
This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/JOPY.12673
 This article is protected by copyright. All rights reserved

Psychopathic traits and reinforcement learning under acute stress
Joana Carvalheiro*1,2, Vasco A. Conceição3, Ana Mesquita1 and Ana Seara-Cardoso*1

1 Escola de Psicologia, CIPsi, Universidade do Minho, Campus de Gualtar, 4710-057 Braga, 

Portugal.
2 School of Psychology and Neuroscience, University of Glasgow, 62 Hillhead Street, G12 8QB, 

Scotland, United Kingdom.
3 Instituto de Medicina Molecular João Lobo Antunes, Faculdade de Medicina, Universidade de 

Lisboa, Avenida Professor Egas Moniz, 1649-028 Lisboa, Portugal.

*To whom correspondence should be addressed:

Joana Carvalheiro and Ana Seara-Cardoso

E-mail: joana.rita.carvalheiro@gmail.com; ana.searacardoso@psi.uminho.pt

The authors declare no potential conflicts of interest with respect to the research, authorship, 

and/or publication of this article.

Abstract: 190 words

Text: 4 984 words

Figures: 1; Tables: 1

Supplemental material: Yes (1 file)

Abstract

Objective: Individuals with high levels of psychopathic traits are often characterized by 

aberrant reinforcement learning. This type of learning, which implicates making choices that 

maximize rewards and minimize punishments, may be affected by acute stress. However, how 

acute stress affects reinforcement learning in individuals with different levels of psychopathic A
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traits is not well-understood. Here, we investigated whether and how individual differences in 

psychopathic traits modulated the impact of acute stress on reward and punishment learning. 

Method: Sixty-two male participants from a university sample completed the Self-Report 

Psychopathy-Short Form scale and performed a reinforcement-learning task involving monetary 

gains and losses whilst under acute stress and control conditions. 

Results: Individual differences in psychopathic traits modulated the impact of acute stress on 

behavioral performance towards obtaining gains, but not towards avoiding losses. As levels of 

psychopathic traits increased, the impairing effect of acute stress on reward learning decreased. 

Specifically, acute stress impaired performance towards seeking gains to a larger extent in 

individuals with lower levels of psychopathic traits than in individuals with higher levels of these 

traits. 

Conclusions: Our study indicates that psychopathic traits modulate the impact of acute stress on 

reward learning. 
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Introduction

Psychopathy is a personality disorder characterised by abnormal affective-interpersonal traits, 

such as lack of empathy and manipulativeness, and by deviant lifestyle-antisocial characteristics, 

such as impulsiveness and antisocial behavior (R. J. R. Blair et al., 2005; Hare, 2003; Hare & 

Neumann, 2008; Viding et al., 2014). Recent data suggests that psychopathic traits are 

continuously distributed in the general population (Neumann & Hare, 2008) and that individual 

differences in psychopathic traits in the general population can be mapped onto dysfunctional 

behavioral and neural processes systematically reported in individuals with a diagnosis of 

psychopathy (Seara-Cardoso & Viding, 2015).

Evidence from clinical populations suggests that psychopathy is associated with atypical 

reinforcement learning (K. S. Blair et al., 2006; R. J. R. Blair, 2013, 2017, 2019; R. J. R. Blair et 

al., 2005; Brazil et al., 2009; Brazil, Maes, et al., 2013; Budhani et al., 2006; Dargis et al., 2017; 

De Brito et al., 2013; Finger et al., 2011; Gregory et al., 2015; Newman & Kosson, 1986; Von 

Borries et al., 2010; White et al., 2013), which may ultimately result in maladaptive behavior (R. 

J. R. Blair, 2007, 2017; Brazil et al., 2011). Reinforcement learning implicates that individuals 

learn to select actions that maximize rewards and minimize punishments by gradually learning the 

values of those actions (Sutton & Barto, 1998). This requires the ability to learn from past actions: 

choices that result in rewards should be repeated, whereas choices that result in punishments 

should be avoided. Growing behavioral (K. S. Blair et al., 2006; R. J. R. Blair et al., 2004; 

Budhani et al., 2006; Dargis et al., 2017; De Brito et al., 2013; Newman & Kosson, 1986; Oba et 

al., 2019) and neural (R. J. R. Blair, 2013, 2019; Finger et al., 2011; Gregory et al., 2015; Pujara et 

al., 2014; Von Borries et al., 2010; White et al., 2013) data suggest that this ability to learn from 

past actions, and consequently choose between stimuli associated with rewards and/or 

punishments, is dysfunctional in psychopathy. This suggests that individuals with high 

psychopathic traits might have difficulties in learning to adjust their behaviors based on the 

rewarding and punishing outcomes of their choices. Despite the extant evidence, the extent to 

which different levels of psychopathic traits in the general population are associated with 

dysfunctional reinforcement learning remains more equivocal (Brazil, Hunt, et al., 2013; Oba et 

al., 2019). Furthermore, even less is known about whether and how situational factors, such as 

acute stress, may affect reinforcement learning in individuals with different levels of psychopathic 

traits.A
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Individuals often need to make choices, and learn from their outcomes, in non-ideal situations, 

such as when under acute stress. Acute stress, albeit ubiquitous in everyday life, is known to 

impact reinforcement learning in healthy individuals (Porcelli & Delgado, 2017). Accumulating 

evidence suggests that acute stress impairs reward learning (Berghorst et al., 2013; Bogdan et al., 

2011; Bogdan & Pizzagalli, 2006; Carvalheiro et al., 2021b, 2021a; Cremer et al., 2021; de Berker 

et al., 2016; Morris & Rottenberg, 2015; Paret & Bublatzky, 2020) and punishment learning (de 

Berker et al., 2016; Petzold et al., 2010), although the evidence for the latter is less robust 

(Aylward et al., 2019; Carvalheiro et al., 2021b, 2021a; Porcelli & Delgado, 2017). Previous 

research indicates that individuals with high levels of psychopathic traits present blunted stress 

reactivity (Cima et al., 2008; Holi et al., 2006; House & Milligan, 1976; Johnson et al., 2015; 

Lidberg et al., 1978; Loney et al., 2006). The influential low-fear hypothesis theorizes that 

psychopathy is linked to a reduced ability to experience fear (Lykken, 1957) and, in particular, to 

deficits in automatic threat detection and responsivity (Hoppenbrouwers et al., 2016). Other 

studies propose that the blunted responding to threatful stimuli in individuals with psychopathy 

results from a deficit in their ability to reallocate attention to environmental stimuli once they 

are focused on a goal, such as obtaining rewards (Baskin–Sommers et al., 2012; Newman, 

1998; Newman et al., 2010; Newman & Baskin-Sommers, 2012). As such, individuals with high 

psychopathic traits might be more insensitive to stimuli that typically induce acute stress, which, 

in turn, disrupt reinforcement-learning processes. Yet, little is known about whether psychopathic 

traits can interact with acute stress during reward and punishment learning.

In this study, we aimed to investigate the extent to which psychopathic traits modulated the 

impact of acute stress on reinforcement learning. We used an existing data set originally collected 

to assess how acute stress affects reward and punishment learning (Carvalheiro et al., 2021b). 

Participants performed a well-established reinforcement-learning task (Pessiglione et al., 2006) 

involving monetary gains (i.e., rewards) and losses (i.e., punishments), whilst under acute stress 

and control conditions (Figure 1), and completed the Self-Report Psychopathy-Short Form 

[(Paulhus et al., 2016); Portuguese version (Seara-Cardoso et al., 2020)]. To provide a more 

comprehensive understanding of the role of psychopathic traits in modulating the impact of acute 

stress on reward and punishment learning, we also explored the contribution of each dimension of 

psychopathy (affective-interpersonal and lifestyle-antisocial) (Hare, 2003; Hare & Neumann, 

2008). To assess acute stress responses, we collected self-reported stress levels and skin 

conductance response measures. A
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Considering that psychopathic traits have been associated with both abnormal 

reinforcement learning and atypical stress responsivity, we hypothesized that psychopathic traits 

would modulate the impact of acute stress on reward and punishment learning. Specifically, given 

that acute stress is thought to impair reinforcement learning and that psychopathy has been 

characterized by reduced stress responsivity, we expected that the impairing effect of acute stress 

on reward and punishment learning would decrease as psychopathic traits increased. 

Materials & Methods

Participants

Sixty-two male healthy participants (age range = 18–35; M = 21.9, SD = 3.7) were recruited at 

University of Minho. Only male participants were recruited to avoid the potential confounding 

effect of females’ menstrual-cycle-dependent variation on stress responsivity (Ossewaarde et al., 

2010) and on reward/punishment learning (Diekhof & Ratnayake, 2016; Dreher et al., 2007). No 

participants were excluded from data analyses, although we conducted confirmatory analyses 

excluding potential outliers to ensure that our results were not driven by extreme values. 

Participants provided informed consent before the experimental session. All experimental 

procedures were approved by the Ethics Committee of University of Minho. A study on this 

sample focusing on the effects of acute stress on reward learning, without consideration of 

individual differences in psychopathic traits, has been recently made available (Carvalheiro et al., 

2021b).

Self-Report Psychopathy-Short Form (SRP-SF)

The Self-Report Psychopathy-Short Form [SRP-SF; (Paulhus et al., 2016); Portuguese version 

(Seara-Cardoso et al., 2020)] is a 29-item questionnaire assessing psychopathic traits. The 

instrument follows the same factor structure as the Psychopathy Checklist–Revised (Hare, 2003) 

and assesses four facets of psychopathy — affective, interpersonal, lifestyle, antisocial — which 

can also be modeled in terms of the traditional two-factor dimensions of psychopathy: affective-

interpersonal and lifestyle-antisocial. Items are answered on a 5-point Likert scale that ranges from 

1 (disagree strongly) to 5 (agree strongly). Scores of each dimension are obtained by summing up 

the corresponding individual item scores. The affective-interpersonal dimension taps the affective 

aspects of psychopathy, such as compromised empathy or lack of guilt and concern about others 

(e.g., “I never feel guilty over hurting others” and “People sometimes say that I’m cold-hearted”), A
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and interpersonal and dissocial characteristics, such as pathological lying and manipulation (e.g., 

“I would get a kick out of scamming someone”, and “I have pretended to be someone else in order 

to get something”). The lifestyle-antisocial dimension relates to impulsive (e.g., “I admit that I 

often mouth off without thinking” and “I’ve often done something dangerous just for the thrill of 

it”) and antisocial behaviors (e.g., “I have threatened people into giving me money, clothes, or 

makeup” and “I was convicted of a serious crime”). The antisocial subscale includes eight items, 

but only seven items are considered, as the item “gang activity” is omitted in community samples 

due to its low variability, as is the case of the current sample. The other subscales are also 

composed of seven items, resulting in 14 items in each dimension. Therefore, SRP-SF scores were 

computed from a total of 28 items.

Overall, the distributions of the levels of psychopathic traits measured by the SRP-SF in 

the current sample were consistent with other published studies on the SRP-SF with large samples 

(Gordts et al., 2017; Seara-Cardoso et al., 2020) (Table 1; see also Figure S1 in the Supplemental 

Material for histograms with the distribution of psychopathic traits in our sample). Calculation of 

the Chronbach’s alpha showed adequate reliability of the SRP-SF total scale (α = 0.87) and both 

dimension subscales (affective-interpersonal, α = 0.81; lifestyle-antisocial, α = 0.75). The two 

dimensions were significantly correlated (rs= 0.65, p < 0.001).

Table 1. Descriptive statistics (Mean and Standard deviation, Median and Minimum and 

Maximum values) of Self-Report Psychopathy-Short Form (SRP-SF) total scores and dimensions 

(affective-interpersonal and lifestyle-antisocial).

Total Dimensions

Affective-

interpersonal

Lifestyle-

antisocial

Mean (SD) 53.73 (12.74) 29.00 (7.84) 24.73 (5.99)

Median [Min, Max] 53 [34, 95] 27.5 [16, 54] 25 [15, 41]

Reinforcement-learning task

Participants completed four blocks of an adapted version of a well-established reinforcement-

learning task (Pessiglione et al., 2006), as comprehensively described in Carvalheiro et al., 

(2021b). Each block included three pairs of abstract stimuli, and each pair of stimuli was presented 

40 times, resulting in 120 trials per block, 480 trials per participant, and a total of 29760 possible A
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responses across all participants (n = 62). In each trial, participants were asked to choose between 

two abstract visual stimuli so as to maximize gains and minimize losses. Each pair of stimuli was 

associated with a valence: one pair of stimuli was associated with gains (+0.5€ or nothing), a 

second pair was associated with losses (-0.5€ or nothing), and a third pair was associated with 

neutral, or non-monetary outcomes (look at a 0.5€ coin or nothing). The pairs of stimuli were 

presented in a pseudo-randomized order within each block, and different stimuli were used in each 

block. The two outcome probabilities were reciprocally 0.8 and 0.2 for the stimuli in each of the 

three pairs (Figure 1). That is, in gain trials, one stimulus was associated with a probability of 0.8 

of winning 0.5€ and with a probability of 0.2 of winning nothing (“correct” stimulus), and the 

other stimulus was associated with a probability of 0.2 of winning 0.5€ and with a probability of 

0.8 of winning nothing (“incorrect” stimulus); in loss trials, one stimulus was associated with a 

probability of 0.8 of losing 0.5€ and with a probability of 0.2 of losing nothing (“incorrect” 

stimulus), and the other stimulus was associated with a probability of 0.2 of losing 0.5€ and with a 

probability of 0.8 of losing nothing (“correct” stimulus). These outcome probabilities remained 

constant within each block. Given that neutral trials were not associated with monetary outcomes, 

and thus there were no correct/incorrect responses during neutral trials (performance during 

neutral trials did not differ significantly from chance level in both conditions, p > 0.15), we did not 

analyze participants performance during this type of trial, meaning that our analyses included 2/3 

of the trials, i.e., gain and loss trials. 

Participants were informed that they would be paid the amount obtained during a randomly 

selected block, but they all left with the same fixed amount (15€). The experiment was 

programmed and presented with Cogent 2000 (http://www.vislab.ucl.ac.uk/cogent.php) 

implemented in MATLAB R2015a (MathWorks).

Figure 1. Reinforcement-learning task. On each trial, participants chose either the upper or the 

lower of two abstract visual stimuli and subsequently observed the outcome of their choice, whilst 
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under acute stress and control conditions. (a) In the stress-condition example, the chosen stimulus 

was associated with a probability of 0.8 of winning 0.5€ and with a probability of 0.2 of winning 

nothing. (b) In the control-condition example, the chosen stimulus was associated with a 

probability of 0.8 of losing 0.5€ and with a probability of 0.2 of losing nothing. 

Acute-stress manipulation

During the experimental session, participants performed two blocks of the reinforcement-learning 

task whilst exposed to a stressor (i.e., stress condition; Figure 1a) and two blocks without the 

stressor (i.e., control condition; Figure 1b). To elicit stress responses, we exposed participants to 

an auditory stimulus: a predictable, but uncontrollable, sound alarm. Stress blocks were signaled 

by a warning sign and a red background (Figure 1a), and control blocks were signaled by a safe 

sign and blue background (Figure 1b). Stress and control blocks were administered alternately and 

in a counterbalanced order. To check the success of the acute-stress manipulation, we collected 

self-report stress levels at the end of each block of the task and measured skin conductance 

response (SCR) rate throughout the task. In a previous study, using the same dataset, we 

confirmed that participants reported higher stress levels and exhibited augmented skin-

conductance response rate in the stress condition compared with the control condition (Carvalheiro 

et al., 2021b).

To assess how psychopathic traits were associated with stress responsivity, we correlated 

psychopathic traits with the difference in self-reported stress levels and SCR rate (averaged across 

blocks) between the stress and control conditions. We performed Spearman correlations, which are 

more robust to extreme values. To assess whether the correlations for each dimension were 

significantly different from each other, we applied the Meng’s et al., (1992) approach using the 

“cocor” package in R (http://www.r-project.org).

 

Task performance analyses

To examine how psychopathic traits modulated the impact of acute stress on choice performance 

during the reinforcement-learning task, we applied generalized linear mixed-effects (glme) models 

to participants’ trial-by-trial choice data (with correct and incorrect choices coded as 1 and 0). We 

used a “logit” link function to account for the binomial distribution of the data. As predictor 

variables in the glme models, we included individual psychopathic traits (continuous SRP-SF 

scores), condition (0 or 1 for control and stress conditions, respectively), valence (0 or 1 for loss A
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and gain trials, respectively), block number (0 or 1, for blocks 1 and 2, respectively), and trial 

number (1 to 40), and tested the interactions between SRP-SF scores, condition, and valence. 

Block and trial number were included as covariates of noninterest to control for potential temporal 

effects. We included by-subject random intercepts and by-subject random slopes for all predictor 

variables (condition, valence, block, and trial). 

We generated a glme model to assess the interaction between SRP-SF total scores, 

condition, and valence, and two other glme models to assess the interaction between SRP-SF 

scores in each dimension of psychopathy (affective-interpersonal and lifestyle-antisocial), 

condition, and valence. We fitted the glme models to the behavioral data using the “lme4” package 

in R (http://www.r-project.org), and we used the “ggpredict” function to obtain the logit-glme-

model-predicted probability of choosing the “correct” stimulus (i.e., the stimulus associated with a 

0.8 probability of winning in gain trials and the stimulus associated with a 0.2 probability of losing 

in loss trials). To further understand the nature of the interactions, we performed simple slope and 

Johnson-Neyman analyses using the “interactions” package in R. Simple slope analyses tested the 

significance of the associations between SRP-SF scores and behavioral performance during gain 

or loss trials in each condition, and Johnson-Neyman analyses detected the ranges of values of 

SRP-SF scores for which the interaction effect was significant (p < 0.05). To test for potential 

differences between the associations involving each of the psychopathy dimensions, we compared 

the regression coefficients (i.e., slopes) of the interactions obtained from the analysis of each 

dimension (Paternoster et al., 1998). 

As performance below chance could be indicative of non-compliance with the 

experimental setting, we inspected whether the percentage of correct answers across gain and loss 

trials was lower than 50% in the stress or control conditions. We repeated the analyses excluding 

the three participants who performed below chance levels. Additionally, we identified one 

participant with “extreme” (± 3 standard deviations from the mean) SRP-SF scores (SRP-SF total 

= 95) and repeated the analyses excluding that participant to confirm that the results were not 

driven by extreme values. Given the two distinct criteria (i.e., performance below chance and 

extreme SRP-SF scores), we performed these additional checks in two independent steps.

Results

First, we inspected how total psychopathic traits modulated the impact of acute stress on 

behavioral performance towards monetary gains and losses (see Figures S2 and S3 in the A
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Supplemental Material for a distribution of the percentage of correct answers in gain and loss 

trials, respectively, across psychopathic traits). We found a significant interaction between SRP-

SF total scores, condition, and valence (β = 0.028, p < 0.001, 95% confidence interval (CI) = 

[0.012, 0.042]; Figure 2a). To better understand the nature of this interaction, we performed 

simple slope and Johnson-Neyman analyses. Simple slope analyses did not show any significant 

results (p > 0.22). However, Johnson-Neyman analyses detected that the effect of condition was 

significant in gain trials, but not in loss trials, when SRP-SF total scores were lower than 54.07 

(representing 56% of the sample). This indicates that the negative effect of acute stress on 

performance towards gains was more pronounced in individuals with lower levels of psychopathic 

traits than in individuals with higher levels of these traits (Figure 2a). 
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Second, to better understand the extent to which each dimension of SRP-SF — affective-

interpersonal and lifestyle-antisocial — modulated the impact of acute stress on task performance 

in gain and loss trials, we conducted new glme models including the SRP-SF scores on each 

dimension as predictor variables. We found a significant interaction between affective-

interpersonal traits, condition, and valence (β = 0.033, p = 0.0075, 95% CI = [0.00089, 0.058]; 

Figure 2b). Simple slope analyses were all non-significant (p > 0.18). However, Johnson-Neyman 

analyses detected that the slope of condition was significant in gain trials, but not in loss trials, 

when affective-interpersonal scores were lower than 30.12 (representing 56% of the sample). We 

also found a significant interaction between lifestyle-antisocial traits, condition, and valence (β = 

0.060, p < 0.001, 95% CI = [0.029, 0.090]; Figure 2c). Again, simple slope analyses were all non-

significant (p > 0.11), but Johnson-Neyman analyses detected that the effect of condition was 
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significant in gain trials, but not in loss trials, when lifestyle-antisocial scores were lower than 

25.44 (representing 56% of the sample). In Johnson-Neyman analyses, the cutoff for statistical 

significance coincided with 56% of the sample for the three different sets of psychopathy scores, 

which might be related with the high intercorrelations between the psychopathy scores (0.65 < rs < 

0.94, all p < 0.001). The above interactions for affective-interpersonal and lifestyle-antisocial traits 

were not significantly different (Z = -1.35, p = 0.18). These results indicate that acute stress had a 

stronger negative effect on the performance towards obtaining gains in individuals with low traits 

in both the affective-interpersonal and lifestyle-antisocial dimensions of psychopathy than in 

individuals with higher levels of these traits (Figures 2b and 2c).A
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Figure 2. Percentage of correct gain (left) and loss (right) choices in the stress (red) and control 

(blue) conditions estimated by the generalized linear mixed-effects models across Self-Report 

Psychopathy-Short Form (SRP-SF) (a) total, (b) affective-interpersonal, and (c) lifestyle-antisocial 

scores (b and c correspond to the SRP-SF dimensions). The central lines depict the logit-model-

predicted probabilities and the shading around those central lines represents 95% confidence 

intervals. The slopes (β) and p-values adjacent to the lines were obtained through simple slope 

analyses for each condition (stress and control) and valence (gains and losses). Shaded gray areas 

were obtained through Johnson-Neyman analyses and identify the ranges of values of SRP-SF 

scores for which the interaction is significant (p < 0.05). 

Given that three participants performed below chance levels, we repeated the 

aforementioned analyses excluding those three participants to ensure that our results were robust. 

After excluding those participants, the significance of the interactions (all interactions between 

SRP-SF scores, condition, and valence; p < 0.038) and the interpretation of Johnson-Neyman 

regions of significance remained unchanged (the effect of condition was significant in gain trials 

when SRP-SF total scores < 62.21, affective-interpersonal scores < 31.00, and lifestyle-antisocial 

scores < 29.23). Moreover, we excluded one participant who scored very high on the SRP-SF (i.e., 

more than 3 standard deviations above from the mean; SRP-SF total score = 95); once again, the 

interpretation of the interactions (all interactions between SRP-SF scores, condition, and valence; 

p < 0.048) and Johnson-Neyman regions of significance remained unchanged (the effect of 

condition was significant in gain trials when SRP-SF total scores < 54.43, affective-interpersonal 

scores < 29.51, and lifestyle-antisocial scores < 25.30).

For completeness, we assessed how different levels of psychopathic traits were associated 

with stress responsivity. For this, we used the difference in self-reported stress levels and SCR rate 

between the stress and control conditions as a proxy for stress responsivity. We identified a trend 

for a negative association between SRP-SF total scores and self-reported stress responsivity, 

although the correlation was non-significant (rs = -0.22, p = 0.091; Figure S4). Inspection of the 

dimensions of psychopathy showed a significant negative association between lifestyle-antisocial 

and self-reported stress responsivity (rs = -0.23, p = 0.019), but not between affective-interpersonal 

traits and self-reported stress responsivity (rs= -0.15, p = 0.25). However, these two correlations 

for the dimensions of psychopathy were not significantly different (Z = -1.42, p = 0.16). We did A
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not find any associations between psychopathic traits and the SCR rate (-0.074 < rs < -0.012, all p 

< 0.58).

Discussion

In this study, we investigated whether and how individual differences in psychopathic traits 

modulated reinforcement learning under acute stress. We used a multidimensional measure of 

psychopathy and a reinforcement-learning task combined with a stress induction, to examine how 

psychopathic traits modulated the impact of acute stress on both reward and punishment learning. 

We found that psychopathic traits modulated the impact of acute stress on behavioral performance 

towards monetary rewards, but not punishments. More specifically, acute stress impaired 

behavioral performance towards rewards in individuals with lower levels of psychopathic traits to 

a larger extent than in individuals with higher levels of psychopathic traits. That is, as levels of 

psychopathic traits increased, the impairing effect of acute stress on reward learning decreased. 

This effect was observed across the affective-interpersonal and lifestyle-antisocial dimensions of 

psychopathy, suggesting a modulatory role of global psychopathic traits on reward learning under 

acute stress. 

According to the response-modulation hypothesis, psychopathic individuals demonstrate 

difficulties in reallocating attention to environmental stimuli once they are focused on a goal, such 

as seeking rewards (Baskin–Sommers et al., 2012; Hamilton & Newman, 2018; Newman, 1998; 

Newman et al., 2010; Newman & Baskin-Sommers, 2012; Newman & Kosson, 1986; Smith & 

Lilienfeld, 2015). Whereas in healthy individuals, attention is shifted periodically to attend to 

environmental stimuli, such as threatful stimuli or stressors, it has been proposed that individuals 

with psychopathy might be unable to shift their attention to such peripheral stimuli unrelated to 

their main goal, particularly if that goal involves obtaining rewards. This model could explain, at 

least partially, why the impairing effect of acute stress on reward learning decrease as 

psychopathic traits increase.

Interestingly, our data suggest a selective modulatory effect of psychopathic traits on the 

impact of acute stress on reward learning, but not punishment avoidance learning. The effects of 

acute stress on punishment learning are generally less well-understood (Porcelli & Delgado, 

2017). Previous behavioral studies suggest that acute stress impairs reward learning, but the 

evidence for stress-induced deficits in punishment learning is scarcer (Berghorst et al., 2013; 

Carvalheiro et al., 2021b, 2021a; Porcelli & Delgado, 2017). Reward learning has been robustly A
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associated with dopaminergic functioning (Daw & Tobler, 2014; Glimcher, 2011; Pessiglione et 

al., 2006; Schultz et al., 1997), and it is known that acute stress increases dopamine release (Adler 

et al., 2000; Cabib & Puglisi-Allegra, 2012; Pruessner et al., 2004), which in turn might affect this 

type of learning. Psychopathic traits have been associated with dopaminergic disturbances 

(Buckholtz et al., 2010; Yildirim & Derksen, 2015). For example, Buckholtz et al. (2010) showed 

that psychopathic traits in a community sample were associated with a hyper-reactive 

dopaminergic reward system. It is possible that this enhanced dopaminergic functioning interacts 

with stress-induced dopamine release thus leading to a modulation of the effect of stress in reward 

learning. The involvement of dopaminergic functioning on punishment learning is more poorly 

understood (Glimcher, 2011; Pessiglione et al., 2006), suggesting that stress-induced dopamine 

release might not affect punishment learning to the same extent as it affects reward learning. Our 

results are consistent with this hypothesis; if reward learning is impaired by acute stress via 

dopaminergic mechanisms, that might explain why psychopathic traits selectively modulate the 

effect of acute stress on reward learning. 

Our results did not provide support for an association between psychopathy scores and 

performance towards obtaining rewards and/or avoiding punishments in the control condition. 

This is interesting and may seem at odds with previous behavioral literature, which suggests that 

psychopathy is characterized by deficits in reward and, more markedly, in punishment learning (K. 

S. Blair et al., 2006; R. J. R. Blair et al., 2005; R. J. R. Blair & Mitchell, 2009). However, closer 

inspection of these studies shows important differences in the type of learning deficits identified. 

Previous studies found robust evidence of learning deficits in passive avoidance of punishments 

(R. J. R. Blair et al., 2004; De Brito et al., 2013; Finger et al., 2011; Newman & Kosson, 1986; 

Newman & Schmitt, 1998), a form of classic conditioning which requires the formation of 

stimulus–punishment associations but no action execution, and in reversal learning (Brazil, Maes, 

et al., 2013; Budhani et al., 2006; Dargis et al., 2017; De Brito et al., 2013; Gregory et al., 2015; 

Mitchell et al., 2002), which occurs when previously learned reward/punishment contingencies are 

reversed. There is less evidence of impaired stimulus – response associations in the early, gradual 

learning of actions that lead to rewards/punishments (Brazil, Maes, et al., 2013; Budhani et al., 

2006; Dargis et al., 2017; De Brito et al., 2013; Mitchell et al., 2002), which is the type of learning 

assessed by our task. Thus, it is possible that psychopathy is not characterized by deficits in all 

types of reinforcement learning (R. J. R. Blair et al., 2005). A
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 Previous evidence indicates that, even at relatively low levels, psychopathic traits can be 

pathological (Neumann & Hare, 2008) and associated with atypical behavioral and neural 

processes (Seara-Cardoso & Viding, 2015). Studies focused on the normative variation in 

psychopathic traits can thus provide important insights into the broader phenotypic variability 

found across the dimensional distribution of psychopathic traits (Guay et al., 2007). Using a 

normative sample, we were able to capture broader variability in psychopathic traits, although we 

cannot exclude the possibility that additional associations between psychopathic traits, reward 

and/or punishment learning, and acute stress could have emerged in a sample that included 

individuals at the higher end of the distribution.  

Limitations

Reduced stress responsivity in psychopathy has been typically indexed by levels of cortisol (Cima 

et al., 2008; Holi et al., 2006; Johnson et al., 2015; Loney et al., 2006; Thompson et al., 2014), a 

steroid hormone which mediates the stress response (Joëls & Baram, 2009). Although our task 

design precluded the measurement of cortisol levels, we assessed whether psychopathic traits were 

associated with differences in self-reported stress levels and/or SCR rate between stress and 

control conditions. Our findings indicated that the difference in self-reported stress levels tended 

to decrease as psychopathic traits increased but we did not find evidence for an association 

between psychopathic traits and the difference in SCR rate. This is at odds with previous literature 

(Arnett, 1997; Boucsein, 2012; Lorber, 2004). However, skin conductance hypoactivity for 

negative stimuli in psychopathy seems to appear more clearly for tonic skin conductance levels or 

for the amplitude of event-specific skin conductance responses (e.g., anticipatory response to 

punishment stimuli), rather than for the rate of non-specific, phasic SCRs (Arnett, 1997; Boucsein, 

2012), as measured during our task. Future studies in both clinical and non-clinical populations 

should assess how stress responsivity (subjective and physiological) modulates the impact of acute 

stress on reinforcement learning across the spectrum of psychopathy.

In this study, we included only male participants due to females’ hormonal-dependent 

variations on stress responsivity (Ossewaarde et al., 2010), as well as on reward and punishment 

learning (Diekhof & Ratnayake, 2016; Dreher et al., 2007). Further studies are needed to assess 

whether women with high levels of psychopathic traits are also characterized by a decreased 

impairment of reward learning under acute stress.A
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Finally, it remains debatable whether the putative protective role of psychopathic traits against 

the impairing effect of acute stress on reward, but not punishment avoidance, learning is 

associated with maladaptive behaviors under acute stress. Future studies could assess how stress-

induced task performance variability across the spectrum of psychopathy relates to real-life 

behavior, by collecting measures of criminal behavior or substance use, for example, which are 

often associated with psychopathy. Computational modeling studies in large community and 

clinical samples could further contribute for a better understanding of altered reinforcement-

learning mechanisms, and how acute stress interacts with those mechanisms, in psychopathy. 

Conclusions

We present evidence that psychopathic traits modulate the impact of acute stress on reward 

learning, but not on punishment learning. Our findings suggest that the impairing effect of acute 

stress on reward learning decreases as the levels of psychopathic traits increase, such that acute 

stress impaired reward learning in individuals with lower psychopathic traits, but such stress-

induced impairment was not observed in individuals with higher levels of these traits. Thus, our 

data suggest that psychopathic traits may protect against the deleterious impact of acute stress on 

reward learning and that impaired reinforcement learning associated with psychopathy may 

depend not only on the type of learning but also on situational factors, such as acute stress. 

 This study highlights the substantial variability in how individuals learn from rewards 

under acute stress and the importance of considering individual differences that may contribute for 

such variability. Understanding how individual differences in psychopathic traits modulate the 

extent to which individuals learn from the outcomes of their choices under stressful conditions 

could pave the way to better characterize the interplay between psychopathy, emotional states, and 

decision-making. 
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