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Anhedonia and Ambivalence in Schizophrenic Patients 
with Fronto-Cerebellar Metabolic Abnormalities:  
A Fluoro-D-Glucose Positron Emission Tomography Study 

 

 

 
ObjectiveaaPrefrontal and cerebellar abnormalities have been associated with higher cogni-
tive deficits in schizophrenia. The current study aimed to show whether or not schizophrenic 
patients with fronto-cerebellar functional abnormalities show more anhedonia or ambivalence.
MethodsaaRegional cerebral metabolic activity was measured using fluoro-D-glucose posi-
tron emission tomography and was compared between 24 patients with chronic schizophre-
nia and 22 healthy normal volunteers. The existence of regional prefrontal hypofunction and 
regional cerebellar hyperfunction was investigated in each patient. Demographic and clinical 
variables including the emotional self-report scales were compared between the subgroups of 
the patients categorized according to the existence and the absence of the regional dysfunc-
tions. 
ResultsaaComparisons between each patient and the total normal controls revealed that 
14 of the total twenty-four patients had regional hypofrontal functions, whereas 11 patients 
had regional hypercerebellar functions. Patients with prefrontal hypofunction showed more 
severe anhedonia than those without prefrontal hypofunction, whereas patients with cerebel-
lar hyperfunction compared to those without cerebellar hyperfunction had more severe am-
bivalence. 
ConclusionaaIt seems that fronto-cerebellar abnormalities may be associated with car-
dinal emotional features of schizophrenia, such as anhedonia and ambivalence. 
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Introduction 

 
Schizophrenia is a debilitating disease with heterogeneous phenomenology and di-

verse symptoms.1 Among the variety of symptoms, both anhedonia and ambivalence 
are considered to be fundamental in patients with schizophrenia.2 Anhedonia is defin-
ed as a deficit in the ability to experience pleasant emotions, and ambivalence refers
to a state of simultaneous and conflicting emotional valences toward a person or ob-
ject.2 Therefore, the two symptoms could reflect some aspects of emotional distur-
bances that accompany schizophrenia. 

However, patients with schizophrenia have a deficit in the ability to experience posi-
tive emotions related to future activities (anticipatory pleasure) but experience normal 
levels of positive emotions when directly engaged in pleasant activities (consummatory 
pleasure).3 This indicates that anhedonia may be caused by the disturbances in higher
cognitive functioning, e.g. executive functions such as anticipation as well as emotion-
al processing. In addition, ambivalence essentially induces approach-avoidance con-
flicts and thus higher cognitive functions are required to resolve conflicting emotional
valences.4 Emotional disturbances in individuals with schizophrenia are thought to de-



 
 
 
 
 

KM Park et al. 

www.psychiatryinvestigation.org 73 

rive from abnormal interactions between the mesolimbic 
system and brain regions such as the prefrontal cortex and 
cerebellum that are responsible for higher cognitive func-
tions.5,6 Therefore, the psychological and neural underpin-
nings of these two fundamental symptoms could be based 
on the interface between the neural substrates of emotion 
and higher cognition.  

The prefrontal cortex and the cerebellum in the hu-
man are two brain regions that are massively larger by 
approximately one-third when compared to primates that 
lack capacities for higher cognitive functions.7 In addi-
tion, tract-tracing studies show that the cerebellum has 
strong connectivity between the prefrontal regions, which 
supports the notion that the cerebellum participates in 
neural circuits that perform higher cognitive functions 
of the prefrontal cortex.8 Therefore, the prefrontal cortex 
and the cerebellum are among a variety of brain regions 
considered to be key substrates for higher cognitive func-
tions.6,9 

Abnormalities in higher cognitive functions, hallmarks 
of schizophrenia, have been consistently connected to dis-
rupted functioning of the prefrontal cortex and the cerebel-
lum.9-12 Thus, the aim of this study was to examine wheth-
er patients with dysfunctional activity in these brain re-
gions would show more severe anhedonia or ambivalence 
than subjects with normal activity at the same loci.  

Abnormalities in higher cognitive functions in schizo-
phrenia are associated with prefrontal hypofunction rather 
than hyperfunction, and cerebellar hypofunction10,13 or hy-
perfunction.9,14 The crucial roles of the cerebellum in the 
circuit responsible for higher cognitive functions are coor-
dinating or modulating the activities in the prefrontal cor-
tex, and therefore cerebellar activities could vary across 
features of required higher cognitive functions. Moreover, 
it is very difficult to connect a regional abnormality pat-
tern to a specific clinical symptom in each individual pa-
tient, as most imaging results in schizophrenia have been 
obtained from analyzing the between-group differences 
or the within-group correlations. This is in part due to 
diverse functional patterns among individual patients with 
the illness as well as subtle variations in functional acti-
vities in the individuals.  

Therefore, we investigated abnormal regional brain 
functions using 2-deoxy-2-18F-fluoro-glucose-positron 
emission tomography (18F-FDG-PET) in each individual 
patient when compared with total normal controls in order 
to predict those who would have abnormal functions in the 
prefrontal cortex and the cerebellum. We then compared the 
severities of anhedonia and ambivalence between patients 
with and without prefrontal hypofunction, and between 
patients with and without cerebellar hyperfunction. We 
hypothesized that the severities of anhedonia and ambi-

valence would be significantly different between the pa-
tient subgroups. 

 
Methods 

 
Subjects 

The subjects were 24 patients with schizophrenia and 
22 age-matched normal, healthy volunteers. The patients 
were recruited from the outpatient clinics at the Severance 
Mental Health Hospital (SMH), and had been in follow-
up for more than two years. They fulfilled the DSM-IV cri-
teria for schizophrenia, as diagnosed using the Structured 
Clinical Interview for DSM-IV (SCID).15 The exclusion 
criteria for the study were any lifetime history of neurolo-
gical or other significant medical illnesses and any past his-
tory of substance abuse. The normal, healthy volunteers 
were recruited from the local community, and were scre-
ened for any current or lifetime history of a DSM-IV Axis 
I disorder using the SCID. The study was carried out under 
the guidelines established by the institutional review board 
of the SMH for research involving human subjects, and 
written informed consent was obtained from all subjects 
before the study began. 

Each group contained the same number of men and wo-
men, and all participants were right-handed. The mean 
ages of the patient and normal control groups were 30.5 
years (SD=3.5, range=23-36) and 30.3 years (SD=3.1, 
range=25-35), respectively. The mean years of education 
were 12.8 (SD=2.0) and 13.0 years (SD=1.6), respectively. 
Age and educational background were not significantly 
different between the groups. At the time of positron emis-
sion tomography (PET) scanning, the mean duration of ill-
ness in the patient group was 8.4 years (SD=3.8). All pa-
tients received either one or two neuroleptics, including 
risperidone, olanzapine, clozapine, aripiprazole and halo-
peridol, with a mean chlorpromazine- equivalent dose16 of 
586.4 mg (SD=349.5). 

 
Measurement of symptom severity and  
emotional characteristics 

Symptom severity of the patients was assessed using 
the Positive and Negative Syndrome Scale17 within the 
week before PET scanning. The mean scores of schizo-
phrenic symptom severities were calculated in the patient 
group: positive (mean=16.1, SD=3.2), negative (mean= 
17.0, SD=2.4), general (mean=34.0, SD=4.9), and total 
(mean=67.1, SD=8.9) symptoms.  

Immediately after PET scanning, all subjects reported 
their own emotional tendencies by filling out four different 
self-report scales such as the physical and social anhedonia 
scales,18 the schizotypal ambivalence scale19 and the emo-
tional expressivity scale.20 The physical anhedonia scale 
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consists of 61 Yes-No questions and measures a deficit 
in the ability to experience pleasure, whereas the social 
anhedonia scale containing 40 items measures social with-
drawal, a lack of interest and pleasure in social and inter-
personal relationships. Scores of the physical anhedonia 
scale in the patients (mean=21.3, SD=9.6) were higher 
than those in the normal controls (mean=14.5, SD=6.9)(t= 
2.74, p<0.01), and scores of the social anhedonia scale in 
the patients (mean=15.5, SD=6.2) were also higher than 
those in the normal controls (mean=9.2, SD=5.1)(t=3.77, 
p<0.001). The schizotypal ambivalence scale consists of 
19 Yes-No questions to identify ambivalence as character-
istic of schizotypy and schizophrenia. Scores of the schi-
zotypal ambivalence scale in the patients with schizophre-
nia (mean=10.6, SD=6.3) were higher than those in the 
normal controls (mean=6.2, SD=3.7)(t=2.95, p<0.01). The 
emotional expressivity scale, a 17-item 6-point scale, as-
sesses the extent to which people outwardly display their 
emotions. Unlike other scales, scores of the emotional ex-
pressivity scale in the patients (mean=60.6, SD=8.6) were 
not significantly different from those in the normal controls 
(mean=65.6, SD=10.7). The demographic and scales data 
were analyzed using the Statistical Package for the Social 
Sciences (SPSS)(Version 13.0, Chicago, IL, USA) and the 
significance was set at p<0.05 (two-tailed).  

 
Positron emission tomography procedures and 
imaging data preprocessing  

PET images were acquired using a GE ADVANCE PET 
scanner (GE, Milwaukee, Wisconsin, USA) which had an 
intrinsic resolution of 4.8 mm full width at half maximum 
(FWHM) and a slice thickness of 4.25 mm for a longitu-
dinal field of view of 15.2 cm. Subjects were asked to lie 
still with their eyes closed in a quiet, dimly lit room for 
40 minutes after receiving an intravenous injection of ap-
proximately 185 MBq (5 mCi) of 18F-FDG. Afterwards, 
an 8-min transmission scan was performed using Ge-68 
rod sources to correct for attenuation. The emission scan 
continued in 3-dimensional mode for 15 minutes. Gather-
ed data were then reconstructed in a 128×128×35 ma-
trix with a pixel size of 1.95×1.95×4.25 mm using a 3-di-
mensional filtered back-projection algorithm employing 
a transaxial 8.5 mm Hanning Filter and an 8.5 mm axial 
Ramp Filter.21 

Spatial pre-processing and statistical analyses were 
performed using Statistical Parametric Mapping (SPM2, 

Institute of Neurology, University College of London, UK). 
All reconstructed images were spatially normalized into 
the MNI (Montreal Neurological Institute, McGill Univer-
sity, CA) standard PET template to remove the inter-sub-
ject anatomical variability. An affine transformation was 
performed to determine the 12 optimal parameters in order 
to register the brain on the template. Subtle differences 
between the transformed image and the template were 
removed by the nonlinear registration method using the 
weighted sum of the pre-defined smooth basis functions 
involved in discrete cosine transformation. Spatially nor-
malized images were smoothed by convolution with an 
isotropic Gaussian kernel with 14 mm FWHM to increase 
the signal-to-noise ratio and accommodate for variations 
in subtle anatomical structures. 

 
Statistical analysis  

The effects of global metabolism were removed by nor-
malizing the count of each voxel to the mean count of the 
brain (proportional scaling in SPM). In order to demon-
strate abnormalities in each case, comparisons were made 
between each patient and the 22 total normal controls. Sig-
nificant decreases and increases of the adjusted regional 
cerebral metabolism were obtained using t-statistics at 
every voxel. To facilitate interpretation, the t-values were 
transformed to Z-scores in the standard Gaussian distribu-
tion. The clusters consisting of a minimum of 50 contigu-
ous voxels with the threshold of an uncorrected p<0.001 
were considered to be significant. According to the a pri-
ori hypothesis that there would be prefrontal hypofunction 
and cerebellar hyperfunction in patients with schizophre-
nia, the existence or the absence of regional abnormal 
clusters in the prefrontal cortex and in the cerebellum were 
categorized into subgroups using the Talaraich coordinate 
system.22 Thereafter, demographic and clinical variables 
were compared between these defined subgroups using 
χ2-tests for categorical variables or independent t-tests for 
continuous variables. We used the Statistical Package 
for the Social Sciences (SPSS) (Version 13.0, Chicago, IL, 
USA), and significance of the differences was accepted 
when p<0.05 (two-tailed) in the analyses. 

 
Results 

 
As demonstrated in Table 1, comparisons between each 

patient and the total normal controls revealed that 14 of 
TABLE 1. Existence or absence of regional hypofrontal and hypercerebellar functions in an individual patient with schizophrenia when com-
pared with the normal comparison group 

Case number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Hypofrontal functions + + + + o + o + + o + o o o o + o + + o + + + o 

Hypercerebellar functions o o o + + o + + o + o + o o o + + o o o + + + o 
+: existence, o: absence. 
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the total twenty-four patients had regional hypofrontal 
functions, and 11 patients had regional hypercerebellar 
functions. Six patients had both regional hypofrontal and 
hypercerebellar functions, 8 patients had only regional 
hypofrontal functions, and 5 patients had only regional 
hypercerebellar functions. However, 5 patients had no ab-
normalities in these brain regions. 

Table 2 shows subgroup means of demographic and 
clinical variables according to whether or not the regional 
metabolic abnormalities were apparent. Most variables 
were unchanged whether or not abnormal functioning was 
evident. As shown in Figure 1, the only difference between 
the patient subgroups with and without regional hypofron-
tal function was observed in the physical anhedonia scale. 

On the other hand, the only difference between the patient 
subgroups with and without regional hypercerebellar func-
tion was identified in the schizotypal ambivalence scale. 

 
Discussion 

 
Our unique approach, in which each case and the total 

normal controls were compared, demonstrated that only 
6 patients (25.0%) had both regional hypofrontal and hy-
percerebellar functions, whereas 5 patients (20.8%) had 
no abnormalities in these brain regions. It is well known 
that schizophrenia is a heterogeneous disorder. Previous 
studies have reported inconsistent brain activities in pa-
tients with schizophrenia during the resting state and even 
during the task-stimulating condition.23,24 As described 
in Table 1, regional activity patterns are variable among 
the patients, suggesting that results from the group com-
parison could be dependent on the composition of subjects. 
Therefore, the abnormalities in the two brain regions 
could not be generalized to problems of all patients with 
schizophrenia, but rather associated with some critical 
features rather than common problems in the patients 
with schizophrenia. 

The patients with prefrontal hypofunction compared 
to those without prefrontal hypofunction showed more se-
vere physical anhedonia, whereas the patients with cere-
bellar hyperfunction relative to those without cerebellar 
hyperfunction exhibited more severe ambivalence (Table 2, 
Figure 1). These results could suggest that the two symp-
toms have different neural correlates within the brain such 
as prefrontal-thalamic-cerebellar circuitry.25 

In fact, patients with schizophrenia had a normal in-
ternal experience of positive emotion in the moment (con-
summatory pleasure), but they failed to anticipate or ex-

TABLE 2. Subgroup means (SD) of demographic and clinical variables

Hypofrontal functions Hypercerebellar functions 
 

Existent (N=14) Absent (N=10) Existent (N=11) Absent (N=13) 

Age (years) 031.2 (3.4) 029.4 (3.7) 030.4 (3.4) 030.5 (3.8) 

Sex (male/female) 8/6 4/6 7/4 5/8 

Education (years) 012.7 (1.5) 012.8 (2.7) 012.0 (1.9) 013.4 (1.9) 

Duration of illness (years) 008.4 (3.3) 008.4 (4.5) 010.0 (4.4) 007.0 (2.6) 

Chlorpromazine equivalent dose (mg) 655 (415) 490 (215) 591 (337) 583 (374) 

PANSS      - Positive 016.6 (3.2) 015.3 (3.2) 016.8 (2.4) 015.5 (3.7) 

- Negative 017.1 (2.2) 016.9 (2.8) 017.7 (2.3) 016.4 (2.4) 

- General 033.6 (5.1) 034.6 (4.8) 035.3 (4.9) 032.9 (4.8) 

- Total 067.3 (8.4) 066.8 (10.1) 069.8 (9.2) 064.8 (8.3) 

Physical anhedonia scale 024.8 (10.1)* 016.3 (6.5) 024.9 (12.3) 018.2 (5.3) 

Social anhedonia scale 016.6 (7.0) 013.9 (4.7) 017.6 (7.5) 013.7 (4.4) 

Schizotypal ambivalence scale 011.0 (6.1) 010.1 (6.8) 013.3 (6.4)* 008.4 (5.4) 

Emotional expressivity scale 058.9 (6.1) 063.1 (11.1) 058.4 (7.4) 062.5 (9.4) 
*p<0.05. PANSS: positive and negative syndrome scale 
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FIGURE 1. Differences of the physical anhedonia scale scores
and schizotypal ambivalence scale scores between the existence
and the absence of the regional hypofrontal and hypercerebellar
functions. 
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pect that future events would elicit these emotions (anti-
cipatory pleasure).3 Behavioral studies indicated deficits 
in reward-related decision-making in patients with schiz-
ophrenia,26 and neuroimaging studies suggested that they 
failed to recruit reward-related brain regions while predi-
cting future reward.27-30 Moreover, a recent study31 showed 
that they were impaired in amplification but not suppres-
sion of pleasant expressions. These results could suggest 
that hypofunction of the brain regions responsible for 
the anticipation of future pleasant activities is a critical 
neural substrate of anhedonia. It is well-established that 
the prefrontal cortex among various brain areas plays key 
roles in anticipation;32 in particular, the prefrontal cortex 
may be preferentially engaged in the positive emotions.33 
Furthermore, the hypofrontality of schizophrenia is asso-
ciated with impairments in executive functions such as 
anticipation.32 These findings our consistent with our re-
sults that patients with prefrontal hypofunction have more 
severe anhedonia than those without prefrontal hypofunc-
tion .  

On the other hand, core roles of the cerebellum in the 
higher cognitive functions include rapid, online error de-
tection, modulation, and coordination, culminating in the 
production of mental representations in a fine-tuned pat-
tern. The cerebellum is activated in a variety of mental 
activities including facial recognition, emotional attribu-
tion, theory of mind, directed attention and many types of 
memory.6 In order to resolve ambivalence by simultane-
ously representing conflicting emotional valences,4 indivi-
duals may have to detect the errors driven from the con-
flicting emotional representations, modulate and coordinate 
the representations and the errors in a rapid and online 
manner, and then produce the integrated mental represen-
tations in a fine-tuned pattern. Therefore, it may be pos-
sible that hyperfunction of the cerebellum may reflect 
enhanced difficulty in resolution of ambivalence. This 
possibility could be supported by our finding indicating 
that the patients with cerebellar hyperfunction have more 
severe ambivalence than those without cerebellar hyper-
function.  

A limitation of our study was that the patients with 
schizophrenia were all medicated with antipsychotics. 
There are reports that antipsychotic medications affect 
cerebellar and even prefrontal functions.34,35 However, it 
has to be emphasized that both prefrontal hypofunction 
and cerebellar hyperfunction were found in drug-naїve 
first-episode patients with schizophrenia.14 Another caveat 
is that we used self-report scales to measure the emotion-
al tendencies. Because of the problem of low reliability 
in the scales, it is possible that the exact emotional states 
of the subjects were not reflected. Another limitation is 
that our major findings were obtained from the compar-

isons between patient subgroups, and there were only a 
small number of subjects in each patient subgroup. In ad-
dition, the validity of our approach, in which each case 
and the total normal controls were compared, might need 
to be confirmed by future investigations, though it was 
used only to set up the patient subgroups.  

In conclusion, this study found that the patients with 
prefrontal hypofunction tended to have more severe anhe-
donia than those without prefrontal hypofunction, whereas 
the patients with cerebellar hyperfunction tended to show 
more severe ambivalence than those without cerebellar 
hyperfunction. Therefore, these results support the notion 
that prefronto-cerebellar abnormalities are associated with 
cardinal features of schizophrenia, such as anhedonia and 
ambivalence. 

 
Acknowledgments 
This study was supported by a faculty research grant of Yonsei Uni-

versity College of Medicine for 2008 (6-2008-0238). 

 
REFERENCES 
1. Andreasen NC, Carpenter WT Jr. Diagnosis and classification of schiz-

ophrenia. Schizophr Bull 1993;19:199-214. 
2. Mann MC, Vaughn AG, Barrantes-Vidal N, Raulin ML, Kwapil TR. 

The schizotypal ambivalence scale as a marker of schizotypy. J Nerv 
Ment Dis 2008;196:399-404. 

3. Gard DE, Kring AM, Gard MG, Horan WP, Green MF. Anhedonia in 
schizophrenia: distinctions between anticipatory and consummatory 
pleasure. Schizophr Res 2007;93:253-260. 

4. van Harreveld F, van der Pligt J, de Liver YN. The agony of ambiva-
lence and ways to resolve it: introducing the MAID model. Pers Soc 
Psychol Rev 2009;13:45-61. 

5. Crespo-Facorro B, Paradiso S, Andreasen NC, O’Leary DS, Watkins 
GL, Ponto LL, et al. Neural mechanisms of anhedonia in schizophrenia: 
a PET study of response to unpleasant and pleasant odors. JAMA 2001; 
286:427-435. 

6. Andreasen NC, Pierson R. The role of the cerebellum in schizophre-
nia. Biol Psychiatry 2008;64:81-88. 

7. Middleton FA, Strick PL. Anatomical evidence for cerebellar and basal 
ganglia involvement in higher cognitive function. Science 1994;266:458-
461. 

8. Middleton FA, Strick PL. Cerebellar projections to the prefrontal cortex 
of the primate. J Neurosci 2001;21:700-712. 

9. Kim JJ, Mohamed S, Andreasen NC, O’Leary DS, Watkins GL, Boles 
Ponto LL, et al. Regional neural dysfunctions in chronic schizophrenia 
studied with positron emission tomography. Am J Psychiatry 2000; 
157:542-548. 

10. Allen G, Buxton RB, Wong EC, Courchesne E. Attentional activational 
of the cerebellum independent of motor involvement. Science 1997; 
275:1940-1943. 

11. Raichle ME, Fiez JA, Videen TO, MacLeod AM, Pardo JV, Fox PT, et 
al. Practice-related changes in human brain functional anatomy during 
nonmotor learning. Cereb Cortex 1994;4:8-26. 

12. Kim JJ, Andreasen NC, O’Leary DS, Wiser AK, Ponto LL, Watkins 
GL, et al. Direct comparison of the neural substrates of recognition 
memory for words and faces. Brain 1999;122(Pt 6):1069-1083. 

13. Crespo-Facorro B, Nopoulos PC, Chemerinski E, Kim JJ, Andreasen 
NC, Magnotta V. Temporal pole morphology and psychopathology in 
males with schizophrenia. Psychiatry Res 2004;132:107-115. 

14. Andreasen NC, O’Leary DS, Flaum M, Nopoulos P, Watkins GL, Boles 



 
 
 
 
 

KM Park et al. 

www.psychiatryinvestigation.org 77 

Ponto LL, et al. Hypofrontality in schizophrenia: distributed dysfunc-
tional circuits in neuroleptic-naive patients. Lancet 1997;349:1730-1734. 

15. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical In-
terview for DSM-IV Axis I Disorders. New York: New York State Psy-
chiatric Institute Biometrics Research; 1996. 

16. Woods SW. Chlorpromazine equivalent doses for the newer atypical 
antipsychotics. J Clin Psychiatry 2003;64:663-667. 

17. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome 
scale (PANSS) for schizophrenia. Schizophr Bull 1987;13:261-276. 

18. Chapman LJ, Chapman JP, Raulin ML. Scales for physical and social 
anhedonia. J Abnorm Psychol 1976;85:374-382. 

19. Raulin ML, Brenner V. Ambivalence. In: Costello CG, editors. Symp-
toms of schizophrenia. New York: Wiley, 1993, p.201-226. 

20. Kring AM, Smith DA, Neale JM. Individual differences in disposition-
al expressiveness: development and validation of the Emotional Ex-
pressivity Scale. J Pers Soc Psychol 1994;66:934-949. 

21. Kinaha PE, Rogers JG. Analytic 3D image reconstruction using all de-
tected events. IEEE T Nucl Sci 1989;36:964-968. 

22. Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human brain. 
New York: Thieme; 1988. 

23. Weinberger DR, Berman KF, Zec RF. Physiologic dysfunction of dor-
solateral prefrontal cortex in schizophrenia. I. Regional cerebral blood 
flow evidence. Arch Gen Psychiatry 1986;43:114-124. 

24. Toone BK, Okocha CI, Sivakumar K, Syed GM. Changes in regional 
cerebral blood flow due to cognitive activation among patients with 
schizophrenia. Br J Psychiatry 2000;177:222-228. 

25. Andreasen NC, O’Leary DS, Cizadlo T, Arndt S, Rezai K, Ponto LL, et 
al. Schizophrenia and cognitive dysmetria: a positron-emission tomo-
graphy study of dysfunctional prefrontal-thalamic-cerebellar circuitry. 
Proc Natl Acad Sci U S A 1996;93:9985-9990. 

26. Heerey EA, Robinson BM, McMahon RP, Gold JM. Delay discount-
ing in schizophrenia. Cogn Neuropsychiatry 2007;12:213-221. 

27. Juckel G, Schlagenhauf F, Koslowski M, Wüstenberg T, Villringer A, 
Knutson B, et al. Dysfunction of ventral striatal reward prediction in 
schizophrenia. Neuroimage 2006;29:409-416. 

28. Juckel G, Schlagenhauf F, Koslowski M, Filonov D, Wüstenberg T, 
Villringer A, et al. Dysfunction of ventral striatal reward prediction in 
schizophrenic patients treated with typical, not atypical, neuroleptics. 
Psychopharmacology (Berl) 2006;187:222-228. 

29. Murray GK, Corlett PR, Clark L, Pessiglione M, Blackwell AD, Honey 
G, et al. How dopamine dysregulation leads to psychotic symptoms? 
Abnormal mesolimbic and mesostriatal prediction error signalling in 
psychosis. Mol Psychiatry 2008;13:239. 

30. Murray GK, Corlett PR, Clark L, Pessiglione M, Blackwell AD, Honey 
G, et al. Substantia nigra/ventral tegmental reward prediction error dis-
ruption in psychosis. Mol Psychiatry 2008;13:239, 267-276. 

31. Henry JD, Green MJ, de Lucia A, Restuccia C, McDonald S, O’Don-
nell M. Emotion dysregulation in schizophrenia: reduced amplification 
of emotional expression is associated with emotional blunting. Schizo-
phr Res 2007;95:197-204. 

32. Berman KF, Torrey EF, Daniel DG, Weinberger DR. Regional cere-
bral blood flow in monozygotic twins discordant and concordant for 
schizophrenia. Arch Gen Psychiatry 1992;49:927-934. 

33. Warren JE, Sauter DA, Eisner F, Wiland J, Dresner MA, Wise RJ, et 
al. Positive emotions preferentially engage an auditory-motor “mirror” 
system. J Neurosci 2006;26:13067-13075. 

34. Holcomb HH, Cascella NG, Thaker GK, Medoff DR, Dannals RF, 
Tamminga CA. Functional sites of neuroleptic drug action in the hu-
man brain: PET/FDG studies with and without haloperidol. Am J Psy-
chiatry 1996;153:41-49. 

35. Loeber RT, Gruber SA, Cohen BM, Renshaw PF, Sherwood AR, Yur-
gelun-Todd DA. Cerebellar blood volume in bipolar patients correlates 
with medication. Biol Psychiatry 2002;51:370-376. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


