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Abstract: 

 

 Nucleus accumbens has been reported as a key structure in the neurobiology of schizophrenia. Studies analyzing 

structural abnormalities have shown conflicting results, possibly related to confounding factors. We investigated 

the nucleus accumbens volume using manual delimitation in first-episode psychosis (FEP) controlling for age, 

cannabis use and medication. Thirty-one FEP subjects who were naive or minimally exposed to antipsychotics 

and a control group were MRI scanned and clinically assessed from baseline to 6 months of follow-up. FEP 

showed increased relative and total accumbens volumes. Clinical correlations with negative symptoms, duration 

of untreated psychosis and cannabis use were not significant.  

 

Keywords: schizophrenia – reward – region of interest – neuroimgaing  

 

 

 

 



Increased Nucleus Accumbens Volume in First-Episode Psychosis 

Forns-Nadal, M. 

 

1. Introduction  
 

 

 Several studies have suggested the reward system in general, and the nucleus accumbens in particular, 

as a key role in the neurobiology of schizophrenia.  The nucleus accumbens seems to be implicated in the 

association of stimulus with subsequent reward, generating a process of reinforcement learning (stimulus-reward 

learning) which is implicated in every-day actions (Berridge and Robinson, 1998). Its dysfunction could explain 

both aberrant salience attribution, which is thought to underlie delusions (Morrison and Murray, 2009), and an 

inability to process rewards from everyday life, causing amotivation (Waltz and Gold, 2016), one of the central 

domains of negative symptoms in schizophrenia.  

 To date, brain imaging studies investigating the structure and volume of the nucleus accumbens in 

patients with psychosis have shown controversial results, including increased nucleus accumbens volume in 

post-mortem schizophrenic subjects  (Mamah et al., 2007; Spoletini et al., 2011; Tamagaki et al., 2005; Womer 

et al., 2014), decreased or no differences in first episode psychosis in relation to control subjects (Ballmaier et 

al., 2008; Glenthoj et al., 2007; Gunduz et al., 2002). Also, attempts to study possible confounding factors have 

found increased, decreased or no change with typical or atypical antipsychotics (Boonstra et al., 2011; Ebdrup et 

al., 2010; Smieskova et al., 2009), and basal ganglia volumes increases or decreases associated to cannabis use 

(Gilman et al., 2014; Yücel et al., 2008). 

The present study was designed to measure manually the volumes of the nuclei accumbens in a sample 

of early diagnosed FEP compared to a control group, controlling for cannabis use, course of illness and 

medication. We also aimed to determine the degree of association between accumbens volume and clinical 

features. We hypothesized that first-episode psychosis patients would show reduced accumbens volumes, 

compared to those of healthy controls. Additionally, we hypothesized that the reduction in accumbens volumes 

would be associated with more negative symptoms at baseline and during follow-up. 

 

 

2. Methods 
 
Thirty-one antipyshcotic-naive FEP  were recruited between 2008 and 2012 from the emergency service 

and the inpatient acute ward of Hospital del Mar in Barcelona. Other inclusion criteria were age between 18 and 

30 years, absence of severe neurological disorder or head trauma and absence of severe stimulants, opioid or 

alcohol dependence. Twenty-seven healthy controls without any present axis I disorder or any past severe mental 

disorder were also recruited. Informed consent was obtained from all subjects prior to entering the study and 

after receiving approval from the institutional ethical board. This work was carried out in accordance with The 

Code of Ethics of the Declaration of Helsinki and the Uniform Requirements for manuscripts submitted to 

biomedical journals. 

Patients were clinically assessed using the Positive and Negative Syndrome Scale (PANSS) and Global 

Assessment of Functioning Scale (GAF) at admission and during the follow-up period (2 and 6 months) by 

experienced clinical psychiatrists. Psychiatric clinical diagnosis was assessed using the Structured Clinical 

Interview for DSM-IV (SCID), a minimum of 1 month after admission.  

All subjects underwent an MRI scan at study entry. Brain images were acquired using a 1.5 T Scanner 

(Phillips). Acquisition parameters of the three-dimensional data set were as follows: high-resolution T1-weighted 

images with axial acquisition, TR = 18 ms, TE = 4.6 ms, TI = 360, flip angle = 30, bandwidth = 35, FOV = 22.0 

cm, matrix = 256 9 256, 100 slices, slice thickness = 1.4, NEX = 1 and acquisition time = 303100, resulting 

voxel size = 0.86 x 0.86 x 1.4 mm. 

 Images were visually inspected to ensure quality and were standardized into 1x1x1 voxel size. The 

accumbens was delineated with MriCron (Rorden et al., 2007) by applying previously established criteria 

(Ballmaier et al., 2008; Carmona et al., 2009; Gunduz et al., 2002). Region of interest delimitation was outlined 

in all brains by a single investigator (M.F.) blind to group status. Previously, intrarater and interrater reliability 

(two raters: M.F. and F.S.) was established (intraclass correlation coefficient (ICC) > 0.90) by independent 

blinded measurements of 10 training scans (Boonstra et al., 2011). Total intracranial volume (TIV) for each 

subject was calculated using the segmentation algorithms of SPM5 and computing the sum of each segmentation 

tissue. The relative accumbens volume was computed with the ratio between volume of the ROI and total brain 

volume (Accumbens volume/TIV). Comparisons between groups were done using t-test for socio-demographic 

continuous variables and chi-square for categorical variables. Volumes were compared between groups using 

linear regression correcting for age and weekly cannabis use.  
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3. Results  
  

Groups were homogeneous with respect to sex (males: 51.6% in the FEP group vs. 51.9% in the control 

group;  p=Non significant (NS)), civil status (singles: 83.9% vs. 74.10%, p=NS), education (basic studies 

completed: 80.6% vs. 88.9%, p=NS), handedness (right handed: 83.9% vs. 81.50%, p=NS) and average cannabis 

use (2.55.3 vs. 0.51.5 units per week, p=NS); although there were statistical differences in mean age (26.25.2 

vs. 30.04.2 years old, p<0.005). Mean and standard deviation (SD) of duration of untreated psychosis (DUP) 

was 73.7101.4 days, mean and SD score in PANSS negative was 13.45.1 and mean ans SD GAF score was 

63.112.9. Mean days and SD from admission to MRI scan were 27.5 ± 10.4 days. Patients were treated with 

antipsychotics during this period (12 subjects were treated with risperidone, 10 with olanzapine, 4 with 

aripiprazole, 1 with quetiapine and 4 subjects were completely naive to antipsychotics at the moment of the 

scan). There was no significant correlation between cumulative dose of clorpromazine equivalents and absolute 

or relative accumbens volume (results not shown).  

 Compared to healthy controls, FEP had an increased relative (accumbens volume/TIV) and total 

volume in left and right accumbens (see Table 1). Also FEP had a decreased total intracranial volume (TIV) and 

grey matter volume. Relative accumbens volume did not significantly correlated to DUP (Pearson coef: -0.169 

and –0.198 for right and left accumbens respectively), score of PANSS negative at baseline (Pearson coef: 0.081 

and -0.151),  at 2 months (Pearson coef:-0.259 and -0.281) and at 6 months (Pearson coef: -0.028 and -0.051) for 

right and left accumbens respectively.   

  

 

Table 1: Brain volumes and nucleus accumbens volumes comparisons between first-episode psychosis patients 

and healthy controls adjusted by age and weekly cannabis use using linear regression. 

 

Brain volumes First-episode 

psychosis 

Healthy controls t-test df p 

Total intracranial volume, 

ml (M/SD) 

1602.630 / 188.85 1735.411 / 155.45 -2.918 57 p < 0.01 

GM volume, ml (M/SD) 732.547 / 83.63 775.264 / 71. 47 -2.690 57 p < 0.01 

WM volume, ml (M/SD) 454.661 / 52.04 463.926 / 48.06  -0.395 57 NS 

Total Accumbens volumes      

Right volume, ml (M/SD) 0.266 / 0.011 0.244 / 0.01 9.250 57 p < 0.01 

Left volume, ml (M/SD) 0.269 / 0.01 0.241 / 0.01 9.981 57 p < 0.01 

Relative Accumbens 

volumes 

     

Ratio Right Accumbens 

Volume/TIV (M/SD) 

0.168 / 0.02 0.141 / 0.01 5.535 57 p < 0.01 

Ratio Left Accumbens 

Volume/TIV (M/SD) 

0.170 / 0.02 0.140 / 0.01 6.093 57 p < 0.01 

M/SD: Mean, standard deviation; NS: Non-significant p > 0.05; GM: grey matter; WM: white matter 

 

 

 

 

 

 

 

 

4. Discussion  
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 First-episode subjects briefly exposed or naive to antipsychotic drugs showed an increased bilateral 

accumbens volume in comparison to healthy controls once controlling for age, sex and cannabis use. This was a 

novel result compared to previous studies that found either no differences in volume (Ballmaier et al., 2008; Bois 

et al., 2015) or a smaller volume in FEP compared to controls although using different methods of measurement. 

We used manual delimitation of the accumbens with previously validated coordinates and inter-rater validation, 

whereas studies with the opposite results have used automatic or semi-automatic methods (Gunduz et al., 2002). 

Although manual tracing and automated measures have shown moderate to strong correlations for medium or 

extended regions  (Arnold et al., 2015), measures of accumbens and small volume regions have shown values of 

3 standard deviation discrepancy between automatic methods and the gold standard represented by manual 

delimitation (Babalola et al., 2009).  

 In many of the previous studies, most of the patients already fulfill the diagnostic criteria for 

schizophrenia and not only FEP (schizophreniphorm or brief psychotic disorder) (Bogerts et al., 1985; Mamah et 

al., 2007; Spoletini et al., 2011; Tamagaki et al., 2005; Womer et al., 2014), making more difficult to discard the 

confounding factor of the course of illness.  

 Our patients were naive or minimally treated with atypical antipsychotics, and in agreement to previous 

reviews, we did not find a correlation between atypical antipsychotic exposure and accumbens volume(Ebdrup et 

al., 2010; Smieskova et al., 2009), whereas typical antipsychotics may increase basal ganglia medication (Ebdrup 

et al., 2010; Smieskova et al., 2009). On the contrary, Boonstra et al. (Boonstra et al., 2011) found an increase in 

the nucleus accumbens of patients who were on atypical antipsychotics compared to those who discontinued, 

importantly, after an average period of one year on antipsychotic drugs.  

 Most of the studies excluded substance use disorder in the sample, but they did not control for cannabis 

use in patients that do not necessarily fulfill abuse or dependence criteria. Cannabis use has been reported to 

modify brain volume in general (Rapp et al., 2012) and increase accumbens volume in particular (Gilman et al., 

2014). Moreover, an increased sensitivity to gray matter change due to the interaction between cannabis use and 

psychosis has been reported (Malchow et al., 2013). All together suggests that both the acute state in the first 

episode,  antipsychotic treatment and cannabis use could increase or even potentiate one to each other to increase 

accumbens volume. These changes may be one of the earlier development modifications after the onset of 

psychosis, as some authors suggested (Haijma et al., 2013; Kahn and Sommer, 2015), and may occur at different 

time periods and not immediately in the very early first episode, as we have not found accumbens volume 

association with cannabis use or antipsychotic exposure. This could correspond to an upregulation of the post-

synaptic striatal neurons due to hyperdopaminergia in the psychotic state (Abi-Dargham et al., 2000) and 

cannabis use (Bossong et al., 2009), and post-synpatic dopamine blockade due to antipsychotics (Clow et al., 

1980), although this hypothesis outrages the aims of this study.  Functional studies using specific task design 

would help to clarify not only structural but also functional abnormalities of nucleus accumbens in reward 

processing in schizophrenia. 
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