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A B S T R A C T   

Sexual humor involves neural mechanisms related to both humor and sexual arousal. However, evidence on the 
role of the amygdala in processing sexual humor is lacking. Unlike erotic stimuli that directly involve a biological 
drive, sexual humor gains its value through learned associations. Processes related to responding to erotic versus 
monetary rewards have been identified in the lateral orbitofrontal cortex (lOFC) along a postero-anterior axis, 
but it is less clear whether these processes are also active during the appreciation of sexual humor. Results 
showed the processing of sexual humor appreciation in the amygdala. Psychophysiological interaction (PPI) 
analysis further identified functional connectivity in the amygdala-midbrain coupling during sexual humor 
versus monetary gains appreciation. The present study provides evidence demonstrating roles for the posterior 
OFC (pOFC) and anterior OFC (aOFC) in distinguishing between sexual (sexual humor and erotic) and non-sexual 
(monetary) rewards. The experience of sexual pleasure induced by erotic rewards involves phylogenetically and 
ontogenetically older regions in the pOFC, while the experience of receiving monetary gains involves the aOFC. 
This study also provides additional insights into sexual humor appreciation in the pOFC, with findings of a 
postero-anterior dissociation in the processing of sexual humor appreciation. PPI analysis revealed functional 
connectivity in the pOFC-amygdala coupling in response to both types of sexual rewards versus monetary re-
wards. Together, our results suggest that the amygdala serves as a reward hub, especially in processing sexual 
humor versus monetary gains appreciation. Functional connectivity analysis showed amygdala-midbrain and 
pOFC-amygdala coupling during the appreciation of sexual humor.   

1. Introduction 

Much has been learned in recent years about the neural processes 
associated with responding to humor (Farkas et al., 2021; Vrticka et al., 
2013). Several studies have reported greater activation in the amygdala, 
midbrain, nucleus accumbens (NAc), and orbitofrontal cortex (OFC) 
during the humor appreciation process (Chan & Lavallee, 2015; Chan 
et al., 2013; Chan, 2016a, 2016b; Chan et al., 2012; Chan, Hsu, & Liao 
et al., 2018; Chan et al., 2018, 2016; Mobbs et al., 2003; Watson et al., 
2007). Studies that have investigated the appreciation of different types 
of humor have indicated a key role for the amygdala (Vrticka et al., 

2013). Although these earlier studies have investigated the neural cor-
relates of humor appreciation in some depth, relatively little is known 
about the neural mechanisms underlying the appreciation of sexual 
humor. In this study, we propose to investigate the processing of sexual 
humor to provide insights into the neural substrates underlying such 
processing. 

Sexual humor contains implicit or explicit references to sexual con-
tent, potentially eliciting both the experience of humor and sexual 
arousal. Appreciation of the sexual content of humor has been associated 
with sex-role concepts and sexual attractiveness (Chapman & Gadfield, 
1976). Relief (Freudian psychoanalytic theory) and salience theories can 
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serve as a theoretical framework for research on the appreciation of the 
sexual content of humor (Ruch & Hehl, 1988). Freud suggested that sex 
and aggression were two basic unconscious drives which provide plea-
sure through the release of excessive tension via the expression of sex-
ual, aggressive, and playful instincts (Freud, 1905, 1960). The salience 
network (SN; e.g., the amygdala) is involved in reallocating attention to 
salient stimuli (Menon & Uddin, 2010). 

Erotic stimuli, in contrast, depict arousing content to directly trigger 
or foster sexual arousal. Sex plays a key role in survival and is a 
fundamental source of pleasure (Georgiadis et al., 2012; Markert et al., 
2021; Stoléru et al., 2012). Unlike erotic stimuli (primary rewards) that 
directly involve a biological drive and thus have an innate reward value 
(Sescousse et al., 2010), sexual humor (secondary rewards) gains its 
value through learned associations and the inferences that these enable. 
This would seem to have implications for the neural substrates involved 
in responding to sexual humor and erotic stimuli but this is currently a 
poorly understood area. In this study, we thus make use of two different 
types of sexual rewards to differentiate between the neural mechanisms 
involved in the appreciation of sexual humor and erotic stimuli. 

Additionally, while there is a large body of research on the neural 
processes underlying monetary rewards (secondary rewards) (Knutson, 
Fong et al., 2001; Knutson, Adams et al., 2001; Montague & Berns, 2002; 
for a review see Sescousse et al., 2013), much less is known about re-
sponses to other types of rewards. Thus, a goal of this study is to 
contribute to a better understanding of differences in how the brain 
responds to sexual and monetary rewards. 

Earlier research has found that activity in the amygdala may 
contribute to the amusement component of humor appreciation (Amir 
et al., 2015; Bartolo et al., 2006; Bekinschtein et al., 2011; Chan et al., 
2012, 2013; Mobbs et al., 2003; Moran et al., 2004). However, further 
evidence on the role of the amygdala in processing humor, including 
sexual humor, is lacking. Our previous study of responses to “humor 
rewards” versus monetary gains elicited activity in the amygdala, with 
functional connectivity analysis showing amygdala-midbrain coupling 
in response to humor versus monetary gains appreciation (Chan et al., 
2018). This study uses “sexual humor rewards” in order to elicit sexual 
arousal and thus distinguish between the sexual arousal elicited by 
sexual humor cartoons and erotic images. An important remaining issue, 
which is key to our understanding of the reward hub for sexual humor 
appreciation, is to determine whether there are distinct types of pro-
cessing for sexual humor rewards in the amygdala. 

Differences in the processing of sexual (sexual humor and erotic 
stimuli) and non-sexual (monetary) rewards are likely the result of 
evolutionary processes in phylogenetically distinct brain regions. In 
humans, viewing erotic images has been shown to elicit physiological 
responses, sexual desire, sexual arousal, and sexual pleasure (Hoffmann, 
2017). The lateral parts of the OFC (lOFC) have been shown to be active 
in the processing of complexity (e.g., more abstract reinforcers in 
monetary gains), while medial parts of the OFC (mOFC) are involved 
with learning and memory (Kringelbach, 2005). A previous study of 
primary (erotic) and secondary (monetary) rewards in reward value 
coding highlighted the key role of the lateral orbitofrontal cortex (lOFC) 
in the consumption of both erotic and monetary rewards (Sescousse 
et al., 2010), with the processing of monetary gains activating the 
anterior OFC (aOFC) and the processing of erotic pleasure activating the 
posterior OFC (pOFC). The meta-analysis also found evidence for a 
postero-anterior distinction of the lOFC between less complex (e.g., taste 
or erotic stimuli) and more complex or abstract (e.g., monetary gain or 
loss) rewards (Kringelbach & Rolls, 2004; Kringelbach, 2005). Thus, 
while research has indicated that processing erotic rewards involves 
greater neural activity in the pOFC, it is currently not known whether 
this finding extends to sexual humor rewards. Human studies of reward 
processing have attempted to better understand the processing of 
different sexual and non-sexual rewards in the postero-anterior axis of 
the lOFC (Li et al., 2015; Schmidt et al., 2020; Sescousse et al., 2013). 
The present study may help to further this line of inquiry. 

Finally, there has been growing interest in whether and how the 
neural processes underlying motivation, learning, and pleasure differ in 
response to rewards of different types (Berridge & Kringelbach, 2015; 
Berridge & Robinson, 2003; Berridge, 2003; Haber & Knutson, 2010; pp, 
2009; Schultz, 2000; Wise, 2004). Reward anticipation (wanting or 
incentive motivation) and outcome (hedonic liking or consumption) 
phases may differentially recruit distinct brain regions (Knutson, Fong 
et al., 2001). Human studies examining the neural correlates of moti-
vation have widely used monetary rewards (Knutson, Fong et al., 2001; 
Knutson, Adams et al., 2001, 2003), and there is a large body of research 
showing that the NAc plays a vital role, especially in motivation for 
monetary rewards (Chan et al., 2018; Knutson, Adams et al., 2001; 
Sescousse et al., 2015). The current study may provide a better under-
standing of the different processes involved during the anticipation of 
monetary and non-monetary (sexual humor and erotic stimuli) rewards. 

In sum, this study builds on our earlier study using humor (with a 
focus on non-sexual humor) as a social reward (Chan et al., 2018) to 
compare amygdala and midbrain activity during the consumption of 
humor and monetary rewards. Also, building on this earlier study (Chan 
et al., 2018), this study investigates the neural correlates of motivation 
by comparing activity in the NAc and anterior cingulate cortex (ACC) 
during the anticipation of monetary versus humor rewards. This study 
also seeks to build on earlier findings that the lOFC (Sescousse et al., 
2010) and hypothalamus (Seo et al., 2010; Sescousse et al., 2013) are 
robustly and specifically activated by erotic rewards during the outcome 
or consumption phase. Based on two earlier empirical studies (Chan 
et al., 2018; Sescousse et al., 2010) and a critical review of reward 
research (Sescousse et al., 2013), the present study employs six regions 
of interest (ROIs), related to: (1) the anticipation of monetary rewards in 
the NAc and ACC (Chan et al., 2018), (2) the consumption of sexual 
humor rewards in the amygdala and midbrain (Chan et al., 2018), and 
(3) the consumption of erotic rewards in the lOFC (Sescousse et al., 
2010) and hypothalamus (Sescousse et al., 2013). The present study 
focuses primarily on the outcome or consumption phase to better un-
derstand differences in sexual humor appreciation in the amygdala and 
differences between the processing of sexual rewards (sexual humor and 
erotic stimuli) in the pOFC and monetary gains in the aOFC during the 
outcome phase. 

This study aims to identify the neural substrates of the consumption 
of sexual rewards (sexual humor and erotic stimuli) during the outcome 
phase and of cue-triggered motivation for monetary rewards during the 
anticipation phase. We hypothesize that differences in neural mecha-
nisms for the consumption of sexual humor versus non-humor (erotic 
and monetary) rewards will be found in the amygdala. We also hy-
pothesize that differences in neural mechanisms for the consumption of 
sexual (sexual humor and erotic stimuli) and non-sexual (monetary) 
rewards will be found to exist in the pOFC and aOFC. Finally, we hy-
pothesize that differences in neural mechanisms will exist in the NAc for 
the processing of monetary versus non-monetary (sexual humor and 
erotic stimuli) rewards during the anticipation phase. 

2. Methods 

2.1. Participants 

Thirty male volunteers (mean age and SD = 24.37 ± 2.70; range, 
20–30 years), right-handed (Oldfield, 1971) and with no history of 
neurological or psychiatric disorders, participated in this study. Building 
on earlier research on the role of the hypothalamus in male sexual 
arousal (Karama et al., 2002) and stronger enjoyment of sexual stimuli 
in men than women (Putkinen et al., 2022), all participants were het-
erosexual males (Arnow et al., 2002; Seo et al., 2010; Sescousse et al., 
2010). This study was approved by the Research Ethics Committee of 
National Tsing Hua University. All experiments were performed in 
accordance with relevant guidelines and regulations and all participants 
gave written informed consent prior to the start of the study. 
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2.2. Stimuli 

Two behavioral studies were conducted to ensure that the sexual 
humor and erotic image stimuli were valid as stimuli. The first behav-
ioral study used 132 sexual humor cartoons and 120 erotic images (60 
completely and 60 partially naked images). The sexual humor stimuli 
were single-frame cartoons, either captionless or with a simple caption, 
designed to elicit amusement and sexual arousal (Supplementary 
Fig. S1). The erotic stimuli were images of partially and completely 
naked women designed to elicit sexual arousal. The 64 most salient 
sexual humor cartoons (Supplementary Table S1) and 64 most salient 
erotic images (Supplementary Table S2) were selected. A detailed 
description of the analyses of stimulus selection is provided in the 
Supplementary Part I. 

The second behavioral study utilized the 64 most salient sexual 
humor cartoons and 64 most salient erotic images (39 completely and 25 
partially naked women) selected through the first behavioral study. In 
addition, 64 monetary stimuli with an image of coins and 64 non-reward 
stimuli, each with a gray scrambled image, were used. After the exper-
iment, the 32 most salient erotic images and 32 most salient sexual 
humor cartoons were selected (Supplementary Table S3). The fMRI 
study used the 32 most salient erotic and sexual humor stimuli selected 
through these two behavioral studies, along with 32 monetary stimuli 
with an image of coins and 32 non-reward stimuli with gray scrambled 
images. 

2.3. Experimental paradigm 

The present study employed an event-related fMRI paradigm. The 

experimental paradigm employed included monetary, sexual humor, 
erotic, and non-reward conditions for both the anticipation and the 
outcome phases. There were four conditions within the ‘anticipation 
phase’: monetary anticipation (MA), sexual humor anticipation (HA), 
erotic anticipation (EA), and non-reward anticipation (NA), and four 
conditions within the ‘outcome phase’: monetary outcome (MO), sexual 
humor outcome (HO), erotic outcome (EO), and non-reward outcome 
(NO). The non-reward conditions (NA and NO) were baselines. The 
scanning session was divided into four runs. Each run included eight 
trials for each condition, yielding a total of 32 trials for each run and a 
total of 128 trials per participant. Within each run, the order of the 
different conditions was randomized. The order of the four runs was 
counterbalanced across participants. Before the fMRI scanning, all par-
ticipants were given oral instructions and familiarized with the nu-
merical judgment task in a short practice session. 

Each trial started with a fixation at the center of the screen for a 
jittered duration with a mean of 500 ms. One of the four visual reward 
cues (MA, HA, EA, and NA) appeared for 1000 ms, followed by an 
anticipatory delay period with a jittered duration of 2200–2800 ms. 
Next, participants were given 800 ms to respond a numerical judgment 
task, requiring them to indicate whether a target number was less than 5 
(1− 4) using an index finger or greater than 5 (6− 9) using a middle 
finger, with a right button press. Participants were then notified of 
whether or not they had earned a reward (MO, HO, EO, and NO) on the 
trial. Success on the task allowed the participants to receive the outcome 
reward, while erroneous or slow response led to no reward (a matched 
scrambled image). The reward feedback phase lasted 7000 ms to ensure 
that participants had sufficient time to comprehend the reward, espe-
cially for the sexual humor. In non-rewarded trials, participants were 

Fig. 1. Experimental paradigm for the monetary, sexual humor, erotic, and non-reward conditions for each of the anticipation and outcome phases. Reward pro-
cessing involves anticipation and outcome phases. Each trial started with a fixation. One of the four cues appeared, followed by an anticipatory delay period. In the 
numerical judgment task, participants pressed a button to indicate whether a displayed number was less than 5 (1− 4) or greater than 5 (6− 9). Success on the task 
allowed the participants to receive the outcome, while a slow or erroneous response led to the non-reward of a matched scrambled image. After each reward 
outcome, participants provided a hedonic rating to indicate the degree of pleasure they had experienced. For the anticipation phase, MA = monetary anticipation; HA 
= sexual humor anticipation; EA= erotic anticipation; and NA = non-reward anticipation. For the outcome phase, MO = monetary outcome; HO = sexual humor 
outcome; EO = erotic outcome; and NO = non-reward outcome. Permission for use of the erotic images was granted by 123RF (https://tw.123rf.com). The sexual 
humor cartoons were created by colleagues of the corresponding author at the Cognition, Humor and Affect Neuroscience Laboratory (CHAN Lab). 
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presented with gray scrambled pictures regardless of whether their 
performance was successful or unsuccessful. After each reward outcome, 
participants were given 3000 ms to provide a hedonic rating (i.e., the 
subjective liking or disliking of the stimulus shown during the outcome 
phase) on a 1-to-4 continuous scale (1 for very little pleased; 4 for very 
highly pleased) by pressing a button. Finally, a jittered intertrial interval 
(ITI) of 2000–3000 ms was inserted (Fig. 1). 

Based on our previous fMRI study (Chan et al., 2018), the present 
study used a range of reward values (10–12 New Taiwan Dollars) during 
the trial; participants were also shown the cumulative money earned to 
that point, in order to provide immediate feedback as in the other three 
tasks (i.e., erotic, sexual humor, and non-reward tasks). The present 
study used sexual humor stimuli in order to elicit sexual pleasure and 
thus distinguish between the sexual pleasure elicited by sexual humor 
cartoons and erotic images. Sexual humor, erotic and monetary stimuli 
were used in order to explore the differences in wanting and liking for 
(a) humor rewards (sexual humor) versus non-humor (erotic and mon-
etary) rewards during the outcome phase, (b) sexual rewards (sexual 
humor and erotic) versus non-sexual rewards (monetary) during the 
outcome phase, and (c) monetary rewards versus non-monetary rewards 
(sexual humor and erotic) during the anticipation phase. 

The present study included four incentive delay tasks to distinguish 
between the effects of rewards during both the anticipation and outcome 
phases. The four types of incentive delay tasks used to elicit motivation 
and consumption included monetary incentive delay (MID) tasks, hu-
morous incentive delay (HID) tasks, erotic incentive delay (EID) tasks, 
and non-reward incentive delay (NID) tasks. Reward processing involves 
a reward anticipation phase (motivated wanting) and a reward outcome 
phase (pleasure or hedonic liking). 

During the MID task, participants were shown a monetary reward 
within the range of 10–12 dollars for each successful trial and 0 dollars 
and a gray scrambled picture for an unsuccessful trial, along with their 
cumulative earnings to that point. We presented both a picture of real 
coins and alphanumeric representations to elicit motivation and hedonic 
pleasure. Participants could receive a maximum of 384 New Taiwan 
Dollars (approximately 13.66 US dollars) across the four runs. During 
the HID task, participants were shown a sexual humor cartoon for a 
successful trial or a matched scrambled image for an unsuccessful trial. 
During the EID task, participants were shown an erotic image (a partially 
or completely naked woman) for a successful trial or a matched 
scrambled image for an unsuccessful trial. The matched scrambled im-
ages displayed for unsuccessful trials in the HID and EID tasks contained 
the same information in terms of chromaticity and luminance (Supple-
mentary Fig. S3). During the control NID task, participants were pre-
sented with gray scrambled images regardless of whether their 
performance was successful or unsuccessful. 

2.4. Image acquisition 

Imaging was performed using a 3 T Siemens Magnetom Prisma 
scanner (Erlangen, Germany) using a standard 20-channel head coil and 
the visual stimuli were presented using goggles (Resonance Technology, 
Inc.) at the Imaging Center for Integrated Body, Mind and Culture 
Research, National Taiwan University. Thirty-six interleaved slices (no 
gap) parallel to the anterior commissure-posterior commissure (AC-PC) 
were acquired per volume with the following parameters: field of view 
(FOV) = 220 mm, matrix size = 64 × 64, and voxel size = 3.43 × 3.43 
× 3.40 mm3, using a gradient-echo echoplanar image (EPI) to acquire 
data sensitive to the blood oxygen level dependent (BOLD) signal with 
the parameters of repetition time (TR) = 2000 ms, echo time (TE) 
= 30 ms, and flip angle (FA) = 90◦. Structural scans were a T1-weighted 
spoiled grass sequence which facilitated localization and co-registration 
of functional data with the parameters of TR = 1900 ms, TE = 2.28 ms, 
FA = 9◦, FOV = 256 mm, matrix size = 256 × 256, voxel size 
= 1 × 1 × 1 mm3, and number of slices = 192. Each of the four func-
tional runs consisted of 280 volumes, lasting approximately 9 min and 

20 s with a 1-min break between runs. The total duration of the exper-
iment was approximately 43 min and 50 s per participant. 

2.5. Image analysis 

The fMRI images were pre-processed and analyzed using Statistical 
Parametric Mapping (SPM12) (Wellcome Department of Imaging 
Neuroscience, London, UK) implemented in Matlab. The functional 
images were pre-processed and evaluated using general linear model 
(GLM) analysis. 

2.5.1. Preprocessing 
The fMRI images were pre-processed and analyzed using SPM12. The 

functional images were first realigned temporally by the slice-timing 
correction procedure with the middle slice (36th) as a reference and 
spatially realigned to the middle image of the first run using a six- 
parameter rigid body spatial transformation to correct for head mo-
tion. After motion and distortion correction, the structural T1 image was 
co-registered to the mean functional echoplanar image (EPI) and then 
spatially normalized to the Montreal Neurological Institute (MNI) 
standard template using the segmenting procedure. The functional im-
ages were spatially smoothed with an 8 mm full-width half maximum 
(FWHM) Gaussian kernel to increase the signal-to-noise ratio (SNR). 

2.5.2. Region-of-interest (ROI) analysis 
A general linear model (GLM) with an event-related design was used 

to analyze the functional images from each participant at the single- 
subject level. Regressors were created for each reward type (monetary, 
sexual humor, erotic, and non-reward) during both the anticipation 
phase (MA, HA, EA, and NA) and the outcome phase (MO, HO, EO, and 
NO) by the convolution of the canonical hemodynamic response func-
tion (HRF) with the delta functions modeled by event onset for each 
trial. Six realignment parameters were included in the design matrix as 
covariates of no interest to account for head-motion variance. 

For group statistics, the single-subject contrast images were 
analyzed. Region of interest (ROI) analysis was performed. Based on an 
earlier study comparing monetary with humor rewards (Chan et al., 
2018), the present study included the NAc and ACC regions as ROIs for 
monetary rewards and the amygdala and midbrain regions as ROIs for 
sexual humor rewards for each contrast. Also, based on previous 
research comparing monetary with erotic rewards (Sescousse et al., 
2010), the present study included an lOFC region (x axis > 20; Chiavaras 
et al., 2001; Zald et al., 2014) as an ROI for each contrast. Based on a 
review of research on erotic and monetary rewards (Sescousset et al., 
2013), the hypothalamus for erotic rewards was selected for each 
contrast. The mask for the reward anticipation (motivation) and reward 
outcome (consumption) phases was associated with six brain regions in 
the predefined ROIs. We used the WFU PickAtlas Tool (http://www. 
fmri.wfubmc.edu) to generate the ROI masks. 

A flexible factorial analysis was performed using two-way repeated 
measures analysis of variance (ANOVA), with the factors reward type 
(monetary, sexual humor, erotic, and non-rewards) and phase (antici-
pation and outcome). The present study investigated the neural mech-
anisms active during the processing of (1) the consumption of sexual 
humor and non-humor rewards, (2) the consumption of sexual and non- 
sexual rewards, and (3) the anticipation of monetary and non-monetary 
rewards. 

Previous studies have found a role in anticipation motivation for the 
NAc (e.g., Knutson, Adams et al., 2001). Although the anticipation phase 
in the NAc was modeled in our analysis, we focused primarily on the 
“outcome phase” in the amygdala and lOFC. Based on our previous 
research (Chan et al., 2018), our present interest was in differences in 
the consumption (appreciation) of sexual humor rewards and 
non-humor (erotic and monetary) rewards in the amygdala. Also, based 
on previous research on the anterior lOFC versus posterior lOFC (Ses-
cousset et al., 2010), we also focused on differences in the consumption 
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of sexual rewards (sexual humor and erotic stimuli) and monetary re-
wards in the lOFC. Significant activation was defined using a peak-level 
threshold of p < .05 at a corrected level for multiple comparisons using 
the family-wise error rate (FWE) with a minimum of 10 voxels. 

2.5.3. Functional connectivity analysis 
Based on the simple main effect results in our present study, psy-

chophysiological interaction (PPI) analysis (Friston et al., 1997) of the 
given three seed regions (NAc, amygdala, and lOFC) was performed to 
determine whether an interaction existed between a psychological 
variable (reward type and phase) and the physiological (neural) activity 
of the brain areas involved in three processes: monetary motivation, 
sexual humor appreciation (vs. non-humor appreciation), and sexual 
pleasure (vs. non-sexual pleasure). 

Based on previous studies (e.g., Chan et al., 2018; Knutson, Adams 
et al., 2001), we examined functional connectivity during monetary 
motivation using the NAc as the seed during the anticipation phase of 
our PPI analysis. Based on our own earlier research (Chan et al., 2018), 
PPI analysis also focused on sexual humor appreciation in the amygdala 
(as the seed) during the outcome phase. Based on another previous study 
(Sescousset et al., 2010), further PPI analysis focused on the processing 
of sexual rewards (sexual humor and erotic stimuli) versus monetary 
rewards in the pOFC (as the seed) during the outcome phase. Based on 
results for simple main effects in our current study, we also focused on 
the processing of erotic pleasure in the NAc (as the seed) during the 
outcome phase. 

Here, we performed a PPI analysis to identify functional coupling of 
the NAc, amygdala, and lOFC as seeds with every other voxel of the 
brain for the comparison in the six ROIs (amygdala, midbrain, lOFC, 
hypothalamus, NAc, and ACC) during the anticipation and outcome 
phases. The PPI effects was defined using a peak-level threshold of 
p < .05 at a corrected level for multiple comparisons using the family- 
wise error rate (FWE) with a minimum of 10 voxels. 

3. Results 

3.1. In-scan behavioral results 

There were four conditions within the ‘anticipation phase’: monetary 
cues (MA), sexual humor cues (HA), erotic cues (EA), and non-reward 
cues (NA), and four conditions within the ‘outcome phase’: monetary 
gains (MO), sexual humor appreciation (HO), erotic appreciation (EO), 
and non-reward feedback (NO). The non-reward conditions (NA and 
NO) were used as baselines. A detailed description of the behavioral 
results of the fMRI experiment is provided in the Supplementary 
Table S4. 

The percent of rewarded correct responses on the numerical judg-
ment task during the scanning was 97.72% for the monetary reward, 
94.16% for the sexual humor reward, 96.66% for the erotic reward, and 
90.22% for the non-reward baseline condition. The percent of accurate 
responses for the three types of rewards was significantly higher than for 
the non-reward, F(3, 87) = 10.94, p < .001, η2 = .274. Bonferroni post 
hoc tests showed accuracy in the monetary condition was significantly 
higher than in the other three conditions (MO > HO, EO > NO). Dif-
ferences in accuracy between HO and EO were not significant. 

Reaction times were calculated using all 32 judgment responses 
within each of the four conditions. A one-way repeated measures 
ANOVA of reaction times on successfully rewarded trials was significant, 
F(3, 87) = 41.43, p < .001, η2 = .588, and the Bonferroni post hoc tests 
showed that reaction times for successful monetary reward responses 
was significantly shorter than reaction times for the other three reward- 
type responses (MO < EO < HO, NO). Reaction times for erroneous 
responses were also recorded. When slow responses led to a missing 
value, 800 ms was used as the reaction time. A one-way repeated 
measures ANOVA of reaction times on unsuccessfully rewarded trials 
was significant, F(3, 21) = 3.39, p < .05, η2 = .326, and post hoc tests 

showed that reaction times on the unsuccessful non-reward responses 
were significantly longer than the reaction times for unsuccessful 
monetary responses. 

Participants’ hedonic ratings on a four-point Likert scale for reward 
outcomes following successful trials were 3.67 ± 0.35 in the MO, 3.33 
± 0.32 in the HO, 3.42 ± 0.43 in the EO, and 1.75 ± 0.60 in the NO. A 
one-way repeated-measures ANOVA of these ratings was significant, F 
(3, 87) = 134.03, p < .001, η2 = .822, with Bonferroni post hoc tests 
showing that the ratings for monetary pleasure were the highest, while 
ratings for sexual humor and erotic pleasure were higher than for non- 
rewards (MO > HO, EO > NO). A one-way repeated-measures ANOVA 
of the hedonic ratings when they saw only the gray non-reward image 
following unsuccessful trials showed no significant differences across 
conditions, F(3, 21), = .59, p > .05, η2 =.078 (MO = HO = EO = NO). 

3.2. fMRI results 

The present study focused on cue-triggered motivation during the 
anticipation phase for monetary rewards and on a comparison of the 
consumption of humor rewards (vs. non-humor rewards) and sexual 
rewards (vs. non-sexual rewards) during the outcome phase. The find-
ings demonstrated significant results for both the anticipation and 
outcome phases. 

There was an interaction between reward type and reward phase in 
the amygdala, midbrain, lOFC, hypothalamus, NAc, and ACC (Supple-
mentary Table S5). The post hoc tests showed significant simple main 
effects for each of the different phases (Table 1) and simple main effects 
for each of the different types (Supplementary Table S6). A detailed 
description of the fMRI analyses is provided in the Supplementary Part 
II. 

3.2.1. Simple main effect for each phase 
We focused on monetary motivation during the anticipation phase. 

We also focused on humor appreciation (vs. non-humor appreciation: 
erotic and monetary rewards) and sexual pleasure (vs. non-sexual 
pleasure: monetary gains) during the outcome phase. A post hoc test 
showed significant simple main effects for each of different phases. The 
findings demonstrated significant results for both the anticipation and 
outcome phases. Table 1 shows the results with comparisons across the 
reward types during each phase. ‘Non-rewards’ (NA and NO) were the 
baseline conditions. 

3.2.1.1. Anticipation phase: the motivation brain. Anticipation of mone-
tary rewards: The contrast between the monetary reward and non- 
reward (baseline) conditions (MA > NA) showed increased activation 
in the bilateral NAc, ACC, bilateral amygdala, midbrain, and bilateral 
lOFC. The anterior OFC (aOFC, y axis > 40) specifically responded to 
monetary motivation. The contrast between the monetary reward and 
sexual humor reward conditions (MA > HA) showed increased activa-
tion in the left NAc, bilateral ACC, bilateral amygdala, and midbrain. 
The contrast between the monetary reward and erotic reward conditions 
(MA > EA) showed increased activation in the bilateral NAc, bilateral 
ACC, and bilateral midbrain (Fig. 2). 

Anticipation of sexual humor rewards: The contrast between the sexual 
humor reward and non-reward (baseline) conditions (HA > NA) showed 
increased activation in the bilateral lOFC and ACC during the antici-
pation phase. The posterior OFC (pOFC, y axis ≤ 40) specifically 
responded to sexual humor motivation. 

Anticipation of erotic rewards: The contrast between the erotic reward 
and non-reward (baseline) conditions (EA > NA) showed increased 
activation in the bilateral lOFC, left hypothalamus, bilateral NAc, and 
ACC during the anticipation phase. The posterior OFC (pOFC) specif-
ically responded to erotic motivation. The contrast between the erotic 
reward and sexual humor reward conditions (EA > HA) showed 
increased activation in the amygdala and midbrain. 

Y.-C. Chan et al.                                                                                                                                                                                                                                



Biological Psychology 172 (2022) 108385

6

Table 1 
Simple main effects for the ‘reward phase’ in the monetary, sexual humor, erotic, and non-reward conditions.  

Brain region Anticipation phase Outcome phase 

MNI coordinates Voxel T value MNI coordinates Voxel T value 

x y z x y z   

1. Monetary versus non-monetary rewards 
(1) Monetary vs. non-rewards (baseline) MA > NA (baseline) MO > NO (baseline) 
Amygdala -22 -2 -14 78 5.91      

24 -8 -10 28 5.55      
Midbrain 10 -18 -8 396 8.17 12 -26 -14 103 4.53ǂ 
lOFC (BA 11) -26 46 -10 12 5.33      

28 44 -12 34 4.85      
Hypothalamus           
NAc 12 2 0 16 7.88      

-10 2 -2 52 7.64      
ACC (BA 24/32) 6 14 28 2744 7.38 4 40 14 102 4.31ǂ      

-2 40 -2 12 3.46ǂ 
(2) Monetary vs. sexual humor rewards MA > HA MO > HO 
Amygdala -22 -8 -10 106 7.05      

24 -8 -10 44 5.83      
Midbrain -8 -18 -10 370 6.96      
lOFC (BA 11)      34 54 -4 36 13.21      

-24 50 -4 18 9.89 
Hypothalamus           
NAc -12 2 -4 52 7.10      
ACC (BA 33/32) 8 12 26 68 4.34ǂ 10 36 16 214 13.51 

-10 24 28 122 4.32ǂ      
(3) Monetary vs. erotic rewards MA > EA MO > EO 
Amygdala           
Midbrain (SN) 10 -18 -10 45 4.26ǂ      

-8 -18 -10 25 3.83ǂ      
lOFC (BA 11)      34 54 -2 47 6.88      

-28 50 -2 12 3.61 
Hypothalamus           
NAc 14 6 -2 22 4.43ǂ      

-12 4 0 26 4.28ǂ      
ACC (BA 24/32) -8 22 28 35 3.50ǂ 8 36 28 382 6.28 

6 16 28 15 3.42ǂ      
2. Sexual humor versus non-humor rewards 
(1) Sexual humor vs. non-rewards (baseline) HA > NA (baseline) HO > NO (baseline) 
Amygdala      22 -6 -16 53 9.65      

-22 -6 -16 119 9.59 
Midbrain      -4 -24 -6 405 13.35 
lOFC (BA 11/47) -28 34 -16 282 8.31 -42 28 -8 662 13.57 

28 36 -14 146 6.55 36 32 -16 105 8.37 
Hypothalamus           
NAc           
ACC (BA 32) 8 38 -8 1843 7.02      
(2) Sexual humor vs. erotic rewards HA > EA HO > EO 
Amygdala      -26 -4 -24 29 5.05 
Midbrain      -4 -24 -6 105 6.04 
lOFC (BA 47)      -40 30 -12 19 7.61 
Hypothalamus           
NAc           
ACC           
(3) Sexual humor vs. monetary rewards HA > MA HO > MO 
Amygdala      -22 -6 -16 119 12.19      

22 -6 -16 53 11.02 
Midbrain      -4 -24 -6 330 12.44 
lOFC (BA 47)      -42 28 -8 33 14.67      

34 30 -16 96 8.46 
Hypothalamus           
NAc           
ACC           
3. Erotic versus non-erotic rewards 
(1) Erotic vs. non-rewards (baseline) EA > NA (baseline) EO > NO (baseline) 
Amygdala      20 -6 -14 51 8.10      

-20 -6 -14 102 7.94 
Midbrain      8 -24 -12 376 8.70 
lOFC (BA 47) -28 32 -16 427 8.13 -28 30 -8 60 9.26 

30 32 -16 190 6.21 34 32 -16 57 8.80 
Hypothalamus -8 -4 -4 42 4.76ǂ -8 -4 -4 30 5.41 
NAc 6 8 0 28 4.68 -6 10 -2 24 4.35ǂ 

-8 10 -4 16 4.23ǂ      
ACC (BA 32) -8 34 -10 2103 6.52 -4 42 -10 559 9.23 
(2) Erotic vs. sexual humor rewards EA > HA EO > HO 

(continued on next page) 
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3.2.1.2. Outcome phase: the hedonic brain. Consumption of monetary re-
wards: The contrast between the monetary reward and non-reward 
(baseline) conditions (MO > NO) showed increased activation in the 
bilateral ACC and midbrain during the outcome phase. The contrast 
between the monetary reward and sexual humor reward conditions (MO 

> HO) showed increased activation in the bilateral aOFC (y axis > 40) 
and ACC. The contrast between the monetary reward and erotic reward 
conditions (MO > EO) showed increased activation in the bilateral aOFC 
and ACC. 

Consumption of sexual humor rewards: The contrast between the 

Table 1 (continued ) 

Brain region Anticipation phase Outcome phase 

MNI coordinates Voxel T value MNI coordinates Voxel T value 

x y z x y z   

Amygdala -20 -8 -10 22 3.75ǂ      
Midbrain -4 -14 -12 30 3.57ǂ      
lOFC           
Hypothalamus           
NAc      -8 12 -4 11 5.45 
ACC           
(3) Erotic vs. monetary rewards EA > MA EO > MO 
Amygdala      -22 -6 -14 118 10.04      

22 -6 -14 53 9.60 
Midbrain      -4 -24 -6 316 6.39 
lOFC (BA 47)      -28 30 -12 675 12.60 
Hypothalamus      -8 -6 -4 18 4.97ǂ 
NAc      -12 4 0 24 4.10ǂ 
ACC (BA 32)      -8 36 -10 217 8.14      

-8 24 28 221 6.03 

Note: The activation threshold was set to p < .05 FWE corrected at the peak level, and all clusters greater than or equal to 10 are presented. ǂ A small volume correction 
(SVC) was applied. The non-reward conditions (NA and NO) were used as baselines. lOFC = lateral orbitofrontal cortex; NAc = nucleus accumbens; ACC = anterior 
cingulate cortex; SN = substantia nigra. 

Fig. 2. Monetary rewards during the anticipation phase in the NAc. (Top left) Anticipation of monetary incentives resulted in increased activation in the bilateral 
NAc, compared with the non-reward baseline (MA > NA). (Top right) The contrast between monetary and sexual humor rewards revealed activation in the left NAc 
(MA > HA) and the contrast between monetary and erotic rewards showed activation in the bilateral NAc (MA > EA) during the anticipation phase. (Bottom) Bar 
graphs showing the BOLD percent signal change (PSC) of the peak voxels for each of the four types (MA, HA, EA, and NA) during the anticipation phase. Error bars 
indicate the standard error of the estimate (SEM). MA = monetary reward during the anticipation phase; HA = sexual humor reward during the anticipation phase; 
EA = erotic reward during the anticipation phase; NA = non-reward baseline during the anticipation phase. 
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sexual humor reward and non-reward (baseline) conditions (HO > NO) 
showed increased activation in the bilateral amygdala, midbrain, and 
bilateral pOFC (y axis ≤ 40) during the outcome phase. The contrast 
between the sexual humor reward and erotic reward conditions (HO >
EO) showed increased activation in the left amygdala, midbrain, and 
pOFC. The contrast between the sexual humor reward and monetary 
reward conditions (HO > MO) showed increased activation in the 
bilateral amygdala, midbrain, and bilateral pOFC (Fig. 3 and Fig. 4). 

Consumption of erotic rewards: The contrast between the erotic reward 
and non-reward (baseline) conditions (EO > NO) showed increased 
activation in the bilateral pOFC, left hypothalamus, bilateral amygdala, 
midbrain, left NAc, and ACC during the outcome phase. The contrast 
between the erotic reward and sexual humor reward conditions (EO >
HO) showed increased activation in the left NAc. The contrast between 
the erotic reward and monetary reward conditions (EO > MO) showed 
increased activation in the left pOFC, left hypothalamus, bilateral 
amygdala, midbrain, left NAc, and bilateral ACC (Fig. 4). 

3.2.2. Simple main effects for each type 
There was an interaction between reward type and reward phase. A 

post hoc test showed significant simple main effects for each of the 
different types. Comparisons across the four reward types are shown in 
Supplementary Table S6. 

Monetary rewards: The contrast between the monetary motivation 
and monetary gains (MA > MO) showed increased activation in the 
bilateral NAc, bilateral amygdala, and midbrain whereas the contrast 
between the monetary gains and monetary motivation (MO > MA) 
showed increased activation in the midbrain and aOFC. 

Sexual humor rewards: The contrast between sexual humor motiva-
tion and sexual humor appreciation (HA > HO) showed increased 
activation in the ACC, whereas the contrast between sexual humor 
appreciation and sexual humor motivation (HO > HA) showed increased 
activation in the bilateral amygdala, midbrain, and bilateral pOFC. 

Erotic rewards. The contrast between erotic motivation and erotic 
appreciation (EA > EO) showed increased activation in the bilateral 
pOFC and bilateral NAc, whereas the contrast between erotic appreci-
ation and erotic motivation (EO > EA) showed increased activation in 
the bilateral pOFC, bilateral amygdala and midbrain. 

3.2.3. Functional connectivity 
As we hypothesized, the NAc plays a core role in monetary motiva-

tion during the anticipation phase. The amygdala plays a critical role in 
sexual humor appreciation and the pOFC and NAc play key roles in 
erotic pleasure during the outcome phase. A detailed description of the 
psychophysiological interaction (PPI) analyses is provided in Supple-
mentary Table S7. 

The PPI analysis revealed significant functional connectivity in the 
NAc during the monetary anticipation phase. Greater functional con-
nectivity to the right NAc (12, 2, 0) was found in the midbrain, and 
greater functional connectivity to the left NAc (− 10, 2, − 2) in the 
midbrain and NAc during the monetary anticipation compared with the 
non-reward baseline (MA > NA). The bilateral midbrain and ACC 
showed greater functional coupling to the left NAc (− 12, 2, − 4) during 
monetary anticipation compared with sexual humor anticipation (MA >
HA). Also, the midbrain and NAc showed greater functional coupling to 
the right NAc (14, 6, − 2), and the midbrain, NAc, and bilateral ACC 

Fig. 3. Sexual humor rewards during the outcome phase in the amygdala. (Top left) The appreciation of sexual humor was associated with increased activation in the 
bilateral amygdala, compared with the non-reward baseline (HO > NO). (Top right) The contrast between sexual humor and erotic rewards revealed activation in the 
left amygdala (HO > EO) and the contrast between sexual humor and monetary rewards showed activation in the bilateral amygdala (HO > MO) during the outcome 
phase. (Bottom) Bar graphs showing the BOLD percent signal change (PSC) of the peak voxels for each of the four types (MO, HO, EO, and NO) during the outcome 
phase. Error bars indicate the standard error of the estimate (SEM). MO = monetary reward during the outcome phase; HO = sexual humor reward during the 
outcome phase; EO = erotic reward during the outcome phase; NO = non-reward baseline during the outcome phase. 
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showed greater coupling to the left NAc (− 12, 4, 0) during monetary 
anticipation compared with erotic anticipation (MA > EA). 

For sexual humor appreciation, the results revealed significantly 
greater functional coupling of the amygdala (22, − 6, − 16) with the 
midbrain, and the amygdala (− 22, − 6, − 16) with the ACC during sexual 
humor appreciation compared with the non-reward baseline (HO > NO) 
(Fig. 5). Also, the contrast between the sexual humor reward and non- 
reward baseline (HO > NO) conditions showed greater coupling of the 
pOFC (36, 32, − 16) with brain regions in the midbrain, hypothalamus, 
and bilateral ACC. The results revealed significantly greater functional 
coupling of the amygdala (22, − 6, − 16) with the midbrain, and the 
results showed greater coupling of the pOFC (− 42, − 6, − 16) with brain 
regions in the amygdala, bilateral NAc, and ACC during sexual humor 
compared with monetary gains (HO > MO) appreciation (Fig. 6). 

For erotic pleasure, the results showed greater functional coupling of 
the pOFC (− 28, 30, − 8) with brain regions in the midbrain and NAc 
during the erotic pleasure compared with non-reward baseline (EO >
NO) conditions. The results showed greater coupling of the NAc (− 8, 
− 12, − 4) with brain regions in the right NAc and ACC during the erotic 
pleasure compared with the sexual humor appreciation (EO > HO) 
conditions (Fig. 5). Also, the results showed greater coupling of the 
pOFC (− 28, 30, − 12) with brain regions in the amygdala and ACC 
during the erotic pleasure compared with the monetary gains (EO >
MO) conditions (Fig. 6). 

4. Discussion 

Sexual humor involves neural mechanisms related to both humor 
processing and sexual arousal. The amygdala has been found to play a 
key role in humor. However, evidence on the role of the amygdala in 
processing sexual humor is unclear. Many studies have focused on 
humor appreciation using cartoon stimuli (Bartolo et al., 2006; Goel & 
Dolan, 2001, 2007; Mobbs et al., 2003; Samson et al., 2009; Samson 
et al., 2008; Wild et al., 2006). Humor does more than just make people 
laugh; it can serve numerous social functions as a ‘social glue’ (Bartolo 
et al., 2021; Chan et al., 2016; Goel & Dolan, 2007). However, few 
studies have made use of humor as a social reward (Chan et al., 2018). 

In this study, sexual humor was used as a reward to make it possible 
to distinguish between sexual humor and non-humor rewards (erotic 
and monetary). A large body of research has shown that the amygdala 
plays a core role in humor appreciation (Chan et al., 2012, 2013; Mobbs 
et al., 2003; Vrticka et al., 2013). However, empirical evidence on the 
role of the amygdala in processing sexual humor is lacking. As predicted, 
our results show that sexual humor rewards involve the bilateral 
amygdala during the experience of amusement (Fig. 3). The amygdala 
showed differentially greater activation to sexual humor rewards. This is 
consistent with a view in which the amygdala plays a crucial role in the 
‘hedonic brain’ during the appreciation of humor rewards (Chan et al., 
2018). Based on the salience theory of humor (Ruch & Hehl, 1988), the 
amygdala, part of the ventral salience network (SN), may be involved in 
focusing attention on salient sexual and humor stimuli and then inte-
grating cognitive and affective information related to the stimuli (Beaty 

Fig. 4. Reward value coding during the outcome phase in the lateral orbitofrontal cortex (lOFC). (Top left) The contrast between sexual humor and monetary reward 
processing (HO > MO) showed activation in the bilateral posterior OFC (pOFC) and the contrast between erotic and monetary reward processing (EO > MO) revealed 
activation in the left pOFC during the outcome phase. (Top right) The contrast between monetary and sexual humor reward processing (MO > HO) showed activation 
in the right anterior OFC (aOFC) and the contrast between monetary and erotic reward processing (MO > EO) showed activation in the aOFC. (Bottom) Bar graphs 
showing the BOLD percent signal change (PSC) of the peak voxels for each of the four types (MO, HO, EO, and NO) during the outcome phase. Error bars indicate the 
standard error of the estimate (SEM). MO = monetary reward during the outcome phase; HO = sexual humor reward during the outcome phase; EO = erotic reward 
during the outcome phase; NO = non-reward baseline during the outcome phase. 
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et al., 2015; Beaty et al., 2021; Beaty et al., 2019; Menon & Uddin, 
2010). 

The first aim of this study was to investigate reward-related brain 
activity during the consumption of sexual humor and non-humor (erotic 

and monetary) rewards. The segregated response to sexual humor versus 
erotic outcomes (HO > EO) in the left amygdala suggests a functional 
division in the experience of humor-related amusement, perhaps related 
to hedonic value representation during humor appreciation. Sexual 

Fig. 5. Functional connectivity for sexual rewards (sexual humor and erotic stimuli) using psychophysiological interaction (PPI) analysis in the amygdala and NAc. 
(Left) The seeds for sexual humor rewards in PPI analysis were set in the bilateral amygdala. The contrast between the sexual humor rewards (22, − 6, − 16) and the 
non-reward baseline (HO > NO) conditions and between the sexual humor and monetary rewards (HO > MO) conditions showed amygdala-midbrain coupling. The 
contrast between the sexual humor rewards (− 22, − 6, − 16) and non-reward baseline (HO > NO) conditions showed amygdala-ACC coupling. (Right) The seed for 
erotic rewards was set in the left NAc (− 8, 12, − 4). The contrast between erotic and sexual humor rewards revealed NAc-ACC and NAc-NAc coupling. MO 
= monetary reward during the outcome phase; HO = sexual humor reward during the outcome phase; EO = erotic reward during the outcome phase; NO = non- 
reward baseline during the outcome phase. 

Fig. 6. Functional connectivity for sexual rewards (sexual humor and erotic stimuli) versus monetary rewards using the psychophysiological interaction (PPI) 
analysis in the posterior orbitofrontal cortex (pOFC). The seeds for sexual humor (− 42, 28, − 8) and erotic (− 28, 30, − 12) rewards were set in the pOFC. (Left) The 
contrast between sexual humor and monetary rewards (HO > MO) showed increased pOFC-amygdala, pOFC-NAc, and pOFC-ACC coupling. (Right) The contrast 
between erotic and monetary rewards (EO > MO) revealed increased pOFC-amygdala and pOFC-ACC coupling. MO = monetary reward during the outcome phase; 
HO = sexual humor reward during the outcome phase; EO = erotic reward during the outcome phase. 
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humor involves sexual arousal and humor appreciation (Chapman & 
Gadfield, 1976; Ruch & Hehl, 1988), while erotic stimuli involve pri-
marily sexual arousal (Sescousse et al., 2010). Therefore, compared to 
the consumption of erotic rewards, the amygdala plays a core role in 
“humor appreciation” during the consumption of sexual humor rewards. 
This is consistent with previous findings that the amygdala contributes 
to humor appreciation (Chan, in press; Chan et al., 2012, 2013; Farkas 
et al., 2021; Mobbs et al., 2003; Vrticka et al., 2013). Additionally, the 
segregated responses to sexual humor appreciation versus monetary 
gains (HO > MO) in the bilateral amygdala suggest a role for 
reward-specific regions in the experience of amusement related to sexual 
humor. Together, our results support a key role for the amygdala in the 
hedonic enjoyment of sexual humor. 

Psychophysiological interaction (PPI) analysis further revealed 
amygdala-midbrain coupling and amygdala-ACC coupling in response to 
sexual humor appreciation when compared with the response to the 
non-reward baseline (HO > NO). The amygdala seed of the salience 
network showed positive correlations with another salience network 
(the ACC and midbrain). The results are consistent with the Freudian 
theory of humor and sexual arousal. Sexual humor appears to be funnier 
(Chan et al., 2016). The contrast between erotic rewards and sexual 
humor rewards (EO > HO) suggests increased biological drive supported 
by the functional coupling of the NAc-ACC (Fig. 5). Additionally, the 
contrast between sexual humor rewards and monetary rewards (HO >
MO) revealed increased sexual arousal and amusement in the 
amygdala-midbrain coupling. The results of the present study are 
consistent with previous findings on amygdala-midbrain coupling for 
the consumption of humor versus monetary rewards (HO > MO) (Chan 
et al., 2018). In sum, the appreciation of sexual humor rewards elicited 
sexual arousal and amusement via amygdala-midbrain connectivity. 

The second aim of this study was to investigate reward-related brain 
activity during the consumption of sexual (sexual humor and erotic) and 
non-sexual (monetary) rewards. In this study, sexual humor and erotic 
stimuli were used as sexual rewards to make it possible to distinguish 
between sexual and non-sexual rewards. The lOFC is known to play a 
key role in encoding reward-related value, memory, and semantic pro-
cessing (Sescousse et al., 2010; Zald et al., 2014). Previous studies have 
shown that reward value processing during the consumption of erotic 
versus monetary rewards in the lateral OFC (lOFC) occurs along a 
postero-anterior axis (Li et al., 2015; Sescousse et al., 2013). In the 
outcome phase, the processing of erotic pleasure has been found in 
phylogenetically and ontogenetically older parts of the posterior lOFC 
(pOFC, MNI (x y z), − 30, 33, − 15), while the processing of monetary 
gains has been found in phylogenetically more recent parts of the 
anterior lOFC (aOFC, − 30, 51, 0) (Sescousse et al., 2010). The present 
study further used sexual humor rewards and found that the processing 
of reward value coding in the outcome phase for sexual humor appre-
ciation versus monetary gains can be identified in the posterior lOFC 
(pOFC). 

Visual sexual stimuli as rewards may trigger autonomic sexual 
arousal for humans (Putkinen et al., 2022). As predicted, processing 
related to hedonic experiences by reward-specific brain networks along 
a postero-anterior axis appears to be what is reflected in value-related 
lOFC activity during the outcome phase (Fig. 4). The pleasure of sex-
ual arousal (in response to both sexual humor and erotic stimuli) 
revealed increased activation in the posterior part of the lOFC (pOFC), 
while processing for monetary gains showed increased activation in the 
anterior part of the lOFC (aOFC). In term of sexual rewards, sexual 
humor appreciation versus monetary gains (HO > MO) specifically 
recruited activation in the bilateral pOFC (MNI = − 42, 28, − 8 and MNI 
= 34, 30, − 16), while erotic pleasure versus monetary gains (EO > MO) 
elicited activation in the left pOFC (− 28, 30, − 12). In term of non-sexual 
rewards, monetary versus sexual humor rewards (MO > HO) elicited 
greater activation in the aOFC (34, 54, − 4); monetary versus erotic re-
wards (MO > EO) similarly elicited more aOFC activation (34, 54, − 2). 
The postero-anterior distinction of the lOFC was shown. The more 

complex or abstract rewards (e.g., monetary gain or loss) showed 
increased activation in the aOFC, while less complex rewards (e.g., 
erotic or taste stimuli) showed increased activation in the pOFC (Krin-
gelbach & Rolls, 2004; Kringelbach, 2005). 

Previous studies have used happy faces (Spreckelmeyer et al., 2009), 
social feedback (e.g., praise or compliments) (Fussner et al., 2018), so-
cial decision making (Izuma et al., 2008), and affective touch (Korb 
et al., 2020) as social rewards. Humor is another type of reward that 
plays an important role in social relations (Chan et al., 2018). The pre-
sent study used sexual humor as a social reward. The results of the 
present study identified a role in sexual humor appreciation for the 
pOFC during the outcome phase. In contrast, previous studies have 
shown processing of social rewards in a similar aOFC region (Izuma 
et al., 2008). A possible interpretation for the results of the present study 
is that sexual humor rewards involve both sexual arousal and humor 
appreciation. This may be consistent with previous findings that the 
pOFC contributes to the experience of sexual arousal related to erotic 
rewards (Sescousse et al., 2010). Sescousse et al.’s study showed 
increased activation for monetary gains versus erotic pleasure in the left 
aOFC (− 30, 51, 0) during the outcome phase (Sescousse et al., 2010). 
However, the present study showed activation for both monetary gains 
versus erotic rewards (MO > EO) and monetary gains versus sexual 
humor rewards (MO > HO) in the bilateral aOFC, especially increased 
activation in the right aOFC (MNI = 34, 54, − 4 and MNI = 34, 54, − 2). 
Future studies might further examine the neural mechanisms related to 
processing monetary gains in the left or right aOFC with different types 
of rewards. 

Another interesting question relates to how to interpret differences in 
functional connectivity between sexual reward conditions. Our PPI 
analysis demonstrated the functional connectivity of the pOFC (− 42, 28, 
− 8) as a seed, showing pOFC-amygdala, pOFC-NAc, and pOFC-ACC 
couplings in response to sexual humor appreciation versus monetary 
gains (HO > MO) during the outcome phase, while the functional con-
nectivity of the pOFC (− 28, 30, − 12) as a seed showed pOFC-amygdala 
and pOFC-ACC couplings in response to erotic pleasure versus monetary 
gains (EO > MO) during the outcome phase (Fig. 6). Taken together, it 
appears that sexual rewards elicit sexual pleasure via pOFC-amygdala 
and pOFC-ACC connectivity. 

Our findings implicate the pOFC in sexual pleasure related to both 
sexual humor and erotic stimuli. Also, the hypothalamus, which plays a 
core role in human sexual motivation and pleasure, is known to be 
particularly sensitive to the presentation of visual erotic stimuli (Ses-
cousse et al., 2013). In our study, the erotic versus monetary rewards 
conditions (EO > MO) revealed greater activation in the hypothalamus 
(− 8, − 6, − 4) during the outcome or consumption phase. This is 
consistent with previous studies on sexual arousal and sexual pleasure 
(Karama et al., 2002; Sescousse et al., 2013). 

Finally, the third aim of this study was to investigate reward-related 
brain activity during monetary and non-monetary (sexual humor and 
erotic stimuli) motivation. The present study investigated neural 
mechanisms for cue-triggered motivation during the anticipation phase. 
We used a range of monetary rewards (10–12 New Taiwan Dollars) for 
successfully completed trials and showed cumulative earnings at the end 
of each monetary reward trial, in order to provide immediate feedback 
(as in the tasks with other reward types). During the anticipation phase, 
as predicted, we found the most prominent modulation in response to 
monetary cues, indicating the NAc’s role as a ‘monetary incentive cen-
ter’ (Fig. 2; Chan et al., 2018; Knutson et al., 2001). The present study 
provided additional support related to the role of the NAc in motivating 
responses to monetary incentives in the anticipation of monetary re-
wards versus sexual humor rewards (MA > HA) and monetary rewards 
versus erotic rewards (MA > EA). 

5. Conclusions 

This study thus aimed to identify and compare the neural substrates 
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involved in (1) the consumption of sexual humor versus non-humor 
(erotic and monetary) rewards in the amygdala, (2) the consumption 
of sexual (sexual humor and erotic) versus non-sexual (monetary) re-
wards in the lOFC (pOFC vs. aOFC), and (3) motivation during the 
anticipation of monetary versus non-monetary (sexual humor and 
erotic) rewards in the NAc. 

The present study provided evidence supporting the importance of 
the amygdala in the appreciation of sexual humor. Results showed, first, 
a dissociation between the processing of sexual humor and non-humor 
rewards, with sexual humor appreciation associated with activation in 
the amygdala. PPI analysis further identified functional connectivity in 
the amygdala-midbrain coupling during the appreciation of sexual 
humor versus monetary gains, and in the NAc-ACC coupling for the 
processing of erotic pleasure versus sexual humor amusement. The 
present study also provided evidence supporting the importance of the 
lOFC for the processing of sexual rewards. Our findings are consistent 
with earlier research on the role of the lOFC in processing erotic and 
monetary rewards (Sescousse et al., 2010). 

Second, the present study provided evidence demonstrating roles for 
the posterior OFC (pOFC) and anterior OFC (aOFC) in distinguishing 
between sexual and non-sexual rewards. The experience of sexual 
pleasure induced by erotic rewards involves phylogenetically and 
ontogenetically older regions in the pOFC, while the experience of 
receiving monetary gains involves the aOFC. This study also provided 
additional insights into sexual humor appreciation (as a type of sexual 
reward) in the pOFC, with findings of a postero-anterior dissociation in 
the processing of sexual humor versus monetary gains. PPI analysis 
revealed functional connectivity in the pOFC-amygdala coupling and 
pOFC-ACC coupling in response to both types of sexual rewards (sexual 
humor and erotic) versus monetary rewards. 

Finally, we also found that the NAc serves as a monetary reward hub, 
especially in the processing of monetary motivation during the antici-
pation phase. This is consistent with previous findings that the NAc 
contributes to monetary wanting (Chan et al., 2018; Knutson, Adams 
et al., 2001). 

These findings suggest that reward anticipation and consumption 
may differentiate neural mechanisms for (1) sexual humor versus non- 
humor rewards (erotic and monetary) in the amygdala during the 
outcome phase, (2) sexual (sexual humor and erotic) versus non-sexual 
rewards (monetary) in the postero-anterior axis of the lOFC (pOFC vs. 
aOFC) during the outcome phase, and (3) monetary versus non- 
monetary rewards in the NAc during the anticipation phase. 

Together, our results suggest that the amygdala serves as a humor 
reward hub, especially in processing the appreciation of sexual humor 
versus monetary gains. Additionally, functional connectivity analysis 
showed amygdala-midbrain and pOFC-amygdala couplings during the 
appreciation of sexual humor. Future studies might extend the circuit of 
interest (amygdala and lOFC) to understand the direction of the forward 
and backward effective connectivity in the processing of sexual rewards 
involving pleasure from erotic stimuli and amusement from sexual 
humor appreciation. 
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