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This PRISMA-compliant systematic review aimed to clarify the influence of emotional stimuli on the behavioral correlates of response inhibition, given the mixed and inconclusive findings in the existing literature. We searched Scopus, PsycINFO and PubMed databases up to March 2024 for studies published in peer-reviewed journals, conducted in adult non-clinical populations. Eligible studies used tasks where response inhibition plays a central role (primarily the Go/No-Go task [GNG] and stop-signal task [SST]) and included emotional stimuli presented concurrently with the task. Additionally, studies had to report, control for, analyze, or at least discuss both valence (positive-negative) and arousal (calming-arousing), two emotional dimensions that have been widely used to define emotions. Ninety-three studies, encompassing over 3,400 participants, were finally included, and assessed using the Appraisal tool for Cross-Sectional Studies (AXIS). Most studies report emotional modulation of response inhibition, with a larger proportion linking this influence to valence rather than arousal. However, inconsistent findings and methodological limitations prevent firm conclusions, with some suggesting the involvement of both or neither dimension, while others lack the appropriate design. Among studies reporting effects of emotional valence, most indicate that higher valence stimuli (more positive) impaired response inhibition. The effects of arousal remain unclear, with some studies linking high arousal to poorer inhibition, while others suggest the opposite. Interestingly, discrete emotions also modulate response inhibition independently of valence and arousal, suggesting that discrete emotion theories may complement the two-dimensional circumplex model in response inhibition research. While few differences exist, more studies report effects when emotional stimuli are task-relevant rather than task-irrelevant. Among other factors, using an SST instead of a GNG task seems to enhance emotional modulation of response inhibition. Overall, the influence of emotional stimuli on the behavioral correlates of response inhibition is likely shaped by a complex interplay of multiple factors, suggesting that future research should explore how these factors interact and combine. Moreover, further research is needed to explore how emotion interacts with other forms of inhibitory control beyond global reactive inhibition, including proactive and selective mechanisms.
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1 Introduction

Inhibitory control is a fundamental executive function crucial for adaptive behavior and cognition (Diamond, 2013). It has traditionally been divided into cognitive inhibition, which involves suppressing mental processes such as memories and thoughts, and behavioral inhibition, which refers to overriding or stopping observable actions (Bari and Robbins, 2013). Response inhibition (the ability to suppress actions that are inappropriate, unsafe or no longer required) is undoubtedly the most studied type of behavioral inhibition. Effective response inhibition is fundamental for maintaining goal-directed and flexible behavior in dynamic, ever-changing environments. Indeed, difficulties in response inhibition negatively impact functioning and quality of life in the general population (Diamond, 2013) and even more markedly in individuals with clinical disorders characterized by impulsive behaviors and deficits in inhibitory control, such as attention deficit hyperactivity disorder (ADHD), borderline personality disorder (BPD), or obsessive-compulsive disorder (OCD) (Albert et al., 2019; Slaats-Willemse et al., 2003; Mar et al., 2022; Menzies et al., 2007).

The go/no-go task (GNG) and the stop-signal task (SST) are the most commonly used paradigms to examine response inhibition in experimental settings (Verbruggen and Logan, 2008; Verbruggen et al., 2019), although tasks with lesser inhibitory demands exist (Wöstmann et al., 2013). Both tasks require controlling a prepotent motor response tendency but differ in the timing and nature of the response suppression: whereas the GNG involves withholding a response before it is initiated, the SST requires overriding an already initiated response (Raud et al., 2020; Schachar et al., 2007). Moreover, each task provides a distinct behavioral index of response inhibition: commission errors in the GNG task and stop-signal reaction time (SSRT) in the SST. Commission errors (i.e., inappropriate responding to No-Go stimuli) are usually interpreted as a failure in prepotent response inhibition. A higher number of commission errors would therefore reflect poorer inhibitory control. By contrast, SSRT is an estimation of the response-inhibition latency (i.e., the time needed to cancel the initiated response, which cannot be directly observable). Thus, longer SSRTs are typically associated with less efficient response inhibition and higher impulsivity in large samples from the general population (Crosbie et al., 2013; Moses et al., 2022).

Response inhibition elicited by standard versions of the GNG and SST is thought to be mediated by a monosynaptic, hyperdirect pathway between the inferior frontal gyrus (IFG) and/or pre-supplementary motor area (pre-SMA) and the subthalamic nucleus (Chen et al., 2020; Narayanan et al., 2020). Activation of this fronto-subthalamic network has been associated with a rapid, stimulus-driven, and global suppression mechanism (Aron, 2011). Moreover, oscillatory activity in the ß frequency band (~13–29 Hz) and the onset of the event-related potential (ERP) component known as No-Go/Stop P3 have been proposed as robust neural signatures of response inhibition at the electrophysiological level (Albert et al., 2013; Hervault et al., 2025; Sánchez-Carmona et al., 2016, 2019; Wagner et al., 2018; Wessel and Aron, 2015).

Most research on response inhibition has focused on elucidating the neural and behavioral mechanisms involved in suppressing motor responses to neutral, non-salient stimuli. These investigations have provided extensive and crucial knowledge, enabling the development of the most influential models of response inhibition (Aron, 2011; Schall et al., 2017). In many real-world scenarios, however, individuals must inhibit their impulses and responses to emotionally charged stimuli, whether negative (e.g., seeing an angry expression on someone close to you or hearing a loud noise, like a car horn) or positive (seeing an attractive person or hearing great news). Understanding how emotion interacts with response inhibition is therefore crucial for expanding current models of inhibitory control in humans. However, studies examining the emotional modulation of response inhibition report mixed and inconsistent findings, with some even suggesting that emotion does not influence inhibitory control depending on the circumstances (e.g., Harlé et al., 2013; Pessoa, 2009; Schel and Crone, 2013; Shafritz et al., 2006; Williams et al., 2020).

The effect of emotion on response inhibition has primarily been studied using the two-dimensional circumplex model (Russell, 1980, 2003). This model defines emotions along two continuous dimensions: valence, which ranges from pleasant (positive) to unpleasant (negative), and arousal, which reflects the level of activation from calming to exciting. Some studies using this theoretical framework suggest that the modulatory effect of emotions on response inhibition is mediated by the valence of stimuli, while others propose that emotional effects are driven by arousal (Verbruggen and De Houwer, 2007). The direction of the effects related to emotional valence is also unclear, with evidence suggesting impaired inhibitory control (i.e., more commission errors and/or prolonged SSRT) in response to negative stimuli compared to positive ones, and vice versa (e.g., see Fournier et al., 2021; Gupta and Singh, 2021; Xia et al., 2018; Zhang J. et al., 2023). With respect to the arousal dimension, evidence suggests both impairment and facilitation of response inhibition for high-intensity stimuli, regardless of their valence (Pessoa et al., 2012; Verbruggen and De Houwer, 2007). Therefore, a systematic review of the impact of emotional stimuli on response inhibition, such as the one presented here, can help clarify the interplay between emotion and response inhibition by considering studies that adequately control for valence and arousal.

It should be noted that some investigations using emotional response inhibition tasks have been conducted within a conceptual framework different from the dimensional model of emotions. Specifically, these studies -primarily using emotional facial expression, though not exclusively- are grounded in discrete-emotion theories (Ekman, 1992; Panksepp and Watt, 2011). These models propose that emotional effects stem from a limited number of innate and universal emotions, each linked to distinct and independent behavioral, psychological, and physiological correlates. From this perspective, the emotional modulation of response inhibition may differ between stimuli typically classified as negative (e.g., fear, anger, disgust or sadness) or positive (love, pride, gratitude or happiness), as suggested by Storbeck et al. (2024). However, these differences in the modulatory effects of discrete emotions on response inhibition could also be explained through the dimensional model if valence and arousal levels are not properly controlled. For instance, if the influence of discrete negative emotions, such as fear and disgust, on response inhibition is examined using stimuli that differ in valence or arousal, the results may reflect these dimension-related variations rather than the specific effects of each emotion.

Another key factor that seems to modulate the influence of emotion on cognitive functions is whether the emotional content of the stimuli is processed in a relatively unintentional implicit fashion (task-irrelevant emotional stimuli) or in a controlled explicit manner (task-relevant emotional stimuli). In other words, this distinction depends on whether the emotional content of the stimuli serves as an explicit criterion for task completion (Battaglia et al., 2021; Yuan et al., 2019). Emotional stimuli are known to automatically capture attention, even in non-emotional tasks (Mulckhuyse, 2018; Pool et al., 2016; Shafer et al., 2012). As a result, competition for cognitive resources may interfere with task goals (Pessoa, 2009). Conversely, explicitly directing attention to emotion can be beneficial when fast, goal-related affective processing is required, as emotional stimuli are detected and processed faster than non-emotional ones (Brosch et al., 2010), and can influence the speed of movement initiation and response execution (Beatty et al., 2016). Thus, both mechanisms may play a role in modulating the interaction between emotion and response inhibition. Specifically, in response inhibition paradigms, the use of emotionally relevant stimuli for the task implies that attention is directed specifically toward the emotional properties of the stimuli (e.g., asking participants to respond to happy faces and stop their responses to fearful ones). By contrast when emotionally irrelevant stimuli are used in response inhibition tasks, attention is directed toward the non-emotional features of the stimuli (e.g., asking subjects to inhibit their response to a specific physical feature of emotional stimuli, such as the color of the image border or the type of font in words). Therefore, emotion may modulate response inhibition either implicitly or explicitly. Notably, several studies examining both task-relevant and task-irrelevant emotional aspects of stimuli have found effects primarily when emotion is relevant to the task (e.g., Calbi et al., 2022; Mancini et al., 2022). However, some studies have also found no effect when emotional stimuli are task-relevant (Schmaußer and Laborde, 2023; Zhang et al., 2016), which further contributes to the mixed findings. In any case, the task relevance of the emotional content of the stimuli appears to be an important factor in the emotional modulation of response inhibition, as previously suggested in a review of studies using emotional versions of the SST task (Battaglia et al., 2021), along with valence and arousal. To further expand our understanding of emotional response inhibition, a broader review incorporating other inhibitory tasks and additional influencing factors beyond task relevance is essential.

Given the mixed findings in the literature on the emotional modulation of response inhibition and the fact that several key questions remain elusive, we conducted a PRISMA-compliant systematic review to examine the influence of emotion on behavioral measures of response inhibition in non-clinical adult samples. Specifically, the objectives were as follows: (1) to investigate whether the emotional content of stimuli modulates the main behavioral correlates of response inhibition; (2) to examine whether the emotional modulation of response inhibition is related to valence (pleasantness-unpleasantness), arousal (calming-arousing), or both; (3) to explore the direction of the effects within each emotional dimension: whether impairment in response inhibition is observed in response to positive (pleasant) vs. negative (unpleasant) stimuli (when emotional modulation is mainly associated with valence) or to high- versus low-intensity stimuli (when emotional modulation is primarily related to arousal); (4) to examine whether the task relevance of the emotional content of stimuli influences response inhibition; (5) to investigate other factors that may influence the emotional modulation of response inhibition, such as the type of inhibition task used (GNG or SST) or the type of emotional stimulus employed (pictures, faces, words or sounds; Brosch et al., 2010; Yuan et al., 2019).



2 Methods


2.1 Data sources and search strategy

This systematic review was conducted following PRISMA guidelines (Page et al., 2021). Searches were performed in the Scopus, PsycINFO and PubMed databases, chosen for their wide coverage and/or their complementary scope (Bramer et al., 2017). In each database, we first created a search string combining the terms “emotion,” “emotional,” “affective stimuli,” and “emotional stimuli” with “response inhibition,” “inhibitory control,” “stopping,” “response suppression,” or “action cancellation.” Additionally, we constructed a second search string by incorporating terms related to response inhibition tasks to ensure comprehensive coverage of relevant results. Thus, the final search term combination was as follows: (“emotion” OR “emotional” OR “affective stimuli” OR “emotional stimuli”) AND (“response inhibition” OR “inhibitory control” OR “stopping” OR “response suppression” OR “action cancellation” OR go no go task OR stop signal task OR CPT OR SART). Where available, filters were applied to include only manuscripts in English and Spanish, focusing exclusively on adult populations and peer-reviewed publications. These searches were conducted up to March 2024 (included).



2.2 Systematic review protocol

After all records were downloaded and duplicates were removed (using EndNote software), we visually inspected the remaining records for any duplicates the automated process might have missed. Then, we screened titles and abstracts and applied the following exclusion criteria: (1) the record was not a peer-reviewed scientific full article published in an indexed journal (papers without results such as pre-registered trials were excluded, theses were excluded, letters to the editor were excluded, papers in journals with unclear indexing were excluded); (2) the record did not pertain to human adults: given that emotion recognition declines with age (Ruffman et al., 2008) and that children and adolescents experience dramatic changes in emotion dynamics and experience before reaching adulthood (Bailen et al., 2019; Reitsema et al., 2022), we decided to limit the study population to adults in order to mitigate these discrepancies; (3) the record elicited emotions through approaches other than presenting emotional stimuli concurrently with the response inhibition task; (4) the record did not pertain to response inhibition; (5) the record did not include a general population group. In order to reduce potential sources of heterogeneity that could bias the characterization of emotional modulation of response inhibition in the general population, we excluded studies with samples characterized by current or recent affective clinical difficulties, such as the following: hemianopia populations, postpartum mothers when there were high depression symptoms, war veterans when there was high post-traumatic stress disorder presence, partially recovered depression populations, and relapsed alcohol abstainers. We also excluded studies where, although the samples were drawn from the general population, closer inspection revealed a high percentage of participants with a clinical disorder such as substance abuse disorder, anxiety or depression that were not controlled for in the analyses. For example, studies involving soldiers in training due to high anxiety/stress or individuals traumatized by an earthquake; (6) the record was not written in English or Spanish.

After the initial screening, we retrieved the full-text of the remaining papers (or asked authors for the full-text if it was not available to us). There was one record we were not able to retrieve. During the full-text assessment phase of the process, we excluded records if: (1) no emotional stimuli were presented concurrently with the response inhibition task (studies where stimuli were presented prior to a non-emotional task, such as mood inductions, were excluded. Although mood inductions may be considered task-irrelevant, we considered it was inappropriate to compare them with task-irrelevant stimuli presented during response inhibition tasks, as the attention resources allocated to emotional stimulation would differ in each case. All other emotional inductions without explicit mention of containing emotional stimuli, such as thinking or writing about negative life events, and fear conditioning procedures were also excluded. However, if the study included a control condition for the emotional induction as well as an emotional inhibition task, it was considered for inclusion. The diversity in emotional inductions was another reason for exclusion, as it would introduce excessive heterogeneity. Additionally, for consistency, we only included studies where the emotional stimuli were concurrent with the task, therefore studies in which the presentation of the emotional stimuli occurred between the practice and the test blocks were also excluded); (2) the study did not use a task where response inhibition is predominant (e.g., Stroop, Day-Night, Flanker, Oddball, Antisaccade, Dot-Probe tasks were excluded. Additionally, studies that did not involve the inhibition of a manual motor response (e.g., suppression of smiling or eye movements) were excluded, given the limited number of studies for each type of these motor responses. We also considered that the influence of emotion on these responses might differ from what has been observed with manual motor responses, which are undoubtedly the most studied in response inhibition research. If motor responses to emotional stimuli (such as facial movements) were made with the mouth corners, we considered that facial mimicry might obscure response inhibition results and thus excluded such studies. While we included studies using tasks where response inhibition was predominant, we excluded one study (Windmann and Chmielewski, 2008) due to the high memory load of the task used, which we considered a potential confound); (3) there was no information reporting the effects of emotional stimuli on behavioral correlates of response inhibition (such as when the focus was on differences between healthy and clinical groups, or between treatment and no treatment groups); (4) there was an intervention without a control condition; (5) neither valence nor arousal were reported, controlled for, included in the analysis, or at least discussed by the authors (note that if a study included multiple tasks but valence/arousal data were not provided for the stimuli used in all tasks, we only considered the tasks that included such data); (6) the study used response inhibition tasks but did not report any behavioral or neural correlate of response inhibition (e.g., studies that analyzed only Go response times, or studies that examined only ERP components unrelated to response inhibition).

All studies included in this review examine behavioral correlates of response inhibition tasks, with some additionally exploring neural correlates using electroencephalography (EEG) and/or hemodynamic (fMRI) measures. Studies that met our inclusion criteria based on their behavioral data were included. However, neural findings were excluded from our summary of results if the studies using these techniques did not report neural data segregated by emotion or an appropriate contrast comparing emotions and/or if they reported ERP components unrelated to response inhibition (such as early face processing or late evaluation components), or if the results were not reported for a control group. In addition, behavioral studies that did not explicitly report response inhibition behavioral correlates such as commission errors and/or SSRT were also excluded (e.g., if a study focused the analysis on signal detection theory or if it only reported omission errors and Go-trial response times), unless they reported additional EEG/fMRI results related to response inhibition.

The first author screened the records and retrieved papers, discussing any uncertainties with the last author before reaching a final resolution by consensus among all authors to minimize the risk of bias.



2.3 Data extraction

Data were extracted and coded by the first author, then reviewed by the last author, and finally by the remaining authors. The extracted data included the following: (1) General study information: the authors and the publication year of each study; (2) Details on the emotional stimuli used in each study: the type of emotional cues (words, pictures, faces, body postures or sounds), whether they were relevant or irrelevant to performing the response inhibition task, the different categories of stimuli as labeled by the authors, and information on valence and arousal of each category; (3) Methodological information: this included demographic data on the participants, whether the study was focused solely on behavioral methods or also incorporated electrophysiological or haemodynamic analytic approaches, and the type of response inhibition task used in the study; (4) Study results: this involved distinguishing between behavioral and brain activity results, as well as identifying any relevant variables noted by the authors that might explain the results.

Given the central role of valence and arousal in this review, we introduced an additional variable to describe whether observed effects were driven by valence, arousal, both, neither, or if they were unclear. When the study design made it difficult or impossible to distinguish these dimensional effects, this was noted. Additionally, we introduced a variable to describe the direction of the effects, identifying which level of valence or arousal was associated with poorer response inhibition at the behavioral level. This was applied to investigations where a clear driver of the behavioral effect was identified, with the effects categorized as high or low valence/arousal, or deemed unclear.

We also included the type of inhibitory task (GNG or SST) as a variable because these two paradigms are thought to rely on different mechanisms and capture distinct inhibitory processes (action restraint and action cancellation, respectively; Aziz-Safaie et al., 2024; Raud et al., 2020; Schachar et al., 2007). Therefore, we considered it important to explore whether emotional stimuli might have differential effects depending on the task used.

It is worth noting that some studies analyzed and presented their results in ways that did not fully align with the scope of this review, with only certain parts deemed relevant. For instance, some studies focused on patient-control differences or outcomes of an intervention. In such cases, only the data relevant to our objectives and reported in full were included (see Supplementary Table 1).



2.4 Quality assessment

The appraisal tool for cross-sectional studies (AXIS) was used to assess the quality of each study included in this systematic review (Downes et al., 2016). Briefly, AXIS examines the reliability, risk of bias and quality of studies through 20 items covering the following aspects: study design, sample selection, variable measurement, bias control, statistical analysis, and the relevance of results. Studies deemed to be of insufficient quality according to AXIS were excluded (defined as less than 14 out of 20 items in the tool answered with a “yes”, except for item 19 which should be answered with a “no”).



2.5 Data analysis

Data were descriptively analyzed using MS Excel and JASP (0.19.2).




3 Results


3.1 Flow diagram, study selection and characteristics

From an initial total of 3,965 records, 2,363 remained after duplicate removal and were screened, of which 1,931 were then excluded (see Section 2.2). Afterwards, 432 records were identified for full-text assessment, with one record that could not be retrieved. From the resulting 431 records, 93 records met all the inclusion/exclusion criteria, as shown in Figure 1. A summary of all selected papers is presented in Table 1. However, readers are encouraged to also consult Supplementary Table 1 for a more detailed overview, including a comprehensive breakdown of study characteristics.


[image: Figure 1]
FIGURE 1
 PRISMA 2020 flow diagram representing the review process. Adapted from Page et al. (2021) and Haddaway et al. (2022).



TABLE 1 Summarized overview of included studies.
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All selected papers were written in English and published between 2006 and 2024. Most were published since 2012, with the highest numbers recorded in 2012 (N = 12) and 2020 (N = 10). Notably, 41.9% were published from 2019 onwards, reflecting a recent increase in interest.

All selected articles were published in indexed, peer-reviewed journals within the fields of psychology, neuroscience, and/or medicine, except for those published in PLoS ONE and Scientific Reports, which are considered multidisciplinary. The journal with the highest number of articles was PLoS ONE (N = 7), followed by NeuroImage (N = 6). Most studies were conducted in Western countries and China.



3.2 Synthesized findings
 
3.2.1 Behavioral results

The main characteristics and key findings of each study included in this systematic review are presented in Supplementary Table 1. After the screening process, all studies included in the final review used either the Go/No-Go (GNG) task (63 studies) or the Stop-Signal Task (SST; 28 studies), except for one study that combined both tasks and another that used a Sustained Attention to Response Task (SART), which was notably similar to the GNG. Of the 93 studies included in this review, 55 (59.1%) reported an effect of emotional cues on the behavioral correlates of response inhibition (i.e., commission errors and/or SSRT).

Out of the 55 studies showing emotional effects on behavioral correlates of response inhibition, 15 studies (27.3%) suggested that these effects were influenced by valence, 4 studies (7.3%) by arousal, 17 studies (30.9%) showed unclear results (where both or neither emotional dimensions could have been involved), and in 19 studies (34.5%) it was not possible to discern due to the study designs not accounting for such a purpose. Among the 15 studies in which effects related to emotional valence were observed, higher valence (more positive) was associated with poorer response inhibition in ten of them (66.7%). The results of the 4 studies that observed effects related to emotional arousal are mixed, with higher arousal being associated with both impaired (in two studies) and enhanced (in the other two studies) response inhibition.

Most studies have examined the influence of emotion on response inhibition using emotional stimuli that were irrelevant to the ongoing task (68/93 studies). Thirty-nine of these studies (57.4%) showed some effect of emotion on response inhibition at the behavioral level. Of the 21 studies that explored the emotional modulation of response inhibition using stimuli relevant to the ongoing task, thirteen (61.9%) showed emotional effects on the behavioral correlates of response inhibition. Interestingly, the three studies that tested behaviorally both emotionally task-relevant and task-irrelevant stimuli embedded in the same response inhibition paradigms (Calbi et al., 2022; Gole et al., 2012; Mancini et al., 2022) observed effects when the emotional aspects of the stimuli were task-relevant (there were more errors in the emotional tasks or blocks). This somewhat contradicts the overall trend of the review, where effects are only slightly more likely to be observed when the emotional aspects of the stimuli are task-relevant (61.9 vs. 57.4%).

Regarding the type of stimuli used in the studies, the most frequently employed were pictures (53 studies), either as backgrounds (17 studies) or as cues to which participants had to respond directly (36 studies) either attending to the emotion or to some other characteristic of the stimuli. Human faces were used in 23 studies, while words appeared in 14 studies. Sounds and body postures were the least frequent (2 and 3 studies respectively) and therefore insufficient to draw strong conclusions. No marked differences were observed in the percentage of studies finding emotional effects on behavioral correlates of response inhibition based on the type of stimulus used. Overall, finding an effect of the emotional stimuli on response inhibition at the behavioral level was more likely than not, and occurred at similar rates across all stimulus types (ranging from 65.2 to 71.4%). There was one notable exception: when pictures were used as a background, it was much more likely to not find an emotional effect (76.5% of studies that used pictures as a background did not find one).

With respect to the type of task used, among the 63 studies employing a GNG task, 30 (47.6%) found an effect of emotional stimuli on response inhibition at the behavioral level, 32 (50.8%) did not, and one reported effects only at the neural level. The study that used a SART (which was similar to a GNG) also reported effects. In contrast, among the 28 studies using an SST, the majority (82.1%) observed an effect of the emotional stimuli on response inhibition at the behavioral level. The study that used a mixed GNG-SST design also reported such an effect. Notably, a number of studies employing GNG tasks (13 out of 63) were designed with a 50% frequency of No-Go stimuli, reducing the prepotency of Go responses (since Go and No-Go trials occurred equally often) and thereby lowering the task's inhibitory demands. This design choice may explain why a substantial percentage of these experiments (9 out of those 13; 69.23%) found no effect of emotional stimuli on response inhibition at the behavioral level. Among the remaining 50 GNG studies, which included lower frequencies of No-Go stimuli (resulting in higher prepotency and greater inhibitory demands), findings were evenly split: 46% reported no effect, 52% found an effect, and 2% did not report behavioral correlates. Nonetheless, even when considering only GNG studies with a low percentage of No-Go stimuli, the proportion of investigations reporting emotional effects on response inhibition at the behavioral level remains notably lower compared to SST experiments.

When attempting to examine the behavioral effects of emotion on response inhibition by combining these variables, the resulting subgroups were too small to draw definitive conclusions. Nonetheless, no clear pattern emerged when examining interactions between factors.

Some of the studies reviewed here propose additional factors that may influence the affective modulation of response inhibition. The most frequently mentioned factors were related to underlying traits of the sample, followed by differences in sex or age (see Supplementary Table 1 for details). Less frequently, specific properties of the stimuli or of the way they are presented in the task (e.g., masking, timing or perceptual load) were also noted.



3.2.2 Neural results

Although it was not the main aim of this systematic review, we conducted an exploratory post-hoc analysis of the influence of emotional stimuli on response inhibition at the neural level in behavioral studies that also included brain activity measures, such as EEG and fMRI.

Forty-eight studies included in this review examined the emotional effects on response inhibition not only at the behavioral level, but also at the neural level. Most of these studies (39 studies; 81.2%) found effects of emotional stimuli on neural activity associated with response inhibition, using either electrophysiological or hemodynamic measures. Notably, emotional effects on response inhibition at the neural level were often observed even in the absence of behavioral effects. Neuroimaging results reveal activation in several regions associated with both response inhibition and emotional processing, as expected (see Supplementary Table 1 for details). Additionally, the involvement of some cortical regions previously linked to the interaction between emotion and cognitive control processes, such as the orbitofrontal cortex and anterior cingulate cortex, was observed. Electrophysiological findings indicate amplitude differences in No-Go/Stop N2 and No-Go/Stop P3, which are typically obtained in response inhibition tasks.

The effects of the emotional content of the stimuli on neural correlates of response inhibition were associated with both valence and arousal dimensions. However, in the same way as in the behavioral findings, a greater number of studies found that emotional modulation is associated with valence (14/39 studies, 35.9%) rather than arousal (6/39 studies, 15,4%). In the remaining studies, either the experimental designs or the observed results made it difficult to discern which emotional dimension (valence or arousal) accounted for the observed effects. Furthermore, the direction of results is unclear, much like for the behavioral results. There was no consensus on the direction of effects, given that in many cases effects were opposite for No-Go/Stop N2 and No-Go/Stop P3 (or one showed an effect and the other did not). Separation by No-Go/Stop N2 or P3 did not yield clear results either, as sometimes a given valence or arousal category was associated with higher amplitudes, and sometimes the opposite valence/arousal gave similar results (see Supplementary Table 1 for details). Neuroimaging results revealed a plethora of regions activated differently according to the emotional stimuli used (note that activation in different areas does not necessarily indicate better or worse inhibitory ability. Therefore, where applicable, this is marked as “N/A” in the corresponding column of our Supplementary Table 1).

The task relevance of emotional stimuli does not appear to be a decisive factor in generating emotional effects on inhibition-related neural activation, as similar proportions of studies reported effects whether the emotional content of the stimulus was relevant (10 out of 12; 83.3%) or irrelevant (28 out of 35; 80%) to the ongoing task. It is worth noting, however, that the only brain activation study to include both relevant and irrelevant emotional stimuli within the same response inhibition experiment found effects only when the emotional content was relevant to task completion (Yu et al., 2014).

The types of stimuli used did not seem to have a significant effect either. The majority of studies observe emotional modulation of response inhibition at the neural level regardless of the type of stimulus used (faces, images, or words; emotional effects found in the 72.7–90% of studies). Sounds were used rarely (only 2 studies), making it difficult to draw conclusions. Regarding the type of task, emotional modulation of neural activation associated with response inhibition is found in most studies using both the SST and GNG tasks. However, in contrast to behavioral findings, the number of studies reporting emotional effects on neural activity related to inhibition is slightly higher when using a GNG task (82.9%) compared to an SST (71.4%).




3.3 Assessment of risk of bias

All of the 93 Studies included in the final step of the review were deemed of sufficient quality to be included, no study was excluded for quality reasons (see Supplementary Table 1).




4 Discussion

This PRISMA-compliant systematic review was conducted to try to clarify the emotional modulation of response inhibition, given the mixed and inconclusive findings in the existing literature. By synthesizing evidence from studies examining behavioral correlates in non-clinical adult samples, we aimed to provide a clearer understanding of how emotional stimuli influence response inhibition.

For our first objective, the present findings suggest that emotion modulates response inhibition. Around 60% of the reviewed studies reported changes in behavioral indices of inhibitory control when emotional stimuli were included in the main response inhibition tasks, with a higher percentage observing modulatory effects in neural signatures. This result aligns with other lines of research that highlight the strong interdependence between emotion and cognitive processes, such as language, attention, memory and other cognitive control functions (Carretié, 2014; Hinojosa et al., 2020; Cromheeke and Mueller, 2014; Harlé et al., 2013). However, the precise nature of how emotional stimuli modulate response inhibition, which we sought to clarify through the subsequent objectives, has yet to be fully elucidated.

The relationship between emotion and response inhibition has primarily been explored using the two-dimensional circumplex model. In this context, it has been proposed that valence and arousal may be important factors in the emotional modulation of response inhibition (Battaglia et al., 2021; Harlé et al., 2013; Yuan et al., 2019). For our second objective, the evidence is mixed, with some studies suggesting that the emotional modulation of response inhibition is primarily related to valence, while others point to arousal. However, a greater proportion of experiments have found that this influence is associated with valence rather than arousal (27.3 and 7.3%, respectively). It should be noted, however, that the majority of studies included in this review do not allow for robust conclusions regarding which emotional dimension primarily modulates response inhibition. This is due to the lack of clear and consistent findings, with some studies suggesting the involvement of both or neither dimension, while others have methodological limitations that prevent a proper examination of this question. This review highlights the need for further studies in this field that carefully control for the valence and arousal levels of the stimuli used. For instance, in experiments using both negative and positive stimuli along with neutral ones, it is crucial to ensure that the arousal levels of the emotional stimuli are balanced and that they differ from those of neutral stimuli. Additionally, the valence of each type of emotional stimulus should be verified to ensure they are distinct from one another. A recommended approach is also to examine the relationship between the valence and arousal ratings of the stimuli—but obtained from the experimental sample—and the observed outcomes.

For our third objective, the findings from this review suggest that among studies reporting effects related to emotional valence, the majority indicate that higher valence (more positive) stimuli are associated with poorer response inhibition. Several studies have shown that positive contexts not only increase the number of commission errors but also lead to faster responses to Go stimuli (Albert et al., 2012; Hare et al., 2005; Zhuang et al., 2021; see also Mancini et al., 2022 and Mirabella et al., 2023). This pattern may suggest that positive valence may induce approach tendencies toward positive stimuli, making it more challenging to inhibit the prepotent response (Eder and Hommel, 2013). However, other studies have reported facilitated inhibition in response to positive valence (Pandey and Gupta, 2022). This suggests that the direction of effects within the valence dimension may vary depending on other factors outside the stimuli themselves, such as the way the stimuli are presented inside the task regarding masking, timing and perceptual load (Pandey and Gupta, 2022; Xu et al., 2015), likely due to competition for cognitive resources as we discuss below. On the other hand, the limited number of studies finding effects associated with arousal yields mixed results, with some indicating that higher arousal of stimuli impairs response inhibition, while others suggest that low arousal has this effect. These inconsistencies underscore the need for further research to clarify the direction of effects within each emotional dimension.

Moreover, it appears that certain emotions may be processed differently in the context of response inhibition, even when they are similar in valence and arousal to other emotions (Buodo et al., 2017; Mennella et al., 2017; Xu et al., 2015, 2016b), which supports the idea of a discrete emotions framework. This variation could be due to the biological significance of some stimuli, which have been shown to engage brain regions differently, likely due to their heightened biological and social relevance (Sakaki et al., 2012). Likewise, some particular stimuli seem to be processed differently in certain populations, which further supports an alternative approach to the dimensional model of emotions. As an example, it has been shown that social drinkers displayed more disinhibition during a modified SST in response to both alcohol and negatively valenced pictures, relative to both positive and neutral pictures (Jones and Field, 2015). In samples taken from the general non-diagnosed population, underlying characteristics of the sample such as worry-proneness (indicative of a generalized anxiety disorder) lead to more errors when worry-related words were present, compared to a low-worry group (Gole et al., 2012). Similar results occurred for angry words and athletes compared to non-athletes (Xia et al., 2018). Likewise, the regular practice of meditation also seemed to affect the processing of some categories of stimuli such as anger or happiness-related stimuli (Lodha and Gupta, 2024). Of note, these differences in disinhibition could not be completely accounted for by variations in arousal or valence ratings between stimuli sets.

Regarding our fourth objective, affective modulation of the behavioral correlates of response inhibition is observed both when the emotional content of the stimulus is relevant and when it is irrelevant to the task. However, a slightly higher percentage of studies report behavioral effects on response inhibition when the emotional content of the stimuli is relevant to the task than when it is not, which aligns with previous research (Battaglia et al., 2021). Moreover, the four studies that investigated emotionally task-relevant and task-irrelevant stimuli within the same experiment found effects only when the emotional aspects of the stimuli were task-relevant (Calbi et al., 2022; Gole et al., 2012; Mancini et al., 2022; Yu et al., 2014). This suggests a potential disparity between studies that directly contrast performance under both conditions (task-relevant vs. task-irrelevant) and those that examine only one. One possible explanation is that examining both conditions within the same experimental setting may reduce the influence of confounding variables, making the specific effects of task relevance more discernible. These findings may suggest that the facilitation of emotional stimuli processing also plays a role in response inhibition, as it does in other cognitive domains (Beatty et al., 2016; Brosch et al., 2010). This aligns with appraisal theories of emotion, which propose that affective stimuli produce different effects depending on how they are appraised. When emotional features align with task goals, they receive more attentional resources, enhancing the emotional response to the stimuli. Conversely, when they do not align, these features may be ignored in favor of other task-relevant information (Mancini et al., 2022; Moors and Fischer, 2019). In the same vein, a growing body of recent convergent evidence suggests that emotionally charged stimuli modulate various types of motor responses only when they are relevant to the ongoing task (e.g., forward gait initiation: Mirabella et al., 2023; saccadic responses: Mirabella et al., 2024; or reaching arm movements: Montalti and Mirabella, 2023). Accordingly, the task relevance of the emotional content of stimuli may influence response inhibition directly, as well as indirectly through its impact on response readiness.

We must consider that the relevance of emotion to the task is probably influenced by other factors, such as the cognitive load in which they are embedded and where and when the emotion is incorporated into the response inhibition task (Pessoa, 2009; Battaglia et al., 2021). In low-load tasks with task-irrelevant emotional stimuli, emotional effects may be more likely to emerge due to the absence of competition for cognitive resources. In contrast, high-load tasks with the same task-irrelevant stimuli may suppress these effects. Most of the studies reviewed here do not experimentally manipulate the cognitive load of the inhibition task, making it challenging to draw conclusions about its role in the emotional modulation of response inhibition, both independently and in interaction with task relevance. Therefore, further research is needed to explore the interplay between task-relevance of emotion and cognitive load in emotional response inhibition. Regarding the second factor, the effects of task relevance may vary depending on whether emotion is embedded into the go stimulus, the no-go/stop stimulus, both, or even before the presentation of the go stimulus (see Battaglia et al., 2021, for a review on this issue in the SST task). Therefore, the disparity in findings across the reviewed literature may be partly related to differences in how emotional content is incorporated into inhibition paradigms, and even in how its relevance to the task is defined. Importantly, here, we consider stimuli as emotionally task-relevant if their emotional content serves as an explicit criterion for task completion, whether the emotion is included in the go stimulus, the no-go stimulus, or both (emotional influences prior to the go stimulus are not considered).

For our fifth objective, we explored additional factors that may influence the emotional modulation of response inhibition, including the type of inhibition task and the nature of the emotional stimuli used. Regarding stimulus type, findings suggest that emotional effects on response inhibition are consistently observed across different emotional stimuli, with effects reported in 71% of studies using words, 67% using scenes, and 65% using faces. These results suggest that despite the notable differences among these types of emotional stimuli (Yuan et al., 2019), their influence on response inhibition at the behavioral level remains comparable. It is also worth noting that sound was rarely used as a stimulus. Further research is needed to determine whether emotional sounds have a distinct effect on response inhibition, given that their processing pathways differ from those of the more commonly used visual stimuli. Moreover, an important factor beyond stimulus characteristics was the type of task in which the stimuli were embedded. We found that any kind of emotional effects on behavior were more frequently observed in studies using the SST (approximately 80%) compared to those using the GNG task (around 50%) or the overall trend of the review (about 60% of all studies). This discrepancy is likely due to two task-related factors rather than differences in the stimuli themselves. First, the SST is considered a more pure measure of response inhibition, as it allows for a more detailed analysis of the stopping process and involves fewer interfering cognitive processes than the GNG (Aron, 2011; Congdon et al., 2012). Consequently, emotional effects on response inhibition are more likely to be detected. Second, a substantial number of studies using the GNG task employed a design in which No-Go stimuli appeared with relatively high frequency (50% of trials), reducing response prepotency and lowering inhibitory demands. As a result, detecting emotional effects on response inhibition under such conditions may be less likely.

The exploratory analysis of the neural correlates of emotional modulation in response inhibition also revealed mixed and inconclusive evidence. Notably, ERP and fMRI techniques were more likely to detect effects compared to behavioral measures, with some studies reporting neural-level differences even in the absence of observable behavioral changes. This suggests that these methods are more sensitive than behavioral analyses alone. Overall, emotional response inhibition has been shown to engage the same brain regions typically involved in inhibition with neutral stimuli (e.g., dorsal striatum and lateral prefrontal cortex), along with additional regions such as the ventral striatum, orbitofrontal cortex, and anterior cingulate cortex (Albert et al., 2010, 2012; Goldstein et al., 2007; Zhuang et al., 2021). Another key observation is that effects were sometimes detected in N2 but not in P3 components (or vice versa), and in some cases, opposite effects were found between N2 and P3. This highlights the fact that these two indices of inhibition may not be equally informative. Indeed, previous research suggests that while the P3 component is a more direct reflection of response inhibition processes, the N2 component is more closely related to conflict monitoring and novelty detection (Albert et al., 2013). However, even when distinguishing between N2 and P3, the results remained inconsistent.

An overview of the results obtained in this review suggests that no single factor related to emotional stimuli consistently drives behavioral effects on response inhibition. Given the mixed findings in the literature, the answer likely lies in how these variables combine and interact with each other, as well as with other potential influencing factors (Schindler and Bublatzky, 2020; Yuan et al., 2019). For instance, research on other forms of cognitive control -measured using tasks like Stroop and Flanker- has shown that negative stimuli performance varies depending on resource availability, attentional factors, and concurrent top-down processes (Cohen and Henik, 2012). A similar pattern may occur in response inhibition, where effects could be more evident in specific subgroups of studies formed based on a combination of variables. While exploring these effects within subgroups would be valuable, this was not feasible here due to the limited information available on these factors in the reviewed studies and the small sample sizes of subgroups formed by combining our variables of interest. In the few instances where sample sizes were large enough to draw conclusions, the results aligned with the general trends observed. For example, when trying to discern effects specific to one task or the other, the number of SST studies where valence or arousal emerged as a clear driver of effects was too low to draw any conclusions, but positive valence was found more often associated with less efficient response inhibition when we analyzed the results separately for studies using only a GNG task (which coincides with the general trend of the review). Other additional factors of interest emerging from the reviewed literature include the sample's underlying traits, such as sex/gender distribution, age, and psychological profiles (see Supplementary Table 1 for an overview). However, due to the limited number of studies explicitly considering these variables, we are unable to draw conclusions at this time. Furthermore, it would also be of interest to ascertain the impact of other factors outside this review, such as varying levels of competition for available cognitive resources (Pessoa, 2009), as previously mentioned.

Moreover, it should be noted that the SSRT is a latent variable primarily estimated using the horse-race model. While this model has been crucial in advancing the field, violations of its assumptions can result in inaccurate or even erroneous SSRT estimates (Bissett et al., 2021). Furthermore, failures in initiating the inhibition process (commonly referred to as “stop trigger failures”) may further compromise the accuracy of SSRT estimations (Matzke et al., 2017). Specifically, research has shown that trigger failures can lead to substantial overestimation of SSRTs (Band et al., 2003). Given these methodological concerns, the conclusions drawn from the emotional SST studies included here should be interpreted with caution. On a related note, the behavioral correlates of response inhibition involve multiple cognitive processes, some of which occur before the actual implementation of response inhibition. Consequently, differences in SSRT -and also in commission errors- observed across emotional conditions (e.g., positive vs. negative valence) may arise not only from the influence of emotional content of stimuli on the inhibition process itself, but also from emotional modulation of earlier cognitive processes (Doekemeijer et al., 2021; Verbruggen et al., 2014; Yiend, 2010). For instance, the probability of trigger failures, often associated with attentional lapses, may vary depending on the emotional content of the stimuli (e.g., their valence or arousal), thereby influencing the SSRT linked to each emotional condition. Therefore, it is important to explore whether the emotional modulation of the behavioral correlates of inhibition affects the inhibition itself and/or preceding cognitive processes. The use of brain activity measures (particularly electromagnetic ones due to their high temporal resolution) and new models of action-stopping (Bissett and Poldrack, 2022), could be particularly useful in shedding light on this issue.

Notably, most studies on the emotional modulation of response inhibition have focused on global and reactive (stimulus-driven) inhibition. However, inhibitory control can also take more complex forms, such as proactive inhibition (anticipating and preparing to suppress an upcoming response) and selective inhibition (suppressing certain responses but not others, or inhibiting reactions to specific stimuli while continuing to respond to others), as described by Aron (2011). Further research is therefore needed to determine whether emotional stimuli exert distinct effects on other forms of response inhibition beyond global reactive inhibition. In this regard, some evidence suggests that affective modulation may differ at least between reactive and proactive response inhibition (Xu et al., 2016b). Additionally, it is necessary to explore whether emotion can modulate reactive inhibition through its influence on proactive inhibition (and vice versa). The studies reviewed here employ tasks aimed at examining reactive inhibition, but they may require varying degrees of proactive control (Meyer and Bucci, 2016), depending on details that are not always explicitly reported such as the particularities of the design of the task and the instructions provided to participants (Verbruggen and Logan, 2009). Additionally, it seems necessary to explore the affective modulation of response inhibition in real-world settings beyond the laboratory (Hannah and Aron, 2021). Findings from controlled experiments may not be fully generalizable to natural environments and everyday situations.

In light of the above, this systematic review may provide valuable insights for future research on the influence of emotional stimuli on response inhibition: (1) It is crucial to control both the valence and arousal levels of emotional stimuli, regardless of their type (e.g., faces, pictures, words or sounds). Studies should be designed to examine the effects of valence and arousal both independently and in interaction; (2) Researchers are encouraged to use stimuli from large, standardized, and recently published affective databases that align with the sociocultural and demographic characteristics of the study's participants. Moreover, obtaining valence and arousal ratings directly from the experimental sample can help confirm whether stimuli are perceived as intended and provide valuable data for linking the participants' own subjective evaluation of emotional stimuli to behavioral and neural measures; (3) The discrete model of emotions may offer additional insights into emotional modulation of response inhibition beyond what is revealed by the two-dimensional circumplex model; (4) The field would benefit from future research that examines the interactions between all the factors discussed here, rather than studying each one in isolation. Additionally, it is important to consider the characteristics and methodological challenges of the inhibition tasks (including the SSRT estimation), and the task relevance of the emotional aspects of the stimuli—ensuring a clear definition of task relevance in each study, as outlined above; (5) Other factors, outside those we focused on in this review, may also be of interest and should be studied further, both independently and in relation to the other factors. These include the cognitive load of the inhibition task, as well as the underlying characteristics of the samples used; (6) Finally, research should go beyond global reactive inhibition to explore other forms of inhibitory control, such as proactive and selective inhibition, which may be particularly relevant in real-world settings.

In sum, this systematic review suggests that emotional stimuli modulate response inhibition in adult non-clinical populations, but the underlying mechanisms remain uncertain. Although valence appears to have a greater influence than arousal, the evidence remains inconsistent. The type of inhibition task (SST) and the relevance of emotional stimuli to task goals (task-relevant) also appear to be potential factors in facilitating the emotional modulation of response inhibition. However, the behavioral effects of emotional stimuli on response inhibition are likely influenced by a complex interplay of multiple factors, with no single factor standing out, suggesting that future research should explore how these factors interact.
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