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Abstract

Aim: Hyperthymic temperament is a cheerful action orientation that is suggested to

have a protective effect on depressive symptoms. We recently reported that

hyperthymic temperament can positively predict activation of reward‐related brain

areas in anticipation of monetary rewards, which could serve as a biomarker of

hyperthymic temperament. However, the relationship between hyperthymic tempera-

ment and neural responsiveness to nonmonetary rewards (i.e., feedback indicating

success in a task) remains unclear.

Methods: Healthy participants performed a modified monetary incentive delay task

inside a functional magnetic resonance imaging scanner. To examine the effect of

nonmonetary positive feedback, the participants performed feedback and no‐feedback

trials. We explored brain regions whose neural responsiveness to nonmonetary rewards

was predicted by hyperthymic temperament.

Results: There was premotor area activation in anticipation of a nonmonetary reward,

which was negatively predicted by hyperthymic temperament. Moreover, brain areas

located mainly in the primary somatosensory area and somatosensory association area

were activated by performance feedback, which was positively predicted by

hyperthymic temperament.

Conclusion: We found that hyperthymic temperament is related to neural responsive-

ness to both monetary and nonmonetary rewards. This may be related to the process of

affective regulation in the somatosensory area.

K E YWORD S
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INTRODUCTION

To identify risk factors for and predict the prognosis of psychiatric

disorders, affective temperaments, which represent the temporally

stable biological “core” of personality,1 have been described by

Akiskal et al.2–4 Among them, hyperthymic temperament represents a

cheerful, upbeat, and action‐oriented disposition.2,3 The other

temperaments (i.e., depressive, cyclothymic, irritative, and anxious)

described by Akiskal et al.4,5 have depressive components to some

extent.6 Contrastingly, hyperthymic temperament is suggested to

have a protective effect on depression,7 with its biological

uniqueness being further demonstrated by studies on the genetic

background of affective temperaments.8,9

Recently, we reported that hyperthymic temperament is posi-

tively correlated with neural responsiveness to monetary rewards in

the dorsal striatum and thalamus.10 This finding could serve as a

biomarker for hyperthymic temperament, and in the context of

previous reports that neural responsiveness to rewards is reduced in

depression,11,12 we have elucidated part of the neurobiological

foundation for the protective nature of hyperthymic temperament

against depression. This is also consistent with a previous report that

hyperthymic temperament is positively correlated with reward

dependence.5 However, research on the neurobiological substrates

underlying protective characteristics against depression in individuals

with higher hyperthymic temperament has only just begun, leaving

much to be further investigated.

Monetary rewards are not the only type of reward. Generally, the

term “rewards” refers to stimuli that induce subjective pleasure

feelings and contribute to positive emotions, and to what act as

positive reinforcers by increasing the frequency and intensity of

behavior that leads to the acquisition of goal objects.13 Therefore,

cognitive constructs, such as novelty, challenge, beauty, acclaim,

power, territory, and security, constitute cognitive rewards.13 It is

important to determine whether positive nonmonetary feedback

after performing a motor task can be considered a reward.

Schneider et al.14 modified the monetary incentive delay (mMID)

task,15 which is commonly used to examine neural activation

following monetary and other types of rewards. Specifically, they

set monetary and nonmonetary reward trials. In monetary reward

trials, a monetary reward is acquired through a motor response

during the onset of a visual stimulus, which is similar to the original

monetary incentive task. In nonmonetary reward trials, visual

feedback indicating success is provided after an appropriate motor

response; however, no monetary reward is delivered. Schneider

et al.14 reported pupillary dilation in response to cue stimuli in

nonmonetary reward trials even though it was not as much as in

monetary reward trials; moreover, it was accompanied by activation

in the salience network and attention‐related brain regions. This

physiological response was not observed in control trials that only

involved a motor response without performance feedback.

Martin‐Soelch et al.16,17 also conducted an mMID task and

compared regional cerebral blood flow using positron emission

tomography between monetary and nonmonetary reinforcement

trials. In the nonmonetary reinforcement trials, visual feedback was

given to indicate success after a correct response, similar to the

nonmonetary reward trials in Schneider et al.14 Healthy participants

showed increased regional cerebral blood flow in numerous reward‐

related areas, including the caudate and putamen, in the monetary

reward condition. In the nonmonetary reinforcement trials, regional

cerebral blood flow also increased in reward‐related areas, including

the midbrain and orbitofrontal cortex. Contrastingly, individuals with

addiction, who are considered to have deficits in the dopaminergic

transmission system, showed increased regional cerebral blood flow

only in monetary reward trials. This indicates that neural responsive-

ness to nonmonetary rewards may be selectively impaired in

individuals with deficits in the dopaminergic transmission system.

Moreover, individuals with major depressive disorder (MDD), who

have a lower hyperthymic temperament than healthy controls,18

exhibit dopaminergic dysfunction.19,20

In summary, these previous studies suggest that nonmonetary

rewards also elicit physiological and neural responses that may be

similar to, but neurobiologically different from, those of monetary

rewards. Therefore, in order to elucidate the neurobiological

substrate of hyperthymic temperament, it is important to examine

its relationship with neural responses to both monetary and

nonmonetary rewards.

Accordingly, we aimed to conduct functional magnetic resonance

imaging (fMRI) measurements during an mMID task in order to

explore the relationship between hyperthymic temperament and

neural responsiveness to nonmonetary rewards. In the mMID task,

we conducted nonmonetary reward trials with and without positive

feedback, with the contrast between these trials being considered as

the neural responsiveness to nonmonetary reward. We hypothesized

that neural responsiveness to nonmonetary rewards is positively

predicted by hyperthymic temperament.

METHODS

Participants

We included the same participants enrolled in our previous study.10

All participants included in the analysis satisfied the following criteria:

(1) completed the study questionnaires (details provided below); (2)

aged 20–35 years (to avoid the effect of aging21,22); (3) right‐handed

(i.e., with a positive Edinburgh Handedness Inventory score23); (4) no

metabolic syndromes; (5) no structural deficits (e.g., calcification); (6)

no serious distortion in functional images; and (7) no symptoms or

history of any psychiatric disorders. Current psychiatric disorders

were screened according to ICD‐10 by psychiatrists with at least 5

years of clinical experience. Depressive and manic episodes were

screened using the Japanese version of the Patient Health

Questionnaire (PHQ)‐924,25 and the Manic Episode Screening

Questionnaire (MES),26 respectively. Accordingly, all the analyzed

participants were classified as psychiatrically healthy. The experi-

ments were conducted following the Declaration of Helsinki27 and
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were approved by the Institutional Review Board of Hokkaido

University Hospital (#010‐0031).

Behavioral tasks

For the main task, we used an mMID task28 identical to that in our

previous report.10,29 At the onset of the trial, a numeric cue (“500,”

“100,” “–100,” “0,” or “[0]”) was presented for 2000ms. The cue

indicated the monetary reward (in Japanese yen) that participants

would receive if they succeeded in following the button press. The

“0” represents the absence of monetary reward, while a “hit” or “miss”

feedback is provided (Figure 1a). The “[0]” represents the absence of

monetary reward, consistently associated with the presentation of a

“miss” outcome, thereby no “hit” or “miss” feedback was given

(Figure 1b). Following the presentation of a fixation cross (for

1500–2500ms), a target indicated by a white square was presented.

Subsequently, an outcome was presented for 2000ms. When

participants successfully pressed the button during the target

presentation (“hit”), the acquired reward was presented in the upper

line in white color. When participants failed to press the button

during the target presentation (“miss”), the number zero was

presented in the upper line in blue. The cumulative sum of obtained

reward within each session was presented in the bottom line in white.

Following a rest interval (500–2100ms), the next trial was initiated,

with each trial lasting 8 s. Participants were instructed about the

numeric cues and understood the association between numeric

cues and outcomes through the practice trials. Note that participants

were instructed to try to “hit” the target regardless of the trial type

and we still recorded whether participants pressed the button during

the target presentation even in the “[0]” trials, as in the other trial

types.

The present study focused on differences in responsiveness

between the 0 and [0] trials. The effect of monetary reward has been

described in a separate paper.10

To modulate and maintain hit rates of ≈ 60%–70%, the duration

of the target presentation was initially set and adjusted through trials

in a predetermined manner. For further details, please see Ogura

et al.10

The main task comprised two runs, which each comprised 50

trials. Each cue type was pseudorandomly presented 10 times in each

run. Thus, the participants completed 20 trials per trial type.

Functional MRI data acquisition

Structural and functional MRI data were acquired using a Siemens 3T

Prisma scanner equipped with a 64‐channel head coil. Prior to the

main task, T1‐weighted images were acquired using a magnetization‐

prepared rapid gradient‐echo sequence. Second, to address geomet-

ric and intensity distortion of functional images, phase and magnitude

maps were acquired using a gradient echo (GRE) field map sequence.

Functional imaging was performed as the main task. Echo‐planar

images (EPIs) were obtained using a GRE sequence. Based on the

anatomical information derived from the T1 image, the EPI field of

view was tilted 30° to the forehead from the anterior

commissure–posterior commissure plane to encompass the whole

brain and minimize susceptibility artifacts in the orbitofrontal

cortex.30 Details of the scanning parameters can be found in Ogura

et al.10 Two hundred and eight volumes were acquired for the mMID

task, while 60 volumes were acquired for the finger‐tapping task.

The responses to a target were detected using response pads

manufactured by Current Designs Inc. (HHSC‐1×4‐D or HHSC‐

2×4‐C).

Functional MRI data preprocessing

The data were preprocessed in the following sequential steps: (1)

field mapping, (2) spatial realignment and unwarping, (3)

(a)

(b)

-

-

F IGURE 1 The modified version of the
Monetary Incentive Delay task. (a) In the
beginning of the No‐reward trial, a numeric
number “0” was presented, with the participant
not getting any monetary reward. However, in
the Outcome phase, they received feedback
regarding whether they “hit” or “missed” the
target based on the color of the “0” in the upper
line (white for “hit” and blue for “miss”). (b) In
the beginning of a No‐feedback trial, a numeric
number 0 in square brackets (“[0]”) was
presented, with the participant not receiving
any monetary reward or feedback (a blue “0”
was always displayed regardless of whether
they “hit” or “missed” the target). However, we
still recorded whether the participants “hit” or
“missed” the target.
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slice‐timing correction, (4) spatial smoothing for individual images

using a Gaussian filter (full width at half maximum [FWHM] = 4

mm), (5) motion correction, (6) removal and interpolation

of global outlier volumes using adjacent nonoutlier volumes

(outlier volumes were defined as rapid scan‐to‐scan motion

>0.5 mm/TR or global signal intensity fluctuations >1.5%), (7)

co‐registering EPIs to the T1 image, (8) normalization to the EPI

template (voxel‐size resampled to 2 × 2 × 2 mm3), and (9) smooth-

ing (FWHM = 8 mm). The preprocessing and analysis of the

imaging data were performed using SPM12 (Version 6685;

Wellcome Trust Centre for Neuroimaging, University College

London, UK) and MATLAB (R2015b). For distortion and motion

correction (steps [4] to [6]), the ArtRepair toolbox31,32 and

Alphascript (Version 2.033; provided by F. Hoeft, personal

communication, July 2014) were employed. Finally, a visual

quality check of all the preprocessed images was performed

using the FSLview software and Lin4Neuro Linux distribution.34

Functional images displaying significant distortion even after the

aforementioned motion correction and image repair were

discarded.

Questionnaires

We employed the standardized Japanese version of the Tempera-

ment Evaluation of the Memphis, Pisa, Paris, and San Diego

Autoquestionnaire (TEMPS‐A4,35) to evaluate temperament.

Although it is capable of assessing five temperaments (depressive,

cyclothymic, hyperthymic, irritable, and anxious), our focus was on

hyperthymic temperament based on our previous study.10 The

questionnaire used to examine hyperthymic temperament consisted

of 21 items, with responses of “Yes” and “No” assigned scores of 2

and 1, respectively, and the average score representing the

temperament score.

Following the fMRI scan, the participants answered a post-

experimental questionnaire, which assessed subjective pleasantness

and tenseness associated with each monetary cue (“500,” “100,” “0,”

“[0],” and “–100”) using a 7‐point Likert scale (“extremely unpleasant”

to “extremely pleasant” and “extremely calm” to “extremely tensed,”

respectively).

Statistics

Behavioral data

We obtained behavioral measures and questionnaire responses

for two cue types (“0” and “[0]”). Regarding the behavioral

measures, we computed the count of successful trials (hits) and

the average response latency in those hit trials. The questionnaire

responses were used to evaluate subjective levels of pleasantness

and nervousness.

General linear model for fMRI data

In the first‐level (individual) analysis, 15 task‐related regressors were

included: (1–5) cue presentation of “500,” “100,” “−100,” “0,” and

“[0]”; (6–9) “hit” outcome presentation of “500,” “100,” “−100,” and

“0”; (10–13) “miss” outcome presentation of “500,” “100,” “−100,”

and “0”; (14) “no feedback” outcome (i.e., the outcome for cue “[0]”);

and (15) button press. Furthermore, six regressors were included to

account for head motion: x, y, z, pitch, roll, and yaw.

In the second‐level (group) analysis, we performed one‐sample t

tests for whole‐brain analysis (p < 0.05, family‐wise error [FWE]‐

corrected) for three contrasts as follows: (1) cue phase comparison

between “0” and “[0],” (2) outcome phase comparison of “hit”

between “0” and “[0],” and (3) outcome phase comparison of “miss”

between “0” and “[0].” Brain subregions demonstrating peak

activations were identified using an atlas provided by Neuromorpho-

metrics Inc.

Multiple regression for the beta value in extracted
voxels by temperament scores

To examine the association between the activation levels for the

aforementioned contrasts and temperaments, we performed multiple

linear regressions using R (Version 4.2.0; https://www.r-project.org).

The beta values from a 5‐mm radius sphere centered on the peak of

each contrast were extracted as responsive variables. Hyperthymic

temperament scores, age, and sex (M = 0, F = 1) were used as

explanatory variables. First, a linear model without interactions that

comprised all explanatory values (full model) was assumed, and the

Akaike information criterion (AIC) was calculated. Subsequently, we

sequentially dropped one explanatory variable in a stepwise manner

until the model with the lowest AIC was obtained.

RESULTS

The present study included 32 eligible participants (19 men and 13

women; mean age, 31.25 ± 2.76 years). This population was identical

to the participants analyzed in our separate report.10

Behavior

Participants were significantly less successful in hitting a target in “0”

trials compared with “[0]” trials (Supporting Information: Figure S1A;

Z = –4.33, p < 0.001). There were no significant between‐trial (“0” vs.

“[0]”) differences in the mean response latency (Supporting Informa-

tion: Figure S1B; t = –1.15, p = 0.258). Further, the number of hit trials

was not significantly correlated in the “0” or “[0]” trials with

hyperthymic temperament (“0”: r = –0.24, p = 0.179, “[0]”: r = –0.28,

p = 0.117). As previously reported,10 the mean response latency in “0”
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trials was not correlated with hyperthymic temperament (Supporting

Information: Figure S2, upper: r = –0.22, p = 0.226). Contrastingly, the

mean response latency in “[0]” trials showed a marginally significant

correlation with hyperthymic temperament (Supporting Information:

Figure S2, lower; r = –0.34, p = 0.063). Specifically, participants with

higher hyperthymic temperament scores tended to have a shorter

response latency in [0] trials. There were no significant between‐trial

differences in subjective pleasantness (Supporting Information:

Figure S1C; Z = 1.73, p = 0.250) or subjective nervousness (Support-

ing Information: Figure S1D; Z = –1.41, p = 0.500). Hyperthymic

temperament was not correlated with subjective pleasantness in

the task (r = 0.04, p = 0.832) or indices for the overall task perform-

ance (mean presentation duration of the target: r = –0.16, p = 0.387;

total reward amount: r = 0.02, p = 0.922).

Functional MRI and questionnaires

First, we set a threshold at p < 0.05 (FWE) and searched for

significant peaks in each contrast. In the case of excessively large

significant clusters (k > 1000), it was virtually impossible to extract

peaks. Accordingly, we adopted progressively higher thresholds

(p < 0.01, p < 0.005, p < 0.001, etc.) and adopted the threshold at

which clusters with k > 1000 were not observed. Therefore, we

adopted thresholds of p < 0.05, p < 0.001, and p < 0.005 (FWE

corrected for each) for the “0” minus “[0]” in the cue phase, hit for

“0” minus “[0]” in the outcome phase, and miss for “0” minus “[0]” in

the outcome phase, respectively. Among the remaining peaks, we

excluded peaks from the following regions since they were not of

interest: the visual cortex, brainstem, diencephalon, cerebellum, and

ventricle.

Anticipation phase 0 versus [0] contrast

Two peaks at the left superior frontal gyrus (SFG) and left

precentral gyrus (preCG) remained in the contrast “0” minus “[0]”

(Table 1). We examined whether the beta values of these two

peaks could be predicted by the TEMPS hyperthymic score, age,

and sex (Figure 2). Both selected models for the beta values at the

right SFG and preCG comprised hyperthymic scores and sex

variables. Beta values of both peaks were negatively predicted by

the hyperthymic scores (left SFG: estimated coefficient =

–1.00 ± 0.37, p = 0.011; left preCG: estimated coefficient =

–0.95 ± 0.45, p = 0.043). Additionally, beta values of both peaks

were smaller in men than in women (left SFG: estimated

coefficient for men = –0.38 ± 0.14, p = 0.010; left preCG: esti-

mated coefficient for men = –0.45 ± 0.17, p = 0.011).

TABLE 1 Brain areas activated by 0 (¥0 with feedback) – [0] (¥0 without feedback) contrast in the cue and outcome phases.

BA k

MNI coordinates
Peak‐level
T value

Peak‐level
p valuex y z

Cue0‐[0]

Left precentral gyrus 6 21 −24 −10 62 6.17 0.014

Left superior frontal gyrus 6 2 −18 −8 62 5.71 0.042

Hit0‐[0]

Left postcentral gyrus 3 90 −28 −34 68 8.47 <0.0005

Left superior parietal
lobule

5 9 −14 −54 62 7.67 <0.0005

Right supramarginal gyrus 1 41 52 −28 56 7.66 <0.0005

Right superior parietal

lobule

40 1 38 −54 54 7.23 0.001

Miss0‐[0]

Left postcentral gyrus 3 145 −28 −34 68 8.39 <0.0005

Right superior parietal
lobule

40 92 36 −54 56 8.09 <0.0005

Right supramarginal gyrus 1 122 52 −28 56 7.99 <0.0005

Left superior parietal
lobule (medial)

5 65 −12 −54 62 7.90 <0.0005

Left superior parietal

lobule (lateral)

40 81 −38 −50 54 7.07 <0.0005

Left precentral gyrus 6 4 −20 −20 74 6.51 <0.0005

Note: For outcome phases, hit trials and miss trials are separately described.
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Outcome phase 0 versus [0] contrast

Hit for 0 versus feedback for [0] contrast

Four peaks in the right supramarginal gyrus (SMG), right superior

parietal lobule (SPL), left postcentral gyrus (postCG), and left SPL

remained (Table 1). We examined whether the beta values of the four

peaks could be predicted by the TEMPS hyperthymic score, sex, and

age. The selected model for the beta values at the right SMG, right

SPL, and left postCG comprised hyperthymic scores (Figure 3; right

SMG: estimated coefficient = 10.62 ± 4.93, p = 0.039; right SPL:

estimated coefficient = 8.96 ± 4.17, p = 0.040; left postCG: estimated

coefficient = 8.09 ± 3.50, p = 0.028). In contrast to the other peaks,

beta values in the left SPL could not be predicted by hyperthymic

temperament; the null model was selected for beta values at the

left SPL.

Miss for 0 versus feedback for [0] contrast

Six peaks in the right SMG, right SPL, left postCG, left SPL (two

peaks; lateral = lSPL and medial = mSPL), and left preCG remained

(Table 1). We tested whether the beta values at the six peaks could

be predicted by theTEMPS hyperthymic score, sex, and age. The beta

value in the right SMG was positively predicted by hyperthymic

temperament. The selected model for the beta values in the right

SMG comprised hyperthymic scores (Figure 4; estimated

coefficient = 11.02 ± 4.39, p = 0.018). Although the selected model

for the beta values in the right SPL and left postCG comprised

hyperthymic temperament, the p values for the coefficient were only

marginally significant (Supporting Information: Figure S3; right SPL:

estimated coefficient = 6.68 ± 3.77, p = 0.087; left postCG: estimated

coefficient = 6.71 ± 3.60, p = 0.073). Contrastingly, the null model was

supported for the beta values in the left mSPL and lSPL. The selected

model for the beta values in the left preCG comprised hyperthymic

scores and age (Supporting Information: Figure S3). However, the p

value for the coefficient for hyperthymic scores was only marginally

significant (estimated coefficient = 11.40 ± 6.28, p = 0.080), while that

for age was not significant (estimated coefficient = –0.68 ± 0.42,

p = 0.115).

DISCUSSION

To further examine the neural mechanisms underlying the protective

effects of hyperthymic temperament on depression, this fMRI study

examined brain regions related to nonmonetary rewards (i.e., positive

feedback for motor performance) and modulated by hyperthymic

temperament. Interestingly, in the anticipation phase, participants

with low hyperthymic temperament had higher activity in the left

SFG and left preCG, which are included in the premotor area. As

expected, in the hit 0 versus feedback for [0] contrast of the outcome

phase, hyperthymic temperament scores were positively correlated

with the left postCG, right SMG, and right SPL. The left postCG and

right SMG were included in the primary somatosensory cortex. The

right SPL is located in the somatosensory association cortex. In the

miss 0 versus feedback for [0] contrast of the outcome phase,

hyperthymic temperament scores were positively correlated with the

right SMG.

Implications for the neurobiological substrate
underlying hyperthymic temperament

Areas activated by the contrast for anticipation of nonmonetary

rewards were located in the premotor area, which partly form the

dorsal attention network. Individuals with MDD have shown

altered functional connectivity of the dorsal attention net-

work.36,37 Moreover, the dorsal attention network is involved in

mental effort.38 The observed negative correlation between

premotor area activation by nonmonetary reward and hyperthy-

mic temperament in the premotor area is apparently paradoxical.

Participants with low hyperthymic temperament scores might

require mental effort to work on tasks without monetary reward.

Accordingly, the premotor area might be activated more in

individuals with low hyperthymic temperament scores due to the

compensatory reallocation of resources.39

Areas in the primary somatosensory cortex were activated by

the contrast for feedback of nonmonetary rewards. Although the

(a) (b)

F IGURE 2 (a) Brain activations in response to 0‐[0] contrast in the cue phase. The upper and lower arrows indicate the left precentral gyrus
(preCG) and left superior frontal gyrus (SFG), respectively. For display purposes, the threshold is set at p < 0.001, uncorrected. (b) Plots and
regression lines from the selected multivariate regression model. The x‐axis denotes the TEMPS hyperthymic score, while the y‐axis denotes
parameter estimates of left preCG and left SFG activation for 0‐[0] contrast in the cue phase. The regression lines are shown according to sex.
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primary somatosensory cortex is considered an acquisition and

transformation sensory signal structure rather than a reward‐

related area, it has projections to the thalamus and striatum;

further, it could be involved in associative learning.40 Moreover,

the somatosensory cortex is involved in emotion regulation.41

The somatosensory cortex is activated upon recognition of a

visual‐emotional stimulus42; therefore, it may be recruited to

process positive or negative affective states triggered by feed-

back regarding task performance. Additionally, we observed areas

in the somatosensory association cortex that were activated by

the contrast for feedback of nonmonetary rewards. Similar to the

primary somatosensory area, the somatosensory association area

represents affective states that govern emotional feelings.43,44

Taken together, the greater activation of the primary somato-

sensory cortex and somatosensory association cortex by non-

monetary rewards among individuals with higher hyperthymic

temperament scores might be related to a more intense affective

state elicited by the performance feedback.

Individuals with MDD present dysfunction of the primary

somatosensory cortex and somatosensory association cortex. For

example, a resting‐state fMRI study revealed hyperconnection

between the medial thalamus and the primary somatosensory

cortex,45 which is associated with pleasure loss.46 Additionally,

adolescents with MDD have a relatively low total surface area and

regional reduction in the somatosensory area.47 Compared with

healthy controls, individuals with untreated MDD have decreased

regional neuronal synchrony in the somatosensory association area.48

Furthermore, individuals with MDD have shown changes in the

baseline low‐frequency oscillations, which is an index of resting‐state

intrinsic brain activity in these region.49 These findings are consistent

with our findings and other reports regarding the protective effect of

hyperthymic temperament on depression.

(a) (b)

F IGURE 3 (a) Brain activations in response to “hit” outcome for 0 versus no feedback outcome for [0] contrast. The left postcentral gyrus
(postCG; left arrow) and right supramarginal gyrus (SMG; right arrow) are indicated in the upper panel; furthermore, the right superior parietal
lobule (SPL) is indicated in the lower panel. For display purposes, the threshold was set at p < 0.05, FWE. (b) Plots and regression lines from the
selected multivariate regression model. The x‐axis denotes the TEMPS hyperthymic score while the y‐axis denotes parameter estimates of left
postCG, right SMG, and right SPL activation for 0‐[0] contrast in the outcome phase.

(a) (b)F IGURE 4 (a) Brain activations in response to
the “miss” outcome for 0 versus no‐feedback
outcome for [0] contrast. The right supramarginal
gyrus (SMG) is indicated. For display purposes,
the threshold is set at p < 0.05, FWE. (b) Plots and
regression lines from the selected multivariate
regression model. The x‐axis denotes the TEMPS
hyperthymic score while the y‐axis denotes
parameter estimates of the right SMG.
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Limitations

This study had several limitations. First, the difference in reward

valence between “0” and “[0]” might be insufficiently manipulated.

Although the participants behaviorally differentiated between “0”

and “[0]” (Supporting Information: Figure S1A), no difference was

observed in terms of subjective ratings. Consequently, the “0” cue did

not elicit activation in the typical “reward system” area. This result is

inconsistent with a previous study.17 While the previous study

employed separate conditions for monetary reward trials, nonmone-

tary reward trials, and no‐feedback (baseline) trials, the present study

conducted these trials concurrently within the same session. Thus,

the difference in reward valence between “0” and “[0]” may be

relatively small compared to the previous study. Second, although we

found that hyperthymic temperament can predict activation in the

primary somatosensory areas and somatosensory association areas

following nonmonetary reward feedback, the underlying mechanism

through which this association modulates reward‐oriented behavior

remains unclear. Furthermore, although the regions of interest were

selected based on the FWE correction, we did not apply multiple

comparison corrections for subsequent multiple regression analysis.

Because this is the first study to our knowledge that investigates the

relationship between neural responsiveness to nonmonetary rewards

and hyperthymic temperament, accordingly, we performed an

exploratory investigation of related brain areas. Finally, as discussed

in our separate paper,10 the relationship of hyperthymic tempera-

ment with the default mode network remains unclear even though

temperament generally refers to the temporally stable biological

“core” of personality.

CONCLUSION

Our findings showed that hyperthymic temperament can predict

neural responsiveness to nonmonetary rewards. These findings

provide further perspectives on the neurobiological basis underlying

hyperthymic temperament and its protective effects against

depression.
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