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Abstract 

 Pramipexole is a medication that normalises dopamine signalling in the brain. Previous 

studies have suggested that pramipexole is an effective treatment option for depression and 

anhedonia because it targets the dopaminergic pathways within the brain’s reward 

network.  The nucleus accumbens is a crucial region for dopamine signalling in reward 

processing. Both task-based and resting-state fMRI evidence have supported the association 

between anhedonia and abnormal connectivity of the nucleus accumbens. However, no 

previous research has directly compared how the nucleus accumbens resting-state functional 

connectivity is altered pre-and post-pramipexole treatment.  

 This study analysed resting-state fMRI data that was collected before and after 

treatment with pramipexole in a sample of patients with depression and anhedonia (N=9). 

Bilateral nucleus accumbens seeds were correlated with all other voxels in the brain in a seed-

to-voxel functional connectivity analysis. A general linear model was conducted to average the 

seed-based connectivity maps for main effects of the pre-and post-treatment sessions 

respectively, and to compare connectivity between the two sessions.  

 Significant differences in resting state functional connectivity of the bilateral nucleus 

accumbens was found in two regions: the left intracalcarine cortex and the right lingual gyrus. 

In both regions, resting state functional connectivity had switched from positive pre-treatment 

to negative post-treatment. The present findings are interpreted taking the study's limitations 

into account, and suggestions are made for future research.  

 

Keywords: Anhedonia, Depression, Reward, Pramipexole, Resting-state, Functional 

Connectivity, Nucleus Accumbens 

 

 

 

 

 

 

 

 

 

 

 



 3 

Introduction 

 Anhedonia is the lack of, or decreased ability to, experience pleasure and recollect 

joyful experiences. Patients with anhedonia may show less interest in things or not engage in 

activities they used to enjoy (American Psychiatric Association, 2013). Anhedonia can be a 

feature of several different psychopathologies; however, it has been found to be most severe in 

major depressive disorder (MDD) (Trøstheim et al., 2020). When comorbid with depression, 

anhedonia has been found to predict worsened illness progression (Spijker et al., 2010; Vrieze 

et al., 2013). For example, Auerbach et al. (2015) compared suicidal adolescents and found that 

suicide attempters reported more severe anhedonia than suicide ideators. In turn, anhedonia 

does not respond as well to serotonin reuptake inhibitors, which are often prescribed as 

antidepressants (McMakin et al., 2012). 

 The last two decades have seen an increase in research on the neurobiological 

processes of anhedonia, but there remain gaps in the literature (Pizzagalli, 2022). By 

understanding the cognitive processes and neurobiology of anhedonia, patients at high risk of 

worsened illness progression can be identified, and effective treatment options can be 

developed (Wacker et al., 2009). The current study aims to explore how resting-state functional 

connectivity is altered in patients with depression and anhedonia after treatment with 

pramipexole, a dopamine agonist. 

 

The Cognitive and Neurobiological Processes of Anhedonia 

 Anhedonia is associated with abnormalities or deficits in reward processing (Borsini 

et al., 2020; Zhang et al., 2016). Processing rewards can be broken down into distinct phases: 

(1) recognising that something is a reward, (2) calculating the value of that reward, (3) 

calculating the effort of going after the reward, (4) deciding to do so, and (5) anticipating a 

reward and being motivated by it (Der-Avakian & Markou, 2012). In the context of functional 

neuroimaging research, the monetary incentive delay task (MID) and the probabilistic reward 

task (PRT) are standard tools used to activate reward processing in the brain. The MID task has 

three elements: anticipation, target, and feedback, and it can target both reward and loss 

processing (Knutson et al., 2000; Wilson et al., 2018). The PRT is a signal-detection task that 

assesses hedonic capacity, i.e., change in behaviour as a response to a reward (Pizzagalli et al., 

2005). Using the PRT, Pizzagalli et al. (2005) found that among healthy participants, those who 

scored higher on a depressive symptomatology scale showed reduced reward responsiveness 

than those who scored lower. Furthermore, they found that participants with higher scores on 

anhedonia and melancholic scales were less likely to develop response bias throughout the task 
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(i.e., they were less likely to modulate their behaviour based on previous reinforcement of that 

stimuli). 

  Neuropsychology research often uses the PRT or MID, among other tasks, to activate 

the brain regions involved in reward processing during brain imaging. One brain imaging tool 

is functional magnetic resonance imaging (fMRI). fMRI measures blood oxygen level-

dependent (BOLD) signals in the brain. As neurons activate, the hemodynamics of that region 

change and fMRI captures how the concentration of deoxygenated and oxygenated blood 

changes as a result of neuronal activity (Jenkinson & Chappell, 2018; Ogawa et al., 1990). fMRI 

is limited to implying neuronal activity, since the method cannot measure neurons’ 

electrochemical activity directly. Nevertheless, there are several research opportunities using 

this technique. For example, to compare how brain activity in a specific area changes across 

task conditions or between groups. Research using fMRI has found that reward and motivation 

processing occur along the mesocortical and mesolimbic pathways that span across hubs in the 

brain associated with cognitive control, emotion, and learning processes (Hauser et al., 2017; 

Heshmati & Russo, 2015). Knutson et al. (2000) found early fMRI evidence that the MID task 

activates the striatal and mesial prefrontal circuitry. They discovered that rewards activate the 

caudate, putamen, medial prefrontal cortex, and left motor cortex. Further studies have found 

activation in the striatum and within the putative salience network, including the anterior 

cingulate cortex, when anticipating rewards and losses (for meta-analysis, see Wilson et al., 

2018).  

 Anhedonia is not a deficiency in all five reward processes but is associated with 

abnormal consummatory (i.e., liking), and anticipatory (i.e., wanting) processing, as well as 

reward learning (Borsini et al., 2020; Pizzagalli, 2022). During these phases of a reward task, 

patients with depression and anhedonia have shown reduced activity in the ventral striatum, 

ventral tegmental area, caudate and putamen (Borsini et al., 2020; Zhang et al., 2016), as well 

as the perigenual and dorsal anterior cingulate cortex (Pizzagalli, 2022). Reduced activity in the 

orbitofrontal cortex has also been identified (Xie et al., 2021). A recent meta-analysis by Borsini 

et al. (2020) summarised the literature and found that the neurobiological processes, as they 

related to anhedonia, did overlap but remained distinct for the different reward processes. The 

authors found that the consummatory phase was distinctly associated with less activation in the 

right anterior insula. During the anticipatory phase of reward tasks, there was evidence of hypo-

and hyperactivation in the frontal cortex in patients with anhedonia. Lastly, some evidence 

indicated that deficits in reward learning in participants with anhedonia were associated with 
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less activity in the striatum, ventromedial prefrontal cortex, anterior cingulate cortex and 

orbitofrontal cortex (Borsini et al., 2020). 

 

Dopamine and the Nucleus Accumbens 

 Reward processing involves different neurotransmitters. Dopamine has been 

considered a key neurotransmitter, but the role of opioid, glutamatergic, and serotonergic 

systems have also been recognised in the literature (Höflich et al., 2019). It has been suggested 

that different neurotransmitters are related to different phases of reward processing (Der-

Avikan & Markou, 2012; Höflich et al., 2019). For example, early evidence from participants 

with pathological obesity found that dopamine is associated with reward anticipation and 

motivation (Wang et al., 2002). Borsini et al. (2020) proposed that neurochemical signalling 

separates reward learning, anticipatory, and consummatory processes. They suggested that 

anticipatory processing and reward learning is associated with dopamine signalling, whilst 

consummatory processing is associated with opioid signalling. 

  The current study will focus on the role of dopamine. Dopamine signalling occurs 

within different pathways in the brain. The mesolimbic pathway has cell bodies in the VTA and 

substantia nigra and projects to the ventral striatum, limbic regions, and amygdala (Dunlop & 

Nemeroff, 2007). The prefrontal cortex has also been associated with this pathway (Heshmati 

& Russo, 2015). The mesolimbic pathway is associated with emotional regulation, 

reinforcement learning, and hedonic capacity (Dunlop & Nemeroff, 2007). In contrast, neurons 

in the mesocortical pathway also have their cell bodies in the VTA and substantia nigra but 

project to the anterior cingulate cortex, orbitofrontal cortex, and the prefrontal cortex; this 

pathway is associated with processing reward effort (Hauser et al., 2017), as well as 

concentration and executive functions (Dunlop & Nemeroff, 2007).  

 Both the mesocortical and mesolimbic pathways are essential for the experience of 

pleasure and are both relevant to understanding the neurobiological deficits in anhedonia (Der-

Avakian & Markou, 2012). The current study focused on the mesolimbic pathway and the 

nucleus accumbens (NAc) in the ventral striatum as it is more consistently referred to as a 

reward processing pathway (Dunlop & Nemeroff, 2007; Höflich et al., 2019). The ventral 

striatum is part of the limbic system. In addition to the NAc, the ventral striatum comprises the 

olfactory tubercle and parts of the caudate and putamen. The NAc receives dopaminergic, 

serotonergic, histaminergic and glutamatergic projections (Ding et al., 2022; Russo & Nestler, 

2013; Yager et al., 2015). As part of the mesolimbic pathway the NAc receives dopaminergic 

projections from the ventral tegmental area. The function of this circuitry is recognition of 
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rewards and initiating behaviour towards the reward (Jonasson et al., 2014; Nestler & Carlezon, 

2006), as well as reward motivation and learning (Treadway & Zald, 2011). It has been 

suggested that the deficits in the VTA-NAc dopamine circuitry plays a vital role in the 

pathophysiology of anhedonia (Nestler & Carlezon, 2006). Furthermore, anhedonia has been 

found to be associated with reduced NAc volume (Auerbach et al., 2017; Wacker et al., 2009) 

and weaker NAc response during reward tasks (Borsini et al., 2020; Pizzagalli et al., 2009; 

Pizzagalli, 2022; Wacker et al., 2009), including during both consummatory and anticipatory 

phases of the tasks (Borsini et al., 2020).  

 In light of the central role of dopamine in reward processing, there have been attempts 

at treating anhedonia with dopaminergic medication (Höflich et al., 2019). For example, 

Admon et al. (2017) conducted a double-blind, randomised, placebo-controlled study with 

amisulpride with unmedicated participants with depression and healthy controls. Participants 

received a single dosage of amisulpride or placebo and completed the MID as well as the PRT. 

The study found that the participants who received the amisulpride showed increased striatal 

activity when responding to rewards during the MID, compared to the placebo group. They also 

found increased corticostriatal functional connectivity during the task, including between the 

NAc and the midcingulate cortex in the depressed group who received amisulpride; this was 

related to better reward learning (Admon et al., 2017). These results indicate not only that 

striatal activity and functional connectivity with the NAc are related to deficient reward 

processing in depression but also that acute dopaminergic medication can be a successful 

pharmacological treatment for anhedonia.  

 

Pramipexole 

 Like amisulpride, pramipexole is a dopamine agonist. A dopamine agonist activates 

dopamine receptors in the postsynaptic neuron, thereby mimicking the effect of endogenous 

dopamine release. In this way, pramipexole normalises dopamine signalling (Chernoloz et al., 

2009). Pramipexole also has neuroprotective (i.e., preventing neuronal death) and 

neurorestorative effects (i.e., restoring neuronal damage) (Fawcett et al., 2016; Joyce & Millan, 

2007). Pramipexole has primarily been used to treat Parkinson’s disease, where deficient 

dopaminergic signalling is known to be a central part of the pathophysiology (Antonini et al., 

2010; Jiang et al., 2021) but has also been shown to affect depression. Two recent meta-analyses 

of randomised controlled trials of pramipexole in patients with Parkinson’s disease found 

supporting evidence for the efficacy of pramipexole in both symptoms of Parkinson’s disease 

and depression (Jiang et al., 2021), as well as quality of life (Li et al., 2022). Furthermore, 
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pramipexole has been shown to affect depression without Parkinson’s disease (for review and 

meta-analysis, see Tundo et al., 2019).  

  Pramipexole has a high affinity for the D2 subfamily of dopamine receptors (Antonini 

et al., 2010; Chernoloz et al., 2009; Hubble, 2000), in particular, D3 receptors. For example, a 

study by Maj et al. (2000) found that pramipexole injections in rats would increase D3 

responsiveness. They also found increased D3 receptor binding in regions of the ventral 

striatum.  D3 receptors can be found in the NAc have been associated with reward, motivation, 

and emotional processing in drug addiction (Heidbreder et al., 2005; Hubble, 2000; Sokoloff & 

Le Foll, 2017). Thus, we can hypothesise that pramipexole, due to its affinity for D3 receptors, 

would be an effective treatment for depression and anhedonia (Leggio et al., 2013).  

 A recent study by Ventorp et al. (2022) compared BOLD-response during a monetary 

incentive delay task before and after a 10-week pramipexole treatment in a patient sample with 

depression and anhedonia. They found preliminary evidence suggesting that depression and 

anhedonia symptoms were reduced after treatment. When comparing BOLD-response during 

the MID-task, they also found treatment-associated increases in striatal activity, including in 

the right NAc. These results link anhedonia and reward processing in the striatum together by 

showing that pramipexole treatment improves anhedonia symptoms as well as increases 

neuronal activity in the dopaminergic mesolimbic pathway.  

 

A Resting-state Perspective 

 Above, evidence from task-based fMRI studies was discussed, where activity in the 

brain is observed in relation to a task that aims to activate the same cognitive processes and 

brain regions as a real-life situation would. The brain is also active when there is no task, i.e. 

when the brain is in a resting-state (Biswal, 1995). In resting-state studies, participants are asked 

to stay still with their eyes closed and to not think of anything in particular, but at the same time 

refrain from falling asleep (Raichle, 2010). Electroencephalography (EEG) studies have shown 

that during resting-state, a person’s electrical brain activity will oscillate at a slower frequency 

(i.e., the number of amplitude waves or complete cycles in one second (Kane et al., 2017))- 

around 7.5-12.5 hz- compared to when a person is alert, during an activity or task (12.5-30 hz) 

(Newson & Thiagarajan, 2019). Resting-state fMRI data can be used to infer connectivity 

between brain regions, such as functional connectivity. Functional connectivity (FC) is inferred 

from a correlation of BOLD signals in spatially separated regions. It can be calculated between 

two specific regions of interest (ROI), or between one ROI and the rest of the brain, for a more 

exploratory approach (Fox & Raichle, 2007). 



 8 

  In depression and anhedonia, abnormal activity patterns of the NAc have not only been 

found during tasks but have also been detected in resting-state functional connectivity (rsFC). 

Ding et al. (2022) conducted a meta-and mega-analysis on the rsFC of the NAc in depression. 

They reported that depression was associated with decreased rsFC with the NAc and other 

reward processing regions, such as the medial prefrontal cortex, the ventral tegmental area, and 

the hippocampus. Reduced rsFC with the NAc has also been found in participants with 

depression and anhedonia. Wacker et al. (2009) found that anhedonia was associated with 

altered reward processing regions during tasks (evidence from EEG and fMRI) but also during 

resting-state (evidence from EEG). Anhedonia was associated with reduced resting-state 

activity (indicated by increased delta band activity) in the rostral anterior cingulate cortex 

(rACC) region (Wacker et al., 2009). Gabbay et al. (2013) compared subjects with MDD and 

healthy controls. They found that the MDD group had decreased rsFC between the right NAc 

and the middle temporal gyrus. MDD severity was negatively correlated with rsFC between the 

right NAc and the dorsomedial prefrontal cortex, suggesting that lower coordination between 

these two could predict MDD severity. Further, they also found that anhedonia severity was 

negatively correlated with rsFC between the left NAc and the subgenual ACC as well as the 

left caudate, respectively, and between the right NAc and occipital fusiform gyrus (Gabbay et 

al., 2013). Another study found that in participants with MDD, anhedonia severity was 

associated with reduced rsFC between the ventral tegmental area/substantia nigra and the NAc 

(Young et al., 2016). 

  Taken together, findings from resting-state studies suggest that compared to healthy 

controls, patients with MDD and anhedonia have decreased connectivity with the NAc and 

known reward processing areas such as the dorsomedial prefrontal cortex and anterior cingulate 

cortex. In theory, if reduced resting-state connectivity with the NAc underlies anhedonia 

symptoms, it can be suggested that said connectivity would increase if the patient was 

successfully treated. However, this claim cannot be made in a case-control design comparing 

MDD with healthy control. There is a gap in the literature for a repeated measures, pre-post 

comparison of NAc connectivity in patients with MDD and anhedonia. 

 

The Current Study 

 Evidence from previous studies suggests that anhedonia is associated with 

dysfunctional reward processing—studies showing differences in reward network rsFC and 

activity patterns during reward-related tasks support this claim. However, these studies 

primarily use a case-control design, comparing brain imaging data between a group with 
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anhedonia and healthy controls or differences across anhedonia severity in participants with 

depression. To the author’s knowledge, there has been no attempt to compare how functional 

connectivity changes as anhedonia symptoms improve in a repeated-measures design. 

Furthermore, it is unclear how pramipexole affects rsFC. Thus, the aim of the current study is 

to compare resting-state functional connectivity between the NAc and all other regions in the 

brain, pre- and post-pramipexole treatment in a patient sample with depression and anhedonia. 

  Previous studies report that rsFC in participants with depression and anhedonia is 

reduced compared to healthy controls (Ding et al., 2022). Thus, this study predicts that rsFC 

will increase in regions associated with reward processing, such as the ACC and dorsomedial 

prefrontal cortex, as a result of pramipexole treatment. However, due to limited previous 

research on the topic, the current study’s hypothesis is exploratory.  

 

Method 

Participants 

 Participants were collected as part of a larger research project (see Ventorp et al., 

2022). The current study analysed data from nine participants. Participants were recruited from 

outpatient clinics in Lund, Sweden. All participants were diagnosed with moderate-to-severe 

unipolar or bipolar depression and were on a stable dose of one or several antidepressants and/or 

mood stabilisers. Participants were required to score <27 on the Dimensional Anhedonia Rating 

scale (DARS) (inverse scale) (Rizvi et al., 2015) to take part in the study. No participant had 

any contraindications to MRI scanning. For a detailed description of sample characteristics, see 

Ventorp et al. (2022).  

 

Procedure 

 For a complete description of the procedures, see Ventorp et al. (2022). Prior to 

treatment start, participants’ baseline wellbeing was rated using the DARS, the Montgomery 

Åsberg Depression rating scale (MADRS) (Montgomery & Åsberg, 1979), Snaith-Hamilton 

Pleasure scale (SHAPS) (Snaith et al., 1995), the Apathy Evaluation scale (AES) (Marin et al., 

1991), the Fatigue Severity scale (FSS) (Krupp et al., 1989), and the Insomnia Severity index 

(ISI) (Morin et al., 2011). Participants’ wellbeing was also rated using the scales mentioned 

above every other week throughout the treatment period. In addition to these questionnaires, 

participants were screened using the Young Mania Rating scale (YMRS) (Young et al., 1978), 

the Questionnaire for Impulsive-compulsive Disorders in Parkinson’s Disease (QUIP) 

(Weintraub et al., 2012), and the Problem Gambling Severity index (PGSI) (Young and Wohl, 
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2011) starting from week 2 of treatment and every other week until the end of the treatment 

period.  

  

Pramipexole Administration 

 Participants continued their normal dosage of one or several antidepressants and/or 

mood stabilisers in combination with the pramipexole treatment. Pramipexole was administered 

in depot tablets once a day for 10 weeks. The dosage was titrated to a maximum of 4.5 mg 

salt/day. In week 1, all participants took 0.375 mg salt/day and 0.75 mg salt/day in week 2, 

followed by an increase of 0.75 mg salt/day each week until week 7 when participants continued 

with a stable dose of 4.5 mg salt/day until the end of the study. Dosage increase was stopped in 

the event of reported side effects and continued the following week unless side effects 

remained. Dosage increase was also stopped if a participant scored ≥50% on the MADRS or 

>40 on the DARS and the participant was asked to continue with that dosage until the end of 

the study. 

 

Imaging Data Acquisition and Pre-processing 

Imaging Acquisition 

 Subjects were asked to participate in two scanning sessions, one prior to treatment start 

and one after 10 weeks of treatment. Each session took approximately 45 minutes and consisted 

of a survey-scan, two B0-field maps (one for shimming parameters and one for unwarping), a 

T1-weighted scan, one task-based functional scan (MID), and one resting-state functional scan. 

The current study only used the T1-weighted anatomical image, and the resting-state scans for 

analysis. 

  During the resting-state scan, participants were asked to rest with their eyes closed 

without falling asleep or thinking about anything in particular. The resting-state scan took 10 

minutes (400 volumes, TR=1500 ms). Participants were placed in a supine position with their 

heads in a 32-channel head-coil. No particular implementations were used to reduce movement, 

but subjects were instructed to remain as still as possible throughout the scan. Due to the loud 

noise from the scanner, participants wore protective earplugs. Participants were also given a 

hand-held alarm button to indicate if they wanted to discontinue the examination. 

  Scanning took place at the Lund University Bioimaging Centre using a 7T whole body 

MR scanner (Philips Achieva, Philips Medical Systems, Best, The Netherlands). The 

anatomical images were acquired with the following parameters; repetition time (TR) of 5.0 

ms; echo time (TE) = 1.97 ms; flip angle = 6°; voxel size = 1.0×1.0×1.0 mm3. The BOLD 
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functional data was acquired using a simultaneous multi-slice echo-planar imaging (SMS-EPI) 

sequence (TR=1500 ms; TE=25 ms; flip angle= 55°; voxel size=2.0×2.0×2.0 mm3; slice gap 

=0.2 mm; slices=50; multi-slice acceleration factor=2; SENSE acceleration factor=3). 

 

Pre-processing 

 MRI-images need to undergo a series of pre-processing and denoising steps before 

being analysed. For the current thesis the following pre-processing steps were implemented. 

The first five volumes were removed. This is common practice as it takes a few seconds for the 

hydrogen molecules to align with the magnetic field. The structural and functional data were 

pre-processed using the default pipeline in the CONN toolbox for Matlab (Nieto-Castanon, 

2020; Whitfield-Gabrieli & Nieto-Castanon, 2012) (www.nitrc.org/projects/conn). This pre-

processing pipeline included 6 steps. (1) The functional data were realigned and unwarped with 

subject motion estimation and correction. This was done using the SPM realign and unwarp 

procedure. Realignment (or correction by co-registration) rotate the images to align them- with 

the first scan of the first session as a reference image. This step is done in case the participant 

has moved during scanning (Nieto-Castanon, 2020). (2) Slice-dependent delays were corrected 

by using slice-timing correction. fMRI scans are acquired using echo planar imaging (EPI) (i.e., 

data is collected as two-dimensional slices). Slices cannot be collected simultaneously; 

therefore, there will be a temporal misalignment of slices within one volume (Parker & 

Razlighi, 2019). In the current study, slices were collected using a simultaneous multi-band EPI 

sequence. Slice-timing correction is done to align the slices to a common temporal reference 

point (Parker & Razlighi, 2019). (3) Outlier data-points in the functional data were identified 

using ART-based (Artifact Detection Tools) identification.  Data-points were considered 

outliers if movement parameters showed a framewise displacement above 0.9 mm or were 

above 5 standard deviations in global BOLD signal change. Outlier data points were later 

removed from the time-series during the denoising step, i.e. before functional connectivity 

analysis. (4) The functional and structural images were segmented into grey matter, white 

matter, and cerebrospinal fluid (CSF). (5) The functional and structural data were normalised 

to the Montreal Neurological Institute (MNI) space. Following the segmentation and 

normalisation, the data were resampled to 2 mm isotropic voxels with the default IXI-549 tissue 

probability map template in SPM. (6) The functional data was smoothed with a full-width half 

maximum (FWHM) Gaussian Kernel; this will increase the BOLD signal-to-noise ratio (Nieto-

Castanon, 2020). 
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Denoising 

 In addition to the pre-processing steps, the functional data was denoised. Denoising is 

particularly relevant for resting-state data as it tends to be more susceptible to noise (Birn, 2012; 

Weiler et al., 2022). Denoising was done in two steps, first linear regression followed by 

temporal band-pass filtering. The functional data was denoised using the standard denoising 

pipeline in the CONN toolbox. Linear regression (ordinary least squares) was used to identify 

and remove confounding factors from the BOLD data. An aCompCor procedure (Behzadi et 

al., 2007) was then implemented (Nieto-Castanon, 2020). The confounding noise components 

were white matter time-series (5 components), CSF time-series (5 components), the 6 motion 

parameters estimated during the realignment step as well as their first derivative (12 factors), 

outlier scans identified during artefact detection (individual for each subject, all below 20 

factors), effects of session (4 factors), and linear trends within each functional run (2 factors). 

A high-pass frequency filter was also applied as a regressor to the BOLD time-series (0.008 

inf). A total of 46 volumes were scrubbed across participants and sessions, range 0-20 (M=2.56, 

SD=5.33).  

 

Analysis 

First-level Analysis 

 All analyses were conducted using the CONN toolbox for Matlab. In first-level 

analysis, bivariate correlation maps for all subjects in each session are obtained to calculate 

functional connectivity. A general linear model (GLM) was conducted, including movement 

parameters (realignment, quality control time-series, and scrubbing), white matter, and 

cerebrospinal fluid as covariates to be regressed out. Functional connectivity was calculated 

between pre-defined seeds and all other voxels in the brain. Two seed regions of interest (ROI) 

were used: the left and right accumbens, entered bilaterally. The ROI seeds were defined using 

the Harvard-Oxford cortical and subcortical atlas (see Desikan et al., 2006; Frazier et al., 2005; 

Goldstein et al., 2007; Makris et al., 2006). Individual seed-based connectivity maps for each 

subject and each session were obtained by averaging the time-series of the voxels within each 

seed region (left and right accumbens). The mean time-series were then correlated with the 

time-series of all other voxels using Pearson’s correlation coefficient. The seed-based bivariate 

correlation maps were normalised by converting them into z-maps using Fisher’s r-to-z 

transformation (Lowe et al., 1998; Nieto-Castanon, 2020).  

 

Group-level Analysis 
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 In group-level analysis, the functional connectivity established in the first-level 

analysis for each participant and session is averaged across participants within each session. A 

GLM was conducted for each voxel, with first-level connectivity as the dependent variable and 

session (pre and post) as independent variables. A F-test determined the strength of 

connectivity.   

 

Between-sessions Comparison 

 The pre-post comparison was part of the group-level GLM. The interaction between 

the ROI time-series and the group variable (session) was tested, and strength is determined with 

an F-test. This is done by conducting separate multiple regression models for each ROI (left 

and right accumbens) time-series (outcome variable). The predictor variables were (1) the seed 

ROI BOLD time-series, (2) the group effect (i.e., the group boxcar time-series), a canonical 

hemodynamic response function was used to model the hemodynamic response function, (3) 

the interaction term between (1) and (2).  

 The between-conditions contrast was (-1 1) and connectivity direction was calculated 

as an effect size representing the average difference in the Fisher-transformed correlation 

coefficients (functional connectivity) between the pre-post conditions, for each pair of ROIs. 

This analysis attempts to estimate the change in rsFC between the two sessions (i.e. before and 

after treatment), and the direction of the change. 

 

Correction for Multiple Comparisons 

 Setting significance thresholds or false positive rates for p-values (alpha-level) is a 

common practice to minimise the risk of reporting false positives. However, in mass univariate 

analysis of fMRI data, analyses are made at each voxel. As there can be more than 100,000 

voxels in one dataset, even a restrictive alpha-level of 0.001 would make the results vulnerable 

to false positive results (Lieberman & Cunningham, 2009). Therefore, the threshold needs to 

be corrected for multiple comparisons. This is also done in non-fMRI data analyses, usually 

using Bonferroni correction (i.e., the alpha-level divided by the number of tests conducted). 

However, Bonferroni correction is not suitable for fMRI data analysis as it assumes that all 

analyses are independent but, voxel time courses are not entirely independent of one another, 

as nearby voxels are usually highly correlated (Woo et al., 2014). 

 Cluster-level correction is a common way that fMRI data analyses are controlled for 

multiple comparisons (Woo et al., 2014). The logic is that false positives are random and, 

therefore, less likely to occur in a cluster (Lieberman & Cunningham, 2009; Woo et al., 2014). 
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This is done in two steps, first by setting a voxel-level threshold and then applying a cluster-

level threshold. The voxel-level threshold determines the significance level (i.e. p-value) a 

voxel must reach for that voxel to be considered as part of a cluster. The cluster-level threshold 

sets the significance-level for how large a cluster must be to be considered significant (Woo et 

al., 2014). 

  Several methods have been developed for correction for multiple comparisons of fMRI 

data (Han et al., 2019). Family-wise error (FWE) correction and false discovery rate (FDR) 

correction are two common methods. FWE-correction is a more restrictive option that attempts 

to remove all the type I errors (Lieberman & Cunningham, 2009). In FWE-correction, the 

threshold value is the percentage of risk that there are false positives (Bennett et al., 2009). 

FDR-correction is less restrictive; it attempts to limit the type I errors. The aim is to minimise 

false reports without compromising true results. Because FDR-correction is less restrictive, it 

has been argued that this method should be preferred over FWE-corrections as by focusing on 

only one type of error, one is likely to risk increasing the amount of the other error (Han et al., 

2019; Lieberman & Cunningham, 2009).  

  Ultimately, the choice of method for correction of multiple comparisons for p-value 

thresholds depends on the study. The current study used a cluster-corrected approach and with 

a voxel-level threshold of p<.001 (uncorrected) and a cluster-level threshold of p<.05 (FDR 

corrected) for all analyses conducted. These thresholds were chosen as the small sample size 

put the study at risk for type II error (false negatives) if the thresholds are too restrictive. 

 

Ethical Statement 

The study design followed the principles laid out by the World Medical Association (WMA) 

declaration of Helsinki (World Medical Association, 2013) and the International Council for 

Harmonisation (ICH) Good Clinical Practice (GCP) guidelines. The Swedish Ethical Review 

Authorities (#2019-02843) and the Swedish Medical Products Agency (EduraCT 2019-001907-

19) approved the study prior to data collection. 

 The study procedures were planned by medical experts and supervised by qualified 

monitors from Clinical Studies Sweden. Pramipexole is approved by the European Medicines 

Agency (EMA). The administration was open-labelled, and all participants were fully informed 

of any potential side-effects. Although pramipexole is primarily prescribed as a treatment of 

Parkinson’s disease, there have been numerous successful trials that have administered 

pramipexole to MDD patients without Parkinson’s disease (Tundo et al., 2019; Tundo et al., 

2022). 
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  MRI is a non-invasive method. The imaging data collection was conducted by 

experienced personnel and followed all safety precautions. All participants were fully informed 

and gave written consent prior to taking part in the study. 

 

Results 

 Pramipexole was well tolerated with some reported side effects. Participants’ scores 

on the DARS, MADRS, and SHAPS had significantly improved after 10 weeks of treatment 

(all p<.01), indicating a treatment effect of pramipexole. For further details, see Ventorp et al. 

(2022).  

 

ROI-to-voxel Analysis 

Main Effects Pre-treatment 

 In the pre-treatment session there was significant functional connectivity between the 

bilateral NAc seeds and 20 clusters; both positive (N=15) and negative (N=4) correlations were 

found. In one instance, the direction of the correlation was different depending on the ROI, 

where there was negative correlation with the right accumbens seed, and a positive correlation 

with the left accumbens seed. This cluster covered the bilateral precuneus (F=11.55, cluster 

size=85 voxels, peak voxel at xyz-coordinates 2, -74, 46). The strongest positive connectivity 

(indicated by effect size >.2) was found in a cluster covering and surrounding the bilateral 

subcallosal cortex, bilateral putamen, bilateral caudate, bilateral NAc, bilateral insular cortex, 

bilateral orbitofrontal cortex, bilateral pallidum, bilateral frontal pole and left thalamus 

(F=116.50, cluster size=3532 voxels, peak voxel at xyz-coordinates 8, 10, -02). See figure 1 for 

the significant clusters of rsFC main effects. For a list of all significant clusters, see table A1 in 

appendix A. 

 

Main Effects Post-treatment 

 In the post-treatment session, there was significant functional connectivity between 

the bilateral NAc seeds and 17 clusters; both positive (N=7) and negative (N=8) correlations 

were found. In two clusters, the direction of the correlation was different depending on the ROI. 

In one cluster covering the right frontal pole, the right accumbens seed was negatively 

correlated, whilst the left accumbens seed was positively correlated (F=18.23, cluster size=137 

voxels, peak voxel at xyz-coordinates 34, 44, 40). In the other cluster, the opposite was found 

where the right accumbens seed was positively correlated, but the left accumbens seed was 

negatively correlated, this cluster covered the left frontal pole (F=16.21, cluster size=67 voxels, 
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peak voxel at xyz-coordinates -12, 46, 42). The strongest positive connectivity (indicated by 

effect size >.15) was found in a cluster covering and surrounding the bilateral NAc, bilateral 

caudate, bilateral putamen, bilateral anterior cingulate gyrus, bilateral paracingulate gyrus, 

bilateral subcallosal cortex, bilateral medial frontal cortex, bilateral frontal pole, bilateral 

orbitofrontal cortex, bilateral thalamus, bilateral insular cortex, bilateral pallidum, bilateral 

amygdala (F=47.09, cluster size=8486 voxels, peak voxel at xyz-coordinates 8, 12, -04). See 

figure 1 for the significant clusters of rsFC main effects. For a list of all significant clusters, see 

table A2 in appendix A. 

 

Figure 1 

Strength of Connectivity in Clusters of rsFC with the NAc, Pre-and Post-treatment

 
 

Note. rsFC of the NAc pre-and post-treatment. Only clusters passing the threshold for multiple 

comparisons are shown. Clusters are displayed on an MNI-template and colour-coded to 

indicate strength of the effect (F-statistic). Images were created using MRIcroGL 

(https://www.nitrc.org/projects/mricrogl).  

 

Session Comparison 

 When comparing the functional connectivity pre- and post-treatment, two significant 

clusters were found, see figure 2. There was a significant difference in functional connectivity 

between the bilateral NAc and the right lingual gyrus (F=14.87, cluster size=95 voxels, peak 

voxel at xyz-coordinates 20, -48, -02). Prior to treatment, the functional connectivity was 
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positive; however, post-treatment the direction of the connectivity was negative, see figure 3. 

The second cluster covered some of the left intracalcarine cortex. Connectivity with this cluster 

was also positive pre-treatment, but negative post-treatment (F=24.21, cluster size=89 voxels, 

peak voxel at xyz-coordinates -28, -68, 0). See table 1 for p-values.  Note that the left 

intracalcarine cortex only accounted for 17% of the cluster. 9% of the cluster was covering the 

precuneous, and the remaining 74% of this cluster mostly covered white matter and could 

therefore not be classified by the Harvard-Oxford cortical and subcortical atlas (Desikan et al., 

2006; Frazier et al., 2005; Goldstein et al., 2007; Makris et al., 2006).  

 

Figure 2 

Strength of Group Differences in rsFC with the NAc Pre-and Post-pramipexole Treatment 

 
Note. Repeated-measures group comparison between the pre- and post-treatment rsfMRI scans. 

Compared to the pre-treatment scans, the post-treatment scans showed a significant difference 

in rsFC of the NAc with the right lingual gyrus and left intracalcarine cortex. Clusters are 

displayed on an MNI-template and are colour-coded to indicate the strength of the effect (F-

statistic). Only clusters passing the threshold for multiple comparisons are shown. Images are 

generated using the CONN toolbox. 
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Figure 3  

Effect Sizes of Group Differences in rsFC with the NAc Pre-and Post-treatment 

 
Note. Bars showing effect sizes (i.e., mean difference in Fisher-transformed z-scores) with 90% 

confidence intervals. Repeated-measures groups comparison between the pre-and post-

treatment rsfMRI scans. Compared to the pre-treatment scans, the post-treatment scans showed 

a significant difference in rsFC of the NAc with the right lingual gyrus and left intracalcarine 

cortex. The graph was generated using the CONN toolbox.  

 

Table 1 

The Significant Between-session Differences in Resting-state Functional Connectivity with the 

NAc

 
Note. Clusters of rsFC of the NAc ROI (bilateral) with a significant difference in rsFC pre-and 

post-treatment.  

 

Discussion 

 The aim of this study was to explore how rsFC of the NAc would change as a result of 

10 weeks of pramipexole treatment in a sample of patients with depression and anhedonia. 

Given the novelty of the current design and lack of extensive evidence pointing one way, this 

study should be considered as largely exploratory. However, previous studies have generally 

found reduced rsFC between the ventral striatum and various brain regions involved in reward 
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processing and salience detection in patients with depression and anhedonia as compared to 

healthy controls (Ding et al., 2022; Gabbay et al., 2013; Young et al., 2016). This supports an 

tentative hypothesis that successful pharmacological treatment would normalise this 

discrepancy, and thus result in increased rsFC between NAc and other regions. Previously 

published results on this sample found that scores on anhedonia and depression scales had 

improved after ten weeks of treatment as well as increased activity in the striatum during the 

MID task, indicating a treatment effect of pramipexole (Ventorp et al., 2022). This thesis builds 

on these results but focuses instead on changes in rsFC before and after treatment. The main 

effects analyses revealed significant functional connectivity with the NAc and expected 

regions, such as the ACC, medial prefrontal cortex and orbitofrontal cortex (Ding et al., 2022), 

see appendix A for full list. This supports the validity of the brain imaging data in that it 

demonstrates the expected pattern of connectivity between the ROIs used and other brain 

regions. After comparing pre-and post-treatment scans, decreases in rsFC was observed in two 

clusters in the posterior part of the cortex. In both these clusters, rsFC were initially positively 

correlated with the NAc but became negatively correlated post-treatment. These clusters were 

located in the right lingual gyrus and a cluster in the left hemisphere covering the intercalcarine 

gyrus. Thus, there are two key findings of the current study. First, the rsFC of the NAc changed 

from positive to negative in the lingual gyrus and intracalcarine cortex. Second, there were no 

significant differences in the rsFC of the NAc and known reward processing regions in the 

brain. 

 

Pre- and Post-treatment Differences in rsFC 

 The rsFC analysis showed that both clusters that were significantly different in rsFC 

between the pre-and post-treatment sessions had gone from a positive rsFC (indicated by a 

positive correlation coefficient) to a negative correlation (also referred to as an anticorrelation). 

Functional connectivity is the statistical dependency between time-series in voxels. Two brain 

regions with a positive rsFC are interpreted to have similar activation patterns and to be 

synchronised. Negative correlations can be interpreted as deactivation of the regions during 

resting-state. For example, the default mode network is a resting-state network with regions that 

activate together during resting-state and deactivate together during tasks (Fox et al., 2005; 

Martinez-Gutierrez et el., 2022).  

  There have been discussions in the literature regarding if and to what extent negative 

correlations in resting state data should be interpreted as meaningful results. Shehzad et al. 

(2009) assessed the test-retest reliability of functional connectivity analyses. They found greater 
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reliability of positive correlations compared to negative correlations. Furthermore, there have 

been suggestions that negative correlations occur due to global signal correction during pre-

processing and denoising, and are therefore not meaningful (Fox et al., 2009; Murphy et al., 

2009; Saad et al., 2012). However, there have also been several counterarguments asserting that 

negative correlations cannot be spurious as research suggests that they serve a physiological 

and neuronal purpose (Demertzi et al., 2022). Additionally, Chai et al. (2012) compared results 

from data where global signal regression had been used to remove noise and results from data 

that had used an alternative method. They found similar negative correlations in both analyses, 

indicating that negative correlations are valid results.    

  Demertzi et al. (2022) proposed that negative correlations should be interpreted as 

neural inhibition, where anticorrelated networks (i.e., regions that deactivate together) are 

indirect products of neural inhibition which overall affect metastability and balanced cortical 

activity. They argue that inhibition between brain regions will lead to a disruption in the balance 

of excitation and inhibition in the brain, indirectly resulting in negative correlations (Demertzi 

et al., 2022). According to this view, the emergence of negative correlations observed in the 

current study could be interpreted as increased inhibitory activity between the NAc and the 

right lingual gyrus and left intra calcarine cortex, respectively, and that pramipexole treatment 

aided in the emergence of negative correlations between the regions.   

 

The Right Lingual Gyrus 

 This study found that rsFC between the NAc and right lingual gyrus was significantly 

different in the post-treatment scan compared to the pre-treatment scan. The lingual gyrus is 

located in the medial occipital lobe, it has been associated with functions including visual 

processing, linguistic processing, visual memory, and emotional processing (Palejwala et al., 

2021). Several studies have found abnormal resting-state functional connectivity with the 

lingual gyrus in patients with MDD. Veer et al. (2010) conducted a whole-brain resting-state 

functional connectivity analysis in patients with MDD and healthy controls. They found 

reduced rsFC with the bilateral lingual gyrus within a network in the medial occipital cortex, 

including ventromedial occipital temporal areas, in the MDD group compared to healthy 

controls. Another study found increased rsFC between the lingual gyrus and anterior 

hippocampus in patients with MDD and bipolar disorder compared to healthy controls (Fateh 

et al., 2019). In a sample of patients with Alzheimer’s disease (AD), Liu et al. (2017) found 

reduced rsFC between the dorsal ACC and lingual gyrus in AD patients with MDD compared 

to AD patients without MDD. Luo et al. (2022) reported that participants with MDD and 



 21 

childhood trauma had reduced rsFC between the left lingual gyrus and the right calcarine cortex. 

There have also been studies relating antidepressant treatments with lingual gyrus, Jung et al. 

(2014) found that the grey matter volume of the lingual gyrus could predict antidepressant 

treatment effect. Participants who responded to their treatment had greater grey matter volume 

in the lingual gyrus than participants who did not respond to the antidepressant therapies. Taken 

together, this evidence suggests that abnormal rsFC of the lingual gyrus is relevant to model 

the neurobiology of depression. 

 Although the change in rsFC between the NAc and lingual gyrus was not expected 

initially, it is not completely surprising. A recent study by Hu et al. (2023) compared rsFC with 

the core and shell of the NAc between patients with depression and anhedonia and healthy 

controls. They reported that the patient sample showed reduced rsFC between the left NAc core 

and right lingual gyrus compared to healthy controls. In the MDD sample, scores on an 

anticipatory anhedonia measurement (anhedonia severity indicated by a lower score) were 

positively correlated with the rsFC between the left NAc core and the right lingual gyrus, 

indicating that the reduced positive correlation between the NAc and lingual gyrus was 

associated with greater anhedonia severity (Hu et al., 2023). Interestingly, the data published 

by the authors also suggest that among participants on the lower end of the anticipatory 

anhedonia scale (indicating more severe anhedonia), the rsFC between the left NAc and right 

lingual gyrus was negative. In participants with higher scores on the anticipatory anhedonia 

scale (indicating less severe anhedonia), on the other hand, the correlation was positive. This 

change in the directionality of the rsFC was not considered by the authors or tested; however, 

the results are the opposite of the current study’s findings, where a decrease in anhedonic 

symptoms after treatment were accompanied with a change from positive to negative functional 

connectivity between NAc and lingual gyrus. Further replication and analysis of these findings 

are needed to explore if the decreased resting-state relationship between the NAc and lingual 

gyrus  after treatment is meaningful, or spurious.  

 

The Left Intracalcarine Cortex 

 There was also a significant difference in rsFC of the NAc with the left intracalcarine 

cortex. Like the lingual gyrus, the direction of connectivity of this cluster shifted from positive 

prior to treatment, to negative post-treatment. Above, this cluster is labelled as the left 

intracalcarine cortex however, it should be noted that this cluster only encompassed 17% of the 

left intracalcarine cortex. In turn, the cluster only accounted for 2% of the entire intracalcarine 

cortex, thus making the interpretation of this result limited as discussion of the intracalcarine 
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cortex would be misleading. The remaining 74% of this cluster mostly covered white matter 

and was therefore not classified by the Harvard-Oxford cortical and subcortical atlas (Desikan 

et al., 2006; Frazier et al., 2005; Goldstein et al., 2007; Makris et al., 2006).  

 Given the placement of this cluster, it can be suggested that it is a type II error, i.e., a 

false positive result. Random, spurious results are not uncommon in fMRI data, given the great 

number of analyses that are often conducted on small sample sizes (Bennet et al., 2009; Cremers 

et al., 2017). Spurious correlations can also be a result of movement during scanning that is not 

accounted for in preprocessing and denoising (Power et al., 2012). Furthermore, the limitations 

of the present study puts the current results at higher risk of both type I and II error, these 

limitations are further discussed below.  

 An additional indication that the difference in connectivity may not be meaningful is 

that there were no significant main effects between the NAc and the right lingual gyrus or left 

intracalcarine cortex. In the current study, the significant differences in rsFC between the pre-

and post-treatment scanning sessions are attributed to the switch in direction of correlation 

between the bilateral NAc and the right lingual gyrus, and left intracalcarine cortex respectively. 

However, rsFC between the NAc and the right lingual gyrus and left intracalcarine cortex were 

not found in the pre-and post-treatment main effects. The lack of significant main effects in 

these regions could suggest that the detected pre-post differences are not true effects. For 

example, it is possible that the rsFC in one or both of the sessions was a random, spurious result 

that was then found to be significantly different from the other. On the other hand, the rsFC 

main effects could have been too subtle to be detected in the current analysis. In a similar 

manner, the current study did not find a significant difference in rsFC between the NAc and 

reward regions, as was predicted.  

 

Connectivity Between The NAc and Other Reward Regions 

 The current results are inconsistent with the prediction made based on previous 

observations. Research comparing participants with MDD and anhedonia and healthy controls 

have found significantly reduced rsFC of the NAc and reward processing regions, such as the 

sgACC and caudate, in the MDD sample (e.g., Gabbay et al., 2013). It was predicted that 

improvement in anhedonia and MDD symptoms would elicit a change in rsFC between the 

NAc and these regions. The current study did not find evidence that would indicate this. This 

could be attributed to the limitations of the study, such as the low statistical power, see 

discussion below. It can also be attributed to the p-value thresholds that were set and the 

methods for correction for multiple comparisons used. It has been suggested that uncorrected 
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p-value thresholds are not appropriate (Bennett et al., 2009), while others have argued that as 

restrictive correction methods put the study at risk of missing meaningful results, and more 

effort should be put on larger sample sizes and replication studies to minimise type I error, 

without risking type II error (Lieberman & Cunningham, 2009). The current study used a 

cluster-corrected approach and with a voxel-level threshold of p<.001 (uncorrected) and a 

cluster-level threshold of p<.05 (FDR corrected) for all analyses conducted. Although these are 

relatively generous thresholds, they could remove small effects from the results.  

 Moreover, the current study did not distinguish between the NAc core (dorsolateral 

NAc) and shell (ventromedial NAc) in the analysis. However, some researchers in the field 

have advocated that they should be separate ROIs in connectivity analyses (Gorwood, 2008; 

Xia et al., 2017). It has been suggested that the NAc core and shell have different functions in 

reward processing (Ambroggi et al., 2011; Castro & Berridge, 2014) and dopamine firing 

(Gorwood, 2008). Differences between the NAc core and shell have also been found in rsFC 

analyses. For example, Liu et al. (2021) found that rsFC of the core and shell, respectively, was 

different when comparing participants with MDD and healthy controls. In addition to 

differences in rsFC strength between the NAc core and shell, Liu et al. found decreased rsFC 

between the right NAc core and left mid-anterior orbitofrontal cortex, and the right inferior 

parietal lobe in the MDD group, compared to healthy controls. They also reported decreased 

rsFC between the left NAc core and right middle frontal gyrus in the MDD group, compared to 

healthy controls. However, they found no group effects in rsFC of the NAc shell seed. Hu et al. 

(2023), as mentioned above, also found differences between rsFC of the NAc core and shell 

subregions in MDD. In addition to decreased connectivity between the left NAc core and 

lingual gyrus, the authors reported decreased connectivity between the right NAc core and right 

inferior frontal gyrus/insula in the MDD group, compared to healthy control. They also found 

decreased rsFC between the right NAc shell and right middle frontal gyrus/superior frontal 

gyrus in the MDD group, compared to healthy controls. Hu et al. also found evidence suggesting 

that consummatory anhedonia was associated with rsFC of the NAc shell, whilst anticipatory 

anhedonia was associated with rsFC of the NAc core. Both Liu et al. (2021) and Hu et al. (2023) 

findings suggest that there are distinct rsFC patterns of the NAc shell and core. In the current 

study, the time-series of all voxels within the NAc boundaries were averaged and correlated 

with all other voxels. This may have diminished connectivity that would have been found if the 

NAc ROI had been divided into core and shell.  

 

Limitations and Future Directions 
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 The current study is not without limitations. First, the small sample size and low 

statistical power (i.e., the probability of rejecting the null when it is false) put this study at risk 

of type I and II error. In studies with small sample sizes, random connectivity is more likely to 

affect the overall results (Lieberman & Cunningham, 2009). fMRI studies tend to have a large 

number of variables and analyses but with a small sample size, making low statistical power 

prevalent in the literature (Cremers et al., 2017). Low statistical power compromises the 

likelihood that a statistically significant finding reflects a true effect. In an otherwise ideal study, 

low statistical power will still risk type II error, low positive predictive value (i.e., the 

probability that a significant finding is a true effect), and exaggerated effect sizes on significant 

results that are true effects (Button et al., 2013). Furthermore, with low statistical power, smaller 

effects and weaker connectivity are less likely to be detected. Thus, the current study should be 

replicated with a larger sample size.  

 Second, the current study does not allow for causal inference: the administration was 

open-labelled and there were no control or placebo groups. Thus, it would be premature to 

conclude that differences pre-to post-treatment are attributed to the specific pharmacological 

effects of pramipexole. In order to determine if changes indeed are specific to the treatment, 

placebo-controlled studies need to be performed.  

 The limitations aside, the current results are consistent with previous observations that 

connectivity between the lingual gyrus and NAc may play a role in the underlying 

pathophysiology of depression and anhedonia. However, the role of the lingual gyrus is often 

not considered in large-scale reviews and meta-analyses on the topic. Furthermore, research 

that has reported significant differences in connectivity of the lingual gyrus as it relates to 

depression and anhedonia have used other seed ROIs. Future research should consider 

conducting a seed-to-voxel analysis with the lingual gyrus as ROI. 

 

Conclusion 

 In conclusion, this was the first attempt at comparing how rsFC of the NAc changed 

as a result of pramipexole treatment within a sample of patients with depression and anhedonia. 

The study found that rsFC between the NAc and the lingual gyrus, and the intracalcarine cortex 

shifted from a positive correlation prior to treatment, to a negative correlation post treatment. 

These results are somewhat inconsistent with previous findings however, this may be attributed 

to the study's limitations. A replication of the current design, adding a control group and a larger 

sample, is needed. Nevertheless, the current results add to the growing literature suggesting that 
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the lingual gyrus may play a fundamental role in the mechanisms of anhedonia and depression. 

However, further research is needed to establish this. 
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Appendix A 

Table A1 

Significant Clusters of Resting-state Functional Connectivity with the NAc, Pre-treatment 

 
Note. Significant clusters of resting state functional connectivity of the NAc ROI (bilateral), pre-

treatment main effect. Clusters covering more than 1000 voxels are further subdivided into regions 

included in the cluster.   
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Table A2 

Significant Clusters of Resting-state Functional Connectivity with the NAc, Post-treatment 

 
Note. Significant clusters of resting state functional connectivity of the NAc ROI (bilateral), post-

treatment main effect. Clusters covering more than 1000 voxels are further subdivided into regions 

included in the cluster.   

 

 

 


