasure-capacity defi cit), ambivalence, 
and interpersonal aversiveness (social fear) [ 13 ,  14 ]. The second one focuses on the 
constellation of symptoms indicating the presence of schizotypy. The DSM-IV 
[ 15 ] adopts such a construct to diagnose SPD as part of the personality disorders 
on Axis II, which is characterized by positive (e.g., magical thinking, Ideas of 
 reference) and negative (e.g., social withdrawal, anhedonia) symptoms [ 16 ]. However, 
more recent work suggests that SPD is better conceptualized as an attenuated form 
of schizophrenia [ 17 ]. SPD has also been considered to be one of the operational 
criteria for the schizophrenia prodrome [ 17 ]. An SPD diagnosis encompasses sub-
clinical positive and negative symptoms of schizophrenia. The conversion rate of 
prodrome to full- blown psychosis is roughly between 25 and 45 % 1 year after the 
diagnosis of schizophrenia prodrome [ 18 ]. The prevalence of SPD in the general 
population is about 3 % (DSM-IV, 2000). Biological relatives of patients with 
schizophrenia have a higher prevalence of SPD [ 19 ]. Researchers have suggested a 
continuum concept of psychosis with SPD and schizophrenia lying on the extremes, 
ranging from nearly normal functioning to psychotic disorders [ 20 ]. Empirical 
 evidence has also demonstrated that SPD traits are commonly distributed in the 
general population [ 21 ,  22 ]. 

 In this chapter, we operationally defi ne SPD traits as the traits generally covering 
the concepts of both Paul Meehl’s theory of schizotypy and the DSM-IV-based con-
struct of attenuated form of schizophrenia. However, it should be noted that the 
original conceptualization of schizotaxia or schizotypy proposed by Meehl [ 23 ] 
does not exactly match the DSM-IV diagnosis of schizotypal personality disorder. 
In Meehl’s viewpoint, schizotypy refers to a latent personality organization and is 
essentially a broader construct linked to a developmental theory, whereas the SPD 
in DSM-IV is an atheoretical categorization or aggregation of a set of observable 
signs and symptoms. Moreover, individuals with SPD traits, like their clinical coun-
terparts, may also demonstrate subtypes of behavioural manifestations, i.e., domi-
nant with negative-like and positive-like symptoms. Lastly, we have included both 
clinically diagnosed SPD and psychometrically defi ned SPD in the discussion in the 
present chapter.  
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10.3     Current Construct of Hedonic Capacity 
and Its Underlying Neural Mechanisms 

 Anhedonia is commonly defi ned as the inability to experience pleasure and is a core 
feature of schizophrenia and depression [ 24 ,  25 ]. Traditionally it is conceptualized 
as a unitary construct of diminished momentary pleasure experience [ 26 – 31 ]. For 
example, Rado [ 32 ] posited that anhedonia is the inherited predisposition to schizo-
phrenia as a result of the inability to experience pleasures and a lack of motive to 
engage in rewarding activities. It has then been incorporated into Meehl’s construct 
of schizotypy [ 12 ,  23 ] and subsequent assessment of physical and social anhedonia 
in schizotypy [ 33 ]. However, although the current literature demonstrates a consis-
tent pattern of emotional defi cits in schizophrenia spectrum disorders, recent fi nd-
ings have highlighted the presence of an “emotional paradox” in patients with 
schizophrenia [ 7 ,  8 ,  34 ]. While patients with schizophrenia could report experienc-
ing strong emotions (including pleasant emotion) in response to emotional material, 
they do not often report experiencing strong pleasant emotions in naturalistic situa-
tions [ 34 ]. These fi ndings were not confounded by the corresponding cognitive and 
language disturbances that often accompany schizophrenia and convergent evidence 
indicates that these patients are able to provide reliable and valid reports of emo-
tional experience [ 7 ,  9 ,  35 ]. 

 The advance of neuroscience in both animal and human research now suggests 
that anhedonia is a multidimensional construct that comprises at least two compo-
nents, namely consummatory and anticipatory pleasure [ 36 – 39 ]. Consummatory 
pleasure is the ability to experience momentary pleasure (i.e., the feeling of liking) 
when an individual is directly engaging in an enjoyable activity; whereas anticipa-
tory pleasure is the ability to experience a motivated and goal-directed behaviour 
(i.e., the feeling of wanting) for a future pleasant event [ 40 ,  41 ]. Motivation is 
always accompanied by hedonic experience, especially anticipatory experience of 
pleasure (appetitive pleasure) [ 36 ,  37 ,  40 ,  41 ]. Berridge and Robinson [ 41 ,  42 ] 
argue that “wanting” (anticipatory) behaviour is equivalent to approach motivation 
and is closely associated with appetitive pleasure in animals. Knutson’s anticipatory 
affect model further posits that the neural response of the nucleus accumbens 
correlated with anticipatory pleasure (arousal) predicts motivated behaviour in 
the future [ 36 ]. Studies on the dopamine system have shown that dopamine in 
the reward process is classically linked to the anticipatory experience of pleasure 
[ 43 ], and data suggest that the dopamine system also plays a motivational role [ 41 ]. 
Neuroanatomical hotspots have also been linked up with hedonic capacity [ 43 ,  44 ]. 
For example, the orbitofrontal and cingulate cortices as well as the insular cortices 
contribute to experiences of pleasure. Subcortical areas such as the dorsal and ventral 
striatum and the amygdala have also been implicated in the processing of positive 
emotional or reward stimuli. In particular, the orbitofrontal cortex takes up an 
important role in linking reward to hedonic experiences [ 45 ]. Patients with schizo-
phrenia have been found to have hypoactivation at the ventral striatum and orbito-
frontal cortex when compared with healthy controls, although it is still not clearly 
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known whether schizophrenia is associated with impaired reward valuation and 
motivation rather than a diminished processing of hedonic capacity [ 4 ,  9 ,  46 ]. 

 The outstanding issue of hedonic capacity in general and anhedonia research in 
schizophrenia in particular is that the nature of the subjective experience of pleasure 
is still not fully understood. The study of anhedonia in schizophrenia is further com-
plicated by the impact of clinical symptoms, medications, as well as the associated 
impairment of cognitive functioning and insight. Despite these challenges, the ques-
tion of anhedonia in SPD can still be approached using a multi-pronged approach, 
utilizing fi ndings from self-reported, behavioural and imaging work.  

10.4     Self-Reported Anticipatory and Consummatory 
Pleasure in Individuals with SPD Traits 

 The current literature suggests that all but one self-reported measure of experiential 
pleasure were based on the unitary construct of pleasure. The Temporal Emotional 
Experience of Pleasure Scale (TEPS) [ 3 ] is an 18-item checklist that captures both 
the anticipatory (10 items) and consummatory (8 items) components of pleasure 
experience in schizophrenia research. Satisfactory construct validity, internal con-
sistency, test-retest reliability and clinical discrimination have been demonstrated 
[ 3 ,  38 ,  47 – 49 ]. The TEPS can serve as an important tool to evaluate the subjective 
experience of individuals with SPD traits. 

 Martin et al. [ 50 ] were among the fi rst few researchers to adopt the two-facet 
perspective of pleasure experience to study individuals with SPD traits. They fi rst 
screened and recruited their potential participants using the Revised Social 
Anhedonia Scale [ 51 ] and Perceptual Aberration/Magical Ideation scale [ 52 ,  53 ]. 
Then they compared these two facets of experiential pleasure using the TEPS. Their 
fi ndings showed that individuals with negative SPD traits (elevations in social anhe-
donia score) had signifi cantly lower scores on both the anticipatory and consumma-
tory subscales of the TEPS. However, no signifi cant difference was found between 
individuals with positive SPD traits (elevations in magical ideation and perceptional 
aberrations) and healthy controls. 

 Gooding et al. [ 49 ] administered the TEPS to specifi cally examine the experience 
of pleasure in individuals with and without SPD traits using the TEPS. They further 
classifi ed the participants into negative SPD traits and positive SPD traits, and healthy 
controls without these traits. Their results showed that only the subtype of SPD traits 
characterized by social anhedonia but not the subtype characterized by positive 
symptom-like behaviour reported defi cits in both anticipatory and consummatory 
pleasure when compared with the individuals without SPD traits. These authors also 
found that working memory was differentially associated with the anticipatory and 
consummatory components of experiential pleasure. That is, signifi cant association 
was only found between the consummatory components of the TEPS and working 
memory. These fi ndings suggest that individual with negative SPD traits (socially 
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anhedonia) share similar diminished anticipatory and consummatory pleasure 
reported in patients with schizophrenia. 

 Shi et al. [ 54 ] screened out a sample of 1,039 college students from an extended 
pool of participants in a mentally at-risk study using the Schizotypal Personality 
Questionnaire [ 55 ,  56 ] and recruited 117 individuals with SPD traits and 116 indi-
viduals without SPD traits. They then classifi ed their SPD sample into positive and 
negative SPD using cluster analysis. They found that individuals with negative SPD 
traits demonstrated signifi cantly lower TEPS anticipatory subscore than healthy 
controls. However, the two groups did not differ signifi cantly in terms of consum-
matory subscore and total TEPS score. In contrast, individuals with positive SPD 
traits had signifi cantly higher anticipatory and consummatory subscores as well as 
total TEPS score than both negative SPD and healthy controls. These fi ndings are 
consistent with those demonstrated in patients with schizophrenia. In particular, the 
negative SPD group reported diminished anticipatory pleasure but relatively intact 
consummatory pleasure compared to healthy controls. Interestingly, Shi et al. [ 54 ] 
also found that individuals with negative SPD traits showed the least emotional 
expression and reported the highest levels of problems with memory as well as other 
depressive symptoms compared to controls. The pattern seems to be reversed in 
individuals with positive SPD traits with heightened pleasure experience compared 
to healthy controls. However, there was no signifi cant difference between the two 
groups of participants in terms of emotion expression. These fi ndings have been 
cross-validated by another independent study [ 57 ] showing that SPD traits could be 
clustered into subtypes, and with the negative group reported the lowest emotional 
experience ability on both anticipatory and consummatory pleasure experience than 
the positive and low SPD groups. 

 Extending the line of continuum of psychosis proposed by van Os et al. [ 21 ], 
Chan et al. [ 48 ] demonstrated that anhedonia, as measured by the Chapman Scales 
for Physical and Social Anhedonia [ 51 ], could serve as an enduring trait similar to 
psychotic symptoms distributing along the non-clinical sample. Signifi cant corre-
lations were found between SPD traits, physical and social anhedonia. More 
importantly, the anticipatory and consummatory subscores as well as the total 
TEPS score were all inversely and signifi cantly correlated with physical and social 
anhedonia. However, when the sample was split into individuals with and without 
SPD traits, individuals with SPD traits did not report diminished experiential antic-
ipatory and consummatory pleasure as assessed by the TEPS. These fi ndings may 
be due to the heterogeneity of SPD traits similar to that of schizophrenia patients. 
It is likely that only the negative subtype of SPD trait is associated with subjective 
pleasure experience impairment. Unfortunately, Chan et al. [ 48 ] did not report any 
subtype comparison in their study. The inconsistent fi ndings might have also been 
due to the variability of the reported TEPS scores among different studies. Strauss 
et al. [ 58 ] suggest that it is likely that self-reported anticipatory and consummatory 
pleasure may be infl uenced by demographic differences (e.g., ages, gender, educa-
tion, and ethnicity). 

 Taken together, the above fi ndings suggest that individuals with SPD traits show a 
similar pattern of self-reported anticipatory and consummatory pleasure with patients 
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with schizophrenia. However, it is necessary to examine negative and positive SPD 
traits as separate entities to avoid confusion and misunderstanding in their emotional 
manifestations.  

10.5     Experimental Tasks for Anticipatory 
and Consummatory Pleasure in Individuals 
with SPD Traits 

 Experimental studies of anhedonia in individuals with SPD traits were mainly lim-
ited to a unitary construct of anhedonia. The literature in this area suggests that 
individuals with SPD traits may experience a reduction in self-reported pleasure in 
response to experimental stimuli [ 59 ,  60 ] although there has also been studies 
showing no such difference [ 61 ]. Few studies have adopted an experimental para-
digm to examine the anticipatory and consummatory components of pleasure 
experience in individuals with SPD traits. Yan et al. [ 62 ] conducted two experi-
ments to examine specifi cally approach motivation based cognitive function and 
perceptual function in individuals with SPD traits, respectively. In their fi rst exper-
iments, they administered a memory probabilistic reward task based on signal 
detection theory to capture approach motivation. In this task, participants were fi rst 
required to learn 15 pictures of sign language and were then asked to recognize the 
pictures that they had seen from 90 pictures comprising pictures that they had 
learned and not learned. Participants were informed that correct recognition of the 
pictures that they had learned would be accompanied by more reward. Three blocks 
with varied amount of reward (0, 5, 10 points) were administrated to each partici-
pant. They found that participants would increase their approach motivation along 
the increment of reward. Although demonstrating elevated level of anhedonia, indi-
viduals with SPD traits (n = 20) did not differ in their response bias (log b) when 
compared with individuals without SPD traits (n = 20) during the recognition 
phase, indicating that approach motivation may be intact in these individuals. In their 
second study, participants from another sample pool were asked to perform a per-
ceptual probabilistic reward task. In each block of this task, participants were pre-
sented with two types of stimuli: a face with a long mouth and a face with a short 
mouth, and they were required to judge whether the mouth was long or not. The 
face with a long mouth was accompanied by more reward than the face with a short 
mouth. Feedback followed the participants’ judgment. Each participant was asked 
to perform three blocks. They observed that individuals with SPD traits (n = 24) did 
not display attenuated approach motivation. On the contrary, they showed a trend 
of enhanced approach motivation compared to individuals without SPD traits 
(n = 24) (p = 0.06). Taken together, these two experiments suggest that individuals 
with SPD traits tend to report higher levels of anhedonia, especially experiential 
pleasure in anticipation of future events, than healthy controls. However, no impair-
ment was found in the approach motivation in these individuals using either the 
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memory or the perceptual signal detection task. These authors postulated that the 
insignifi cant fi ndings in approach motivation might be due to the fact that SPD 
individuals needed no additional effort to gain the reward similar to healthy con-
trols in smoking motivation [ 63 ]. 

 However, it is not known whether reward learning is stable or not over time and 
the effect of stress on reward response in these individuals. We adopted a probabi-
listic reward learning task developed by Bogdan and Pizzagalli [ 64 ] to a group of 
individuals with and without SPD traits. We modifi ed this task by making the stimuli 
conditions transparent to the participants during the reward learning task, hence 
allowing the participants to make an informed discrimination between the two pos-
sible stimuli (reward asymmetry). This modifi ed task has been successfully applied 
to discriminate patients with major depression from healthy controls [ 65 ]. However, 
our unpublished data on SPD showed that there was no signifi cant difference in all 
parameters of this reward learning task between individuals with (n = 31) and without 
(n = 31) SPD traits. Figure  10.1  shows that the main effect of block was signifi cant 
(F (2, 59) =19.316, p < 0.001, partial η 2 = 0.244) with a diminished response bias 
over time (Block 1 > Block 2 > Block 3, all ps < 0.01). The interaction among condi-
tion, block and group was also signifi cant (F (2, 59) = 3.205, p < 0.044, partial 
η 2 = 0.051). However, no other signifi cant effects were found except for block 
effect in each group. When we further examined whether introducing stress would 
change the response bias in individuals with SPD traits, we found that there was 
only a trend of interaction between condition and block (F (1, 60) = 3.661, p = 0.060, 
partial η 2 = 0.058) (Fig.  10.2 ). Moreover, a check on the discriminability between 
individuals with and without SPD traits showed that there was only a main effect of 
Block (F (2, 59) = 10.139, p < 0.001, partial η 2 = 0.145) with a diminished response 
bias (Block 1 < Block 2, Block 1 < Block 3, all ps < 0.005). Other variables were all 
non-signifi cant (all Fs < 3.876; all ps > 0.054). These fi ndings suggest that individuals 
with SPD traits did not demonstrate any diffi culties in maintaining positive affect to 
appetitive stimulus and possess intact ability to experience consummatory pleasure 
(Fig   .  10.3 ).
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     Lui et al. [ 66 ]    conducted two experiments to examine emotion-volition decou-
pling in patients with fi rst-onset schizophrenia and healthy controls, as well as indi-
viduals with and without SPD traits. They adopted a task developed by Heerey and 
Gold [ 67 ] to examine the anticipation and consummation of experiential pleasure. 
They found that both patients with fi rst-onset schizophrenia and individuals with 
SPD showed similar affective experiences as their controls but their experiences 
were signifi cantly less predictive of their behaviour. This emotion-volition decou-
pling was more impaired in anticipatory than in consummatory pleasure experience 
for patients with schizophrenia. These fi ndings suggest that emotion-volition decou-
pling can be demonstrated in patients with few negative symptoms in the early course 
of schizophrenia and in individuals with SPD traits. However, the latter seems to 
show a milder form of impairments when compared with the clinical group. 

 Strauss et al. [ 68 ] examined specifi cally both state and trait anhedonia between 
patients with schizophrenia, individuals with psychometric schizotypy, and healthy 
controls. They administered the Positive and Negative Affect Schedule (PANAS) [ 69 ] 
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to examine the trait affect in these participants and found that individuals with 
schizotypy did not show signifi cant differences from patients. However, for state 
affect, which was assessed by a mood-induction task that asked participants to eval-
uate their affective state (pleasant and unpleasant, separately) followed by seeing 
neutral/good/bad affective images, individuals with schizotypy reported lower 
pleasant ratings on each conditions than the other three groups, but no signifi cant 
difference was found on unpleasant emotion ratings. They also showed that the 
negative subscale scores in schizotypy were negatively correlated with pleasant 
emotion ratings, whereas blunted affect was found to be inversely associated with 
pleasant ratings in patients with schizophrenia. These fi ndings suggest that there 
might be another paradox in the schizophrenia spectrum in that for state anhedonia, 
individuals with schizotypy demonstrated diminished pleasure, whereas schizo-
phrenia patients did not.  

10.6     Neuroimaging Findings of Anhedonia in Individuals 
with SPD Traits 

 Substantial evidence from structural brain imaging studies indicates that individuals 
with SPD traits, particularly clinically diagnosed individuals with SPD, often 
exhibit a wide range of brain abnormalities including a reduction in grey matter 
volume in the temporal lobe, the frontal lobe, the parietal lobe, the basal ganglia 
[ 70 ] and the posterior cingulate cortex [ 71 ]. However, most of these studies focused 
on positive-like symptoms rather than negative symptoms. More recently, Asami 
et al. [ 72 ] adopted the voxel-based morphometry method to examine 54 clinically 
diagnosed SPD individuals and 54 healthy controls and found that there was a sig-
nifi cant reduction in grey matter volume in individuals with SPD in the left superior 
temporal gyrus and widespread frontal, frontolimbic and parietal regions compared 
to healthy controls. More importantly, reduction in grey matter volume in these 
regions was signifi cantly correlated with negative symptoms. However, it should be 
noted that neither a unitary construct nor a two-facet construct of anhedonia was 
specifi cally examined in this clinically diagnosed SPD sample. 

 Harvey et al. [ 73 ] were among the fi rst to examine the enduring trait of anhedonia 
using both structural and functional imaging methods in a group of college students. 
The optimized Voxel Based Morphometric (VBM) analysis was adopted for struc-
tural images preprocessing and the structural correlates of trait anhedonia, assessed 
by the Chapman Physical Anhedonia Scale [ 33 ], was examined by regression anal-
ysis. The results showed that the grey matter volume of bilateral anterior caudate 
was inversely correlated with trait anhedonia. In the same study, they also examined 
brain activity during the viewing of positive pictures compared to neutral pictures 
and its relationship with trait anhedonia. Positive associations between trait anhedo-
nia and brain activity of the ventromedial prefrontal cortex, the middle and superior  
found during the processing of positive information. These fi ndings suggest a specifi c 
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kind of vulnerability for the development of affective disorders and suggest that trait 
anhedonia may be linked to a volumetric reduction in the basal ganglia and to a 
prefrontal functional abnormality during hedonic processing. However, it should be 
noted that the authors did not attempt to discriminate individuals with SPD traits 
from those without SPD traits. These authors did not fi nd any signifi cant inverse 
association between trait anhedonia severity and functional activation in subcortical 
regions. These might be due to the fact that the authors did not use a selection 
method to divide the participants into those with SPD and without SPD traits. 
Moreover, anhedonia was only defi ned by the physical domain of the Chapman 
Physical Anhedonia Scale [ 33 ] and did not take into the consideration of the social 
domain, and more importantly, the two-facet component of anhedonia. Future 
research should adopt a reward-based paradigm that could specifi cally characterize 
the subtle relationship between the structural and functional correlates of anhedonia 
in different contexts. 

 Empirical fi ndings on neural network associated with pleasure may provide 
insight into the study of anhedonia in individuals with SPD traits. For example, 
individuals with anhedonia in social interaction have been found to have less neural 
activity in facial expression discrimination regions such as the medial prefrontal 
cortex, the right superior temporal gyrus, and the left somatosensory cortex [ 74 ]. 
Interpersonal relationship of individuals with SPD traits has been particularly shown 
to correlate with reduced accuracy on the facial expression recognition task [ 75 ]. 
However, very few studies have been conducted to examine the neural activities of 
individuals with SPD traits in a social interaction situation. Huang et al. [ 76 ] devel-
oped a dyadic conversation paradigm to examine dynamic happy facial expression 
processing in different social interaction contexts in individuals with and without 
SPD traits. Their fi ndings showed that bilateral activation of the prefrontal cortex 
during the contrast of happiness appearing and disappearing. More regions such as 
the right parahippocampal gyrus and the right insula were activated when contrast-
ing the “praise”-“blame” cues. Individuals with SPD traits were found to exhibit 
less deactivation to the happiness disappearing faces than healthy controls in the 
rostral anterior cingulate. These SPD individuals also showed more deactivation 
than healthy controls in the left prefrontal cortex and the rostral superior temporal 
gryus with “blame” cues. However, the two groups did not differ in the contrast of 
incongruent and congruent conditions. If we merged the data from the two groups, 
we found two cortical regions (the right superior frontal gyrus and the left inferior 
occipital gyrus) which were sensitive to the incongruence between dynamic facial 
expression and social interaction context. When we re-analyzed the data with the 
TEPS score retrospectively, we found that the beta value of activation in the right 
superior frontal gyrus in the happiness appearing of blame context was signifi cantly 
correlated with TEPS total score while the left inferior occipital gyrus was not. This 
might suggest that the right superior frontal region was involved in both processing 
the context-face incongruence and pleasure experience. Taken together, these fi ndings 
suggest individuals with SPD traits have different neural inhibition mechanisms 
when processing the happiness disappearing stimuli with “blame” cues. 
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 Recently, in addition to the conventional univariate analysis, novel multivariate 
approaches for the analysis of fMRI data are emerging. Unlike the univariate 
approach detecting the averaged activation differences in the brain [ 77 ], multivari-
ate approach can detect fi ne-grained changes in neural representations and refl ect 
more information in neural activation pattern than mean activation [ 78 – 80 ]. 
In Modinos et al.’s recent study, the Community Assessment of Psychic Experiences 
questionnaire [ 81 ] was used to identify participants with psychosis-proneness/SPD 
[ 82 ]. Each participant was required to view the neutral and negative valenced pic-
tures from the International Affective Pictures System during scanning. Multivariate 
pattern analysis was employed to distinguish individuals with SPD traits from 
those without SPD traits during negative emotion processing. A unique pattern of 
activation was found between these two groups in the amygdala, the insula, the 
anterior cingulate cortex, the orbital frontal cortex, and the medial prefrontal 
 cortex, while the conventional univariate analysis could not detect such differences. 
Our unpublished imaging data further suggest an altered medial orbitofrontal 
 activation pattern during the experience of consummatory pleasure in individuals 
with SPD traits. Specifi cally, individuals with SPD traits could not differentiate the 
activation pattern of consummatory pleasure from consummatory negative emo-
tion at the medial orbitofrontal cortex. 

 In summary, anhedonia is the reduced capacity to experience pleasure and is one 
of the negative symptoms in schizophrenia. Anhedonia is also one of the main 
symptoms confounding the functional outcome of patients with schizophrenia. 
Reduced hedonic capacity can also be measured as an enduring trait in non-clinical 
subjects. Such altered hedonic capacity is likely the result of a basic neuropsycho-
physiological dysfunction and a vulnerability marker that potentially precedes and 
contributes to the liability of developing psychotic disorders. It is crucial to the 
psychopathology of schizophrenia spectrum disorders. However, most previous 
studies were limited by recruiting only patients with clinically diagnosed psychotic 
disorders, behavioural rating of anhedonia, and the adoption of a unitary concept of 
anhedonia. Currently, no study in the literature has examined the neural basis of 
anhedonia in individuals with SPD traits, and little is known about the relationship 
between motivation and anhedonia.  

10.7     Conclusions and Future Directions 

 Anhedonia is a symptom manifestation not only observed in patients with schizo-
phrenia but also can be observed in individuals at-risk of psychosis as well as indi-
viduals with SPD traits. Studying anhedonia in individuals with SPD traits may 
provide better understanding of the problem because these individuals are not infl u-
enced by the course of illness and medication effects. However, this kind of study is 
surprisingly rare. One the one hand, the limited literature suggests that individuals 
with SPD traits exhibit a similar pattern of self-reported anticipatory and consum-
matory pleasure to patients with schizophrenia. On the other hand, it is surprising 
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that the study of anhedonia is no simpler than patients with schizophrenia. Although 
most of the self-reported fi ndings suggest that these individuals demonstrate impair-
ment in anticipatory and consummatory pleasure as compared to healthy controls, 
some suggest it is the reverse. The picture is even more complicated when fi ndings 
from laboratory-based studies were taken into consideration. A large proportion of 
empirical fi ndings suggest that individuals with SPD traits do not show impairment 
in pleasure. Taken as a whole, it seems that there is another emotion paradox, 
namely the state anhedonia paradox, in this at-risk group [ 83 ]. That is, by defi nition, 
it is paradoxical in the sense that schizophrenia is much more severe in virtually 
every illness-related aspect as compared with individuals with SPD traits. Cohen 
et al. [ 83 ] argue that this situation does not always apply to the whole spectrum of 
the disorder. However, the underlying mechanism is largely unknown. Therefore 
future study should focus more on this state anhedonia paradox. 

 It is noteworthy that Strauss and Gold [ 58 ] postulate that observed anhedonia 
may not be merely due to diminished experiential pleasure but also the belief system 
endorsed by patients with schizophrenia. According to these authors, there are three 
components interacting with one another in infl uencing the corresponding anhedonia 
observed in these clinical patients. These components include (1) low pleasure 
beliefs and a lack of prospective or retrospective overestimation of positive emo-
tion; (2) reduced pleasure-seeking behaviour, and (3) elevated negative symptoms. 
However, this speculation is totally based on empirical fi ndings from patients with 
schizophrenia. Given the state-anhedonia-paradox mentioned above, it is not fully 
known whether this speculation is applicable to individuals with SPD traits. 
Nevertheless, our unpublished fi ndings on time perspective scale [ 84 ] revealed that 
individuals with SPD traits reported signifi cantly lower score in past positive but 
higher scores in past negative as well as present fatalistic perspectives than healthy 
controls. Given such a negative past experience and uncertain current situation, indi-
viduals with SPD traits were found to be scoring signifi cantly higher on present 
hedonistic perspective. These preliminary fi ndings suggest that individuals with 
SPD traits may possess a set of cognitive style or belief system that may determine 
their observed hedonic behaviour. However, further systematic research is needed to 
verify this interesting paradox observed across the spectrum of schizophrenia. It is 
also necessary to examine negative and positive SPD traits as separate entities to 
avoid confusion and misunderstanding in their emotional manifestations. 

 The aforementioned studies of the two-facet experiential pleasure construct were 
all cross-sectional in design. No longitudinal study has been undertaken to specifi -
cally track the changes of anticipatory and consummatory experiential pleasure 
over time and their predictive validity in individuals with SPD traits. However, 
empirical fi ndings using the Chapman Scales of Physical and Social Anhedonia 
[ 33 ] indicate that individuals characterized by social anhedonia were associated 
with elevated SPD traits and psychotic-like experiences [ 35 ,  85 ,  86 ]. It will be inter-
esting to examine whether the anticipatory and consummatory components would 
change similarly or differentially over time in these individuals. In particular, it will 
be important to identify whether there is any predictive validity of the changes of 
these two facets of experiential pleasure from prodrome to full-blown psychosis. 
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 The advance of neuroimaging technologies may provide better ways to investigate 
the underlying neural mechanism of anhedonia in individuals with SPD traits. 
Neuroimaging allows us to examine the neural substrates and their connectivity 
with specifi c areas. A related potential implication of neuroimaging technologies is 
to pave the way for the possibility of non-invasive way treatment for anhedonia, 
which is currently considered an enduring feature of schizophrenia. For example, 
meta-analyses of the effects of repetitive transcranial magnetic stimulation have 
reported medium to large effect size in improving negative symptoms of schizo-
phrenia [ 87 ,  88 ]. The application of neuroimaging has been extended recently from 
being used as an evaluation tool to an intervention tool such as real-time imaging 
neurofeedback [ 89 ,  90 ]. There have been initial reports of success in helping patients 
to regulate negative emotions such as pain perception [ 91 ]. Given its promising 
effect of manipulating a specifi c brain region, it is possible that real-time imaging 
neurofeedback may also allow us to examine how mental strategy can regulate the 
hotspots of hedonic capacity such as the orbitofrontal cortex, the rostral anterior 
cingulate cortex and the insula. 

 On the other hand, Favrod et al. [ 92 ] adopted an innovative cognitive-sensory 
intervention to improve the anticipatory experiential pleasure in fi ve patients with 
anhedonia as measured by the TEPS. These individuals were trained to enter a state 
of relaxation to anticipate pleasure from potential enjoyable activities and to experi-
ence the sensation of the pleasure in their bodies. The intervention has been effec-
tive in improving the anticipatory pleasure subscore of the TEPS, but did not have 
an effect on the consummatory pleasure subscore. Despite the preliminary nature of 
the study, these fi ndings suggest that cognitive-sensory interventions may be spe-
cifi c to anticipatory experiential pleasure through multimodalities simulation. This 
kind of approach together with real-time imaging neurofeedback may have advan-
tages over conventional medical interventions especially for individuals with SPD 
traits who are not clinically diagnosed patients. 

 Taken together, the existing literature suggests that anhedonia is not limited to 
patients with established schizophrenia but also extends to individuals prone to 
psychosis such as those with SPD traits. However, the study of anhedonia in indi-
viduals with SPD traits remains preliminary. There are a number of unresolved 
issues in this area and its relationship with schizophrenia spectrum disorders 
remains unclear. Nevertheless, a potentially fruitful avenue is the use of the two-
facet construct (i.e., anticipatory and consummatory) of pleasure experience and 
a combination of hedonic capacity measures to provide a comprehensive approach 
to anhedonia evaluation in individuals with SPD traits. These will facilitate a 
clearer understanding on whether anhedonia may serve as a vulnerability maker 
for schizophrenia and contribute to the development of potential intervention for 
this defi cit.     
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