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Abstract

Patients with schizophrenia often suffer from apathy: a quantitative reduction of voluntary, 
goal-directed behaviors that impairs daily functioning. We hypothesized that schizophrenia 
patients with high levels of apathy would show decreased activation in brain regions 
involved in planning and goal-directed behavior.
 Patients with schizophrenia or psychotic spectrum disorder (n=47) and healthy controls 
(n=20) performed the Tower of London (ToL) task during fMRI scanning using arterial spin 
labeling. To investigate the relationship between apathy and planning in patients, a proxy 
measure of apathy based on the Positive and Negative syndrome Scale was regressed 
against the task-related brain activation. Brain activation was also compared between 
patients and healthy controls.
 Higher levels of apathy were associated with less task-related activation within the 
inferior parietal lobule precuneus and thalamus. Compared to controls, patients showed 
lower activation in lateral prefrontal regions, parietal and motor areas, and a higher 
activation of medial frontal areas.
 Apathy was related to abnormal activation in thalamus and parietal regions during the 
ToL task. This supports the hypothesis that impaired function of brain regions involved 
in planning and goal-directed behavior may underlie apathy in schizophrenia. Moreover, 
impaired lateral prefrontal activation in schizophrenia patients compared to controls is 
consistent with the hypofrontality model of schizophrenia. In contrast, stronger medial 
frontal activation in patients may be related to increased effort to perform a task with 
conflicting task solutions.
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1. Introduction

Patients with schizophrenia frequently experience markedly reduced levels of interest 
and a lack of initiative in daily activities, which is a hallmark of apathy. Apathy is a core 
feature of negative symptoms in schizophrenia.223 Research has shown that 30% of the 
patients with a first episode psychosis show enduring levels of apathy.224 Understanding 
apathy in schizophrenia has important implications, as it has been argued to be the critical 
component, especially with regard to poor (social) functioning, unemployment, severity of 
illness and poor functional outcome.223-226

 Apathy can be described as a quantitative reduction of voluntary, goal-directed 
behaviors. Levy and Dubois227 state that apathy may arise from “planning and working 
memory impairments, through difficulties in sequencing ideas, maintaining mental 
representation of goals and sub-goals and manipulating them, may abort the elaboration of 
goal-directed behaviors, thereby quantitatively (and qualitatively) reducing goal-directed 
behaviors”. In this view apathy may be rooted, in part, in planning deficits. Planning has been 
defined as “the goal directed, trial-and-error exploration of a tree of alternative moves”.228 
Indeed, a direct relation between apathy and executive function or goal-directed behavior 
has also been observed,223,224,229 but the neural correlates of this association, to the best of 
our knowledge, have not been investigated as yet.
 Goal-directed behavior and executive functioning are both regulated by a fronto-
striatal-parietal brain circuit230,231 and a similar brain circuit has been implicated in apathy.227 
Impaired function of a fronto-striatal-parietal network may thus be related to apathy as 
a consequence of problems in goal-directed behavior.229,232 Schizophrenia patients with 
deficit syndrome, showing high levels of negative symptoms, including apathy, have shown 
abnormal regional cerebral blood flow33 and white matter deficits233 in fronto-parietal 
regions. Moreover, higher levels of apathy in schizophrenia have been related to decreased 
gray matter volumes in these areas and to neuropsychological deficits.229 In the current 
paper we address the question whether hampered activation of this fronto-striatal-parietal 
network during planning may be associated with apathy in schizophrenia.
 The Tower of London task (ToL) is a suitable task to investigate higher order planning 
processes in fronto-striatal-parietal brain circuits as it requires subjects to perform a set of 
subsequent mental operations that involve planning164 and thus resembles the definitions 
of planning and apathy as defined above.181,234-236 An early PET study using the ToL has shown 
decreased medial prefrontal activation in schizophrenia, related to the severity of negative 
symptoms.237 A more recent fMRI study reported some evidence for prefrontal dysfunction 
in schizophrenia, but these results were not unequivocal.238

 The ToL has also been used to study frontal lobe lesions, which are characterized by 
apathy and impaired organizational abilities.239 Patients with frontal lobe damage show 
impaired performance on the ToL task228 similar to schizophrenia patients.240,241 Moreover, 
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patients with depression242 and Parkinson’s disease239,243 – both involving apathy and 
anhedonia – also showed frontal, parietal and striatal dysfunction during the ToL task. Taken 
together, these findings suggest that apathy in schizophrenia may be related to planning 
impairments associated with dysfunction of frontal, parietal and striatal connections.
 We hypothesized that schizophrenia patients with high levels of apathy would show 
impaired function of fronto-striatal-parietal brain areas involved in planning. We included 
a task with different levels of difficulty (1–5 move problems)182,244 to account for differences 
in task performance between study participants. Furthermore, a healthy control group was 
included for reference.

2. Methods

2.1. Subjects

Baseline fMRI data of two trials were combined, i.e. before any intervention took place. 
The first trial that investigated the effects of treatment with aripiprazole compared to 
risperidone on negative symptoms (EUDRA-CT: 2007-002748-79). The second fMRI study 
was part of a double-blind multicenter randomized controlled trial investigating the effect of 
rTMS on negative symptoms (Dutch Trial Registry: NTR1261). The procedures for the baseline 
measurements used in the current study were identical for both studies. The studies were 
executed in accordance to the declaration of Helsinki and approved by the local ethical 
committee of the University Medical Center of Groningen. Patients in these trials (n = 47) 
were recruited from mental health care centers in the northern part of the Netherlands. 
Participating subjects gave oral and written consent after the procedure had been fully 
explained. Diagnosis was confirmed with the Schedules for Clinical Assessment (SCAN 2.1) 
diagnostic interview.129 All patients met DSM-IV criteria for a diagnosis of schizophrenia 
or a related non-affective psychotic disorder. A comorbid depression or history substance 
abuse (>6 months before) was allowed. Patients had to abstain from drugs and alcohol 
24 h before testing. Severity of symptoms was assessed with the Positive and Negative 
Syndrome Scale (PANSS).96

 Healthy controls (n=20) did not differ from to the patients in age, gender, education level 
and handedness. Since part of the subjects was young and had not finished education, the 
highest education level that a subject finished or expected to finish was recorded according 
to Verhage (range: 1. elementary school to 8. university).140 Age and education level were 
compared between patients and controls with a Mann–Whitney U test and gender and 
handedness with a Chi-square test for independence.
 Exclusion criteria for both patients and healthy controls included age <18 or >60, MRI 
incompatible objects (e.g. medical pumps, prostheses, piercings, red tattoos), (suspected) 
pregnancy, claustrophobia, history of neurological abnormalities (e.g. epilepsy), history of 
severe head injury, brain infarction and inability to provide informed consent.
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2.2. Task design

The task analyzed in this paper was the first scan in an MRI protocol that subsequently 
included an anatomy scan, a socio-emotional task, spectroscopy and a resting state scan.
We implemented the Tower of London based on a version from a previous study.166 In 
the planning condition, two configurations were shown of three colored beads (blue, 
red, green) placed on three rods that could accommodate 1, 2 or 3 beads, respectively. 
Subjects had to count the minimum number of moves of beads needed to get from the 
upper configuration to the lower (Appendix 1). Only a top bead could be moved, and one at 
a time. Below this setup, two answer options were presented and subjects had to indicate 
the correct one. In the control condition subjects had to count the number of blue and red 
beads, as described previously.165,166 During the resting blocks a fixation cross was shown. 
The task was presented in a block design consisting of the two alternating task conditions 
(60 s) interspersed with 30 s resting blocks. The task consisted of 5 blocks of both task 
conditions. Trials within a block were self-paced and a block was terminated after exactly 
60 s. Each trial was interspersed with a 250 ms fixation cross. The task was presented 
using E-prime 1.2, which logged timing of the task and responses of the subjects. Subjects 
responded by button presses on an MR-compatible button box using the index and middle 
finger of their right hand.
 Prior to scanning, the task was explained and practiced on a laptop. After explanation, 
subjects were asked whether the instructions were clear and five trials for the planning 
condition and two for the control condition were presented together with feedback whether 
the answer was correct. Oral feedback was given when subjects gave an incorrect answer 
or appeared unconfident about the task instructions. Hereafter, the subjects practiced two 
planning blocks and one control block of each 1 min that did not include feedback, similar 
to presentation of the task in the scanner.

2.3. Behavioral measures

To assess apathy we used a data-driven measure of apathy derived from a factor analysis on 
negative symptoms using the PANSS.15,245 These studies resulted in a social amotivation factor 
that closely resembles apathy: N2 Emotional withdrawal, N4 Apathetic social withdrawal, 
and G16 Active social avoidance (Cronbach’s alpha = 0.75). The correlation between the 
sum of the PANSS proxy and the Apathy Evaluation Scale total score (AES), an interview 
to specifically measure apathy,246 is 0.58 (N = 124) in the Faerden sample (courtesy of Ann 
Faerden, PhD, University of Oslo). To test for associations that may influence the findings of 
this manuscript, the apathy measures were correlated to age, gender, education, positive 
symptoms, and haloperidol equivalents.247
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 Task performance was measured as reaction times (in seconds) and accuracy (% correct). 
A distinction was made between easy trials (1–2 moves/balls) and difficult trials (3–5 moves/
balls). Performance and the total number of moves per condition were compared between 
patients and controls using a Mann–Whitney U test. Moreover, as apathy may result in a 
diminished drive to perform a task in patients, a correlation was calculated between the 
apathy proxy and the performance measures, and analysis was repeated while controlling 
for measures that were significantly related to apathy (in our case education).

2.4. Image acquisition

MRI scans were acquired using a Philips Achieva 3 Tesla MRI scanner (Best, The Netherlands) 
equipped with an 8-channel SENSE head coil. Subjects were placed in the scanner as 
comfortable as possible. Movement was restricted by foam pads fixating the head and 
noise was reduced by earplugs and head phones. The task was presented on a screen 
visible via a mirror on top of the head coil and subjects could respond with a 4-button MR-
compatible response box in their right hand.
 During the task a pseudo-continuous arterial spin labeling (PCASL) sequence was 
acquired. This technique was chosen because the design was such that a second scan 
would be made after 3 or 9 weeks (not included in this paper), and ASL is more stable in 
comparing measurements far apart in time. Moreover, ASL also enables an investigation of 
baseline activity of the brain, instead of only relative changes with a BOLD sequence, has a 
lower inter-subject variability, and a better functional localization.169,170 Control and labeling 
scans (4 s; 127 of each) were alternated. Labeling time was 1650 ms, delay time 1525 ms and 
acquisition time was 825 ms. Further parameters: flip angle 90°, 14 slices, FOV (ap, fh, rl) = 
224 × 98 × 224 mm, voxel size 1.75 × 1.75 × 7 mm.

2.5. Data analysis

Data were analyzed using in-home scripts based on Statistical Parametric Mapping (SPM8; 
FIL Wellcome Department of Imaging Neuroscience, London, UK) routines and functions. 
First, raw PAR/REC files were converted to NIFTI format. Hereafter, labeled and control 
ASL images were realigned separately because intensity differences between both image 
modalities may cause spurious motion correction. Mean images of both realignments 
(labeled and unlabeled) were created. Participants with excessive head-motion were not 
removed from the analysis, because ASL is relatively insensitive to motion effects due to 
subtraction of subsequent scans. To compare motion between groups, the mean Framewise 
Displacement was calculated for every subject and compared with a Mann–Whitney U test. 
The mean labeled image was co-registered to the mean control image and the resulting 
transformations were applied to all labeled images. Images were subsequently smoothed 
with an 8 mm FWHM Gaussian isotropic kernel.
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 Because of the low Signal to Noise Ratio (SNR) of ASL data, nuisance factors were 
filtered from the ASL scans via regression, including the motion parameters, white matter 
(WM) signal, and cerebrospinal fluid (CSF) signal. For the CSF and WM signal, masks were 
created in native space by co-registering the anatomy scan to the mean control image and 
segmenting the anatomy scan hereafter. The resulting masks were used to extract the first 
principle components of the CSF and WM signal from the ASL image series. Regression of 
the ASL data with the nuisance factors was done separately for control and labeled images. 
Hereafter, perfusion images were created by subtracting the labeled images from control 
images using spline interpolation of subsequent labeled and unlabeled scans separately.169,170 
Normalization was applied after the first level analysis, because interpolation of the 
normalization procedure may influence the subtraction of images170 and to prevent double 
reslicing (for realignment and normalization) before the first level analysis.
 The subtracted ASL images were entered in a first level analysis. The two task conditions 
and an instruction condition (notifying task and resting blocks) were modeled in a block 
design convolved with a Hemodynamic Response Function. Parametric modulation of 
the correct response (1–5 steps or balls) was used in both task conditions to model task 
complexity. During the pairwise subtraction of temporally adjacent images the ASL data 
largely eliminates the low-frequency signal, and therefore high-pass filtering was not 
necessary.170 Implicit masking was not applied because of the low image-intensity of ASL 
data. Instead, an explicit mask was used consisting of the gray and white matter of the 
segmented anatomy scan. Because the ASL images contained imaging artifacts in most 
upper and lower plane, these high intensities were excluded from the highest and lowest 
plane of the explicit mask. Contrasts were created for both task conditions > fixation cross, 
planning > the counting condition and vice versa, and the parametric modulation of the 
planning condition.
 Because the ASL sequence changed during the study due to a scanner upgrade, 
the histogram (i.e. image intensity range) of the contrast images was found to differ. 
24 patients were scanned with the old sequence and 14 controls. Equalization of the 
intensity distribution of contrast images was applied by taking the 25% and 75% values 
of the cumulative histogram of the baseline beta-image (last column design matrix), and 
using these values for histogram normalization of the contrast images. The mean control 
image created during realignment was co-registered to the anatomy, and the anatomy and 
intensity normalized contrast images were spatially to the T1 template of SPM.
 The normalized contrast images were entered in a second level analysis using Statistical 
non-Parametric Mapping (SnPM).171 A non-parametric approach was adopted because ASL 
data, like PET data, has a very non-normal distribution. Analyses were done with a variance 
smoothing of 8 mm FWHM, 5000 iterations, and no additional scaling. Out-of-brain voxels 
were removed by masking with the brain mask of SPM. Resulting pseudo-T maps were 
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inspected at a threshold of p < 0.001, k > 20, pseudo-T > 3 (pseudo-T threshold to control for 
type-I errors). The pseudo-T threshold was used to correct for multiple comparison, which 
has been suggested in case of non-homogeneous smoothness of the data (Tom Nichols, SPM 
mailing list Item #7573 (26 Nov 2001 17:56) — “Re: Cluster level statistics in SnPM, https://
www.jiscmail.ac.uk/cgi-bin/webadmin?A0=spm)”. Contrasts of interest were: planning 
> baseline (all task-performance related activity, corrected for task difficulty, including 
planning, viewing and responding), planning > counting beads (planning-specific activity, 
corrected for task difficulty), and the parametric effect of task difficulty (changes in brain 
activity related to changes in task difficulty). First, activity of all contrasts was investigated 
in the healthy control sample using the one sample T-test option of SnPM. Next, patients 
and controls were compared using a two sample T-test. The relation between apathy and 
brain activation during planning in patients was investigated via simple regression of the 
apathy proxy to all available contrasts in SnPM.
 Education had a strong association with task performance on the one hand and with 
apathy on the other hand. Moreover, groups showed a trend for a significance difference on 
education. Because it is not possible to add multiple covariates in one analysis using SnPM, 
education was added as a covariate in a simple regression analysis for both healthy controls 
and patients separately. If these analyses resulted in clusters that did not overlap with the 
clusters in other analyses, the influence of education can be considered to be limited or 
irrelevant. To test the unique effect of apathy while controlling for education we adopted 
an additional approach. The mean beta-values from clusters significantly related to apathy 
were extracted in all patients. The association between the beta-values and apathy was 
tested by using permutation of apathy scores within each education level (5000 times), 
thus controlling for education.
 Because most studies thus far have focused on negative symptoms in general, 
additional analyses were performed with the PANSS negative subscale as a covariate, to 
allow for comparison to these studies. Moreover, because it has been shown that negative 
symptoms may overlap with depression, we repeated the analysis with the Montgomery 
Asberg Depression Rating Scale (MADRS) total score.128

3. Results

3.1. Demographics

Data of 47 patients and 20 control subjects were available. Demographic characteristics are 
shown in Table 1. The subject groups, patients versus controls, did not differ significantly 
in age, gender, handedness, or educational level. 76% of the patients had a diagnosis of 
schizophrenia; the other patients were diagnosed with other diagnoses in the psychotic 
spectrum. For the patients with a diagnosis of psychotic disorder, a diagnosis of schizophrenia 
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could not be confirmed due to their short duration of illness. However, most of them were 
expected to fit this diagnosis later. A quarter of the patients were medication free at the 
time of scanning and only 10% used typical antipsychotics.

Table 1. Demographic data of the participants

Schizophrenia patients (SD/%) Healthy controls (SD) Significance (p)

Age (years) 33.1 (11.7) 31.1 (11.6) 0.55

Gender (% male) 77% 70 0.79

Handedness (% right) 95% 90 0.29

Education (Verhage) 5.3 (1.6) 6.2 (0.7) 0.056

Diagnosis

Schizophrenia 35 (76%)

Schizoaffective 2 (4%)

Schizophreniform 2 (4%)

Psychotic disorder 8 (19%)

Antipsychotics

None 13 (28%)

Aripiprazole 6 (13%)

Clozapine 6 (13%)

Flupentixol 2 (4%)

Haloperidol 2 (4%)

Olanzapine 14 (30%)

Risperidone 2 (4%)

Zuclopentixole 3 (6%)

Haloperidol equivalents247 3.4 (4.2)

Psychopathology scores

PANSS Positive symptoms 13.4 (5.1)

PANSS Negative symptoms 16.7 (6.0)

PANSS General pathology 30.8 (9.5)

Social amotivation15,245 7.5 (3.3)

MADRS 17.7 (9.7)
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3.2. Behavioral results

One patient was excluded from all analyses because she did not correctly execute the task 
(<50% correct, thus below chance level). One patient hit the alarm bell halfway scanning 
because he thought incorrect solutions were presented for that trial, which was not the 
case. The available data (3 out of 5 blocks for every condition) of this subject were included 
in the analysis. 
 Healthy controls gave on average 11.6 (4.7) responses on easy planning trials and 24.1 
(8.3) on difficult trials. Patients showed significantly less responses (p < 0.05), with 8.7 (4.2) 
moves on easy trails and 19.3 (7.3) on difficult trials. The count balls condition showed a 
similar effect: controls had 14.9 (4.2) moves on easy and 131.4 (24.3) moves on difficult 
trials, patients had 10.8 (5.1) and 107.7 (32.7)moves respectively. Appendix 2 shows reaction 
times and accuracy for easy and difficult trails of both patients and healthy controls during 
the task. There were no statistically significant differences between groups. Patients had 
a larger variability in performance in the planning condition than controls, but a similar 
performance range in the control condition (count balls). Moreover, the control condition 
appeared to be substantially easier, given its shorter reaction times and higher accuracy. 
 There was a strong negative association between apathy and level of education (r = 
−0.34, p = 0.030). We found no significant relation with age (r = 0.019,  p = 0.90), gender 
(r = −0.28, p = 0.064), positive symptoms (r = 0.15, p = 0.32) and haloperidol equivalents 
(r = 0.17, p = 0.33). There was no relation between apathy and reaction times, also when 
controlling for education.

3.3. Imaging results

The mean Framewise Displacement (FD) of the movement parameters did not differ 
significantly (Z = 0.34, p = 0.73) between patients (mean = 0.92, SD = 1.03) and healthy 
controls (mean = 0.89, SD = 0.62).
 In control subjects, the planning > baseline condition activated the bilateral precuneus, 
bilateral inferior parietal lobule (IPL), and left middle (MiFG) and inferior frontal gyrus (IFG) 
(Table 2). Planning > counting beads did not result in any significant change in activation, 
because the count balls condition appeared to activate the same brain areas to a similar 
extent. The opposite contrast (count balls > planning) showed an increased activation of 
the medial frontal gyrus (MeFG), left superior frontal gyrus (SFG), right thalamus and left 
postcentral gyrus (Fig. 1). Parametric modulation showed increased activity in response to 
more difficult trials in the bilateral middle frontal gyrus (MiFG) and left SFG. There was no 
decreased activation in response to increased task difficulty.
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Table 2. Areas showing significant activation in healthy controls in the following contrasts: planning 
> baseline, planning > count balls, count balls > planning and parametric modulation of planning (p < 
0.001, k > 20, pseudo-T > 3)

 k pseudo-T xyz Area

Planning > baseline 74 4.0 -14 -76 48 precuneus

414 3.9 14 -86 40 precuneus

94 3.8 -46 22 44 middle frontal gyrus

21 3.5 44 -40 42 inferior parietal lobule

47 3.4 -58 10 18 inferior frontal gyrus

52 3.3 -64 -26 20 inferior parietal lobule

Planning > count balls -

Count balls > planning 237 4.4 -48 -28 58 precentral gyrus

92 4.0 -4 30 58 superior frontal gyrus

53 3.8 4 -4 2 thalamus

62 3.6 8 56 -6 medial frontal gyrus

Planning parametric positive 110 4.3 -2 -20 60 superior frontal gyrus

323 4.1 -24 24 48 middle frontal gyrus

48 3.8 48 24 44 middle frontal gyrus

Planning parametric negative -
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Fig. 1. Activation of the Tower of London in healthy controls. red = increased activation, blue = 
decreased activation; A. planning > baseline, B. planning > count balls, C. parametric modulation.

 Patients showed no difference with controls in activation during the planning > baseline 
contrast. In the planning > count balls contrast, patients showed more activation in the MeFG 
and thalamus than controls. In response to more difficult trials (parametric modulation), 
controls showed more activation than patients in the left IPL, bilateral IFG, right precentral 
gyrus, left insula, cingulate gyrus, right SFG, and right MiFG. See Table 3 and Fig. 2.

Fig. 2. Difference in activation between schizophrenia patients and healthy controls in the Tower of 
London. red =patients − controls, blue =controls− patients; A. planning > countballs, B. parametric 
modulation.
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Table 3. Areas that show significant differences in activation between patients and controls in different 
task conditions (p < 0.001, k > 20, pseudo-T > 3)

 k pseudo-T xyz Area

Planning > baseline
control > patient

-

Planning > baseline
patient > control

-

Planning > count balls
control > patient

-

Planning > count balls
patient > control

48 3.4 -8 -14 6 thalamus

31 3.4 -10 42 52 medial frontal gyrus

Planning parametric
control > patient

62 4.4 -66 -40 38 inferior parietal lobule

36 3.9 60 10 14 inferior frontal operculum

106 3.8 36 -28 56 precentral gyrus

132 3.6 -42 4 8 insula

40 3.6 28 0 54 middle frontal gyrus

89 3.4 -58 22 22 inferior frontal gyrus

26 3.2 -12 10 42 cingulate gyrus

30 3.2 20 26 42 superior frontal gyrus

Planning parametric
patient > control

-

 The social amotivation factor15,245 showed a negative association with the IPL in the 
planning > baseline condition. The planning > count balls gave a negative association with 
the precuneus, paracentral lobule and thalamus. There was a positive association with 
activation in the right middle temporal gyrus (MiTG) during the parametric modulation. For 
overview see Table 4 and Fig. 3.
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Table 4. Areas showing a significant association with the apathy proxy measure Liemburg et al. (2013) 
in patients during different conditions (p < 0.001, k > 20, pseudo-T > 3)

 k pseudo-T xyz Area

Planning > baseline positive -

Planning > baseline negative 102 4.1 -36 -52 54 left inferior parietal lobule

Planning > count balls positive -

Planning > count balls negative 26 3.9 -6 -40 56 precuneus

49 3.6 -18 -38 48 paracentral lobule

28 3.1 -6 -14 -4 thalamus

Planning parametric positive 40 4.2 38 -42 0 right middle temporal gyrus

Planning parametric negative -

 Results on the association between negative symptoms and planning-related activation 
are shown in Appendix 3 for reference. There was a negative association with the thalamus, 
left insula, left inferior frontal gyrus, right putamen and bilateral superior temporal gyrus 
in the planning > baseline contrast. The parametric modulation contrast showed a positive 
association with the left hippocampus, left angular gyrus and right frontal operculum, and 
a negative association with the thalamus and the medial frontal gyrus. Finally, education 
level was added as a covariate in a separate analyses in both patients and healthy controls 
because of its strong correlation with apathy and because there was a trend for a significant 
difference between both groups, but these analyses did not yield clusters that overlapped 
with the reported results. An additional analysis – in which apathy was permuted within 
education level and correlated with the mean beta-values of clusters related to apathy – 
showed that the associations remained significant for the planning > baseline contrast (r > 
0.3, p < 0.01), but not for the planning > count balls and parametric modulation. Finally, the 
MADRS was added as a covariate in SnPM, but this analysis did not result in any significant 
clusters.



� Neural�correlates�of�planning�performance�in�patients�with�schizophrenia�—�Relationship�with�apathy

111

7

Fig. 3. Relationship between apathy and activation during the Tower of London. red=positive 
association, blue=negative association; A. planning > baseline, B. planning > count balls, and C. 
parametric modulation.

4. Discussion

In this study we investigated whether apathy is related to reduced fronto-parietal activation 
in schizophrenia patients, using the Tower of London task. Both contrasts of planning 
with either the baseline or the counting balls condition showed reduced planning-related 
brain activation with higher levels of apathy. The planning > baseline association was also 
significant after correction for education.
 Thus, we observed abnormal parietal and thalamic activation in relation to apathy, but 
no prefrontal relation with apathy. Whereas previous studies have already related apathy 
or negative symptoms in schizophrenia to prefrontal function,229,237,248 a study using a 
monetary reward task did not show such an effect.31 In neuroanatomical models, it has 
been hypothesized that lateral frontal abnormalities are related to disrupted planning 
of behavior and medial abnormalities to emotional-affective disruptions.227,249 Thalamic 
abnormalities, which were observed in the current study, may lead to prefrontal dysfunctions 
and apathy.227,249 Although the parietal cortex has been less often implicated, previous 
research has shown reduced parietal activation during a recognition task in schizophrenia 
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patients with the deficit syndrome, in which apathy is a prominent symptom.33 In patients 
with depression, robust impairment of parietal activation during planning has also been 
reported,242 and in patients with Alzheimer’s disease, impaired tissue integrity has been 
reported for parietal brain regions in relation to apathy and initiative.250,251 The parietal 
cortex has also been shown to be involved in voluntary action252 in healthy participants. 
Thus, the parietal cortex, besides the prefrontal cortex, appears to have an important role 
in the mental processes that underlie apathy. Further research may help to elucidate its 
exact role, also in relation to frontal and striatal networks.
 We also found that patients with more apathy exhibited increased activation of the 
middle temporal gyrus with increased task difficulty. In a similar vein, Rasser et al.238 found 
that healthy subjects deactivated temporal regions in response to higher task complexity, 
but schizophrenia patients did not. Additional analysis could not prove a unique effect of 
apathy while education in the aforementioned contrasts. However, other studies have 
also shown that there is a negative relation between apathy and education. We therefore 
consider both constructs intrinsically connected.253,254 That is, apathy and schizophrenia 
may share developmental pathways and apathy will negatively impact educational level.
 On a different note, depression has also been be linked to apathy. Additional analyses 
showed a correlation of 0.3 between apathy and depression (MADRS) and a distinctive 
pattern of brain activation related to depression that did not overlap with areas related to 
apathy. Moreover, the majority of the subjects (>90%) did not have a significant level of 
depression at the time of examination (based on a cutoff of the MADRS255). Thus, apathy as 
measured in our sample appeared to be unrelated to depression.
 On a behavioral level, there was no significant association between performance and 
apathy. While there was a non-significant relation between longer reaction times and more 
apathy, other studies have shown decreased performance on executive tasks in patients 
scoring high on apathy.229,232,240,256 Morris et al.240 have suggested that quick responses of 
schizophrenia patients may lead to a lower performance, and that accuracy may increase 
with a forced longer planning time. In our study, apathy may impose longer planning times, 
observed as less solved trials by patients, that compensate for a lower accuracy that would 
otherwise be observed in patients with high levels of apathy.
 As expected, healthy control subjects activated mostly parietal brain areas during the 
planning condition, independent of difficulty level,165,181,182 and mostly lateral prefrontal 
areas with the parametric increase of difficulty.182 Striatal areas were not activated, which 
have been implicated previously, albeit inconsistently.165,181,234-236 Unexpectedly, the planning 
> count balls condition did not show any significant activation, whereas thalamus, medial 
frontal and motor areas were more strongly activated in the count balls condition. Similar 
effects have been reported previously;166 the higher activation in the counting condition 
might be due to a higher performance rate compared to the planning condition.166,235 
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Moreover, repeating the analysis without parametric modulation did show activation of the 
left IFG, MiFG and right precuneus in the planning > count balls contrast (data not shown), 
indicating that most planning specific activity is contained in the parametric modulation.
 With regard to the comparison of healthy controls to schizophrenia patients, similar 
brain activation was observed in the planning > baseline contrast. In the planning > count 
balls, patients had higher activation compared to controls in medial frontal areas, motor 
cortex and thalamus, in line with previous studies.116,257 This could be related to increased 
effort to perform the task.181,258 Moreover, increased medial frontal activation of patients 
might be related to a failure to deactivate the default mode network during cognitive 
tasks.175,259,260 Moreover, healthy controls showed a significantly stronger increase in 
activation in lateral frontal, medial frontal, and motor areas in response to increased task 
difficulty than patients. Patients indeed failed to activate prefrontal areas in response to 
increased task complexity (data not shown), as shown previously.238 Patients may reach 
their maximum frontal capacity earlier than controls58,210 and lack additional increase in 
activation with difficult trials. We indeed showed that performance was comparable, but 
that patients made significantly less moves.
 Some limitations of this study should be mentioned. First, apathy was measured by a 
proxy based on the PANSS interview, and not a separate interview to specifically measure 
apathy. Nonetheless, the selected items have face validity as they concern reduced initiative 
and withdrawal, have been shown to correlate strongly with an apathy scale (AES)246 and 
had a high internal consistency. With regard to the task, the Tower of London measures 
aspects of working memory and goal-directed behavior, but is limited in scope. Indeed, 
emotional and social aspects that may also be related to apathy are not measured by this 
task. Future studies could use more elaborate measures for apathy and different tasks to 
investigate different aspects of apathy.

5. Conclusion

In conclusion, apathy was related to abnormal activation in parietal and thalamic regions 
during the ToL task. This supports the hypothesis that impaired function of brain regions 
involved in planning and goal-directed behavior may underlie apathy in schizophrenia. 
Moreover, impaired lateral prefrontal activation in schizophrenia patients compared to 
controls is consistent with the hypofrontality model of schizophrenia. In contrast, stronger 
medial frontal activation in patients may be related to increased effort to perform a task 
with conflicting task solutions. 
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Appendix 1. The Tower of London task

Appendix 2. Reaction times and accuracy for easy and difficult trails of both patients and healthy 
controls during the task



� Neural�correlates�of�planning�performance�in�patients�with�schizophrenia�—�Relationship�with�apathy

115

7

Appendix 3. Relationship between negative symptoms and activation during the Tower of London. 
red=positive association, blue=negative association; A. planning > baseline, B. parametric modulation.






