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Supplementary Figures
Supplementary Figure 1 Activation in amygdala/hippocampus of equal number of prosocial
and individual participants.

Brain responses to inequity for 35 prosocials and 35 individualists. The first 35 prosocial participants were used
for the analysis. P < 0.05 small volume corrected.

Supplementary Figure 2 Activation in anterior insula was larger in rejected trials than
accepted trials.

Brain responses to offer presentation were compared between rejected and accepted trials. Activity in the left
insula was larger in the rejected trials (NMI coordinates of the peak position was [-30, 26, 6], two-sample T test,
P < 0.05 small volume corrected. See also Supplementary Table 1).

Supplementary Figure 3
Behavioral indices were uncorrelated with present BDI scores.

Linear regression was used to examine the associations between the present BDI score and the number of prosocial
choices (in the 8 triple-dominance task) and the rejection ratio (in the ultimatum game) in prosocials (n = 59, a and c) and
individualists (n = 35, b and d). We found behaviors could not predict the present total BDI score (P = 0.81, 0.71, 0.99, 0.60).

Supplementary Figure 4
Voxel-level correlation coefficients with the present BDI scores separately displayed for
prosocials and individualists.

Data from Figure 2b for prosocials (n = 59, R = 0.35, black, solid) and individualists (n = 35, R = 0.43, gray, dashed) are
displayed. The correlation coefficients between prosocials and individualists were tested by ANOCOVA, and no difference
was observed (P = 0.73).

Supplementary Figure 5
Prediction of present BDI scores from brain response patterns in the caudate nucleus induced
by inequity.

The present BDI scores were predicted using the inequity-correlated beta values in the right caudate ROI (slope = 0.14, R
= 0.31, P = 7.5 x 10-3). Predicted BDI scores are plotted against observed total BDI scores (n = 73).

Supplementary Figure 6
Prediction of present BDI scores from brain response patterns at the time of face presentation
and offer presentation.

Predicted BDI scores based on the left amygdala/hippocampus ROI at the time of the proposer’s face presentation (a, slope
= 1.4 x 10-5, R = 1.1 x 10-4, P = 0.99) and offer presentation (b, offer constant, slope = 8.8 x 10-3, R = 0.075, P = 0.53) are
plotted against observed total BDI scores (n = 73). The present BDI scores were not predictable.

Supplementary Figure 7
Distributions of one-year changes in BDI scores for fMRI participants.

Distributions of one-year BDI changes for prosocials (n = 47, solid) and individualists (n = 26, dashed) were comparable
(bootstrap Kolmogorov-Smirnov test, P = 0.79). These data suggest that it is difficult to predict BDI changes based on
behavioral distinctions between prosocials and individualists alone.

Supplementary Figure 8
Prediction of one-year changes in BDI scores from brain response patterns induced by face or
offer presentations.

Linear regression analysis (n=73) showed that changes in total BDI scores could not be predicted by the response pattern
of the left amygdala/hippocampus ROI at the time of face presentation (a, slope = 0.054, R = 0.16, P = 0.19) or offer
presentation (b, offer constant, slope = 0.067, R = 0.25, P = 0.035).

Supplementary Figure 9
Selection of hyper-parameters.
Mean squared errors (MSE) between the observed and predicted BDI scores by
the 10-fold cross-validation procedure (using left amygdala/hippocampus ROI)
were plotted against the kernel parameter and the number of principle
components (PC). The parameter set giving the smallest MSE was adopted (red
arrow).

Supplementary Tables
Supplementary Table 1. Whole brain activity differences between rejected and accepted trials
induced by offer presentations.

Region

k

peak position

T-score

Z-score

(x y z)

Insula (L)

P_uncorr

PFWE_corr

(whole)

(SVC)

26

-30

26

6

4.20

3.97

3.5 x 10-5

4.6 x 10-3

21

-26

22

-6

3.71

3.55

1.9 x 10-4

0.019

R, right; L, left; MNI coordinates are shown. P values at the peak positions are shown.

Supplementary Table 2. BDI score did not correlate with socio-economic status or income level.
Group

Socio-economic status

Income level

all (n = 94)

0.37

0.19

prosocial (n = 59)

0.55

0.36

individualist (n = 35)

0.51

0.44

male (n = 56)

0.38

0.55

female (n = 38)

0.79

0.15

(Kolmogorov-Smirnov test)

Supplementary Table 3. Second BDI score did not correlate with socio-economic status or
income level.
Group

Socio-economic status

Income level

all (n = 73)

0.44

0.50

prosocial (n = 47)

0.67

0.69

individualist (n = 26)

0.55

0.61

male (n = 47)

0.80

0.67

female (n = 26)

0.16

0.53

(Kolmogorov-Smirnov test)

Supplementary Table 4. Changes in BDI score did not correlate with socio-economic status or
income level.
Group

Socio-economic status

Income level

all (n = 73)

0.51

0.87

prosocial (n = 47)

0.52

0.83

individualist (n = 26)

0.81

0.95

male (n = 47)

0.74

0.94

female (n = 26)

0.23

0.86

(Kolmogorov-Smirnov test)

Supplementary Table 5. There were no significant differences in the BDI score-range
distributions between first and second BDI participants.

First BDI
(Scanned n = 94)

First BDI
(Followed n = 73)

Second BDI

Minimal (0-13)

58.5%

58.9%

64.4%

Mild (14-19)

23.4%

26.0%

21.9%

Moderate (20-28)

14.9%

12.3%

13.7%

Severe (29-63)

3.2%

2.7%

0%

Frequencies in each severity range were not different among groups (first BDI vs. first BDI followed, P = 0.95,
first BDI vs. second BDI P = 0.54, Fisher's test).

Supplementary Table 6. There were no significant differences in the BDI score between
scanned and unscanned participants.
Scanned vs. unscanned participants.
BDI score
Scanned
All

Prosocial

Individualist

Male

Female

P-value

Un-Scanned

Range

0 – 33 (n = 94)

1 – 41 (n = 139)

Mean ± SE

12.8 ± 0.73

12.5 ± 0.65

Range

1 -31 (n = 59)

1 -41 (n = 115)

Mean ± SE

13.2 ± 0.89

12.7 ± 0.70

Range

0 -33 (n = 35)

3 -39 (n = 24)

Mean ± SE

12.2 ± 1.28

11.0 ± 1.70

Range

0 -33 (n = 56)

2 -41 (n = 70)

Mean ± SE

12.9 ± 0.98

12.8 ± 0.99

Range

2 -23 (n = 38)

1 -29 (n = 69)

Mean ± SE

12.7 ± 1.17

12.1 ± 0.83

0.61

0.16

0.33

0.68

0.48

(Kolmogorov-Smirnov test)

Followed up vs. un-followed up participants.
BDI score
Followed up
All

Un-followed up

Range

1 – 33 (n = 73)

0 – 31 (n = 21)

Mean ± SE

12.6 ± 0.78

13.5 ± 1.87

(Kolmogorov-Smirnov test)

P-value

0.32

Supplementary Methods
Triple-Dominance measure task
The Triple-Dominance measure9 task of social value was used to group participants into the
prosocial, individualistic or competitive orientations. Twelve to thirty participants at a time who did
not know each other were invited into a room. First, they were numbered randomly (e.g., 1-15 for 15
participants), and each participant received a sheet of paper on which two numbers were written, one
number for identification of the participant and the other for assigning the participant’s pair.
Participants did not know who the numbers corresponded to except for themselves.
Before starting the task, the participants were asked to write their own number and that of
their partner on their answer sheet. Then the participants were presented with 8 triple-dominance
measure tasks as shown in Appendix 1, one at a time, and requested to select the most preferable
reward condition from the three options (A, B, and C) within 10s. They were instructed that the amount
of reward written in the selected option would be paid to them and their assigned pair. The participants
were categorized as having one of the three social value orientations (i.e., prosocial, individualistic or
competitive) only when they made at least 6 consistent choices out of 8.

Post-experimental questionnaire
We conducted post-experimental questionnaires which asked age and gender (Q1), prior history of
depression and general mental health (Q2), income level (Q3 and Q5) and socio-economic status (Q4,
Q6 and Q7) (Appendix2). All questions in Q1, prior history of depression in Q2 (no participant
reported prior history of depression diagnosis), participant’s discretionary money in Q3 and social
hierarchy in Q7 at the time of experiment were mandatory questions (all of 94 participants responded),
and other questions in Q3-7 were set to be optional as they included family or privacy-related sensitive
information (79 participants answered the optional questions). In addition to social value orientation,
age, gender, discretionary money per month and social hierarchy were included in fMRI analysis as

described in the main text.
Here, we briefly summarize the results of optional questions. As for mental health, 8.8% of
the participants experienced some mental health problem, but this experience was not associated with
differences in social value orientation (P = 1, Fisher’s test) or BDI score (all, P = 0.15; prosocials, P
= 0.10; individualists, P = 0.53; Kolmogorov-Smirnov test). Related to income level, student loan
might affect participants as a stress. However, between those who made a student loan (34.2％,
prosocial: 24.1%, individualist: 10.1%) and those who did not, there was no difference in social value
orientation (P = 0.46, Fisher’s test) or BDI score (all, P = 0.99; prosocials, P = 0.45; individualists, P
= 0.65; Kolmogorov-Smirnov test). In addition, there was no correlation of BDI score with any of parttime job pay, discretionary money, father’s annual earnings, socio-economic status (all, P = 0.31, 0.19,
0.68, 0.37, respectively; prosocials, 0.50, 0.36, 0.97, 0.55; individualists, 0.28, 0.44, 0.56, 0.51).
Similar to the optional questions, there was no correlation between their values and BDI score
or social value orientation in all mandatory questions (all P > 0.05). Based on all these results, we
think it unlikely that the link between brain response patterns to inequity and BDI score were
attributable to other behavioral or socio-economic status factors of the participants.

Participants
The ethical committee of NICT and Tamagawa University approved this study, and informed consent
to the behavioral and MRI experiments was obtained from all participants before the experiments
started.
Three hundred and forty three Japanese students (181 males, age = 19.0±0.096, and 162
females, age = 19.2±0.11) who did not declare any history of neurological or psychiatric disorders
participated in the behavioral experiment using the Triple-Dominance measure task9 and BDI-II (BDI,
hereafter) questionnaire18. We identified 174 prosocials (88 males and 86 females) and 59

individualists (40 males and 19 females). These measurements were done between 10 July and 17 July
2013.
We invited all these prosocials and individualists to the fMRI experiments. As a result of
matching their availability and scanning slots, 94 participants (56 males: age = 19.4±0.17, 32
prosocials and 24 individualists; and 38 females: age = 19.5±0.24, 27 prosocials and 11 individualists,
the total number was determined based on the effectiveness of our previous study12) participated in the
fMRI experiments while performing the ultimatum game. The scanning was done within two weeks
from the behavioral measurements (i.e., BDI and social value orientation measurements). Of these 94
participants, we could conduct second BDI measurements on 73 participants (47 males: age =
19.2±0.15, 28 prosocials and 19 individualists; and 26 female: age = 19.3±0.27, 19 prosocials and 7
individualists) between 10 July and 19 August, 2014. For the other 21 participants, we could not
contact them or they declined further participation. The BDI score distributions were not different
between the 94 fMRI participants and the 73 participants used for the second BDI measurements (for
more details, see Table 3) even when we considered the evaluation criteria of the BDI-II score
(Supplementary Table 5). We used these 73 participants for the prediction experiments. In addition,
there were no significant differences in the BDI score distributions between those who participated in
the fMRI scans and those who did not, and those who were followed up and those who were not
(Supplementary Table 6).

Statistical analysis
We compared BDI score distributions between prosocials and individualists by using the bootstrap
Kolmogorov-Smirnov test. This was done with the package ‘Matching’ on R Ver 3.0.2 (http://www.Rproject.org), in which the boot number was set to 100,000. To test the difference in correlation
coefficients, we used ‘aoctool’ implemented on MATLAB. No blinding was done throughout this
study.

MRI Acquisition
MRI scanning was conducted with a Siemens Trio TIM 3T scanner (repetition time = 2 s, echo time =
25 ms, flip angle = 90°, field of view = 192 mm and resolution = 3 × 3 × 3 mm) at Tamagawa
University. In addition to the experimental trials (EPI), the session contained three dummy scans. Highresolution (T1 [1 × 1 × 1 mm] and T2 [0.6 × 0.4 × 3 mm]) structural images were also acquired for
each participant.
GLM analysis
Imaging data were analyzed using standard procedures in Statistical Parametric Mapping (SPM12)
(http://www.fil.ion.ucl.ac.uk/spm12) on MATLAB. Before the analysis, we performed motion
correction and non-linear transformation into the standard space of the Montreal Neuro-logical
Institute (MNI) coordinates based on T1 segmentation. These normalized EPI images were re-sliced
into 2 × 2 × 2 mm voxels and then smoothed with a 6 mm FWHM isotropic Gaussian kernel. The
data were high-pass filtered (cutoff frequency: 128 s) by using the default setting.
First-level analysis: for each participant, ten functional regressors were included in the
general linear model analysis of the fMRI data. At the time of an offer, we constructed three eventrelated regressors, which represent fair and unfair (disadvantageous and advantageous) offers.
Combination of these three regressors constitutes whole sequence of offers (i.e, “offer constant
regressor”). Four reward related regressors were also constructed at the same time of the offer:
reward for self (Rs), reward for proposer (Ro), absolute value of the reward difference only when Rs
> Ro (advantageous inequity) and absolute value of reward difference only when Ro > Rs
(disadvantageous inequity). Since the range of the reward variables is continuous and wide (i.e.,
between 0 and 450), common logarithm was adopted. These regressors were convolved with a stand
hemodynamic function of SPM12. Finally, the two absolute difference regressors were combined to
represent absolute-value inequity. The remaining three parameters were standard event-related

regressors for the timings of a proposer face presentation, button press (choice) and feedback
presentation. In addition to these ten regressors, we also included six degree head movement
parameters constructed from realignment.
Second-level analysis: to contrast neural correlates with inequity between prosocials and
individualists, we conducted second-level group analyses using a multiple-regression design
consisting of social value orientation (prosocial or individualist), gender (female or male), age,
income level (4 scales index; the amount of the discretionary money per month, higher score means
higher income), and socioeconomic status (4 scales index; social hierarchy, higher score means
lower position, i.e., score 1 represents position 7 and 8 in Q7). We adopted a small-volume corrected
(P < 0.05) as statistical threshold, since we had a prior hypothesis about the amygdala and
hippocampus (Table 1).

ROIs
Functional ROIs were constructed as significant clusters in Table 1. For the small volume correction
of the statistical results, we used a state of the art anatomical ROIs which was constructed based on
resting-state fMRI37.

Triple-Dominance measure task
1
A
B
C

240
270
240

40
140
240

2
A
B
C

170
210
170

160
80
10

3
A

110

110

B
C

130
100

50
0

4
A
B
C

300
240
200

180
250
20

5
A
B
C

220
220
280

20
210
100

6
A
B
C

110
110
140

105
10
50

7
A
B
C

100
110
100

20
60
100

8
A
B
C

80
70
90

90
10
40

Post-experimental questionnaire
*This questionnaire is anonymous
Q1：
Age
and
Q2：

Gender [

female

or

Have you ever been diagnosed with major depression?
# if yes, …
Q. When was the first diagnosis?

male
[

]
yes

no

]

Q. When did you first realize a sign of depression?

Q. List any effective medications and when you recovered your mental health (leave
blank if there are no medicines.

# if no diagnosis
Q. Did you have a mental health problem, though you didn’t seek a treatment? [yes
## if yes, ...
When
Duration

no ]

To Q3

Symptoms

Can you think of anything that might have caused the health problem?

When was the symptom improved? What led to the improvement?

Q3： Questions about money (at the time of participation in our fMRI experiments)…
Q. Did your parents supply you with money for living? [ yes
no ]
＃if yes, …
how much (per month)？
[〜¥50,000 ¥50,000〜100,000 ¥100,000〜200,000 ¥200,000〜300,000 ¥300,000 ~ ]
* ¥10,000 = $100
Q. Were you given a monthly allowance from parents? [ yes
＃if yes,…
how much (per month)？

no ]

[〜¥5,000

¥5,000〜10,000

¥10,000〜30,000

¥30,000〜50,000

Q. Did you make a student loan？ [ yes
no ]
＃if yes, …
Did it sufficiently cover school expenses? [ yes

¥50,000 ~]

no ]

Q. How much do you earn from your part-time job pay (per month)？
[¥0
~¥10,000
¥10,000~30,000
¥30,000~50,000
¥50,000~80,000
¥80,000~100,000
¥100,000~ ]
Q. How much is your discretionary money (per month)?
[~¥5,000
¥5,000~10,000
¥10,000~30,000
¥30,000~50,000

¥50,000~]

Q4 : Questions about your parents (at the time of your participation in our fMRI experiments)…
Q. your father was …

self-employed a regular-employee a contracted-employee
a part-time worker unemployed a homemaker a student
absent

Q. your mother was …

self-employed a regular-employee a contracted-employee
a part-time worker unemployed a homemaker a student
absent

Q5 : Questions about the income of your parents (at the time of your participation in our fMRI experiment)…
Q. Annual earnings of your father was…

~¥1,500,000
~¥10,000,000

~¥3,000,000
~¥5,000,000
~¥15,000,000 ~¥20,000,000

~¥7,500,000
¥20,000,000~

Q. Annual earnings of your mother was…

~¥1,500,000
~¥10,000,000

~¥3,000,000
~¥5,000,000
~¥15,000,000 ~¥20,000,000

~¥7,500,000
¥20,000,000~

Q6： Educational backgrounds of you and your parents.
Q. You
[are in school
are a university dropout
are a university graduate
have the master’s degree]
Q. Your father’s academic background
primary school
junior-high school
high-school dropout
high-school
university-dropout
vocational-college dropout
vocational-college graduate
university-graduate
master’s degree

Q. Your mother’s academic background

primary school
junior-high school
high-school dropout
high-school
university-dropout
vocational-college dropout
vocational-college graduate
university-graduate
master’s degree
Q7： The blue line shown below represents the social hierarchy.
（Left：Rich, higher education, perfect job , Right : poor, low education, loss of employment）
Q. Choose a symbol of a group to which you think you belong

Rich
Perfect

A

B

C

D

E

F

G

H

I

Poor
Terrible

J

Q. Choose a symbol of a group to which you think you belonged at the time of your participation in our
fMRI experiment…
Rich
Perfect

A

B

C

D

E

F

G

H

I

J

Poor
Terrible

Thank you…
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