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5.1 Abstract 
Apathy, a key negative symptom of schizophrenia, is characterized as a 
quantitive reduction of self-initiated goal-directed behavior. A lack of effective 
treatments for apathy requires a deeper understanding of the neurocognitive 
mechanisms underlying this debilitating symptom. Altered ability to imagine 
affective future events, which may disrupt concrete planning and reduce 
motivation, has been associated with apathy levels in schizophrenia patients. To 
date, no fMRI study has investigated the relation between dynamic 
synchronization in key brain networks underpinning emotional and cognitive 
processing and apathy in schizophrenia patients. To this end, we calculated phase 
synchronization on functional magnetic resonance imaging data during an 
affective forecasting task in patients with schizophrenia. Higher apathy levels 
were associated with increased synchronization of the default mode network-
frontal-parietal network (DMN-FPN) during actively thinking of future positive 
and neutral events, while lower synchronization in the reward network (RN) was 
observed when not actively engaged in future affective thinking (i.e. the 
baseline) . Our results suggest that altered synchronization of the DMN-FPN and 
RN may underlie impairments in self-initialization of future thinking on personal 
events and anticipatory reward processing in schizophrenia patients with higher 
levels of apathy. These findings contribute to our understanding of diminished 
cognitive and emotional processing, and ‘auto-activation’ observed in patients 
with schizophrenia suffering from apathy. 
Keywords: affective forecasting; default mode network, frontal-parietal 
network, reward network, phase synchronization. 
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5.2 Introduction 
Apathy, a core symptom of schizophrenia, has been defined as a quantitive 
reduction of self-initiated goal-directed behavior (Levy & Dubois, 2006). Apathy 
contributes to a high illness burden for patients, their families and society (Robert 
et al., 2009; van Reekum et al., 2005) by causing a myriad of physical, mental 
and socio-economic problems (Leroi et al., 2012). Currently, adequate treatment 
options for apathy are lacking, which signifies the need for a deeper 
understanding of this debilitating symptom, including its neurocognitive basis 
(Aleman et al., 2017). On a cognitive level, apathy in schizophrenia has been 
found associated with altered affective forecasting, (i.e. future thinking on 
affective events), a complex adaptive process that relies heavily on adequate 
executive control (Spreng et al., 2010a), memory functioning, and reward 
anticipation (Husain & Roiser, 2018; Raffard et al., 2013b). On a neural level, 
the fronto-parietal network (FPN) and the default-mode network (DMN) were 
found to be altered in schizophrenia patients during working memory tasks and 
resting-state (Bluhm et al., 2007; Broyd et al., 2009; Camchong et al., 2011; Kim 
et al., 2003; Repovs & Barch, 2012), which may contribute to diminished 
cognitive performance in domains including executive control and abstract 
thinking. Furthermore, during tasks of reward processing, the reward network 
(RN) was found to be disrupted in patients with schizophrenia (de Leeuw et al., 
2015; Esslinger et al., 2012; Grimm et al., 2014; Mucci et al., 2015), suggesting 
diminished reward anticipation. However, it remains unclear whether 
functioning of networks including the FPN, the DMN and the RN also underpin  
affective forecasting and may thereby contribute to apathy in schizophrenia 
patients.  
 
Affective forecasting depends on many complex cognitive processes such as 
initializing general knowledge about personal future (D’Argembeau & Mathy, 
2011a), flexibly extracting and recombining information stored in episodic 
memory (Cabeza et al., 2008; Schacter et al., 2012), and assigning 
emotional/reward value to future events (Husain & Roiser, 2018; Raffard et al., 
2013b). These different cognitive processes are supported by different brain 
systems including the FPN, the DMN and RN (Gu et al., 2019; Schacter et al., 
2007, 2012). These networks have been found altered in schizophrenia patients 
during various cognitive tasks and resting-state (Bluhm et al., 2007; Broyd et al., 
2009; Camchong et al., 2011; de Leeuw et al., 2015; Kim et al., 2003; Repovs & 
Barch, 2012). Disrupted functional connectivity within the FPN during working 
memory tasks has been repeatedly shown in schizophrenia patients, which 
suggests that the altered integration between frontal and parietal regions may 
underlie cognitive disorganization in schizophrenia (Kim et al., 2003; Repovs & 
Barch, 2012; Woodward et al., 2011; Zhou et al., 2007). The DMN, consisting 
of the ventromedial prefrontal cortex (vmPFC), the posterior cingulate cortex 
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(PCC)/precuneus,  the medial temporal lobe (MTL) and the retrosplenial cortex, 
is important for retrieving memory elements and re-combining them to imagine 
future events (Schacter et al., 2007, 2012). Reduced connectivity in the DMN 
during the resting-state has been found to be associated with diminished abstract 
thinking and a failure to recognize internally generated thoughts in schizophrenia 
patients (Bluhm et al., 2007; Orliac et al., 2013). Recruitment of the RN, 
consisting of the striatum, putamen and dorsal cingulate cortex (dACC), has been 
associated with anticipation of gains and losses of reward (Gu et al., 2019) as 
well as thinking affective events in the future (D’Argembeau et al., 2008a). 
Schizophrenia patients showed decreased activation and connectivity within the 
RN during anticipation of reward in context of the monetary incentive delay task, 
which was further associated with levels of avolition/anhedonia (de Leeuw et al., 
2015; Esslinger et al., 2012; Grimm et al., 2014; Mucci et al., 2015). Together, 
schizophrenia patients have shown dysfunction of the FPN, the DMN and the 
RN involved in processes of executive control, self-referential memory and 
reward anticipation that form the central processes implicated in affective 
forecasting. However, it is unknown how altered interaction within these brain 
networks during affective forecasting contributes to apathy in schizophrenia.  
 
When thinking of future events, individuals dynamically access and integrate 
self-relevant memory information and assign a reward value to representations 
of these future events (Cabeza et al., 2008; D’Argembeau & Mathy, 2011b; 
Husain & Roiser, 2018; Schacter et al., 2012). These complex and flexible 
cognitive processes require instantaneous integration of neural signals 
distributed in different brain regions among brain networks such as the FPN and 
DMN and the RN (Fell & Axmacher, 2011; Spreng et al., 2010b; Varela et al., 
2001). Static measures such as averaged functional connectivity calculated over 
longer periods of time (e.g. minutes) have provided important insights for 
understanding neurocognitive mechanisms underlying schizophrenia (Kos et al., 
2016b; Li et al., 2018; Yang et al., 2019; R. Zhang et al., 2020). However, static 
measures are less suited to capture instantaneous integration of information 
between brain regions at higher temporal resolution (e.g. seconds) (Hutchison et 
al., 2013a). This would require more dynamic characterization of the correlation 
of various brain regions, for which several methods have been proposed. One of 
these is phase synchronization, which has been widely used in 
electroencephalography (EEG) studies (Fell & Axmacher, 2011; Varela et al., 
2001) and more recently in fMRI studies  as well (Bolt et al., 2018; Glerean et 
al., 2012; Servaas et al., 2019). Phase synchronization of fMRI signals 
characterizes dynamic synchronization based on low-frequency fluctuations 
(<0.1 Hz) of different brain regions. This dynamic synchronization has been 
found crucial for coordinating activity between large-scale brain regions 
and carrying out large-scale information integration (B. J. He et al., 2008). EEG 
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studies has shown that synchronization is abnormal in patients with 
schizophrenia (Uhlhaas & Singer, 2006, 2010). However, very few studies have 
explored how phase synchronization of fMRI signals within several distributed 
brain networks relates to cognitive deficits and behavioral abnormalities in 
schizophrenia. Our previous studies used this approach on resting-state fMRI 
data and showed that reduced variability in synchronization in the DMN and the 
salience-reward network was associated with higher levels of apathy in patients 
with schizophrenia (Servaas et al., 2019). Another study applied this approach 
on fMRI data of a motor task and a social cognitive task and has suggested the 
advantage of this approach in examining dynamically synchronized brain 
networks during performing cognitive tasks (Bolt et al., 2018). However, no 
study has used phase synchronization to examine the association between 
synchronization of core brain networks including the DMN, the FPN and the RN 
during affective forecasting and apathy levels in patients with schizophrenia.  
 
In the present study, we applied phase synchronization on fMRI data acquired 
during an affective forecasting task in schizophrenia patients with d high levels 
of apathy (n=25) to examine the abovementioned issue. Building on the previous 
findings of disrupted executive control, memory and reward anticipation and 
their corresponding brain networks in schizophrenia patients, we hypothesized 
that lower synchronization of these networks including the FPN, the DMN and 
RN related to high apathy levels in schizophrenia patients. 

5.3 Methods and Materials 
5.3.1 Participants 
Data from the ‘Neural Substrate of Cognitive and Social-Emotional Apathy in 
Patients with Schizophrenia study’ (METC protocol number 2013.086) was 
available for twenty-five patients with schizophrenia, who scored high on apathy 
(study inclusion criteria: a score of ≥24 on the apathy subscale of the Apathy 
Evaluation Scale, AES). Participants (in- and outpatients) fulfilled the criteria of 
a diagnosis of schizophrenia or schizoaffective disorder according to DSM-IV-
TR criteria and were forwarded by their clinicians. Inclusion criteria were 1) age 
of 18 years or older; 2) Dutch proficiency; and 3) eligibility for magnetic 
resonance imaging (MRI). Exclusion criteria were 1) a history of neurological 
disorders or head injury; 2) a current diagnosis of an alcohol/substance 
dependence disorder; 3) visual and auditory problems that couldn’t be corrected; 
4) use of medication that would influence brain functioning (e.g. beta-blockers, 
insulin), except for typical and atypical antipsychotics; and 5) inability to 
undergo cognitive testing. The latter was assessed with the Digit Symbol 
Substitution Task of the WAIS-R (Wechsler, 1981). Participants had to obtain a 
score of at least 24, which is 2.5 standard deviations (SD) below the mean of a 
previous study by our group with a comparable patient sample (M = 50.28, SD 
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= 10.71) (van der Meer et al., 2009). Additionally, 14 participants in the healthy 
control group without history of any neurological or psychiatric disorders were 
also included to provide an estimate of non-clinical variation in dynamic brain 
synchronization (See the demographic information in Table S1). All patients 
gave informed consent after explanation of the experimental procedure. The 
study was approved by the Medical Ethical Committee of the University Medical 
Center Groningen and performed according to the declaration of Helsinki (World 
Medical Association Inc, 2009). For demographics of the sample, see Table 1. 

5.3.2 Clinical assessments 
The Mini International Neuropsychiatry Interview plus (MINI-plus) was used to 
confirm diagnosis of schizophrenia or schizoaffective disorder and to exclude an 
alcohol/substance dependence disorder (Lecrubier et al., 1997). Subsequently, 
the following symptoms were assessed: i) apathy with the Apathy Evaluation 
Scale, clinician rated (AES-C) (Marin, 1991); ii) negative symptoms with the 
Scale for the Assessment of Negative Symptoms (SANS) (Andreasen, 1989); iii) 
positive, negative and generalized psychopathology with the Positive and 
Negative Symptom Scale (PANSS) (Kay et al., 1987); and iv) depression with 
the Calgary Depression Scale for Schizophrenia (CDSS) (Addington et al., 
1990). 
 
5.3.3 Affective forecasting task  
5.3.3.1 Pre-scan interview  
The affective forecasting task used in the current study was an adaptation of the 
task developed by D’Argembeau et al (D’Argembeau et al., 2008a). During a 
pre-scan interview, participants were asked to think of five neutral routine events 
and five positive future events. The routine events were defined as emotionally 
neutral repetitive tasks that were performed every day or at least multiple times 
per week (e.g., brushing my teeth), while positive future events were defined as 
positive events that may occur in the near future (up to a month; e.g., having 
dinner with my family). Any event was allowed, given that its occurrence was 
plausible and that it would take place in a particular place and time, lasting 
maximally one day. Short cue statements were derived from the participant’s 
descriptions. These statements were used as a cue during the remainder of the 
pre-scan interview, during which they were asked to imagine every event and 
rate their vividness and emotional valence. During the pre-scan interview, 
participants were asked to imagine the event with as much detail as possible: 
taking into account the location, objects and people present during the event, 
what they would be doing, and how they would feel during the event. 
Subsequently, they were asked to rate vividness/amount of details of the 
imagination (ranging from 1 = vague with no details to 6 = vivid and highly 
detailed).  
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Figure 1. A trial in the affective forecasting task consisting of a fixation 
cross, the cue statement, the imagination phase, a tactile stimulus on the 
lower leg of the patient by the experimenter and the rating phase.  

5.3.3.2 fMRI session  
The task was part of a scanning protocol that also included an effort-reward task, 
an anatomy scan, and MR spectroscopy. Prior to the scanning session, 
participants were given explanations on the MR procedures and task, and the 
affective forecasting task was practiced. In the MR scanner, the instruction was 
briefly repeated, after which the affective forecasting task was presented (see 
Figure 1). The task consisted of four epochs, each containing all five neutral 
future events and all five positive future events. The order of the trials within the 
epochs was randomized. Each trial started with a fixation cross (1.5 s), followed 
by presentation of the cue statement (5 s). Then a screen appeared instructing the 
participant to imagine the event and close his/her eyes. The imagination phase 
lasted 15 seconds and was ended by a tactile stimulus (i.e. a tap on the lower leg 
of the participant by the experimenter), cuing the participant to open his/her eyes. 
Subsequently, the participant was asked to rate the vividness/amount of details 
of the imagination on a 7-point Likert-scale (ranging from 0 = vague with no 
details to 6 = vivid and highly detailed), by means of a button press. Rest periods 
of 10 TRs were presented at the beginning and end of the task and between 
epochs. A fixation cross was presented during all rest periods. The total task 
duration was about 21 minutes (range: 20.87-21.07 minutes).  

5.3.4 Image acquisition  
The fMRI data were collected using a 3.0 Tesla Philips Intera MR-scanner 
scanner (Best, NL), equipped with a 32-channel SENSE head coil. Whole-brain 
functional images were acquired using a T2*-weighted echo planar imaging 
sequence (47 descending axial slices, TR=2000 ms; TE=22 ms; flip angle=90°; 
FOV (rl, ap, fh)=192x192x141 mm; voxel size=3x3x3 mm; slice thickness=3 
mm; slice gap=0 mm; 642 volumes). Two participants were scanned with another 
EPI-sequence (39 descending axial slices; TR=2000 ms; TE=30 ms; flip 
angle=80°; FOV (rl, ap, fh)=224x224x136.5 mm; voxel size=3.5x3.5x3.5 mm; 
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slice thickness=3.5 mm; slice gap=0 mm; 642 volumes). Furthermore, a whole 
brain T1-weighted image was acquired for anatomical reference (170 axial 
slices; TR=9 ms; TE=3.5 ms; FOV=232x170x256 mm; voxel size=1 mm 
isotropic; flip angle=8°). All functional images were scanned approximately 30° 
from the Anterior Commissure-Posterior Commissure (AC-PC) plane in order to 
prevent artefacts due to nasal cavities.  

5.3.5 Behavioral and neuroimaging data Analysis  
5.3.5.1 Demographic, clinical and behavioral data  
Demographic, clinical and behavioral data were analyzed using R 
(https://www.r-project.org/) and JASP (https://jasp-stats.org/). Mean vividness 
ratings obtained during the pre-scan interview and mean vividness ratings during 
fMRI scanning were calculated separately for neutral and positive events. In 
order to assess a possible association between these ratings and apathy scores 
(AES), Spearman correlations were performed between the ratings and apathy 
scores (AES) for neutral and positive events separately. Because of the 
significant association between apathy scores (AES) and depressive symptoms 
(CDSS) (r=0.50, p=0.011), this analysis was repeated with taking CDSS scores 
as covariate by using partial Spearman correlation analysis in R. Significance 
was set at α=0.05.  

5.3.5.2 Image processing 
Image processing and analysis were performed using SPM12 (v6470; 
http://www.fil.ion.ucl.ac.uk), implemented in Matlab 7.8.0 (The Mathworks 
Inc., Natick, MA). The images were corrected for slice timing and realigned to 
the first image using rigid body transformations. The mean EPI image, created 
during the realignment, was coregistered to the anatomical T1 image. 
Subsequently, images were spatially normalized to common stereotactic space 
(MNI T1-template) and resampled to a voxel size of 2x2x2 mm. Bounding box 
parameters were changed to -90:90, -126:90, -72:108 to ascertain overlap of all 
ROIs with the bounding box for extraction of time series data. 
 
Next, a series of postprocessing steps were performed. First, regression of several 
nuisance variables was applied for each grey matter voxel to remove sources of 
spurious variance, comprising six rigid body head motion parameters, white 
matter (WM) signal and cerebrospinal fluid (CSF) signal. In order to obtain the 
latter two signals, we performed segmentation of the T1-weighted image to 
create a WM and CSF mask and extracted the first eigenvariate from the time 
series of the included voxels. In addition, the first temporal derivatives of 
abovementioned nuisance variables were removed. Second, following removal 
of the offset of the times series, temporal band-pass filtering was applied to 
detrend the signal and to retain frequencies between 0.04-0.07 Hz (30,44). Third, 
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smoothing was applied using an 8 mm full-width at half maximum (FWHM) 
Gaussian kernel. Fourth, scrubbing parameters were used to interpolate 
measurements on time-points, which are possibly affected by motion artifacts 
(see Supplementary Information S1). 
 
5.3.5.3 Time course extraction 
Time course extraction was previously described in Servaas et al.(Servaas et al., 
2019). In short, nodes (i.e. brain regions of interest) were built by creating a 
sphere of 5 mm radius around 264 coordinates provided by Power et al.(Power 
et al., 2011). After visual inspection of these non-overlapping regions of interest 
(ROIs), we noted the absence of three relevant subcortical structures for research 
on negative symptoms/apathy in schizophrenia: bilateral amygdala, 
hippocampus and caudate head (26-29). The coordinates for these regions were 
determined using the Harvard-Oxford Subcortical Structural Atlas, resulting in a 
total of 270 ROIs. No overlap was observed between the additional ROIs and the 
ROIs of Power et al. (Power et al., 2011). Subsequently, a whole-brain group 
mask was built based on the EPI images to locate the parts of the brain for which 
signal was measured in all subjects. We only include nodes that overlapped more 
than 50% (voxel-wise) with the group mask. This resulted in the exclusion of 28 
ROIs (see the Table S2). Next, we extracted the regional mean time series of the 
remaining 242 ROIs. 

5.3.5.4 Phase synchronization as a measure of dynamic functional connectivity  
We selected phase synchronization as a measure of dynamic functional 
connectivity (Glerean et al., 2012). This measure has previously been described 
in Servaas et al.(Servaas et al., 2019), was originally developed by Glerean et al 
(Glerean et al., 2012). In short, phase synchronization was calculated by applying 
the Hilbert Transform on pre-processed time signals of 242 ROIs, which is a 
mathematical transform that is used to obtain the instantaneous phase and 
amplitude of a narrowband signal per time point (i.e. volume) (Glerean et al., 
2012). In the current analysis, only the instantaneous phase was used and phase 
differences were calculated for each ROI pair per time point. The first 13 time 
points were discarded to ensure that at least one cycle has passed to obtain a 
reliable estimate of the instantaneous phase (1/0.04 (lowest frequency of the 
band-pass filter) = 0.25/ 2 TR = 12.5 time points). Phase differences approach 
zero, when phase synchronization is higher. The end result is a phase difference 
matrix specifying all ROI-pairs (n=242) per time point (n=618) for each subject.  

5.3.5.5 Definition of subnetworks 
A data-driven, iterative module decomposition procedure was applied to achieve 
an optimal modular structure in the following procedure. Frist, phase coherence 
adjacency matrices were binarized using a range of proportional threshold values 
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(T=0.01-0.30, in increments of 0.01). These matrices were averaged across 
subjects per threshold value and the entropy was calculated for each of them to 
indicate for which threshold value the edges showed the largest stability 
information-wise (lowest entropy). These results were compared to results 
obtained via randomized matrices (for details, see (Geerligs et al., 2015)). The 
optimal threshold is the threshold where i) the original matrix shows the largest 
stability across subjects (low entropy) and ii) the difference in entropy is the 
largest between the original matrix and the average over random matrices. The 
optimal threshold in the current study was 1%. Second, for each participant, the 
top 1% of the strongest connections were selected from the individual phase 
synchronization matrix. The values in the top 1% were set at 1, others were set 
at 0. Then the resulting binary phase coherence matrix were averaged across 
subjects as group phase coherence matrix was input to the modularity analysis 
algorithm. First, nodes were partitioned into modules using the algorithm of 
Blondel et al. (Blondel et al., 2008), wherein nodes are divided into groups with 
a maximum number of within-group edges (i.e. connections) and a minimum 
number of between-group edges. This calculation was repeated 500 times to 
mitigate the effect of local minima. The statistic was further optimized by 
applying the modularity fine-tuning algorithm of Sun et al. (Sun et al., 2009), 
wherein nodes are randomly assigned to other modules until modularity no 
further improves. The end result is a module decomposition index that provides 
information on which node belongs to which module. In total, six subnetworks 
were derived which we identified as based on the brain regions belonging to the 
module ) (Figure 3 and Table S2): a sensory-motor network (SMN), a reward 
network (RN), a 1st visual network (VS1); a 2nd visual network (VS2), a default 
mode network-frontal-parietal network (DMN-FPN), and an emotion-memory 
network (EMN).  
 
Consistent with previous studies that found that the DMN and FPN became 
positively coupled during future planning (Spreng et al., 2010a), our modularity 
analysis showed that the regions in these two networks belonged into a same 
module. Therefore, this module, including regions in the DMN and the FPN, was 
considered as one network named the DMN-FPN in the following analyses. 
Building on the roles of the FPN and the DMN and executive control, 
information integration and memory during affective forecasting, we were 
particularly interested in the phase synchronization of the DMN-FPN (See Figure 
2). Additionally, given the role of the reward network including the putamen, 
striatum, dACC and other regions involved in reward anticipation, phase 
synchronization of the RN was also examined in this study. Finally, the 
emotional/memory network included ‘emotional’ regions (e.g. amygdala) and 
‘memory’ regions (e.g. hippocampus), which may be involved in emotional 
memory processing, this module was also considered. Finally, the visual network 
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(VS2) was included as a comparison. We hypothesized phase synchronization of 
the visual network would not show correlation with apathy levels.  

5.3.5.6 Calculation of phase synchronization estimates, task effect and the 
association with apathy 

We introduced a measure to quantify the  overall phase synchronization cross 
multiple pairs of ROIs within one module (i.e. network): the order parameter 
(Servaas et al., 2019). The order parameter was defined as the follow. First, the 
phase difference between node pairs within the module were calculated. Second, 
the real value of averaged phase difference of all node pairs was achieved.   

> t = real
1
D
	 E1(FG

(H))
I

<J%

	  

R is restricted to the range [-1..1] where a value close to zero implies 
asynchronicity and a value of 1 implies perfect synchronicity, t stands for time 
point, n stands for the number of ROI pairs,	K = −1, and 4<is the instantaneous 
phase difference for the kth node pair. 
 
The overall phase synchronization (the order parameter) across nodes belonging 
to the DMN-FPN RN, EMN and VS2 were calculated separately per time point 
and regressed against task predictors (cue, imagining positive events, imagining 
neutral events, rating positive events, rating neutral events, constant) using a 
General Linear Model (GLM). The baseline (the constant in the GLM) was 
considered as the spontaneous state of future thinking, the resulting betas of other 
task regressors can be interpreted as the change in synchronization with respect 
to the baseline. Associations between apathy scores and the betas of the DMN-
FPN, the RN, the EMN and the VS2 during the imagination of positive and 
neutral future events and the baseline were assessed with Spearman correlations. 
Similar with above behavioral analysis, the partial spearman correlation between 
apathy scores and the phase synchronization of the DMN-FPN, the RN, the EMN 
and the VS2 was calculated after controlling for the depression score (CDSS). 
Significance was set at α=0.05. Additionally, due to limited sample size in the 
control group (n=14), it was not proper to do any correlation analysis both on 
behavioral and neural levels. Therefore, only the averaged phase synchronization 
of the DMN-FPN, the RN, the EMN and the VS2 across the healthy control 
group (n=14) were calculated and plotted in the Figure 4-7 as the visualization 
comparisons. 
 
5.4 Results 
5.4.1 Behavioral correlations between AES and vividness scores 
Spearman correlation analyses showed that higher apathy scores were 
significantly associated with lower vividness ratings during the prescan-
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interview for both the imagination of positive (r = -0.45, p = 0.023) and neutral 
future events (r = -0.43, p = 0.033) (Figure 2). After controlling for levels of 
depression, these correlations became non-significant for both positive events (r 
= -0.23, p = 0.282) and neutral events (r = 0.34, p = 0.101). Additionally, apathy 
scores were not significantly associated with vividness ratings during fMRI 
scanning for positive events (r = -0.23, p = 0.19) or neutral future events (r = -
0.36, p = 0.073). After controlling for levels of depression, these correlations 
became not significant for positive events (r = -0.17, p = 0.420) and neutral 
events (r = -0.26, p = 0.216).  

 
Figure 2. Correlation between the vividness of future simulation during pre-
interview and apathy scores (AES) in schizophrenia patients.  
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Figure 3 Module decomposition. Notes, SMN, sensory-motor network; RN, 
reward network; VS1, 1st visual network; VS2, 2nd visual network, DMN-FPN, 
default mode network-frontal-parietal network; EMN, emotion-memory 
network.  
 
5.4.2 Correlations between apathy and phase synchronization of the DMN-
FPN and the RN 
Apathy scores were significantly associated with the synchronization in the 
DMN-FPN for the imagination of positive future events (r = 0.46, p = 0.020) and 
neural future events (r = 0.42, p = 0.035) (Figure 4). After controlling for levels 
of depression, the correlations remained significant for positive events (r = 0.52, 
p = 0.010) and neutral events (r = 0.48, p = 0.025). Furthermore, apathy scores 
were not significantly related to the synchronization in the DMN-FPN during 
baseline (constants in the GLM) (r = -0.30, p = 0.145). However, after controlling 
for depression scores, the correlation remained not significantly (r = -0.36, p = 
0.081). In addition, apathy scores were not significantly correlated to the 
synchronization of the RN for positive event (r = 0.27, p = 0.196), and controlling 
for depression did not affect this relation (r = 0.31, p = 0.138) (Figure 5). Apathy 
scores were marginally significantly correlated to the synchronization in the RN 
for neutral events (r = 0.38, p = 0.059), after controlling depression score, the 
correlation became non-significant (r = 0.34, p = 0.109). Importantly, apathy 
scores were significantly correlated to the synchronization of the RN during the 
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baseline (r = -0.47, p = 0.019), but after controlling depression scores, the 
correlation became marginally significant (r = -0.36, p = 0.080).  
 
 

 
Figure 4. Correlations between the synchronization of the default mode 
network-frontal-parietal network (DMN-FPN) and apathy scores (AES). A. 
The illustration of the DMN-FPN. Association between AES and 
synchronization of the DMN-FPN during positive events (B) and neutral events 
(C) and baseline (D). Notes: PA, patients; HC, healthy control.  
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Figure 5. Correlations between the synchronization of the reward network 
(RN) and apathy scores (AES). A. The illustration of the RN. Association 
between AES and synchronization of the RN during positive events (B) and 
neutral events (C) and baseline (D). Notes: PA, patients; HC, healthy control. 
 
5.4.3 Correlations between apathy and phase synchronization of the EMN 
and the VN 
Additionally, apathy scores were not significantly associated with the 
synchronization in the EMN and the VS2 for positive events (both r < 0.02, p > 
0.931), neural events (both r < 0.10, p > 0.629), and the baseline (both absolute 
r < 0.15, p > 0.478) (Figure 6-7). After controlling levels of depression, the 
correlations remained non-significant for positive events (both r < 0.21, p > 
0.337), neutral events (both r < 0.26, p > 0.213) and the baseline (both absolute 
of r < 0.12, p > 0.565).  
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Figure 6. Correlations between the synchronization of the emotion memory 
network (EMN) and apathy scores (AES). A. The illustration of the EMN. 
Association between AES and synchronization of the EMN during positive 
events (B) and neutral events (C) and baseline (D). Notes: PA, patients; HC, 
healthy control.  
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Figure 7. Correlations between the synchronization of visual network  (VS2) 
and apathy scores (AES). A. The illustration of the VS2. Association between 
AES and synchronization of the VS2 during positive events (B) and neutral 
events (C) and baseline (D). Notes: PA, patients; HC, healthy control.  
 
5.4.4 Behavioral and neural data in the healthy control group.  
Because of the limited sample size of the HCs (8 of 14 has available vividness 
data), the data from the healthy control group were only considered for 
visualization purposes. The averaged vividness (Mean/SD: 5.294/0.896 for 
positive events, 5.094/0.953 for neutral events) during the fMRI task in the HCs 
seemed higher than the patients with apathy during both prescan-interview 
(Mean/SD: 4.512/0.997 for positive events, 4.080/1.363 for neutral events) and 
the fMRI task (Mean/SD: 4.162/1.122 for positive events, 4.015/1.213 for 
neutral events). For the neural data, due to the small sample size (n=12), it is not 
proper to do any correlation analysis. Therefore,  the averaged phase 
synchronizations of the DMN-FPN (Mean/SD: -0.003/0.019 for positive events, 
0.0005/0.030 for neutral events, 0.080/0.032 for the baseline), the RN (Mean/SD: 
0.0005/0.087 for positive events, 0.003/0.092 for neutral events, 0.104/0.093 for 
the baseline), the EMN (Mean/SD: -0.030/0.091for positive events, -0.028/0.099 
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for neutral events, 0.189/0.116 for the baseline) and VS2 (Mean/SD: 0.023/0.116 
for positive events, 0.010/0.110 for neutral events, 0.281/0.135 for the baseline) 
across 14 participations in the healthy control group were showed in the Figure 
4-7 for visualization purposes. Noteworthy, all the results of the HCs should be 
considered cautiously because of the limited sample size. 
 
5.5 Discussion  
In the present study, we applied a novel phase synchronization approach on fMRI 
data during an affective forecasting task. We  examined how dynamic 
connectivity within core brain networks including the DMN, the FPN and the 
RN during thinking of future positive and neutral events was associated with 
levels of apathy in patients with schizophrenia. On the behavioral level, we found 
that patients with high levels of apathy reported less vivid details during 
imagining both positive and neutral future events, but only when assessed in the 
pre-task interview but not during the fMRI task. On the neural level, apathy was 
associated with lower synchronization of the RN during spontaneous state of 
future thinking (i.e. the baseline), but higher synchronization of the DMN-FPN 
during actively thinking future positive and neutral events. Our study is the first 
to build the association between high apathy levels with altered synchronization 
of the DMN-FPN and the RN in affective forecasting. These networks have been 
shown important for future thinking and reward anticipation (D’Argembeau et 
al., 2008a; Gu et al., 2019; Schacter et al., 2007). Alteration of synchronization 
of these networks might result in weaker vivid imagination of future events in 
patients with high apathy levels, which is likely to be mediated by disrupted 
information integration implicated in future thinking and reward anticipation. 
These behavioral and neural alterations may contribute to diminished cognitive 
planning and motivation, and finally lead to less goal-directed behavior, 
characteristic of apathy (Kos et al., 2016b; Levy & Dubois, 2006).  
 
5.5.1 Schizophrenia patients with high levels of apathy showed less vividness 
of future thinking  
We found that higher apathy levels were related to lower vividness of future 
positive and neutral thoughts during the pre-interview but not during the fMRI 
task. Lower vividness of thinking of one's own behavior in the future may 
contribute to reduced goal-directed behavior. This interpretation is consistent 
with the cognitive theory of motor which suggested that the ability to vividly 
simulate future action could lead to increased action (Lotze & Cohen, 2006), 
which may be mediated by facilitating planning and increasing motivation 
(Raffard et al., 2013a). Our results are in line with the findings that schizophrenia 
patients were more impaired in generating specific future events compared with 
healthy controls (D’Argembeau et al., 2008b). Similarly, poorer performance in 
mentally constructing scenarios of future events (i.e. fewer details) (Xie et al., 
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2014; Yang et al., 2019; R. Zhang et al., 2020) was showed in schizophrenia 
patients with high anhedonia, which was proposed to overlap with apathy in the 
aspects of altered anticipatory reward processing and loss of interest/motivation 
(Husain & Roiser, 2018). Importantly, our results indicated that not only 
difficulties in the future thinking on positive events but also on neutral events 
were characteristic of  schizophrenia patients as a function of higher levels of 
apathy, which suggested a general weaken ability of future thinking. 
Noteworthy, reduced vividness of future thinking in relation to apathy were only 
shown in the pre-task interview but not in the fMRI task. It may be explained by 
the fact that the demanding fMRI task is likely to require patients to engage in 
future thinking more actively and in a self-initiated manner compared with pre-
interview. In  these interview, patients were less guided to engage in future 
oriented thinking, which might result in a more variation in vividness ratings 
during the guided pre-interview session. This interpretation is in line with the 
following neural findings (see the next section), but requires future studies that 
directly address this issue. 
 
5.5.2 Reduced synchronization of the RN in patients with high apathy levels  
We found that higher levels of apathy in patients with schizophrenia were 
associated with lower synchronization of the RN during the baseline (i.e. 
spontaneous state) but not during actively thinking of future of positive and 
neutral events. Interestingly, this reverse pattern of the relation between 
synchronization of the RN and apathy levels echoes an important phenomenal 
observation in patients with high apathy levels in previous studies 
(Pagonabarraga et al., 2015; Starkstein, 2012; Starkstein & Pahissa, 2014): the 
spontaneous inertia can be temporarily reversed by external 
stimulation/instruction, in other words, when solicited, patients can normally 
produce relevant behaviors and responses. Therefore, we hypothesized that the 
baseline may indicate a spontaneous inertia state of patients during future 
thinking, and decreased synchronization of the RN in the baseline may suggest 
reduced self-initiating reward anticipation during this spontaneous state. When 
the fMRI task cues soliciting patients to actively perform future thinking, they 
may attempt to engage more reward anticipation processing and increase the 
synchronization of the reward network. Importantly, decreased synchronization 
of the RN during the spontaneous state (i.e. the baseline) may lead to difficulties 
in self-initiating actions or thoughts (i.e. auto-activation’), which may be 
mediated by reduced self-initiated reward anticipation. This hypothesis is 
supported by previous findings that the ‘auto-activation’ deficit of patients with 
high apathy levels is related to disruption of the basal ganglia-prefrontal cortex 
circuit including pallidum, striatum, the caudate, the thalamus, the anterior 
cingulate cortex and the supplementary motor area (SMA) (Levy & Dubois, 
2006). Strikingly, the proposed basal ganglia-prefrontal cortex circuit highly 



Chapter 5 

Apathy and affective forecasting 131 

overlaps with the RN found in the present study. Moreover, the‘ auto-activation’ 
has been proposed as the elementary function in apathy, disruption of cognitive 
and emotional processing in apathy can be considered as the non-motor 
expression of an ‘auto-activation’ deficit (Levy & Dubois, 2006). Together, our 
results may suggest the decreased synchronization of the RN during the 
spontaneous state may play a critical role in the deficits of reduced self-
initializing cognition, emotion and auto-activation in apathy.  
 
5.5.3 Increased synchronization of the DMN-FPN during future thinking in 
patients with high apathy levels  
We observed a similar pattern for the synchronization of the DMN-FPN: apathy 
levels were positively correlated with synchronization during the active 
imagining positive and neutral future events but seemed negatively associated 
with the synchronization during the baseline (marginally significant after 
controlling for depression). Previous fMRI studies found that the FPN was 
involved in executive control and working memory (Kim et al., 2003; Repovs & 
Barch, 2012; Woodward et al., 2011; Zhou et al., 2007) and that the DMN was 
important for episodic memory (Cabeza et al., 2008; Schacter et al., 2012). 
Positive coupling of the DMN and the FPN has been shown during the future 
planning tasks (Spreng et al., 2012), in which active re-combining memory 
elements may be involved. Increased synchronization of the DMN-FPN in 
patients with high apathy levels may suggest a compensatory mechanism which 
indicates more efforts of accomplishing executive control and memory functions 
to normalize their ability of future thinking during demanding tasks. This 
interpretation is consistent with our behavioral findings that the association 
between high apathy levels and vividness of future thinking was significant 
during pre-interview but became blunt during the fMRI task. It is also indicated 
by that he synchronization of the DMN-FPN tend to decrease in patients with 
high apathy levels during the baseline, which may indicate reduced self-
initializing executive control and memory functions during the spontaneous state 
of future thinking.  
 
5.5.4 Null findings of relation between the synchronization of the emotion 
memory network and the visual network and apathy levels 
As expected, we did not find any association between apathy levels and the 
synchronization of the visual network (VS2) both during imagining positive and 
neural future events and the baseline. It may be suggested that the visual system 
is not altered in schizophrenia patients with high levels of apathy. It is consistent 
with the meta-analytic study of altered connectivity in psychosis including 
schizophrenia, which found common disruption in the high-level brain networks 
including the FPN, the DMN and the salience network but not low-level sensory 
networks (Sha et al., 2019). Moreover, unexpectedly, we did not discover any 
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relation between apathy levels and the synchronization of the emotion memory 
network (EMN) (including hippocampus and amygdala) both during imagining 
positive and neural future events and the baseline. Combining with 
abovementioned findings of the DMN-FPN and the RN, the result may suggest 
that the patients did not disrupt in memory retrieval that may be underlined by 
the EMN but altered in recombining the recalled memory elements (related to 
the DMN-FPN) and assigning anticipatory reward value (related to the RN) to 
constructed future events. However, all the null findings should be considered 
with caution, because “no evidence of a difference” is not the same as “evidence 
of no difference” (Altman & Bland, 1995).  
 
5.5.5 Limitations and future study 
There are several concerns which we address here. First, there has been limited 
evidence to inform a clear linkage between synchronization in EEG and 
synchronization in fMRI. Future studies of simultaneous recording and 
comprising EEG and fMRI will greatly benefit the understanding of profound 
mechanisms underlying synchronization in fMRI, which would deepen the 
interpretation of the current findings. Second, regressing out the depression 
scores made some correlations subthreshold. Indeed, many previous studies have 
found the comorbidity between schizophrenia and depression with common 
symptoms including loss of motivation and interest. In future research, it would 
be of interest to investigate the commonality and specificity of neural 
mechanisms of apathy in schizophrenia and depression. Third, although we 
mainly focused on the association between apathy levels and behavioral and 
neural disruption in the schizophrenia patients, we also included 14 participants 
in the healthy control group to serve as qualitative comparison group. However, 
because the sample size was very small no formal tests were made, any 
conclusion based on the results should be considered with caution. A large 
sample size of healthy controls should be considered in future studies. Fourth, 
although there was considerable variation in apathy scores in the high severity 
ranges and these were approximately normally distributed (see Figure S1), the 
distribution of the apathy scores was narrow, future research is necessary to 
confirm our findings for a larger range of apathy scores.  
 
5.5.6 Conclusion 
We found that higher levels of apathy in patients with schizophrenia 
characterized by presence of apathy, were  related to less vividness of imagining 
positive and neutral future events. Furthermore, higher apathy was associated 
with lower synchronization of the RN (related to reward anticipation) during the 
spontaneous state of future thinking and compensatory increased 
synchronization of DMN-FPN (related to executive control and recombining 
memory elements) during active future thinking. These results are consistent 
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with the previous model of apathy, which suggested altered reward anticipation 
and future thinking may lead to less motivation and disrupted planning, which 
eventually leads to reduced goal-directed behavior in apathy. Our study provides 
novel evidence of altered network synchronization during these processes 
associated with high apathy levels in schizophrenia patients. The deeper neural 
mechanisms of synchronization of the fMRI signals remain to be examined in 
future studies.  
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5.6 Tables  
Table 1 Demographics of patients(N=25) 

Variables Mean SD Min Max 

Age 35.44 8.38 22 56 

Sex, M/F 17/8    

AES-C 37.88 8.83 24 58 

SANS-Apathy 10.92 5.16 1 20 

SANS-Total 39.92 16.35 13 64 

PANSS-Positive 13.68 4.56 7 23 

PANSS-Negative 14.24 3.97 8 23 

PANSS-General 30.88 7.03 17 44 

PANSS-Total 48.80 12.81 32 81 

CDSS 2.52 3.23 0 11 

AES-C: Apathy Evaluation Scale, clinician rated; F: female; M: male; SANS: 
Scale for the Assessment of Negative Symptoms; PANSS: Positive and 
Negative Syndrome Scale;  CDSS: Calgary Depression Scale for 
Schizophrenia;  
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5.7 Supplementary materials  
 
Table S1 Demographics of healthy controls (N=14) 

Variables Mean SD Min Max 

Age NA    

Sex, M/F NA    

AES-C 22.15 2.38 18.00 27.00 

SANS-Apathy 7.29 0.61 7.00     9.00 

SANS-Total 5.39 8.03 0.00 30.00 

PANSS-Positive 7.29 0.61 7.00 9.00 

PANSS-Negative 8.79 3.49 7.00 20.00 

PANSS-General 18.50 4.40 16.00 33.00 

PANSS-Total 34.57 7.76 30.00 60.00 

CDSS 0.23 0.58 0.00 2.00 

AES-C: Apathy Evaluation Scale, clinician rated; CDSS: Calgary 
Depression Scale for Schizophrenia; F: female; M: male; PANSS: Positive 
and Negative Syndrome Scale; SANS: Scale for the Assessment of Negative 
Symptoms;  
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Table S2 The results of modularity analysis (see 
https://github.com/coolspiderghy/affective-forecasting-and-
apathy/blob/master/power_coords_modulelabel_all_table.csv) 

 
Figure S1 The histogram AES in the patient group (n=25)
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