
Implication of reward alterations in the expression of
negative symptoms in 22q11.2 deletion syndrome: a
behavioural and DTI study

L. Dubourg1*, M. Schneider1,2, M. C. Padula1, L. Chambaz1, M. Schaer1,3 and S. Eliez1,4

1Department of Psychiatry, Office Médico-Pédagogique Research Unit, School of Medicine, University of Geneva, Geneva, Switzerland
2Department of Neuroscience, Center for Contextual Psychiatry, KU Leuven, Leuven, Belgium
3Stanford Cognitive and Systems Neuroscience Laboratory, Stanford University, Stanford, CA, USA
4Department of Genetic Medicine and Development, School of Medicine, University of Geneva, Geneva, Switzerland

Background. Alterations of the reward system have been proposed as one of the core mechanisms underlying the
expression of negative symptoms in schizophrenia. Specifically, deficits in specific reward components and white matter
(WM) integrity of the reward system have been highlighted. The putative link between negative symptoms and the
hedonic experience, or structural connectivity of the reward system has never been examined in the 22q11.2 deletion syn-
drome (22q11DS), a condition with increased risk for psychosis.

Method. Anticipatory and consummatory dimensions of pleasure were assessed in participants with 22q11DS (N = 54)
and healthy controls (N = 55). In patients with 22q11DS, the association between pleasure scores and positive or negative
symptoms was investigated. Furthermore, WM integrity of the accumbofrontal tract was quantified using diffusion ten-
sor imaging (DTI). Associations between DTI measures, pleasure dimensions and negative symptoms were examined.

Results. Patients with 22q11DS showed reduced anticipatory and consummatory pleasure compared to controls.
Furthermore, anticipatory pleasure scores were negatively correlated to negative and positive symptoms in 22q11DS.
WM microstructural changes of the accumbofrontal tract in terms of increased fractional anisotropy and reduced radial
anisotropy were also identified in patients. However, no significant correlation between the DTI measures and pleasure
dimensions or psychotic symptoms was observed.

Conclusions. This study revealed that participants with 22q11DS differed in their experience of pleasure compared to
controls. The anticipatory pleasure component appears to be related to negative and positive symptom severity in
patients. Alterations of WM integrity of the accumbofrontal tract seem to be related to myelination abnormalities in
22q11DS patients.
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Introduction

22q11.2 deletion syndrome (22q11DS) is associated
with increased risk for schizophrenia (Murphy, 2005)
and is characterized by high rates of attenuated psych-
otic symptoms (Baker & Skuse, 2005; Debbané et al.
2006; Schneider et al. 2014). Negative symptoms, such
as anhedonia, amotivation or social withdrawal, con-
stitute an integral part of the 22q11DS profile, as they
are present in approximately 60–80% of adolescents
and young adults (Stoddard et al. 2010; Schneider
et al. 2012). Despite negative symptoms are core fea-
tures of the 22q11DS phenotype, the mechanisms

underlying their expression remain largely unknown
in this syndrome.

Alterations of the reward system have been pro-
posed as one of the core mechanisms contributing to
the emergence of negative symptoms in schizophrenia.
Historically, patients with psychosis were described as
having global impairments in the experience of pleas-
ure, referred to as anhedonia (Thomsen, 2015). Yet,
empirical findings later revealed that some compo-
nents of the reward system were specifically altered
in psychosis (Gard et al. 2007, 2014; Favrod et al.
2009; Chan et al. 2010; Trémeau et al. 2010; Wynn
et al. 2010; Oorschot et al. 2013; Mote et al. 2014;
Edwards et al. 2015; Lui et al. 2015). Indeed, neuro-
psychological and neurobiological studies suggest
that hedonic capacity can be subdivided in several
components, including learning, desire, effort/motiv-
ation, anticipatory and consummatory pleasure. In
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the present study we focused on two components
underpinned by largely distinct neural mechanisms
(Berridge, 2003, 2007; Kring & Barch, 2014): anticipa-
tory (i.e. pleasure related to future activities) and con-
summatory pleasure (i.e. pleasure experienced in the
moment). Various methodologies have been used to
assess these two components in patients with schizo-
phrenia, ranging from hedonic judgments (Trémeau
et al. 2010; Edwards et al. 2015) to questionnaires
(Gard et al. 2007; Favrod et al. 2009; Chan et al. 2010;
Wynn et al. 2010; Mote et al. 2014; Lui et al. 2015),
and momentary assessments (Oorschot et al. 2013;
Gard et al. 2014). The majority of studies has shown
that schizophrenia is not associated with a ‘consumma-
tory’ deficit, but rather an ‘anticipatory’ impairment.
However, some evidence also indicated that both com-
ponents are altered in schizophrenia (Strauss et al.
2011; Schlosser et al. 2014). In addition, most studies
reported that reduced anticipatory and consummatory
pleasure scores were related to reduced functional out-
come (Gard et al. 2007; Chan et al. 2010; Buck &
Lysaker, 2013) and increased negative symptoms
(Gard et al. 2007; Favrod et al. 2009; Loas et al. 2009;
Chan et al. 2010; Mote et al. 2014; Li et al. 2015b).

To date, the experience of pleasure has been
examined mostly in participants with chronic
schizophrenia but few included individuals at clinical
high risk (CHR) for psychosis or scoring high on
schizotypy scales. In individuals with CHR or with
high negative schizotypy traits (anhedonia), alterations
in both anticipatory and consummatory pleasure were
reported in most studies (Martin et al. 2011; Gooding &
Pflum, 2012; Schlosser et al. 2014; Li et al. 2015b),
whereas one study reported alterations in the anticipa-
tory pleasure component only (Shi et al. 2012). Findings
in participants with high positive schizotypy are more
controversial. Martin et al. (2011) found no difference
in anticipatory and consummatory pleasure compared
to controls, whereas Shi et al. (2012) observed higher
scores on the two pleasure dimensions in individuals
with high positive schizotypy. In summary, studies
revealed evidence for reward components alterations
along the continuum of psychosis. Moreover, these
alterations appear to be closely related to negative
symptoms, especially anhedonia, whereas no clear
association with positive symptoms has been reported.
Although patients with 22q11DS are at genetic high
risk for psychosis, investigation of anticipatory and
consummatory pleasure has never been conducted in
this syndrome.

Several genes have been identified as playing a role
in the modulation of the reward system. Among those,
the catechol-O-methyl transferase gene (COMT) has
been examined extensively due to its role on dopamine
degradation. Because it is located on the 22q11.2 locus,

patients with 22q11DS are hemizygous this gene. A
functional polymorphism of the COMT gene, resulting
in a valine (Val) to methionine (Met) substitution, leads
to a 30% reduction in enzymatic activity and conse-
quently to an accumulation of dopamine (Chen et al.
2004). In healthy participants, the number of
Met alleles was shown to be positively correlated
with activation in the ventral striatum-prefrontal cir-
cuit (Dreher et al. 2009; Lancaster et al. 2012). In
patients with 22q11DS, it has been recently highlighted
that the Met polymorphism is associated with
increased activity in the posterior cingulate and par-
ietal regions during reward anticipation (van Duin
et al. 2016) and higher levels of negative symptoms
(Schneider et al. 2012) compared to Val carriers.

To date, the exploration of the links between reward
alterations and structural abnormalities of the reward
system has been scarce. The reward system involves
a network of brain regions including the ventral teg-
mental area (VTA), the nucleus accumbens (NAc),
the amygdala, and frontal areas such as the prefrontal
cortex (PFC) and the orbito-frontal cortex (OFC)
(Haber & Knutson, 2010). Previous diffusion tensor
imaging (DTI) studies reported white-matter (WM)
microstructural alterations in regions related to the
reward system in patients with schizophrenia (Quan
et al. 2013; Bracht et al. 2014; de Leeuw et al. 2015;
James et al. 2016). A reduction of the frontostriatal
WM integrity has been particularly reported (Quan
et al. 2013; de Leeuw et al. 2015; James et al. 2016). To
the best of our knowledge, only one study to date
investigated the putative association between WM
integrity of the reward system and negative symptoms
in schizophrenia (Bracht et al. 2014). The authors
reported that WM changes of the left VTA-amygdala
and NAc-OFC were negatively correlated with nega-
tive symptoms while WM changes of the left
NAc-amygdala were positively associated with posi-
tive symptoms. The integrity of the reward system
and its putative link with negative symptoms has
never been examined in 22q11DS. Nevertheless,
structural connectivity has been examined and
showed widespread alterations in most WM tracts
(Barnea-Goraly et al. 2003; Simon et al. 2008; Sundram
et al. 2010; da Silva Alves et al. 2011; Radoeva et al.
2012; Ottet et al. 2013a, b; Villalon-Reina et al. 2013;
Jalbrzikowski et al. 2014; see Scariati et al. 2016 for a
review).

The accumbofrontal tract is one of the main tracts
within the reward system, connecting the NAc and
the OFC. Whereas the NAc plays a central role in the
reward circuit by regulating the neurotransmission of
dopamine in the brain, the OFC, along with the VTA,
constitutes a major input of the NAc (Haber et al.
1995; Haber, 2011). For this reason, we choose to
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focus on this tract for a first examination of WM integ-
rity within the reward system. Although some DTI
studies examined WM integrity of the entire reward
system (Bracht et al. 2014; James et al. 2016), the accur-
ate extraction of WM tracts in these areas remains chal-
lenging. Indeed, most techniques do not adequately
exclude adjacent tracts in small subcortical regions,
which may lead to significant biases in the observed
findings. For this reason, we extracted DTI measures
in the accumbofrontal tract using an atlas that was pre-
viously validated against post-mortem histological
studies (Karlsgodt et al. 2015).

This study is a first attempt to investigate hedonic
capacity, structural connectivity of the reward system
and their links with negative symptoms in 22q11DS.
First, we examined anticipatory and consummatory
dimensions of pleasure in 22q11DS patients and
healthy controls. Based on previous studies in CHR
populations (Martin et al. 2011; Gooding & Pflum,
2012; Schlosser et al. 2014; Li et al. 2015b), we expected
to observe significant impairments in both dimensions
of pleasure in individuals with 22q11DS compared to
controls. Moreover, we hypothesized that anticipatory
pleasure would be related to negative symptoms but
not with positive symptom severity. Secondly, we
investigated the COMT polymorphism influence on
hedonic capacity in 22q11DS patients. In accordance
with previous work in the 22q11DS population (van
Duin et al. 2016), we hypothesized that Met carriers
will have reduced hedonic capacity compared to Val
carriers. Moreover, the implication of general and
adaptative functioning on the two dimensions of pleas-
ure have been examined. We hypothesized that these
potential confounds will not have a direct influence
on pleasure dimensions. Finally, we investigated WM
integrity of the accumbofrontal tract along with its
associations with hedonic scores and negative symp-
toms. We expected to observe an alteration of the
accumbofrontal tract in participants with 22q11DS,
which would be related to impaired hedonic capacity
and higher negative symptom severity.

Material and method

Participants

Fifty-two patients with 22q11DS aged between 11 and
31 years were included in the study. They were
recruited through parent associations and word of
mouth. The presence of the 22q11.2 microdeletion
was confirmed in all participants using quantitative
fluorescent polymerase chain reaction. Fifty-four con-
trols, including siblings (N = 36) and unrelated controls
(N = 19) (see Supplementary Table S1 for a comparison
between siblings and unrelated controls, all p > 0.05)

aged between 11 and 31 years were included and
were screened for the presence of any neurological
problem, psychological or learning difficulties
(Table 1).

A subgroup composed of 46 patients [mean age =
18.8 ± 4.29 years, 20 (43.5%) females] and 35 controls
[mean age = 18.7 ± 4.98 years, 18 (51.4%) females] was
included in the DTI analyses. The other participants
were excluded due to the absence of MRI acquisition
(N = 13) or bad quality of the data (N = 15).

Written informed consent was obtained from parti-
cipants and their parents under protocols approved
by the Institutional Review Board of the Department
of Psychiatry of the University of Geneva Medical
School.

Clinical assessment

The presence of psychiatric disorders was evaluated
in adolescents below 18 years using the Diagnostic
Interview for Children and Adolescent – Revised
(Reich, 2000) and the mood and psychosis supplement
of the Kiddie-Schedule for Affective Disorders and
Schizophrenia Present and Lifetime version (K-SADS-
PL; Kaufman et al. 1997). Adult participants were
screened using the Structured Clinical Interview for
DSM-IV Axis disorders (SCID-I; First et al. 1996). The
severity of positive and negative symptoms was
assessed using the Positive and Negative Syndrome
Scale (PANSS; Kay et al. 1987). The PANSS is com-
posed of a positive, negative and general psycho-
pathology subscale. All symptoms are rated on a
seven-point severity scale (ranging from 1 to 7).

Intellectual functioning

Participants under 17 years old completed the
Weschsler Intelligence Scale for children III – R
(WISC-III-R; Weschsler, 1991), and those above 17
years old completed the Weschsler Adult Intelligence
Scale – III (WAIS-III; Weschsler, 1997) to obtain an
evaluation of global intellectual functioning (Table 1).

Questionnaires

All participants completed the French version of the
Temporal Experience of Pleasure Scale (TEPS; Gard
et al. 2006; Favrod et al. 2009), which was specifically
developed to measure anticipatory (e.g. ‘I look forward
to a lot of things in my life’) and consummatory
dimensions of pleasure (e.g. ‘The smell of freshly cut
of grass is enjoyable to me’). This questionnaire is com-
posed of 18 items rated on a six-point Likert scale ran-
ging from 1 (very false for me) to 6 (very true for me).

The parents of all participants completed the Child
Behaviour Checklist (CBCL; Archenbach, 1991) or the
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Adult Behaviour Checklist (ABCL; Archenbach, 1991)
to obtain a global parental report of behavioural diffi-
culties. In particular, we used the anxious-depressed t
score as a measure of anxiety/depression.

The Vineland Adaptive Behaviour Scale (VABS) was
administered to parents of 43 individuals with
22q11DS and 30 controls to assess adaptive function-
ing. Data were missing for nine individuals. In add-
ition to the adaptive behaviour composite score, the
VABS provides information about three specific
dimensions: communication, daily living skills, and
socialization. Age appropriate standardized scores
were used (mean = 100, S.D. = 15).

To access the general functioning, the Global
Assessment of Functioning (GAF) was used in all
patients.

COMT genotyping

Blood samples were collected and analysed for 49 par-
ticipants with 22q11DS (DNA could not be collected
for five participants). Polymorphism of the COMT
gene was determined by polymerase chain reaction-
restriction fragment length polymorphism analysis
with the restriction enzyme NIaIII (Lachman et al.
1996). Twenty-three participants were Met158 homozy-
gous and 26 were Val108. The two groups did not differ
in age (F1,47 = 3.14, p = 0.083) or gender (F1,47 = 0.423,
p = 0.519) distribution.

Structural connectivity (DTI)

DTI images were acquired using a Siemens Trio 3-T
scanner and the following parameters were used:

Table 1. Participant characteristics, psychiatric diagnosis and psychotropic medication

Diagnostic group Comparison

22q11DS Controls ANOVA
p
value

N
Gender (% of female) 40.4% 53.7%
Full-scale IQ, mean (S.D.)
TEPS variables, mean (S.D.)

70.32 (10.13) 108.55 (11.80)
Consummatory pleasure 27.40 (7.12) 32.57 (7.99)
Anticipatory pleasure 40.80 (8.81) 44.53 (5.79)

VABS domains, mean (S.D.) ABC score 68.82 (12.62) 93.13 (10.16) 77.120 <0.001
Communication score 69.32 (16.57) 93.1 (11.88) 45.67 <0.001
Daily living skills score 74.95 (14.45) 99.9 (9.41) 28.57 <0.001
Socialization score 78.84 (16.13) 92.40 (12.72) 41.54 <0.001

PANNS, mean (S.D.) Total
Categories Positive 37.42 (8.14)

Negative 47.98 (11.99)
General 41.33 (11.17)

GAF score, mean (S.D.) 61.80 (14.39)
Psychiatric diagnosis, N (%) Major depression disorder 5 (9%)

Specific phobia 8 (14%)
Generalized anxiety disorder 2 (4%)
Obsessive compulsive
disorder

1 (2%)

Alcohol dependence 1 (2%)
Attention deficit hyperactivity
disorder

9 (17%)

Schizophrenia or
schizoaffective disorder

6 (11%)

Psychotropic medication Categories Antipsychotics (mean
chlorpromazine equivalent)

6 (244.5 mg)

Antidepressants 9
Methylphenidate 12
Anxiolytic 1

TEPS, Temporal Experience of Pleasure Scale; VABS, Vineland Adaptive Behaviour Scale; PANSS, Positive and Negative
Syndrome Scale; GAF, Global Assessment of Functioning.
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number of directions = 30, b = 1000 s/mm2, TR = 8800
ms, TE = 84 ms, flip angle = 90°, acquisition matrix =
128 × 128, field of view = 25.6 cm, 64 axial slices, slice
thickness = 2 mm.

Data pre-processing and analysis were performed
using the FSL Diffusion Toolbox (FSL version 5.0;
Oxford, UK, http://fsl.fmib.ox.ac.uk/fsl). The Brain
Extraction Tool (BET, Smith, 2002) was employed to
remove skull and non-brain tissue. The effect of eddy
currents and head-motion displacements were cor-
rected using an affine registration of the 31 diffusion
volumes to the first b0 volume using FSL’s linear regis-
tration tool.

Fig. 1 shows the accumbofrontal tract generated in
the study from Karlsgodt et al. (2015), (http://karlsgod
tlab.org/HBM_accumbofrontal/). The bilateral accumbo-
frontal tract was normalized to each participant’s diffu-
sion space using FSL’s linear registration tool (Jenkinson
& Smith, 2001) applying the affine parameters obtained
by co-registering the first b0 DTI volume to the MNI152
T1 1-mm template. The tracts were then visually
inspected to confirm successful registration in each sub-
ject. A diffusion tensor model was fit at each voxel in
the brain from the corrected scans using the DTIFIT
(http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide#
DTIFIT) tool. Scalar anisotropy and diffusivity maps
were obtained from the resulting diffusion tensor
eigenvalues (λ1, λ2, λ3). The Fractional Anisotropy
(FA), an index of WM integrity (Mukherjee &
McKinstry, 2006) was calculated from the standard
formula:

FA =
��
3
2

√
��������������������������������������
(λ1− kλl)2(λ2− kλl)2 + (λ3− kλl)2

√
������������������
λ12 + λ22 + λ32

√
������������������
λ12 + λ22 + λ32

√ .

The axial diffusivity (AD) and radial diffusivity (RD)
correspond to the principal and the perpendicular dir-
ection of the diffusion tensor and are thought to reflect
axonal (Song et al. 2003; Budde et al. 2009; Whitford
et al. 2010) and myelin (Song et al. 2003; Whitford
et al. 2010) integrity, respectively. AD is defined as
the largest eigenvalue (λ1) whereas RD was calculated
as the average of the two smaller eigenvalues:

RD = λ2+ λ3
2

,

Mean FA, AD and RD of the entire tract were then
extracted for the analyses (Supplementary Table S2).

Statistical analyses

First, we checked internal consistency of the TEPS
dimensions by calculating Cronbach alphas. Group

differences on the TEPS anticipatory and consumma-
tory pleasure dimensions were then examined using
univariate ANOVAs. Because no significant difference
between groups for age, gender and anxiety/depres-
sion were found, no supplementary ANCOVAs were
conducted. To examine the impact of pleasure scores
on negative and positive symptoms in patients with
22q11DS, linear regression models predicting the
PANSS positive or the PANSS negative scores were
performed with anticipatory and consummatory pleas-
ure scores, CBCL/ABCL anxious-depressed scores, IQ,
gender and age as independent variables. To investi-
gate the implication of potential confounds; spearman
correlation between the GAF/VABS measures and the
two pleasure dimensions were conducted. Finally, to
test the COMT polymorphism influence on the hedonic
capacity in 22q11DS patients, ANOVAs comparing the
two pleasure dimensions between Met and Val carriers
were conducted.

For DTI analyses, we investigated group difference
in FA, RD and AD using the Mann–Whitney U test.
Group comparisons were conducted using age, gen-
der, and WM volume as covariates. To examine the
association between structural connectivity and pleas-
ure or symptom scores, we conducted a series of
Spearman correlations with age and gender as covari-
ates. Behavioural analyses were conducted in SPSS
v. 22 (IBM Corp., USA), whereas neuroimaging
analyses were performed using Matlab 2014b
(MathWorks, USA).

Ethical standards

The authors assert that all procedures contributing to
this work comply with the ethical standards of the rele-
vant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

Results

Behavioural data

Internal consistency analyses revealed a good reliabil-
ity of the TEPS scales in both groups (Cronbach’s α >
0.7). TEPS anticipatory and consummatory pleasure
scores were significantly and positively correlated in
both groups (patients: r = 0.28, p = 0.047; controls: r =
0.54, p < 0.001).

Group comparisons (Fig. 2) revealed that patients
with 22q11DS had significantly lower scores on the
anticipatory (F1,101 = 6.21, p < 0.014) and consummatory
(F1,106 = 12.58, p = 0.001) dimensions of the TEPS com-
pared to the control group. Supplementary analyses
were conducted to investigate the association between
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the two pleasure dimensions and potential confounds.
Results revealed that the VABS composite, communi-
cation and daily living skills domains, the GAF score
and IQ were not significantly correlated with the
TEPS pleasure dimensions (all p < 0.05). However, the
VABS socialization domain was positively correlated
with the anticipatory pleasure score (r = 0.432 p =
0.004). To better understand this association, we con-
ducted a post-hoc mediation analysis using a Sobel
test. Specifically, we examine whether the indirect
effect of the anticipatory pleasure dimension on nega-
tive symptoms via the mediator is significantly differ-
ent from zero. Results revealed that the VABS
socialization score mediated the association between
these two variables (z =−2.57, p = 0.01).

Finally, to test the hypothesis that the COMT poly-
morphism influence hedonic capacity in 22q11DS,

ANOVAs comparing the anticipatory and consumma-
tory pleasure scores between Met and Val carriers were
conducted. Results revealed that patients with the Met
polymorphism had significantly lower scores on the
TEPS anticipatory (F1,46 = 5.99, p = 0.018) and consum-
matory (F1,47 = 4.013, p = 0.048) dimensions compared
to Val carriers.

In patients with 22q11DS, linear regressions revealed
significant associations between the TEPS anticipatory
pleasure score and the PANSS negative (t =−2.306, p =
0.026) and positive scores (t =−2.288, p = 0.027)
(Table 2). No significant association was observed for
the consummatory pleasure score. When participants
diagnosed with a psychotic disorder and under anti-
psychotic medication (N = 6) were excluded from
the analyses, results remained unchanged, except that
the association between the anticipatory pleasure

Fig. 1. Atlas of the accumbofrontal tract as defined in Karlsgodt et al. (2015).

Fig. 2. Group comparison of hedonic components. **p < 0.01. *p < 0.02.
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dimension and the PANSS positive score was no
longer significant.

DTI results

Patients with 22q11DS showed a bilateral increase of
FA (right side: Z = 3.44, p < 0.01; left side: Z = 2.41, p=
0.016) and decrease of RD (right side: Z =−2.88, p <
0.01; left side: Z =−2.07, p = 0.038) compared to con-
trols in the accumbofrontal tract (see Fig. 3). The
mean AD values on both sides of the tract was not
significantly different between the two groups (p >
0.05). No significant correlation between the DTI mea-
sures and pleasure dimensions or psychotic symptoms
was observed (all p > 0.05).

Discussion

The present study showed that participants with
22q11DS and healthy controls differed in their experi-
ence of pleasure. In line with our hypothesis,
22q11DS participants showed impaired anticipatory
and consummatory pleasure compared to controls. In
patients with 22q11DS, anticipatory pleasure was sign-
ificantly associated with negative symptoms and, to a
lesser extent, with positive symptoms. On the other
hand, consummatory pleasure was unrelated to the
symptomatology. The COMT polymorphism analyses
revealed that Met carries report lower anticipatory
and consummatory pleasure than Val carries.
Regarding DTI analyses, we identified WM micro-
structural changes in terms of bilateral increased FA
and reduced RD in the accumbofrontal tract in patients
with 22q11DS compared to controls. However, no
significant association between the DTI measures and
TEPS dimensions or symptomatology was observed.

This is the first study showing a significant alteration
of anticipatory and consummatory pleasure in patients

with 22q11DS. Dopamine being the main neurotrans-
mitter involved in the reward system (Lippa et al.
1973), it is likely that some genes involved in the dopa-
minergic pathway, such as the COMT gene, contribute
to this hedonic impairments. The COMT gene is
located on the 22q11.2 locus, resulting in a COMT
haplo-insufficiency in 22q11DS patients. Functional
variation of the COMT gene could contribute to
explain part of the variability of hedonic impairments
in 22q11DS. Indeed, we observed that Met carriers
had significantly lower scores on the TEPS dimensions
compared to Val carriers. In line with this result, few
studies conducted in healthy participants as well as a
recent study conducted in 22q11DS showed that the
Met polymorphism is associated with increased cere-
bral activation in the reward system during reward
anticipation (Dreher et al. 2009; Lancaster et al. 2012;
van duin et al. 2016). Taken together, these results sug-
gest that the polymorphism of the COMT gene is asso-
ciated with variations in hedonic capacity.

As expected, both pleasure dimensions were
decreased in patients with 22q11DS, which is consist-
ent with previous studies in populations at CHR for
psychosis (Schlosser et al. 2014; Li et al. 2015b).
Despite this global alteration, the association between
the anticipatory and consummatory pleasure dimen-
sions was barely significant in patients, whereas a
strong correlation was found in controls. This result
points to some form of independence between the
two reward components in 22q11DS. In line with this
finding, we also observed a distinct pattern of associa-
tions between both dimensions of pleasure and nega-
tive symptom severity, with significant correlations
being observed for the anticipatory dimension only.
Thus, negative symptoms, such as anhedonia, amoti-
vation or social withdrawal, appear to be exclusively
related to an alteration of the anticipatory component
in 22q11DS. It remains unclear at this stage why

Table 2. Linear regression models examining the association between anticipatory and consummatory pleasure and PANSS positive and
negative symptoms in patients with 22q11DS

Dependent variables Model
Coefficients

Significant independent variable R F(3,48) b S.E. b β t p

PANSS negative 0.477 4.713
Anticipatory pleasure −0.382 0.180 −0.282 −2.118 0.011*
Consummatory pleasure 0.196 0.223 0.117 0.881 0.284
PANSS positive 0.577 3.493
Anticipatory pleasure −0.331 0.127 −0.361 −2.614 0.019*
Consummatory pleasure 0.286 0.157 0.252 1.823 0.139

PANSS, Positive and Negative Syndrome Scale
Model with full-scale IQ and anxious/depressed score as predictors.*p < 0.05.
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individuals at risk display a more generalized pattern
of hedonic impairments compared to patients diag-
nosed with schizophrenia, in which specific alterations
of the anticipatory component were mostly reported
(Gard et al. 2007, 2014; Favrod et al. 2009; Chan et al.
2010; Trémeau et al 2010; Wynn et al. 2010; Oorschot
et al. 2013; Mote et al. 2014). It has been frequently
shown that patients at CHR with or without
22q11DS often encounter co-morbid symptoms, par-
ticularly anxiety and depression (Fusar-Poli et al.
2014; McAusland et al. 2015; Schneider et al. 2016). In
this context, decreased consummatory pleasure may
rather be related to co-morbid symptoms than to atte-
nuated symptoms of psychosis. The fact that altera-
tions of the ‘consummatory’ component were
reported in patients suffering from major depression
(Sherdell et al. 2012; Li et al. 2015a) may further
reinforce this hypothesis. Our findings further suggest
that anticipatory, but not consummatory pleasure, is
associated with positive symptom severity. To our
knowledge, only two studies (Cassidy et al. 2012; Shi
et al. 2012) providing conflicting results have investi-
gated the associations between these reward compo-
nents and positive symptoms of psychosis. Indeed,
whereas Cassidy et al. (2012) reported no significant
association in patients with schizophrenia, Shi et al
(2012) observed increased anticipatory and consumma-
tory pleasure in individuals with positive schizotypal
traits. However, it is important to note that this result
was mostly driven by the few patients diagnosed
with a psychotic disorder. This evidence suggests
that in patients with higher symptom severity,
decreased anticipatory pleasure may also be related
to positive symptoms.

The second aim of this study was to examine
putative brain correlates of hedonic alterations in
22q11DS. We observed increased FA and reduced RD
in the accumbofrontal tract in patients with 22q11DS
compared to controls. Increased FA is commonly asso-
ciated with WM integrity (Mukherjee & McKinstry,
2006), whereas a reduction in RD is related to increased
myelination (Song et al. 2003; Whitford et al. 2010).
These results contrast with previous findings showing
reduced FA and increased RD in frontostriatal regions
in patients with schizophrenia (Quan et al. 2013; de
Leeuw et al. 2015; James et al. 2016). They are, however,
consistent with previous DTI findings in patients with
22q11DS reporting increased FA and reduced RD in
other WM tracts (Jalbrzikowski et al. 2014; Perlstein
et al. 2014; Kates et al. 2015). Our findings suggest
alterations in myelin development in the accumbofron-
tal tract in 22q11DS. Axonal integrity of this tract
seems to be preserved, as indicated by the lack of stat-
istically significant differences in AD. The mechanisms
underlying increased myelination of certain tracts in
22q11DS are not fully understood. However, one of
the genes located in the 22q11 locus, the Nogo-66
receptor gene, is associated with myelin-mediated
inhibition of axonal sprouting. Individuals with
22q11DS being hemizygous for this gene, this might
affect the development of myelination and result in
an increased myelination of certain WM tracts. A pre-
vious study reported an association between decreased
RD and Nogo-66 gene expression in 22q11DS (Perlstein
et al. 2014). However, the specific association between
the Nogo-66 gene and WM integrity of the accumbo-
frontal tract has never been tested and further investi-
gations are needed to validate this hypothesis.

Fig. 3. Mean DTI measures in the accumbofrontal tract presenting significant differences between groups. The value of mean
FA ranges between 0 (isotropic diffusivity) and 1(anisotropic diffusivity). The values of RD are expressed in mm2/s. The
horizontal bars indicate the means and S.D. per group.
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Alterations of the accumbofrontal tract have been
previously associated with positive symptom severity
in patients with schizophrenia (Bracht et al. 2014).
Contrary to our hypothesis, no significant correlation
between the DTI measures and pleasure dimensions
or psychotic symptoms was observed. Several interpre-
tations can be made regarding this lack of association:
first, we focused on two pleasure dimensions while
others pleasure components (learning, desire or
effort/motivation) have not been investigated in this
paper. Secondly, only one tract within the reward sys-
tem was examined. Consequently, our understanding
of the association between WM integrity of the reward
system, hedonic experiences, and negative symptoms
remains limited. Further studies investigating all of
the pleasure components as well as the WM integrity
of the entire reward system are therefore needed.

This study present several limitations. First, we
administered the TEPS to measure the anticipatory
and consummatory pleasure experience, which is cur-
rently the only self-reported instrument validated in
French. Unfortunately, this scale does not cover all
types of hedonic experiences, particularly social pleas-
ure. Additional instruments, such as the Anticipatory
and Consummatory Interpersonal Pleasure Scale
(ACIPS, Gooding & Pflum, 2012), should be included
in future studies. Second, the TEPS requires the ability
to project oneself in the future, whereas previous stud-
ies observed alterations of temporal perception in
22q11DS (Debbané et al. 2005). The influence of future
thinking impairments on these results should be fur-
ther examined. Third, given the preliminary nature
of this study, no multiple comparison correction was
applied and should be realized in future studies.
Fourth, a combination of healthy siblings and unre-
lated controls has been used as comparison group,
which may have reduced group differences due to
shared genetic variants between patients with
22q11DS and their siblings. Fifthly, the association
between negative symptoms and anticipatory pleasure
has only been investigated in a cross-sectional way in
the current study; longitudinal studies will be
required to examine the causal relationship between
these two phenomena. Moreover, further studies
investigating all the pleasure dimensions are needed.
An additional limitation is that the two pleasure
dimensions have been investigated using subjective
measures and not with reward processing task.
Finally, due to the complexity of extracting WM tracts
within the reward system, we focused on the accum-
bofrontal tract as a first attempt to identify brain cor-
relates of hedonic alterations in 22q11DS. Future
studies including the remaining WM tracts of the
reward system are needed to better characterize
these associations.

Conclusions

The present study revealed that patients with 22q11DS
exhibit anticipatory and consummatory deficits com-
pared to healthy controls. The anticipatory pleasure
component appears to be related to negative symptom
severity, whereas the clinical correlates of consumma-
tory pleasure impairments remain unclear. Evidence
for structural changes of the accumbofrontal tract in
terms of increased FA and reduced RD were further
identified in the 22q11DS group. These findings sug-
gest abnormalities in myelination of the accumbofron-
tal tract, whereas axonal integrity seems to be
preserved. For the first time in the literature, an associ-
ation between anticipatory pleasure and negative
symptom severity has been reported in 22q11DS,
even if the neural correlates of this phenomenon
remain unclear at this stage. Future studies focusing
on the reward system should be conducted but this
study already suggests that clinical interventions tar-
geting anticipatory pleasure impairments should be
considered in this population (Perivoliotis & Cather,
2009).
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