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Abstract 

Background: Differentiating bipolar disorder (BD) from major depressive disorder 

(MDD) during a depressive episode is an important clinical issue. Although reward 

system abnormalities have been highlighted as biological bases of BD and MDD, few 

studies have directly compared reward system abnormalities between BD and MDD 

during remission and depression periods. 

Methods: We performed a functional MRI study of 33 BD patients, 32 MDD patients, 

and 33 healthy controls (HCs) using a Monetary Incentive Delay Task. In 21 regions of 

interest (ROIs) related to reward anticipation, differences in brain activation (beta values) 

between highly rewarded and un-rewarded conditions were extracted, and differences 

by diagnosis were analyzed. We also examined differences in the relationship between 

the severity of depression and brain activation by diagnosis in the ROIs that showed 

significant differences among the disease groups and HCs. 

Results: BD patients showed significantly reduced brain activation during reward 

anticipation in the anterior cingulate cortex, anterior insula, and putamen compared to 

HCs, and MDD patients showed significantly reduced brain activation in the anterior 

insula and brainstem compared to HCs. A trend-level difference in the relationship 

between depression severity and brain activation between BD and MDD was found in 

the right brainstem and left anterior insula. 
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Conclusions: Our findings suggest differences in the effects of depression on the reward 

system between BD and MDD. Further research is needed to determine whether 

behavioral tasks that reflect the function of the reward system and structural imaging of 

brain regions involved in the reward system that are implemented in clinical practice can 

help differentiate between BD and MDD. 

 

Keywords： anterior insular, bipolar disorder, functional MRI, major depressive 

disorder, monetary incentive delay 

 

 

 

Introduction 

Major depressive disorder (MDD) 

affects approximately 1 in 10 people, 

while bipolar disorder (BD) affects 

about 1 in 100 people, making them 

highly prevalent mental disorders. 

Because the same diagnostic criteria are 

used for depressive episodes in both 

disorders, confirming manic episodes is 

the only way to differentiate BD from 

MDD.7) However, while manic episodes 

account for only 8.5% of a bipolar 

patient's lifetime, depressive episodes 

account for 35.4% of a bipolar patient's 

lifetime, and 46.0% of the lifetime of a 

person with MDD, making manic 

episodes difficult to confirm.6) However, 

using antidepressants to treat 

depressive episodes in BD patients is 

not only ineffective but also  

potentially harmful, as it may trigger 

manic episodes.7) Therefore, identifying 

a method to differentiate between BD 

and MDD when both present as 

depressive states is a clinically 

important challenge.3) 

The reward system abnormality is 

considered to be one of the biological 

bases of depressive episodes, and have 

been extensively studied in both BD and 

MDD. The Monetary Incentive Delay 

(MID) task developed by Knutson, B. et 

al., is designed to evaluate the reward 

system function using functional 

magnetic resonance imaging (fMRI).11) 

For details, refer to the methods and 

Figure 1. This task features a delay 

period between the presentation of a 

reward and presentation of feedback 

indicating reward success or failure. A 

key feature is its ability to distinguish 

and measure brain activity during 

reward anticipation and during reward 

outcome. In healthy individuals, robust 

brain activity is elicited in the nucleus 

accumbens during monetary reward 

anticipation, in the anterior insula 

during monetary loss anticipation, and 

in the medial prefrontal cortex and 
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putamen during reward outcome, 

respectively.12) However, it has been 

reported that the region specificity 

across situations and conditions is not 

particularly stringent.13)14) In mental 

disorders, schizophrenia has been 

shown to involve reduced nucleus 

accumbens activation during reward 

anticipation in both untreated patients 

and those taking typical 

antipsychotics.10) Regarding disorders 

involving abnormalities in the reward 

system, prior studies exist on substance 

use and addictive disorders (gambling 

disorder). However, review articles 

indicate that interpretations are 

complex because substance use patterns 

and the type of used substance influence 

the results.2) Furthermore, in attention 

deficit/hyperactivity disorder (ADHD), 

reduced activation in the nucleus 

accumbens during reward prediction 

has been reported, and this reduced 

activation has been shown to negatively 

correlate with symptom severity.19)24) 

Table 1 summarizes past fMRI studies 

comparing patients with major MDD or 

BD with healthy controls using a 

monetary delayed reward task. Most 

studies comparing healthy controls with 

MDD patients in a depressed state 

showed reduced activation in the 

nucleus accumbens,1)18)23)25)26) putamen, 

18)25) and anterior cingulate cortex,26) 

during the reward anticipation phase. 

Conversely, most studies involving 

remitted BD patients reported reduced 

activation in the nucleus accumbens,9)20) 

orbitofrontal cortex,5) and dorsal 

striatum.28) However, as shown in Table 

1, studies comparing remitted MDD and 

depressed BD are scarce, and no studies 

have directly compared BD with MDD. 

That is, no fMRI studies using a 

monetary delayed reward task have 

been conducted to date that include all 

three groups: BD patients, MDD 

patients, and healthy controls, 

including both depressive and remission 

states in the disorder groups. 

Furthermore, while many previous 

studies set regions of interest (ROIs) in 

reward-related areas to enhance 

sensitivity, ROI selection is arbitrary 

and covers only part of the reward 

system. Meta-analyses of monetary 

reward tasks, including the MID task, 

have shown involvement of many brain 

regions beyond the nucleus accumbens, 

anterior insula, and medial prefrontal 

cortex,14) suggesting these areas are also 

worth exploring. 

This was an fMRI study using the MID 

task, directly comparing three groups: 

healthy controls, patients with BD, and 

patients with MDD.27) Patients in a 

manic state and those unable to 

participate due to severe depressive 

episodes were excluded. The study 

included patients with BD in remission 

or depressive states, as well as patients 

with MDD. Furthermore, to eliminate 



 

4 

Copyright: ©The Japanese Society of Psychiatry and Neurology and Author 

This is a commentary on the article published in Psychiatry and Clinical Neurosciences. 

the influence of arbitrary selection, all 

regions showing significant activation 

in previous meta-analyses were 

included as ROI. For regions of interest 

showing significant differences between 

the healthy control and patient groups, 

we also examined whether the 

relationship between depressive states 

and reward system brain activity 

differed between patients with MDD 

and those with BD. 

 

I. Methods and Results 

1. Participants 

This study was conducted in 

accordance with the Declaration of 

Helsinki and approved by the Hokkaido 

University Hospital Ethics Committee 

for Life and Medical Sciences (Approval 

Numbers: 010-0030 and 010-0031). 

Prior to study initiation, all participants 

received a written explanation of the 

research and provided written informed 

consent. 

Thirty-two patients with MDD and 33 

patients with BD were recruited from 

Hokkaido University Hospital. 

Diagnoses were made by psychiatrists 

with over five years of clinical 

experience using DSM-5 diagnostic 

criteria. Patients with BD who were in 

a hypomanic or manic state [Young 

Mania Rating Scale (YMRS)29) score ≥9] 

were excluded. Patients with any 

history of substance dependence or 

abuse (excluding nicotine), pathological 

gambling, severe head injury, or 

pathological brain atrophy were also 

excluded. Furthermore, 33 healthy 

controls without mental disorders, 

matched for age and sex to the disorder 

groups, were recruited using methods 

such as flyers. 

 

2. Demographic and clinical data 

In addition to demographic data, the 

17-item Hamilton Depression Rating 

Scale (HAMD)8) and YMRS were 

administered to patients with MDD and 

BD to assess the severity of depressive 

and manic symptoms. The dominant 

hand was assessed using Edinburgh 

Handedness Inventory,17) and pre-

illness IQ was examined using Japanese 

Adult Reading Test (JART).15) 

To analyze potential confounding 

factors, all participants completed 

State-Trait Anxiety Inventory (STAI)22) 

to assess state and trait anxiety, and 

Snaith-Hamilton Pleasure Scale 

(SHAPS)16) to assess apathy. Medication 

status for BD and MDD patients was 

obtained from medical records. 

 

3. MID task 

Participants received an explanation of 

the study and participated in a training 

session prior to fMRI. The task 

description stated that monetary 

reward would be paid based on task 

performance; however, in reality, all 

participants received the same amount 
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of compensation after the study 

concluded. 

Figure 1 shows an overview of the 

reward prediction task. In each trial, 

one of five “signals” (-100, 0, [0], 100, 

500) was first presented for 2,000 

milliseconds. This “signal” indicated a 

monetary reward (¥500, ¥100), 

monetary loss (-¥100), or no reward or 

loss (0, [0]). The difference between 0 

and [0] is that 0 provides feedback on 

success/failure while yielding no 

reward/loss, whereas [0] provides no 

feedback on success/failure. However, 

this difference was not considered in the 

current analysis. At 1,500 to 2,000 

milliseconds after the cue presentation, 

a white square target stimulus was 

presented for 100 to 700 milliseconds. 

Participants were required to press the 

button within the target stimulus 

presentation time. The presentation 

duration of the target stimulus was 

adjusted for each participant based on 

their performance to achieve a success 

rate of 60–70%. Subsequently, 

participants received feedback 

indicating whether the button press was 

successful, whether it resulted in a 

monetary reward or loss, and the total 

amount earned. 

The task consisted of two sets of 50 

trials. Each “cue” was presented in a 

pseudorandomized order, with 10 trials 

per cue. After the experiment, 

participants rated their levels of 

pleasure and stress associated with 

each reward using a 7-point Likert scale. 

Higher scores indicated greater levels of 

pleasure or stress. 

 

4. fMRI analysis: data 

acquisition/preprocessing/ROI analysis 

Imaging was performed using a 

MAGNETOM Prisma 3 T scanner 

(Siemens Healthcare) installed in the 

Hokkaido University Medical and 

Dental Research Building, employing a 

62-channel head/neck coil. Acquired 

image data underwent image 

processing and statistical analysis 

using Statistical Parametric Mapping 

(SPM12) software (Wellcome Trust 

Centre for Neuroimaging) running on 

MATLAB R2015b (MathWorks, Inc.). 

The difference (β value) between brain 

activation under the predicted reward 

condition and its activation under the 

non-predicted reward condition was 

extracted for 21 ROIs reported in meta-

analyses using the MarsBaR toolbox. 

Details are omitted here; for further 

information, refer to the paper by 

Wakatsuki, Y. et al.27) 

 

5. Statistical methods 

All analyses were performed using R 

3.2.3 (The R Foundation for Statistical 

Computing). The significance threshold 

was set at P < 0.05, and multiple 

comparisons were corrected using the 

Bonferroni method. 
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Analysis of covariance (ANCOVA) was 

used to compare extracted brain 

activation differences (β values) across 

the three diagnostic groups, with 

diagnostic label (MDD, BD, healthy 

controls) as the independent variable 

and age and sex as nuisance variables. 

Tukey's multiple comparison test was 

used for post-hoc analysis. Bonferroni 

correction was applied for repeated 

analyses across multiple regions of 

interest. For regions showing 

significant differences between the 

healthy control and patient groups, 

ANCOVA was used to assess whether 

the relationship between brain 

activation differences (β values) and 

depression severity (HAMD scores) 

differed between  MDD and BD. This 

model included diagnosis (MDD, BD), 

depression severity, and their 

interaction as independent variables, 

with age and sex as nuisance variables. 

Bonferroni correction was applied for 

repeated analyses across multiple 

regions of interest. 

 

6. Participant characteristics 

Table 2 shows participant background. 

The rate of employed individuals was 

higher in the healthy control group, the 

rate of smokers was higher in the group 

with MDD, and anxiety levels were 

higher in the patient groups. 

Comparing the groups, the rate of 

medication use was higher for 

antidepressants in the patients with 

MDD, and that of mood stabilizers was 

higher in the patients with BD. 

However, no difference was observed 

between the two patient groups in the 

proportion taking antipsychotics or 

benzodiazepine receptor agonists. The 

severity of depression was slightly 

higher in the MDD patients. 

 

7. Neuroimaging analysis results: 

Anticipation phase 

1) ROI analysis in healthy controls, BD 

patients, and patients with MDD 

ANCOVA of the difference (β value) 

between brain activation under the 

anticipated reward condition (¥500) 

and non-anticipated reward condition 

revealed significant differences in five 

ROIs : right anterior cingulate cortex, 

right brainstem, left anterior insula, 

right anterior insula, and putamen 

(Table 3). Post-hoc analysis revealed 

significant differences  between the 

healthy control and BD groups in the 

anterior cingulate cortex, bilateral 

anterior insula, and putamen, and 

between the healthy control and MDD 

groups in the right brainstem and right 

anterior insula. No significant 

differences were found between the 

MDD and BD groups. 

2) Analysis of depressive states 

For regions showing significant 

differences between the healthy control  

and patient groups, we used ANCOVA 
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to evaluate whether the relationship 

between brain activation differences (β 

values) and depressive state severity 

(HAMD scores) differed between the 

patients with MDD and BD. The results 

showed a trend-level effect of an 

interaction between depression severity 

and diagnosis in the right brainstem 

and left anterior insula. Specifically, in 

the MDD group, HAMD scores showed 

a negative correlation with brain 

activation, whereas in the BD group, 

they revealed a positive correlation 

(Table 4, Figure 2). 

 

II. Discussion 

This is the first study to directly 

compare three groups: healthy controls, 

BD and MDD patients in depressive 

episodes and remission,  using a MID 

task. Compared with healthy controls, 

BD patients showed significantly 

reduced activation in the anterior 

cingulate cortex, bilateral anterior 

insula, and putamen, while the patients 

with MDD showed significantly reduced 

activation in the right brainstem and 

right anterior insula during reward 

anticipation. Analyses examining the 

relationship between depression 

severity and brain activation revealed 

trend-level differences between BD and 

MDD groups in the right brainstem and 

left anterior insula. 

Key features of this study included the 

inclusion of both BD and MDD patients, 

in both depressive and remission states, 

and inclusion of numerous reward-

related brain regions in the ROI 

analysis based on meta-analysis. These 

factors are considered to have 

contributed to the results described 

above. In this study, patients with BD 

who exhibited more depressive 

symptoms showed greater activation in 

the anterior insula when anticipating 

rewards. The reward in this study was 

contingent on success in a very brief 

button-pressing task, suggesting that 

participants may have experienced 

marked stress when pressing the button 

under such high-reward conditions.1) 

That is, in this study, the high-reward 

task may have functioned as a high-

value stimulus possessing both positive 

and negative aspects. A recent review on 

the differences between BD and MDD, 

both involving depressive states, 

showed that salience network activity, 

specifically the anterior insula, anterior 

cingulate cortex, and thalamus, was 

more unstable and more sensitive to 

stimuli in subjects with BD compared 

with subjects with MDD.21) In this study, 

individuals with BD in a depressive 

state may have been more strongly 

influenced by the negative aspects of 

high-reward stimuli, which may have 

been associated with greater activation 

of the anterior insula compared with 

individuals with BD in remission or 

those with MDD in a depressive state. 



 

8 

Copyright: ©The Japanese Society of Psychiatry and Neurology and Author 

This is a commentary on the article published in Psychiatry and Clinical Neurosciences. 

In this study, only trend-level 

differences in nucleus accumbens 

activation were observed among the 

healthy control, MDD, and BD groups. 

To date, studies on nucleus accumbens 

activation during the MID task in 

patients with affective disorders have 

not consistently agreed. Previous 

studies showed that high-value loss-

avoidance conditions (e.g., -¥500) in 

monetary delay discounting tasks act as 

anchors in the valuation of options.4)25) 

Since this study did not include high-

value loss-avoidance conditions, the 

dynamic range of nucleus accumbens 

activity may have narrowed, potentially 

influencing the results. Additionally, a 

major limitation of this study was the 

lack of data on participants' disease or 

treatment durations, preventing 

evaluation of their impact on the reward 

system. 

 

Conclusion 

This study suggests that the impact of 

depressive states on the reward system 

may differ between BD and MDD. All 

assessments in this study were 

conducted for research purposes, 

separate from clinical practice. This 

study was made possible thanks to the 

cooperation of all participants, and we 

would like to take this opportunity to 

express our sincere gratitude once again. 

Conducting MRI to measure brain 

function using behavioural task like 

MID is not common in clinical settings, 

and the results of this study cannot be 

immediately applied clinically. Further 

research is needed to determine 

whether results useful for 

distinguishing between  BD and MDD, 

both in depressive states, can be 

obtained using tests more likely to be 

feasible in clinical practice. These 

include behavioral tasks reflecting 

reward system function and structural 

imaging of brain regions involved in the 

reward system. 

 

This paper is a Japanese adaptation of 

a recent research article27) published in 

PCN, prepared at the request of the 

editorial committee and written by the 

author, with additional commentary on 

its significance and future directions. 

 

There are no conflicts of interest to 

disclose in relation to this paper. 
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Figure 1: Monetary incentive delay task 
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Figure 2: Correlation between brain activation and HAMD scores in bipolar disorder 

and major depressive disorder (MDD) groups 

In a covariance analysis model with diagnostic labels (bipolar disorder, MDD), 

depression severity (HAMD score), and their interaction as covariates, and age and 

sex as nuisance variables: A trend-level interaction between depression severity and 

diagnosis was observed in a: right brainstem [F(1,59) = 5.55, P = 0.022] and b: left 

anterior insular [F(1,59) = 4.43, P = 0.04]. 

(Translated and quoted from Reference 27)
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Table 1: Studies comparing bipolar disorder, major depressive disorder (MDD), and 

healthy controls using a monetary incentive delay task 

 

Author 

Publication year 

Phase 

Subjects (Patients/Controls) 

Brain activity during reward anticipation  

(↑Increased in patient group / ↓Decreased in patient group) 

 

Major depressive disorder (MDD) 

Knutson, et al. 2008 Depressed state 14/12 ↑Left anterior cingulate cortex 

Pizzagalli, et al. 2009 Depressed state 30/31 ↓Left putamen 

Dichter, et al. 2012 Remission state 19/19 ↑Bilateral anterior cingulate 

cortex, right cerebellum, right middle frontal gyrus 

Arrondo, et al. 2015 Depressed state 24/21 ↓Bilateral nucleus accumbens 
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Admon, et al. 2015 Depressed state 26/29 

Hagel, et al. 2015 Depressed state 24/54 ↓Right ventral striatum  

Ubl, et al. 2015 Remission state 23/23 ↑Hippocampus, amygdala, 

superior frontal gyrus 

Carl, et al. 2016 Depressed state 33/20 

Takamura, et al. 2017 Depressed state 12/12 ↓Putamen, ventral 

striatum (improved with treatment) 

 

Bipolar disorder 

Alber, et al. 2007 Manic state 12/12  

Bermpohl, et al . 2009 Manic state 15/26 ↑Left lateral orbitofrontal cortex 

Dutra, et al. 2015 Remission 24/25 ↓Frontal orbital cortex, inferior 

frontal gyrus, right occipital cortex 

Yip, et al. 2015 Remission 20/20 ↓Right dorsal striatum 

Shreiter, et al. 2016 Remission 20/20 ↓Bilateral ventral striatum, 

prefrontal cortex 

Berghost, et al. 2016 Remission state/Depressed state 13/15 ↑Amygdala (no 

stress), ↓Amygdala (with stress) 

Kollman, et al. 2017 Remission state 16/19 ↑Anterior cingulate cortex 

Johnson, et al. 2019 Remission state 24/24 ↓Right nucleus accumbens, right 

globus pallidus 

(Translated and quoted from Reference 27) 
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Table 2: Background of study participants 

 

Healthy controls (N=33) 

Bipolar disorder patients (N=33) 

Major depressive disorder (MDD) patients (N=32) 

P-value 

 

Percentage of females 

Age (years) 

JART 

Percentage of employees  

Percentage of smokers 
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Proportion of right-handed individuals 

State Anxiety (STAI) 

Trait Anxiety (STAI) 

Lithium Carbonate 

Valproic Acid 

Lamotrigine 

First-generation antipsychotics 

Second-generation antipsychotics 

Antidepressants  

Benzodiazepine receptor agonists 

HAMD 

YMRS 

SHAPS 

 

Mean (Standard deviation), Medication: Percentage of users (%) 

HAMD: Hamilton Depression Rating Scale, JART: Japanese Adult Reading Test, 

STAI: State-Trait Anxiety Inventory, SHAPS: Snaith-Hamilton Pleasure Scale, 

YMRS: Young Mania Rating Scale. *1 Kruskal-Wallis test, *2 χ² test (Healthy control 

group > Bipolar disorder group: MDD group), *3 χ² test (healthy control group < 

patients with MDD), *4 Wilcoxon test (healthy control group < patients with bipolar 

disorder: patients with MDD) 

(Translated and quoted from Reference 27)
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Table 3: Regional analysis comparing differences in brain activation (β values) 

between high- and no-reward conditions 

 

Difference in brain activation between high- and no-reward conditions (β value)*1 

Healthy controls (N=33) 

Bipolar disorder patients (N=33) 

Major depressive disorder (MDD) patients (N=32) 

Analysis of covariance (main effect of diagnosis) 

P-value (Tukey’s HSD test) 

Healthy controls vs. Bipolar disorder patients 

Healthy controls vs. Major depressive disorder (MDD) patients 

Bipolar disorder vs. MDD patients 

 

Right anterior cingulate cortex 1 

Right anterior cingulate cortex 2 

Right anterior cingulate cortex 3 

Left brainstem 

Right brainstem 

Left anterior insular 

Right anterior insular 
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Inferior parietal lobe 

Left middle frontal gyrus 

Right middle frontal gyrus 

Medial orbitofrontal cortex 

Posterior cingulate cortex 

Precentral gyrus 

Putamen 

Left supplementary motor area 

Right supplementary motor area 

Superior temporal lobe 

Left thalamus 

Right thalamus 

Left nucleus accumbens 

Right nucleus accumbens 

 

*1 Mean (standard deviation). *2 P < 0.0023 (0.05/21). All significant differences were 

healthy control group > bipolar disorder group, or healthy control group > major 

depressive disorder (MDD) group 

(Translated and quoted from Reference 27)

 

 

 

 

Table 4: Analysis of covariance of differences in brain activation (β values) between 

high- and no-reward conditions in regions of interest showing significant differences 

between healthy control and patient groups, controlling for diagnosis and depressive 

state 
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Region of interest 

Analysis of covariance 

Diagnosis 

Depressive state 

Interaction of diagnosis and depressive state 

 

Right anterior cingulate cortex 2 

Right brainstem  

Left anterior insula 

Right anterior insula 

Putamen 

 

No items met P < 0.01 (0.05/5) 

(Translated and quoted from Reference 27)

 


