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Acute effects of short-term high-intensity interval exercise and moderate-intensity aerobic exercise on food-related inhibitory control in obese adults: a randomized controlled crossover trial using ERP measures
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Introduction: Food-specific inhibitory control plays a critical role in maintaining a healthy body weight. However, limited research has explored how different exercise modalities influence this form of control in adults with obesity, particularly regarding the underlying neural mechanisms. This study aimed to examine the acute effects of short-term high-intensity interval exercise (HIIE) and moderate-intensity aerobic exercise (MIAE) on food-related inhibitory function in obese adults, and to assess whether sex differences modulate the response to exercise interventions. The findings aim to provide evidence-based guidance for the personalized design of exercise prescriptions targeting dietary behavior regulation in this population.

Methods: A total of 32 obese adults participated in a within-subjects randomized crossover design. Each individual completed three separate sessions: (1) 15 min of HIIE on a power-adjusted cycle ergometer, (2) 30 min of MIAE, and (3) a 30-min resting control condition. After each session, participants performed a food-related Go/NoGo task during which behavioral responses (reaction time and accuracy) and event-related potential (ERP) components (N2 and P3 amplitudes) were recorded.

Results: Across all image types, both male and female participants demonstrated shorter reaction times following HIIE and MIAE compared to the control condition. In males, reaction times were tended to be shorter under HIIE than under MIAE, although no significant differences in accuracy were observed across conditions. Additionally, female participants showed enhanced N2 amplitudes in NoGo trials involving low-calorie food images under the HIIE condition, and no significant difference between NoGo and Go P3 amplitudes when responding to high-calorie food stimuli.

Conclusion: (1) HIIE may enhance behavioral response speed in obese males through non-inhibitory optimization of the prefrontal–striatal pathway, reflecting the neural efficiency hypothesis associated with short-term exercise; (2) MIAE may improve conflict monitoring in obese females, facilitating a shift in inhibitory control over high-calorie foods from active suppression to automated processing. These findings highlight the importance of tailoring food inhibition interventions to account for exercise intensity adaptability and sex-specific neuro-metabolic targets, providing a scientific rationale for personalized exercise prescription. Future studies should further investigate the causal mechanisms through which HIIE modulates food-related inhibition and explore neuroregulatory targets for optimizing exercise-based interventions.
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1 Introduction

In recent years, the prevalence of obesity has become increasingly severe. Research suggests that by 2030, the global rate of overweight and obesity among adults is expected to reach 58%, making it a major public health concern of the 21st century (Kelly et al., 2008). Obesity is associated with a range of physiological conditions, including diabetes, hypertension, and coronary heart disease, contributing to higher morbidity and all-cause mortality rates, and posing a substantial economic burden on society (Friedemann et al., 2012). More concerning is the potential detrimental impact of obesity on cognitive functioning (Miller and Spencer, 2014). Regarding the causes of overweight and obesity, Wood et al. emphasize the critical role of eating behaviors and food-related decision-making (Wood et al., 2016), particularly the excessive intake of high-calorie foods, as key factors contributing to weight gain. For example, the weight gain observed in individuals with obesity has been associated with an automatic approach tendency toward food (Carnell and Wardle, 2008), as well as heightened attentional focus on food cues (Guo et al., 2024).

Inhibitory control refers to the ability to suppress dominant or automatic responses, involving the regulation of attention, behavior, thoughts, or emotions in the face of strong internal or external stimuli. This ability facilitates goal-directed behavior and is considered a core subcomponent of executive function (Crone, 2009; Diamond, 2013). Neuroscientific evidence has shown that individuals with obesity exhibit systematic neurocognitive deficits in executive functioning, with impairments in inhibitory control being particularly pronounced (Yang et al., 2018). These deficits result in a tendency toward impulsive choices during food-related decision-making, characterized by enhanced attentional capture by high-calorie food cues (Do et al., 2024).

From the perspective of neuroplasticity induced by exercise interventions, enhancing inhibitory control in response to food-related stimuli has emerged as a novel target in obesity management (Smith et al., 2011; Miguet et al., 2023; Moschonis and Trakman, 2023). Existing literature suggests that acute exercise has a small-to-moderate positive effect on inhibitory function (Kempton et al., 2011; Chang et al., 2012; Guiney and Machado, 2013; Ludyga et al., 2016; Kao et al., 2018; Ligeza et al., 2018; Yang et al., 2018). However, some studies have reported null effects of acute exercise on inhibitory control (Lambourne and Tomporowski, 2010). Such inconsistencies may be attributed to variations in the intensity and duration of the exercise protocols used across studies (Olson et al., 2016; Wohlwend et al., 2017). Event-related potentials (ERPs) provide a useful tool for examining the neural underpinnings of inhibitory control. The N2 component, occurring approximately 200–350 ms after stimulus onset, is sensitive to conflict detection, with its amplitude increasing as inhibitory demands rise (Folstein and Van Petten, 2008; Larson et al., 2014). The P3 component, typically observed between 300 and 600 ms post-stimulus, is associated with attentional allocation and the engagement of inhibitory resources (Falkenstein et al., 1991; Gajewski and Falkenstein, 2013). In food-specific inhibitory control tasks, individuals with obesity exhibit a pronounced attentional bias toward food stimuli, particularly high-calorie foods. This is evidenced by significantly greater N2 amplitudes in response to food-related images compared to neutral stimuli, suggesting enhanced early attentional resource allocation to high-calorie food cues. Moreover, gender differences have been reported in the neural correlates of food-related cognitive control (Clayson et al., 2011; Melynyte et al., 2017). Specifically, obese females tend to rely more on the prefrontal-insular connectivity for inhibitory regulation, whereas obese males appear to engage the dorsolateral prefrontal–striatal pathways associated with reward processing. Compared to individuals with normal weight, those with obesity typically show attenuated N2 amplitudes and prolonged N2 latencies, indicating deficits in early conflict monitoring, which may compromise subsequent inhibitory control processes. Regarding the P3 component, studies have found that high-calorie food stimuli elicit smaller P3 amplitudes and longer latencies during NoGo trials in individuals with obesity relative to normal-weight counterparts, reflecting reduced recruitment of cognitive resources necessary for inhibition. Additionally, under resting conditions, P3 amplitudes during high-calorie food NoGo trials are significantly greater than those in Go trials, suggesting that inhibiting responses to high-calorie foods demands greater cognitive effort.

Recent studies have demonstrated that acute bouts of moderate-intensity aerobic exercise (MIAE) can indirectly influence eating behaviors by enhancing prefrontal cortical circuits related to inhibitory control, thereby reducing impulsive consumption of high-calorie foods (Carbine et al., 2024). This effect is reflected in increased N2 and P3 amplitudes in response to high-calorie food images. Notably, although traditional physical activity guidelines emphasize MIAE for promoting health benefits, adherence among adults with obesity tends to be low, which presents practical challenges and limits its feasibility in real-world applications (Bull et al., 2020). In addition to MIAE, high-intensity interval exercise (HIIE) has garnered considerable attention and preference, largely due to its “time-efficiency” (Chen and Zhu, 2024; Chen et al., 2025). Research has shown that HIIE may modulate eating behavior through lactate signaling, enhancing regulation along the hypothalamic–prefrontal pathway. Lactate enters the arcuate nucleus via monocarboxylate transporters, where it suppresses AgRP neuron activity and reduces the motivational drive to consume high-calorie foods (Jacob et al., 2023). Furthermore, lactate functions as a “metabolic buffer,” enhancing mitochondrial oxidative phosphorylation efficiency in the prefrontal cortex (PFC), thereby supporting more sustained inhibitory synaptic transmission (De Sousa Fernandes et al., 2022). These findings suggest the potential applicability of HIIE in enhancing food-specific inhibitory control.

Given that individuals with obesity differ significantly from those of normal weight in terms of metabolic status and responsiveness to exercise interventions (Van Galen et al., 2018), indirect evidence alone may be insufficient to formulate targeted recommendations for individuals with obesity. There is a clear need for direct empirical investigations into how exercise interventions modulate food-specific inhibitory control in this population. The aim of the present study is to investigate whether a single session of HIIE, compared to MIAE, serves as a time-efficient alternative—or potentially a superior strategy—for enhancing food-specific inhibitory control in obese adults. Furthermore, the study aims to explore whether the regulatory effects of these two exercise modalities differ by sex.



2 Materials and methods


2.1 Participants

All participants provided written informed consent prior to participation. The exclusion criteria included: current or past diagnosis of eating disorders or psychiatric conditions, history of head injury, body mass index (BMI) below the obesity threshold, and pregnancy or lactation at the time of the study. Eligible participants were adults within a specified age range who self-reported the ability to exercise at an intensity reaching 90% of their maximum heart rate (HRmax) for 16 min. Before enrollment, participants completed the Physical Activity Readiness Questionnaire (PAR-Q) (Arraiz et al., 1992) to assess their suitability for physical activity. Individuals who responded positively to any item on the PAR-Q were excluded from the study. Participants who completed all experimental sessions received appropriate compensation for their time and effort (Arraiz et al., 1992). Demographic characteristics of the participants are presented in Table 1.


TABLE 1 Basic information of participants.


	Variables
	Obses adults (n = 32)



	
	Male (n = 16)
	Female (n = 16)

 

 	Age (years) 	24.32 ± 4.56 	23.04 ± 5.52


 	Height (m) 	173.24 ± 3.54 	161.46 ± 2.55


 	Weight (kg) 	95.85 ± 15.65 	78.56 ± 10.45


 	BMI (kg/m2) 	31.77 ± 3.27 	30.11 ± 5.23




 



2.2 Experimental design

This study adopted a multifactorial mixed design. The between-subjects factor was gender (two levels: male and female), while the within-subjects factors included:

Exercise condition (three levels: resting control, high-intensity interval exercise [HIIE], and moderate-intensity aerobic exercise [MIAE]), trial type (two levels: Go and NoGo), image category (three levels: high-calorie food, low-calorie food, and neutral non-food), and electrode site (three levels: Fz, Cz, and Pz).



2.3 Measurements

Participants’ height and weight were measured to calculate body mass index (BMI). Height was measured using the SH-200 stadiometer (Shanghe, Zhengzhou, China), and weight was assessed with the Xiaomi S400 smart scale (Beijing, China).

The required sample size was calculated using G*Power 3.0, which indicated that a minimum of 28 participants was needed. This estimation was based on established parameters from prior studies: 80% statistical power, within-subject design, three-condition independent variable, and a significance level of α = 0.05 (Carbine et al., 2017; Ligeza et al., 2018). To account for potential dropouts during exercise intervention, a total of 32 obese adults were ultimately recruited for the study (Carbine et al., 2017; Ligeza et al., 2018).



2.4 Computerized task

The food-related Go/NoGo task employed in this study utilized image stimuli sourced from the standardized food-pics image database developed by Blechert (2014) which has been widely used in previous research (Killgore et al., 2013; Carbine et al., 2017). Based on caloric content, 60 high-calorie food images, 60 low-calorie food images, and 60 neutral non-food images were selected, for a total of 180 images. The structure of the Go/NoGo task followed the paradigm used by Bailey et al. and consisted of six distinct blocks presented in a randomized order: (1) High-calorie food as Go stimuli, neutral images as NoGo; (2) neutral images as Go, high-calorie food as NoGo; (3) high-calorie food as Go, low-calorie food as NoGo; (4) low-calorie food as Go, high-calorie food as NoGo; (5) low-calorie food as Go, neutral images as NoGo; (6) neutral images as Go, low-calorie food as NoGo (Bailey et al., 2021). Before the formal testing, participants completed a practice block consisting of 10 trials. In the formal session, the six task blocks were presented in random order. In each block, Go trials made up 75% of the trials and NoGo trials comprised 25%, ensuring participants developed a prepotent response tendency that required active inhibition on NoGo trials. A schematic representation of the task flow is shown in Figure 1.

[image: Five sequential black rectangles, four with white plus signs and one with pancakes, followed by another set of plus signs and a plate of salad at the end.]

FIGURE 1
 Flowchart of FoodGo/Nogo tasks.




2.5 Exercise program

The moderate-intensity aerobic exercise (MIAE) protocol was based on the studies by Kamijo et al. (2007) and O’Leary et al. (2011), as well as the latest guidelines from the American College of Sports Medicine (ACSM) (Thompson et al., 2013). The total duration was 30 min, consisting of a 2-min warm-up, followed by 28 min of cycling at 65–70% of individual HRmax, and ending with a cool-down phase. This duration and intensity align with meta-analytic findings on optimal exercise dosing for enhancing cognitive function (Chang et al., 2012).

The high-intensity interval exercise (HIIE) protocol was adapted from Tsukamoto et al. (2016) and Aulbach et al. (2020). Due to lower physiological tolerance and significantly reduced resting metabolic equivalents (METs) in obese adults, and based on pilot data indicating increased fatigue beyond 20 min, the total session duration was set to 16 min. The protocol included a 1-min warm-up, followed by six repetitions of 1.5-min high-intensity bouts at 80–90% HRmax, each separated by 1 min of active recovery at 50–65% HRmax. Maximum heart rate was calculated using the formula: HRmax = 207–0.7 × age.

Participants were instructed to maintain target heart rate zones throughout the sessions, with continuous heart rate monitoring via Polar monitors. Given the higher body weight of obese individuals, a stationary cycle ergometer was used as the exercise modality to ensure safety and minimize joint strain (Tilinca et al., 2016). As demonstrated in Figure 2.

[image: Flowchart depicting two exercise protocols: HIIE with a 30-minute rest, a 15-minute session alternating between 80-90% and 50-65% HRmax, followed by a Go/NoGo test. MIAE includes a 30-minute session at 65-70% HRmax, also followed by a Go/NoGo test. Warm-ups are included at the start of each session.]

FIGURE 2
 Exercise protocol.




2.6 Experimental procedure

Each participant completed three laboratory sessions: one resting control session and two exercise sessions (HIIE and MIAE). The order of the two exercise sessions was counterbalanced using a Latin square design to minimize order effects. Participants were randomly assigned to different session sequences. To reduce potential carry-over effects between conditions, a minimum wash-out period of 48 h was ensured between any two sessions, with an average interval of 3.1 ± 0.8 days. If scheduling conflicts arose, the next session was postponed to the same weekday of the following week to maintain consistency.

All sessions were scheduled at the same time of day and on the same day of the week across participants to control for circadian influences. Participants were instructed to sleep at least 7 h the night before, stay well hydrated, and avoid caloric intake for at least 4 h prior to testing. They were also asked to refrain from caffeine and vigorous exercise for 24 h before each session (Carbine et al., 2017).

Immediately following each exercise session, participants dried off sweat with a towel and blow-dried their scalp to avoid interference with EEG recordings. The EEG cap was applied after their heart rate returned to baseline. The food-related Go/NoGo task was then performed while EEG signals were recorded.



2.7 Data recording and analysis


2.7.1 Behavioral data

For each participant, the mean reaction time and standard deviation were extracted from the food-related Go/NoGo task. Prior to analysis, outliers and extreme values were removed from each behavioral measure using the criterion of ±3 standard deviations from the individual mean. For the food-related Go/NoGo task, a three-way repeated measures ANOVA was conducted for each dependent variable (Go reaction time, Go accuracy, and NoGo accuracy), with the following factors: gender (male, female; between-subjects), exercise condition (resting control, HIIE, MIAE), image category (high-calorie, low-calorie, neutral).



2.7.2 EEG data

EEG data were recorded using a 64-channel system (Brain Products, Germany) with a sampling rate of 1,000 Hz. FCz served as the online reference electrode and AFz as the ground. Scalp impedance was maintained below 5 kΩ for all electrodes. Electrooculographic (EOG) activity was monitored throughout the experiment, and TP9 and TP10 were used as offline reference electrodes during re-referencing. EEG preprocessing was conducted using MATLAB and EEGLAB. Raw signals were band-pass filtered at 0.1–30 Hz, and epochs were segmented from −200 ms to 1,000 ms relative to stimulus onset, with a 200 ms pre-stimulus baseline correction applied. Artifact rejection was performed by automatically excluding epochs with voltage fluctuations exceeding ±100 μV at any electrode, to eliminate artifacts caused by blinks, muscle activity, or movement. On average, 52 to 65 valid trials were retained per condition after artifact rejection, depending on the participant and condition. Based on previous literature on inhibitory control, two ERP components were analyzed: N2 (180–230 ms post-stimulus) and P3 (400–600 ms post-stimulus). Analyses focused on three electrode sites—Fz (frontal), Cz (central), and Pz (parietal)—representing key cortical regions involved in cognitive control. For ERP data (N2 and P3 mean amplitudes), a five-way repeated measures ANOVA was performed, with: Gender (male, female; between-subjects), exercise condition (resting control, HIIE, MIAE), trial type (Go, NoGo), image category (high-calorie, low-calorie, neutral), electrode site (Fz, Cz, Pz). Mauchly’s test was used to assess the sphericity assumption, and Greenhouse–Geisser corrections were applied when necessary.

For significant interaction effects, simple effects analyses were conducted, and Bonferroni correction was applied for multiple comparisons (adjusted α = 0.05/n). Effect sizes were reported using partial eta-squared (η2p) to indicate the magnitude of observed effects.





3 Results


3.1 Behavioral results


3.1.1 Reaction time

A 3 (exercise condition) × 3 (image category) repeated measures ANOVA was performed for each gender group. Significant main effects of exercise condition were found for both females and males: Females: F(2,12) = 5.06, p < 0.05, η2p = 0.46; males: F(2,12) = 11.69, p < 0.01, η2p = 0.66; Post hoc comparisons showed that reaction times under both HIIE and MIAE were significantly faster than in the resting control condition (ps < 0.05). Notably, male participants exhibited a trend toward shorter reaction times under HIIE compared to MIAE (p = 0.058).

Female group: 504.47 ± 10.81 ms (rest) vs. 462.27 ± 10.71 ms (HIIE) vs. 469.89 ± 13.10 ms (MIAE). Male group: 501.36 ± 9.92 ms (rest) vs. 441.13 ± 8.57 ms (HIIE) vs. 463.18 ± 10.70 ms (MIAE). In addition, both groups showed a significant main effect of image category: Females: F(2,12) = 4.75, p < 0.05, η2p = 0.44; Males: F(2,12) = 7.79, p < 0.01, η2p = 0.57. Participants responded faster to low-calorie food images compared to neutral images (ps < 0.05). In males, reaction times to high-calorie images were significantly slower than those to low-calorie images (p < 0.05). Females: 475.77 ± 10.46 ms (high-calorie) vs. 472.72 ± 8.78 ms (low-calorie) vs. 488.14 ± 10.52 ms (neutral); males: 470.34 ± 7.47 ms (high-calorie) vs. 459.53 ± 8.18 ms (low-calorie) vs. 475.81 ± 8.55 ms (neutral); no significant interaction effects were observed (ps > 0.05). As demonstrated in Figure 3.

[image: Line graphs comparing reaction times in milliseconds among females and males under three conditions: control (CON), high-intensity interval training (HIIT), and moderate-intensity aerobic exercise (MIAE). Data is categorized by high, low, and neutral calorie groups. Both graphs show a decrease in reaction time from CON to HIIT, with an increase from HIIT to MIAE.]

FIGURE 3
 Food Go/NoGo task response time under different conditions.




3.1.2 Accuracy

A repeated measures ANOVA revealed significant main effects of image category and trial type for both female and male participants: Females: F(1,13) = 13.02, p < 0.01, η2p = 0.50; males: F(1,13) = 89.33, p < 0.001, η2p = 0.87; across all exercise conditions, participants demonstrated significantly higher accuracy in Go trials compared to NoGo trials (ps < 0.01). Furthermore, the accuracy gap between Go and NoGo trials was greater for low-calorie images than for high-calorie or neutral images in both groups. For female participants, the difference in accuracy between Go and NoGo trials was less pronounced between high- and low-calorie conditions: resting condition: 0.97 ± 0.01 (Go) vs. 0.88 ± 0.03 (NoGo); HIIE: 0.97 ± 0.01 (Go) vs. 0.87 ± 0.02 (NoGo); MIAE: 0.98 ± 0.01 (Go) vs. 0.92 ± 0.02 (NoGo); in contrast, male participants exhibited a larger Go-NoGo accuracy gap under high-calorie image conditions: resting condition: 0.98 ± 0.004 (Go) vs. 0.90 ± 0.01 (NoGo); HIIE: 0.98 ± 0.004 (Go) vs. 0.86 ± 0.02 (NoGo); MIAE: 0.98 ± 0.003 (Go) vs. 0.92 ± 0.01 (NoGo); no other significant interactions were observed (ps > 0.05). As demonstrated in Figure 4.

[image: Bar graphs compare the accuracy of go and nogo trials across three conditions: CON, HIIE, and MIAE for both females and males. Data is categorized by dietary factors: high calorie, low calorie, and neutral. Significant differences are marked with asterisks (*, **, ***).]

FIGURE 4
 Food Go/NoGo task correctness under different conditions.





3.2 EEG results


3.2.1 N2 amplitude

At Fz site a significant main effect of image category was observed at the Fz electrode for both females and males: females: F(2,12) = 21.94, p < 0.001, η2p = 0.79; males: F(2,12) = 13.59, p < 0.001, η2p = 0.69. Post hoc analyses revealed: In females, high-calorie images elicited significantly larger N2 amplitudes compared to both low-calorie and neutral images (ps < 0.001), while the difference between low-calorie and neutral images was not significant (p > 0.05). High-calorie: −3.81 ± 0.51 μV; low-calorie: −3.14 ± 0.49 μV; neutral: −2.96 ± 0.41 Μv. In males, high-calorie images also elicited greater N2 amplitudes than both low-calorie and neutral images (ps < 0.01), and low-calorie images showed significantly larger amplitudes than neutral images (p < 0.001): high-calorie: −4.35 ± 0.43 μV; low-calorie: −3.85 ± 0.43 μV; neutral: −3.36 ± 0.42 μV; to further explore group differences—despite no significant three-way interaction—a simple effects analysis was performed: in females, under the HIIE condition and in response to low-calorie food images, NoGo trials elicited significantly larger N2 amplitudes than Go trials (p < 0.02): Go: −2.34 ± 0.57 μV; NoGo: −2.93 ± 0.66 μV. No such differences were found under other exercise or image conditions, nor in male participants (ps > 0.05). As demonstrated in Figures 5–7.

[image: Bar graphs showing the amplitude of N2 in microvolts for females and males across three conditions: CON, HIIE, and MIAE. Each graph presents data for high calorie, low calorie, and neutral trials, differentiated by pink bars for Go trials and purple bars for Nogo trials. Error bars represent variability.]

FIGURE 5
 N2 amplitude of the food Go/Nogo task under different conditions at the Fz point.


[image: Multiple line graphs display amplitude versus latency of brain responses under different conditions: CON, HIIE, and MIAE. Separate graphs represent male and female subjects, with trials for high, low, and neutral calorie foods, distinguished by solid and dashed lines. Each row varies by electrode placement: Fz, Cz, and Pz.]

FIGURE 6
 Waveforms of food Go/Nogo task N2, P3 amplitudes under different motion conditions at Fz/Cz/Pz points.


[image: Topographic maps show nogo trials during go trials in CON, HIIE, and MIAE conditions for high, low calorie and neutral stimuli. Each condition is divided by gender, displaying brain activity from negative two to two microvolts.]

FIGURE 7
 Topography of the N2 amplitude of the FoodGo/Nogo mission under different conditions.


At the Cz electrode, a significant main effect of image category was observed in both females and males: Females: F(2,12) = 4.59, p < 0.05, η2p = 0.43; males: F(2,12) = 9.35, p < 0.01, η2p = 0.61. Post hoc analysis showed: For both groups, high-calorie food images elicited significantly larger N2 amplitudes compared to both low-calorie and neutral images (ps < 0.05). No significant difference was found between low-calorie and neutral images (ps > 0.05). Females: high-calorie: −3.15 ± 0.63 μV; low-calorie: −2.62 ± 0.66 μV; neutral: −2.62 ± 0.62 μV; males: high-calorie: −3.29 ± 0.79 μV; low-calorie: −2.71 ± 0.82 μV; neutral: −2.61 ± 0.73 μV. Further simple effects analyses revealed no significant differences between Go and NoGo trials under any condition in either group (ps > 0.05). As demonstrated in Figures 6–8.

[image: Bar charts compare the amplitude of N2 (μV) across three groups: CON, HIIE, and MIAE, for both females and males. Categories evaluated are high calorie, low calorie, and neutral in go and nogo trials. Females show a significant difference in low calorie go trials in the CON group. Data varies slightly between conditions and groups.]

FIGURE 8
 N2 amplitude of the food Go/Nogo task under different conditions at the Cz point.


At the Pz electrode, a marginally significant main effect of image category was found in the female group: Females: F(2,12) = 3.29, p = 0.073, η2p = 0.35. Post hoc comparisons showed that high-calorie food images tended to elicit larger N2 amplitudes than low-calorie images (p = 0.061), while no significant differences were observed between either high- or low-calorie food and neutral images (ps > 0.05). High-calorie: −2.06 ± 0.38 μV; Low-calorie: −1.74 ± 0.42 μV; neutral: −1.83 ± 0.33 μV. In the male group, no significant main effect of image category was found (ps > 0.05). However, a significant three-way interaction between exercise condition, image category, and trial type was observed: males: F(2,10) = 4.84, p < 0.05, η2p = 0.66. Further simple effects analysis indicated that, after MIAE, Go trials with low-calorie images elicited significantly more positive N2 amplitudes than NoGo trials: Go: 3.71 ± 0.81 μV; NoGo: 3.00 ± 0.90 μV. No significant Go–NoGo differences were observed under other exercise or image conditions (ps > 0.05). No significant effects were found for females at the Pz site under any condition (ps > 0.05). As demonstrated in Figures 6, 7, 9.

[image: Bar graphs comparing the amplitude of N2 (in microvolts) for females and males under different conditions: CON, HIIE, and MIAE. Categories include high calorie, low calorie, and neutral trials, separated into Go and Nogo trials. Values range from zero to five microvolts. A notable difference is marked with an asterisk in the MIAE condition for males, indicating a significant difference between Go and Nogo trials in the low-calorie category.]

FIGURE 9
 N2 amplitude of the food Go/Nogo task under different conditions at the Pz point.




3.2.2 P3 amplitude

At the Fz electrode, a significant main effect of image category was observed in the female group: Females: F(2,12) = 12.66, p = 0.001, η2p = 0.69. Post hoc tests showed that high-calorie food images elicited more negative P3 amplitudes than both low-calorie and neutral images (ps < 0.05), with no significant difference between the latter two (p > 0.05). High-calorie: −1.33 ± 0.36 μV; low-calorie: −0.80 ± 0.29 μV; neutral: −0.67 ± 0.28 μV. In contrast, no significant main effect of image category was observed in males (ps > 0.05): high-calorie: −1.66 ± 0.57 μV; low-calorie: −1.35 ± 0.54 μV; neutral: −1.05 ± 0.44 μV; both females and males showed a significant main effect of trial type: females: F(1,13) = 25.06, p < 0.001, η2p = 0.66; males: F(1,13) = 51.97, p < 0.001, η2p = 0.80. In both groups, NoGo trials elicited significantly larger P3 amplitudes than Go trials: females: NoGo = −1.51 ± 0.31 μV vs. Go = −0.36 ± 0.33 μV; males: NoGo = −2.04 ± 0.52 μV vs. Go = −0.66 ± 0.51 μV. Further simple effects analysis showed that for females, the NoGo vs. Go P3 difference was significant in: All image types under resting and HIIE conditions; low-calorie images under MIAE. However, no significant difference was observed between NoGo and Go trials for high-calorie and neutral images under MIAE (ps > 0.05). In contrast, male participants showed consistent and significant NoGo–Go P3 differences under all conditions and image types (ps < 0.05). As demonstrated in Figures 6, 10, 11.

[image: Bar graphs showing the P3 amplitude in microvolts for male and female participants across three conditions: CON, HIIE, and MIAE. Each condition is divided into high calorie, low calorie, and neutral trials, marked as "Go" and "Nogo" trials. Female and male data are represented in separate rows. Significant differences are noted with asterisks.]

FIGURE 10
 Food Go/NoGo task P3 amplitude for different conditions at point Fz.


[image: Brain activity topographic maps for Nogo-Go trials in three conditions (CON, HIIE, MIAE) across high, low, and neutral calorie stimuli for both genders. Each map shows variations in brain activity intensity, represented by color gradients from blue (low) to red (high) over a 400-600 ms interval, with separate visualizations for females and males.]

FIGURE 11
 Topography of the P3 amplitude of the FoodGo/Nogo mission under different conditions.


At the Cz electrode, a significant main effect of image category was found in females: Females: F(2,12) = 4.03, p = 0.046, η2p = 0.40. Post hoc comparisons indicated that neutral images elicited significantly higher P3 amplitudes than high-calorie images (p < 0.05), while other pairwise differences were not significant (ps > 0.05): high-calorie: 1.13 ± 0.26 μV; low-calorie: 1.50 ± 0.20 μV; neutral: 1.68 ± 0.22 μV. No main effect of image category was observed in males (ps > 0.05): high-calorie: 1.79 ± 0.78 μV; low-calorie: 1.75 ± 0.77 μV; neutral: 1.88 ± 0.60 μV. Both groups showed significant main effects of trial type: females: F(1,13) = 13.83, p < 0.01, η2p = 0.52; Males: F(1,13) = 13.05, p < 0.01, η2p = 0.50. NoGo trials elicited higher P3 amplitudes than Go trials: females: NoGo = 1.83 ± 0.27 μV vs. Go = 1.05 ± 0.20 μV; Males: NoGo = 2.36 ± 0.81 μV vs. Go = 1.25 ± 0.64 μV. Further analysis showed that: in females, significant NoGo–Go differences appeared under: rest condition with high-calorie and neutral images; HIIE with high-calorie images; MIAE with low-calorie images. In males, the NoGo–Go difference was significant under: rest and HIIE for high-calorie and neutral images. As demonstrated in Figures 6, 11, 12.

[image: Bar graphs comparing the amplitude of P3 (µV) in go and nogo trials for males and females across three conditions: Control (CON), High-Intensity Interval Exercise (HIIE), and Moderate-Intensity Aerobic Exercise (MIAE). Each condition shows different calorie levels: High, Low, and Neutral. Significant differences are marked with asterisks.]

FIGURE 12
 Food Go/NoGo task P3 amplitude for different conditions at point Cz.


At the Pz electrode, a significant main effect of image category was found in the female group: Females: F(2,12) = 9.46, p < 0.01, η2p = 0.61. Post hoc analysis showed that high-calorie images elicited significantly greater P3 amplitudes than low-calorie images (p < 0.01), while neither high- nor low-calorie images differed significantly from neutral images (ps > 0.05): high-calorie: 2.66 ± 0.42 μV; low-calorie: 2.35 ± 0.42 μV; neutral: 2.63 ± 0.38 μV. No significant main effects or interactions were found in the male group at Pz (ps > 0.05). To further explore differences between Go and NoGo trials, a simple effects analysis was conducted for each image type under each exercise condition. However, no significant Go–NoGo P3 differences were observed at the Pz site in either males or females under any condition (ps > 0.05). As demonstrated in Figures 6, 11, 13.

[image: Bar graphs showing the amplitude of N2 (in microvolts) for different conditions: CON, HIIE, and MIAE. Data is presented for male and female participants across high calorie, low calorie, and neutral trials, divided into go trials and nogo trials.]

FIGURE 13
 Food Go/NoGo task P3 amplitude for different conditions at point Pz.






4 Discussion

In terms of behavioral performance related to food-specific inhibitory control, both short-term high-intensity interval exercise (HIIE) and moderate-intensity aerobic exercise (MIAE) facilitated faster reaction times in obese adults. Notably, HIIE exerted a greater enhancement in response speed among obese males compared to MIAE. However, ERP data revealed no significant modulation in N2 or P3 amplitudes in this subgroup following HIIE. This dissociation between behavioral performance and ERP outcomes precludes strong mechanistic conclusions, and we thus interpret these findings with caution. One plausible explanation, based on previous neurophysiological literature, is that HIIE may induce non-inhibitory arousal- or motivation-related changes in neural functioning, potentially involving the prefrontal–striatal circuitry. Supporting this, earlier studies have reported that HIIE acutely elevates catecholamine levels (e.g., norepinephrine) and brain-derived neurotrophic factor (BDNF) in obese individuals (Athanasiou et al., 2023; Ceylan et al., 2023), which may influence motor-associative circuits or reward–motivation pathways in the ventral striatum (Gökçe et al., 2024). While these effects may contribute to faster behavioral responses, further investigation using targeted neurophysiological markers is necessary to clarify the underlying mechanisms (Gökçe et al., 2024). Such pathways can accelerate behavioral output without the recruitment of additional inhibitory resources. These findings align with the neural efficiency hypothesis, which posits that acute metabolic stress induced by HIIE activates the sympathetic–adrenal medullary axis, elevates arousal, and enhances motor cortex excitability, enabling faster responses with less cortical effort (Inoue et al., 2020). Given the regional specificity of N2 and P3 components across cognitive processing stages, with N2 at Fz typically reflecting conflict detection and P3 at Pz associated with higher-order cognitive processes such as attentional allocation, this study focused on examining amplitude changes at these critical sites. While inhibitory control is recognized as a product of distributed neural coordination, the regulatory role of individual regions—especially the frontal cortex—remains fundamental (Paret et al., 2019). The modified food-related Go/NoGo task used in this study incorporated high-calorie, low-calorie, and neutral food images to simulate real-life dietary decision-making contexts, thereby enabling more ecologically valid assessments of food-specific inhibition (Bartholdy et al., 2016). Results showed that high-calorie food images elicited significantly larger N2 amplitudes than both low-calorie and neutral stimuli in both male and female obese participants, reflecting increased conflict monitoring demands evoked by energy-dense cues (Hoyniak and Petersen, 2019). Additionally, NoGo trials elicited greater P3 amplitudes than Go trials, indicating that response inhibition required greater cognitive resources than execution, further supporting the validity of the Go/NoGo paradigm used in this context (Wang et al., 2022).

Given the limited number of studies and the inconsistent findings regarding the acute effects of exercise on food-related inhibitory control, further research using event-related potential (ERP) techniques is warranted. These investigations should aim to determine whether short-term exercise enhances food inhibition by strengthening inhibitory processes toward high-calorie, palatable foods, or by increasing motivational salience toward healthier, low-calorie food choices, thereby indirectly reducing high-calorie food intake (Lowe et al., 2016, 2019). Wang reported that, in males, acute exercise reduced activation in the orbitofrontal cortex (OFC) during food inhibition tasks, which was associated with lower self-reported hunger. This suggests a perceptual role of the OFC in food-related inhibitory processes, a pattern not observed in females, thereby indicating potential sex-specific modulation in food inhibition following exercise interventions. In the current study, under the MIAE condition, obese males exhibited no significant difference in N2 amplitude between Go and NoGo trials for low-calorie food images. Typically, the N2 component reflects conflict monitoring mediated by the anterior cingulate cortex (ACC) or early response inhibition via the prefrontal-parietal network (Folstein and Van Petten, 2008). In classical Go/NoGo paradigms, NoGo trials usually elicit larger N2 amplitudes due to the need to suppress a dominant response—an index of “response–non-response” conflict detection (Folstein and Van Petten, 2008). However, in this study, the Go trials with low-calorie images evoked greater N2 amplitudes than NoGo trials, which may reflect a task-specific redistribution of cognitive resources. When low-calorie images serve as Go stimuli and high-calorie images as NoGo stimuli, obese males—possibly due to prolonged exposure to high-calorie environments—may display an implicit approach bias, or an automatic response tendency toward such cues. MIAE, by enhancing cognitive control via the prefrontal–striatal pathway (Guiney et al., 2015), may prompt participants to allocate greater attentional resources during Go trials to overcome habitual neglect of low-calorie cues, which are typically less motivationally salient. Thus, the elevated N2 amplitude in Go trials may not reflect classical inhibition demands, but rather enhanced ACC-based conflict monitoring related to the initiation of a non-dominant response (i.e., approaching low-calorie food). Furthermore, MIAE may improve prefrontal oxygenation (Tsukamoto et al., 2016) and strengthen dorsolateral prefrontal–parietal connectivity (Legget et al., 2016), facilitating early attentional capture of low-calorie stimuli. The increased N2 in Go trials may also represent more refined perceptual processing—such as the recognition of health-related attributes—requiring ACC-DLPFC cooperation to suppress the automatic attentional bias toward high-calorie cues (Hare et al., 2009). In this context, the increased N2 amplitude reflects a strategic cognitive shift in obese males post-exercise—from passive neglect to active recognition of low-calorie food cues.

In the P3 amplitude analysis at the Fz electrode, female participants with obesity showed no significant difference between NoGo and Go trials under the MIAE condition when responding to high-calorie food images. Typically, NoGo trials elicit larger P3 amplitudes than Go trials, as they represent greater inhibitory demands. This is especially true for high-calorie stimuli, which are known to require elevated cognitive control due to their high reward salience. However, the absence of a significant NoGo–Go P3 difference in this study suggests that, under MIAE, obese females no longer recruited additional inhibitory resources when exposed to high-calorie cues. Previous research has found that acute MIAE attenuates neural responses to food-related stimuli, particularly compared to non-food stimuli, indicating that exercise may play a positive role in reducing attentional allocation to food cues. The present findings extend this perspective, suggesting that MIAE not only modulates attention to food cues, but may also enhance inhibitory responses to high-calorie foods. Moreover, the observed increase in N2 amplitude to low-calorie Go trials among obese females after MIAE implies enhanced conflict monitoring, likely mediated by the anterior cingulate cortex (ACC). This supports the hypothesis that MIAE improves prefrontal oxygenation and insulin sensitivity, which may optimize early ACC-based categorization of food stimuli (e.g., distinguishing low- vs. high-calorie foods). The disappearance of the NoGo–Go P3 difference in high-calorie conditions also indicates a reorganization of late-stage inhibitory resource allocation. This could result from: increased serotonergic transmission via upregulation of tryptophan hydroxylase activity, reducing the reward salience of high-calorie foods (Strasser et al., 2016). Enhanced hippocampal–prefrontal synaptic plasticity, promoting adaptive cognitive strategies such as implicit attentional avoidance, which reduce reliance on late-stage P3-linked cognitive effort (Crabtree et al., 2014). Additionally, MIAE may suppress excessive activation of striatal dopamine D2 receptors, thereby dampening the anticipated reward conflict associated with high-calorie cues. This mechanism could weaken the positive feedback loop in NoGo tasks that typically links inhibitory demand to resource allocation (Robison et al., 2018). In sum, the absence of a NoGo–Go P3 difference for high-calorie stimuli under MIAE may reflect a shift from active suppression to automatic processing in obese females. Although this interpretation is consistent with the neural efficiency hypothesis and previous literature, we acknowledge that it remains a speculative conclusion within the scope of the current data. The ERP results did not provide direct neural markers to validate a shift in inhibitory strategy, such as from active suppression to automatic processing. Therefore, this mechanism should still be regarded as a theoretical hypothesis that requires further validation. Future studies may incorporate additional neurophysiological tools, such as source localization or connectivity analyses, to further clarify the specific neural mechanisms underlying these ERP patterns. This supports the notion that MIAE can induce a neural efficiency reorganization of food-specific inhibitory control, rendering high-calorie stimuli less cognitively prioritized during evaluation, thereby balancing neural responses in the food-related Go/NoGo task.

It should be noted that ERP data were only recorded following each experimental condition (HIIE, MIAE, and resting control), and no pre-exercise baseline was collected. This decision was primarily based on concerns regarding participant fatigue and the potential for practice effects that may confound the comparability of ERP responses across sessions. However, the absence of a pre-intervention baseline introduces limitations in attributing observed ERP differences solely to exercise-induced changes, as session-to-session variability cannot be completely ruled out. Secondly, the initial sample size estimation was conducted using G*Power based on a typical three-condition within-subject design model, without incorporating sex as a predefined factor. As a result, the current sample size (16 participants per sex) may be underpowered to detect sex × condition interaction effects, and related findings should be interpreted as exploratory. Thirdly, although the sample size (n = 32) was statistically justified, the study population consisted exclusively of young obese adults from China, which limits the generalizability of the findings to other populations, such as older adults, individuals with comorbidities, or people from different cultural and ethnic backgrounds. In addition, the requirement that participants be capable of performing cycling exercise at 90% HR_max may have resulted in the inclusion of relatively fitter individuals with obesity. Therefore, the generalizability of the findings to individuals with lower fitness levels should also be interpreted with caution. Future studies are encouraged to recruit larger, more diverse samples and consider stratifying participants by fitness level to enhance ecological validity and external applicability.



5 Conclusion


	1. High-intensity interval exercise (HIIE) may improve behavioral response speed in obese males by promoting non-inhibitory functional optimization of the prefrontal–striatal pathway, rather than engaging traditional inhibitory control systems. This effect reflects the characteristic mechanism of short-term exercise described by the neural efficiency hypothesis.

	2. Moderate-intensity continuous training (MIAE) may enhance conflict monitoring capacity in obese females, facilitating a shift in inhibitory control over high-calorie food stimuli from effortful, active suppression to more automatic regulation. These findings underscore the need for food-related inhibitory interventions in obesity to consider both exercise intensity adaptability and sex-specific neuro-metabolic targets, thereby providing a scientifically grounded basis for personalized exercise prescription.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Academic Ethics Committee of Central China Normal University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

BS: Writing – original draft. Y-FL: Methodology, Writing – review & editing. J-WC: Writing – review & editing, Methodology. Y-LX: Writing – review & editing. JR: Visualization, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was Supported by Shanghai Key Lab of Human Performance (Shanghai University of sport) (No. 11DZ2261100).



Acknowledgments

The authors would like to thank the Psychology Laboratory of Central China Normal University for providing the experimental venue.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1634569/full#supplementary-material



References
	 Arraiz, G. A., Wigle, D. T., and Mao, Y. (1992). Risk assessment of physical activity and physical fitness in the Canada health survey mortality follow-up study. J. Clin. Epidemiol. 45, 419–428. doi: 10.1016/0895-4356(92)90043-M 
	 Athanasiou, N., Bogdanis, G. C., and Mastorakos, G. (2023). Endocrine responses of the stress system to different types of exercise. Rev. Endocr. Metab. Disord. 24, 251–266. doi: 10.1007/s11154-022-09758-1 
	 Aulbach, M. B., Harjunen, V. J., Spapé, M., Knittle, K., Haukkala, A., and Ravaja, N. (2020). No evidence of calorie-related modulation of N2 in food-related go/no-go training: a preregistered ERP study. Psychophysiology 57:e13518. doi: 10.1111/psyp.13518 
	 Bailey, B. W., Muir, A. M., Bartholomew, C. L., Christensen, W. F., Carbine, K. A., Marsh, H., et al. (2021). The impact of exercise intensity on neurophysiological indices of food-related inhibitory control and cognitive control: a randomized crossover event-related potential (ERP) study. NeuroImage 237:118162. doi: 10.1016/j.neuroimage.2021.118162 
	 Bartholdy, S., Dalton, B., O’Daly, O. G., Campbell, I. C., and Schmidt, U. (2016). A systematic review of the relationship between eating, weight and inhibitory control using the stop signal task. Neurosci. Biobehav. Rev. 64, 35–62. doi: 10.1016/j.neubiorev.2016.02.010 
	 Blechert, J. (2014). Food-pics: an image database for experimental research on eating and appetite. Front. Psychol, 5:617.
	 Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., et al. (2020). World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 54, 1451–1462. doi: 10.1136/bjsports-2020-102955 
	 Carbine, K. A., Christensen, E., LeCheminant, J. D., Bailey, B. W., Tucker, L. A., and Larson, M. J. (2017). Testing food-related inhibitory control to high- and low-calorie food stimuli: electrophysiological responses to high-calorie food stimuli predict calorie and carbohydrate intake. Psychophysiology 54, 982–997. doi: 10.1111/psyp.12860 
	 Carbine, K. A., LeCheminant, J. D., Kelley, T. A., Kapila-Ramirez, A., Hill, K., Masterson, T., et al. (2024). The impact of exercise on food-related inhibitory control— do calories, time of day, and BMI matter? Evidence from an event-related potential (ERP) study. Appetite 200:107514. doi: 10.1016/j.appet.2024.107514 
	 Carnell, S., and Wardle, J. (2008). Appetite and adiposity in children: evidence for a behavioral susceptibility theory of obesity. Am. J. Clin. Nutr. 88, 22–29. doi: 10.1093/ajcn/88.1.22 
	 Ceylan, H. İ., Öztürk, M. E., Öztürk, D., Silva, A. F., Albayrak, M., Saygın, Ö., et al. (2023). Acute effect of moderate and high-intensity interval exercises on asprosin and BDNF levels in inactive normal weight and obese individuals. Sci. Rep. 13:7040. doi: 10.1038/s41598-023-34278-6 
	 Chang, Y. K., Labban, J. D., Gapin, J. I., and Etnier, J. L. (2012). The effects of acute exercise on cognitive performance: a meta-analysis. Brain Res. 1453, 87–101. doi: 10.1016/j.brainres.2012.02.068 
	 Chen, J.-W., Du, W.-Q., and Zhu, K. (2025). Optimal exercise intensity for improving executive function in patients with attention deficit hyperactivity disorder: systematic review and network meta-analysis. Eur. Child Adolesc. Psychiatry 34, 497–518. doi: 10.1007/s00787-024-02507-6 
	 Chen, J.-W., and Zhu, K. (2024). Single exercise for Core symptoms and executive functions in ADHD: a systematic review and meta-analysis. J. Atten. Disord. 28, 399–414. doi: 10.1177/10870547231217321 
	 Clayson, P. E., Clawson, A., and Larson, M. J. (2011). Sex differences in electrophysiological indices of conflict monitoring. Biol. Psychol. 87, 282–289. doi: 10.1016/j.biopsycho.2011.03.011 
	 Crabtree, D. R., Chambers, E. S., Hardwick, R. M., and Blannin, A. K. (2014). The effects of high-intensity exercise on neural responses to images of food. Am. J. Clin. Nutr. 99, 258–267. doi: 10.3945/ajcn.113.071381 
	 Crone, E. A. (2009). Executive functions in adolescence: inferences from brain and behavior. Dev. Sci. 12, 825–830. doi: 10.1111/j.1467-7687.2009.00918.x 
	 De Sousa Fernandes, M. S., Aidar, F. J., Da Silva Pedroza, A. A., De Andrade Silva, S. C., Santos, G. C. J., Dos Santos Henrique, R., et al. (2022). Effects of aerobic exercise training in oxidative metabolism and mitochondrial biogenesis markers on prefrontal cortex in obese mice. BMC Sports Sci. Med. Rehabil. 14:213. doi: 10.1186/s13102-022-00607-x 
	 Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi: 10.1146/annurev-psych-113011-143750 
	 Do, S., Didelez, V., Börnhorst, C., Coumans, J. M. J., Reisch, L. A., Danner, U. N., et al. (2024). The role of psychosocial well-being and emotion-driven impulsiveness in food choices of European adolescents. Int. J. Behav. Nutr. Phys. Act. 21:1. doi: 10.1186/s12966-023-01551-w 
	 Falkenstein, M., Hohnsbein, J., Hoormann, J., and Blanke, L. (1991). Effects of crossmodal divided attention on late ERP components. II. Error processing in choice reaction tasks. Electroencephalogr. Clin. Neurophysiol. 78, 447–455. doi: 10.1016/0013-4694(91)90062-9 
	 Folstein, J. R., and Van Petten, C. (2008). Influence of cognitive control and mismatch on the N2 component of the ERP: a review. Psychophysiology 45, 152–170. doi: 10.1111/j.1469-8986.2007.00602.x 
	 Friedemann, C., Heneghan, C., Mahtani, K., Thompson, M., Perera, R., and Ward, A. M. (2012). Cardiovascular disease risk in healthy children and its association with body mass index: systematic review and meta-analysis. BMJ 345:e4759. doi: 10.1136/bmj.e4759 
	 Gajewski, P. D., and Falkenstein, M. (2013). Effects of task complexity on ERP components in go/Nogo tasks. Int. J. Psychophysiol. 87, 273–278. doi: 10.1016/j.ijpsycho.2012.08.007 
	 Gökçe, E., Adıgüzel, E., Koçak, Ö. K., Kılınç, H., Langeard, A., Boran, E., et al. (2024). Impact of acute high-intensity interval training on cortical excitability, M1-related cognitive functions, and Myokines: a randomized crossover study. Neuroscience 551, 290–298. doi: 10.1016/j.neuroscience.2024.05.032 
	 Guiney, H., and Machado, L. (2013). Benefits of regular aerobic exercise for executive functioning in healthy populations. Psychon. Bull. Rev. 20, 73–86. doi: 10.3758/s13423-012-0345-4 
	 Guiney, H., Lucas, S. J., Cotter, J. D., and Machado, L. (2015). Evidence cerebral blood-flow regulation mediates exercise–cognition links in healthy young adults. Neuropsychol 29: 1.
	 Guo, J., Wan, X., Lian, J., Ma, H., Dong, D., Liu, Y., et al. (2024). Electrophysiological characteristics of inhibitive control for adults with different physiological or psychological obesity. Nutrients 16:1252. doi: 10.3390/nu16091252 
	 Hare, T. A., Camerer, C. F., and Rangel, A. (2009). Self-Control in Decision-Making Involves Modulation of the vmPFC Valuation System. Science 324, 646–648. doi: 10.1126/science.1168450 
	 Hoyniak, C. P., and Petersen, I. T. (2019). A meta-analytic evaluation of the N2 component as an endophenotype of response inhibition and externalizing psychopathology in childhood. Neurosci. Biobehav. Rev. 103, 200–215. doi: 10.1016/j.neubiorev.2019.06.011 
	 Inoue, D. S., Monteiro, P. A., Gerosa-Neto, J., Santana, P. R., Peres, F. P., Edwards, K. M., et al. (2020). Acute increases in brain-derived neurotrophic factor following high or moderate-intensity exercise is accompanied with better cognition performance in obese adults. Sci. Rep. 10:13493. doi: 10.1038/s41598-020-70326-1 
	 Jacob, N., So, I., Sharma, B., Marzolini, S., Tartaglia, M. C., Oh, P., et al. (2023). Effects of high-intensity interval training protocols on blood lactate levels and cognition in healthy adults: systematic review and Meta-regression. Sports Med. 53, 977–991. doi: 10.1007/s40279-023-01815-2 
	 Kamijo, K., Nishihira, Y., Higashiura, T., and Kuroiwa, K. (2007). The interactive effect of exercise intensity and task difficulty on human cognitive processing. Int. J. Psychophysiol. 65, 114–121. doi: 10.1016/j.ijpsycho.2007.04.001 
	 Kao, S.-C., Drollette, E. S., Ritondale, J. P., Khan, N., and Hillman, C. H. (2018). The acute effects of high-intensity interval training and moderate-intensity continuous exercise on declarative memory and inhibitory control. Psychol. Sport Exerc. 38, 90–99. doi: 10.1016/j.psychsport.2018.05.011
	 Kelly, T., Yang, W., Chen, C.-S., Reynolds, K., and He, J. (2008). Global burden of obesity in 2005 and projections to 2030. Int. J. Obes. 32, 1431–1437. doi: 10.1038/ijo.2008.102 
	 Kempton, M. J., Ettinger, U., Foster, R., Williams, S. C. R., Calvert, G. A., Hampshire, A., et al. (2011). Dehydration affects brain structure and function in healthy adolescents. Hum. Brain Mapp. 32, 71–79. doi: 10.1002/hbm.20999 
	 Killgore, W. D. S., Kipman, M., Schwab, Z. J., Tkachenko, O., Preer, L., Gogel, H., et al. (2013). Physical exercise and brain responses to images of high-calorie food. Neuroreport 24, 962–967. doi: 10.1097/WNR.0000000000000029 
	 Lambourne, K., and Tomporowski, P. (2010). The effect of exercise-induced arousal on cognitive task performance: a meta-regression analysis. Brain Res. 1341, 12–24. doi: 10.1016/j.brainres.2010.03.091 
	 Larson, M. J., Clayson, P. E., and Clawson, A. (2014). Making sense of all the conflict: a theoretical review and critique of conflict-related ERPs. Int. J. Psychophysiol. 93, 283–297. doi: 10.1016/j.ijpsycho.2014.06.007 
	 Legget, K. T., Wylie, K. P., Cornier, M.-A., Melanson, E. L., Paschall, C. J., and Tregellas, J. R. (2016). Exercise-related changes in between-network connectivity in overweight/obese adults. Physiol. Behav. 158, 60–67. doi: 10.1016/j.physbeh.2016.02.031 
	 Ligeza, T. S., Maciejczyk, M., Kałamała, P., Szygula, Z., and Wyczesany, M. (2018). Moderate-intensity exercise boosts the N2 neural inhibition marker: a randomized and counterbalanced ERP study with precisely controlled exercise intensity. Biol. Psychol. 135, 170–179. doi: 10.1016/j.biopsycho.2018.04.003 
	 Lowe, C. J., Kolev, D., and Hall, P. A. (2016). An exploration of exercise-induced cognitive enhancement and transfer effects to dietary self-control. Brain Cogn. 110, 102–111. doi: 10.1016/j.bandc.2016.04.008 
	 Lowe, C. J., Reichelt, A. C., and Hall, P. A. (2019). The prefrontal cortex and obesity: a health neuroscience perspective. Trends Cogn. Sci. 23, 349–361. doi: 10.1016/j.tics.2019.01.005 
	 Ludyga, S., Gerber, M., Brand, S., Holsboer-Trachsler, E., and Pühse, U. (2016). Acute effects of moderate aerobic exercise on specific aspects of executive function in different age and fitness groups: a meta-analysis. Psychophysiology 53, 1611–1626. doi: 10.1111/psyp.12736 
	 Melynyte, S., Ruksenas, O., and Griskova-Bulanova, I. (2017). Sex differences in equiprobable auditory go/NoGo task: effects on N2 and P3. Exp. Brain Res. 235, 1565–1574. doi: 10.1007/s00221-017-4911-x 
	 Miguet, M., Pereira, B., Beaulieu, K., Finlayson, G., Matłosz, P., Cardenoux, C., et al. (2023). Effects of aquatic exercise on appetitive responses in adolescents with obesity: an exploratory study. Appetite 185:106540. doi: 10.1016/j.appet.2023.106540 
	 Miller, A. A., and Spencer, S. J. (2014). Obesity and neuroinflammation: a pathway to cognitive impairment. Brain Behav. Immun. 42, 10–21. doi: 10.1016/j.bbi.2014.04.001 
	 Moschonis, G., and Trakman, G. L. (2023). Overweight and obesity: the interplay of eating habits and physical activity. Nutrients 15:2896. doi: 10.3390/nu15132896 
	 O’Leary, K. C., Pontifex, M. B., Scudder, M. R., Brown, M. L., and Hillman, C. H. (2011). The effects of single bouts of aerobic exercise, exergaming, and videogame play on cognitive control. Clin. Neurophysiol. 122, 1518–1525. doi: 10.1016/j.clinph.2011.01.049 
	 Olson, R. L., Chang, Y.-K., Brush, C. J., Kwok, A. N., Gordon, V. X., and Alderman, B. L. (2016). Neurophysiological and behavioral correlates of cognitive control during low and moderate intensity exercise. NeuroImage 131, 171–180. doi: 10.1016/j.neuroimage.2015.10.011 
	 Paret, C., Goldway, N., Zich, C., Keynan, J. N., Hendler, T., Linden, D., et al. (2019). Current progress in real-time functional magnetic resonance-based neurofeedback: methodological challenges and achievements. NeuroImage 202:116107. doi: 10.1016/j.neuroimage.2019.116107 
	 Robison, L. S., Swenson, S., Hamilton, J., and Thanos, P. K. (2018). Exercise reduces dopamine D1R and increases D2R in rats: implications for addiction. Med. Sci. Sports Exerc. 50, 1596–1602. doi: 10.1249/MSS.0000000000001627 
	 Smith, E., Hay, P., Campbell, L., and Trollor, J. N. (2011). A review of the association between obesity and cognitive function across the lifespan: implications for novel approaches to prevention and treatment. Obes. Rev. 12, 740–755. doi: 10.1111/j.1467-789X.2011.00920.x 
	 Strasser, B., Geiger, D., Schauer, M., Gatterer, H., Burtscher, M., and Fuchs, D. (2016). Effects of exhaustive aerobic exercise on tryptophan-kynurenine metabolism in trained athletes. PLoS One 11:e0153617. doi: 10.1371/journal.pone.0153617 
	 Thompson, P. D., Arena, R., Riebe, D., and Pescatello, L. S. (2013). ACSM’s new preparticipation health screening recommendations from ACSM’s guidelines for exercise testing and prescription. Curr. Sports Med. Rep. 12, 215–217.
	 Tilinca, M., Pop, T. S., Bățagă, T., Zazgyva, A., and Niculescu, M. (2016). Obesity and knee arthroscopy – a review. J. Interdiscip. Med. 1, 13–18. doi: 10.1515/jim-2016-0048
	 Tsukamoto, H., Suga, T., Takenaka, S., Tanaka, D., Takeuchi, T., Hamaoka, T., et al. (2016). Greater impact of acute high-intensity interval exercise on post-exercise executive function compared to moderate-intensity continuous exercise. Physiol. Behav. 155, 224–230. doi: 10.1016/j.physbeh.2015.12.021 
	 Van Galen, K. A., Ter Horst, K. W., Booij, J., La Fleur, S. E., and Serlie, M. J. (2018). The role of central dopamine and serotonin in human obesity: lessons learned from molecular neuroimaging studies. Metabolism 85, 325–339. doi: 10.1016/j.metabol.2017.09.007 
	 Wang, J., Wang, H., Yu, H., Wang, J., Guo, X., Tong, S., et al. (2022). Neural mechanisms of inhibitory control deficits in obesity revealed by P3 but not N2 event-related potential component. Appetite 171:105908. doi: 10.1016/j.appet.2021.105908 
	 Wohlwend, M., Olsen, A., Håberg, A. K., and Palmer, H. S. (2017). Exercise intensity-dependent effects on cognitive control function during and after acute treadmill running in young healthy adults. Front. Psychol. 8:406. doi: 10.3389/fpsyg.2017.00406 
	 Wood, S. M. W., Schembre, S. M., He, Q., Engelmann, J. M., Ames, S. L., and Bechara, A. (2016). Emotional eating and routine restraint scores are associated with activity in brain regions involved in urge and self-control. Physiol. Behav. 165, 405–412. doi: 10.1016/j.physbeh.2016.08.024 
	 Yang, Y., Shields, G. S., Guo, C., and Liu, Y. (2018). Executive function performance in obesity and overweight individuals: a meta-analysis and review. Neurosci. Biobehav. Rev. 84, 225–244. doi: 10.1016/j.neubiorev.2017.11.020 


Copyright
 © 2025 Sun, Lu, Chen, Xiao and Ren. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-16-1634569-g013.jpg
MIAE

HIIE

CON

-

R
(ATh) TN Jo opmiydure oy 1,

e T M A = ew % m & = =
(AM) TN Jo apnydwe ay g, (AT) TN o opnydue oy,
-

A>.= o o_..__._.__.:_ ....:. A>.: e 0_v...__.,___.= o_..p

Female
Male

B9 Nogo trials

33 Go trials





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Acute effects of short-term high-intensity interval exercise and moderate-intensity aerobic exercise on food-related inhibitory control in obese adults: a randomized controlled crossover trial using ERP measures



		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Experimental design



		2.3 Measurements



		2.4 Computerized task



		2.5 Exercise program



		2.6 Experimental procedure



		2.7 Data recording and analysis



		2.7.1 Behavioral data



		2.7.2 EEG data















		3 Results



		3.1 Behavioral results



		3.1.1 Reaction time



		3.1.2 Accuracy









		3.2 EEG results



		3.2.1 N2 amplitude



		3.2.2 P3 amplitude















		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpsyg-16-1634569-g012.jpg
AE

s =

HIIE

s = & =

(AT) €4 0 opmyduie oy,

CON

S )
(AM 4 yo opmydure o1

Female

B3 Nogo trials

3 Go trials





OPS/images/fpsyg-16-1634569-g011.jpg
Nogo trials - Go trials in CON condition (P3: 400 - 600 ms)
High calorie  Low calorie  Neutral

lele. . .
,
e . ‘ . |0
A

Nogo trials - Go trials in HIIE condition (P3: 400 - 600 ms)
High calorie Low calorie Neutral

Fm‘le‘ . .
2
- . . . |o
2

Nogo trials - Go trials in MIAE condition (P3: 400 - 600 ms)
High calorie Low calorie Neutral

:
. ‘ ‘ . |u
i






OPS/images/fpsyg-16-1634569-g010.jpg
3

7 A ca g0 pmudu s (o €4 40 Spmugdu oy

RN

T =

(A a0 opmdus oy () £ Jo opmgdus

JE=\

(AM) 2 J0 %E._._E. u._._. A>5 E J u_:.._.._...a u._._.

=
=
=

CON

s

Female
Male

3 Nogo trials

= Go

trial





OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Acute effects of short-term
high-intensity interval exercise
and moderate-intensity aerobic
exercise on food-related
inhibitory control in obese adults:
a randomized controlled
crossover trial using ERP
measures












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Psychology






OPS/images/fpsyg-16-1634569-g005.jpg
it ]
(AM) N Jo dpmyduie oy,

HIIE

%< L3 T
(AM) TN Jo opmgdure oy

= o

v A
(AM) TN jo opmydwie dy

CON

% < ry

! T
(AT) TN jo apmyjduwre ay g

= o

b

(AM) N Jo dpmyduie oy,

Female

b & - B3

(AM) TN Jo opmydure oy,

Male

@3 Nogo trials

3 Go trials





OPS/images/fpsyg-16-1634569-g006.jpg
ie foods go trial

-~ High calorie foods nogo trial

CON

Female

Amptude (V)

pr——

Male
¥ Latemcy (ms)
~— High calorie foods go trial
-~ High calorie foods nogo trial
CON
Female -
.

Male 1 ]

~— High calorie foods go trial

-~ High calorie foods nogo trial

Amphtude ()

Amplitude (V)

— Low calorie foods go trial
=+ Low calorie foods nogo trial

Ampltude (5V)

Ampltade ()

~ Low calorie foods go trial
==+ Low calorie foods nogo trial

Ampliade (5¥)

Amplade )

— Low calorie foods go trial
-~ Low calorie foods nogo trial

Amphtnde (V)

Amplitude (V)

— Neutral calorie foods go trial
==+ Neutral calorie foods nogo trial

Ampltude (5¥)

Amphtade (V)

Latency ()

= Neutral calorie foods go trial
==+ Neutral calorie foods nogo trial

e ——

pre—

— Neutral calorie foods go trial
==+ Neutral calorie foods nogo trial





OPS/images/fpsyg-16-1634569-g003.jpg
Female Male

540 540
iy = 520
s 2
Ehd g
@ e o 500
£ 500 £
: T : 480
S 480 i £
£ $ 460
g g ¥
2 460 & 440
440 4201
s & & $
& & & &

-+~ High calorie = Low calorie -+ Neutral





OPS/images/fpsyg-16-1634569-g004.jpg
MIAE

HIIE

CON

% ¢ = 9

Kowandy

._..I

S = & 3z 9 =
I
Kowanzoy forany
" [ —| g I\
_. _. “,
v

| —
A

3 Nogo trials

3 Go trials





OPS/images/fpsyg-16-1634569-g009.jpg
T e R E ef T s R S o %
(Ar) TN jo opmudwre oy, (AM) TN yo Spmduie dy, *

HIIE
&8
W

L T R T S T
(AT) TN jo opmnduwiw oy (AM) TN Jo pmurdue ay i

AR

(A TN Jo spmyduiz ayr,  (A) TN Jo apmidure ay

CON

Female
Male

B9 Nogo trials

33 Go trials





OPS/images/fpsyg-16-1634569-g007.jpg
Nogo trials - Go trials in CON condition (N2: 200 - 300 ms)
High calorie Low calorie Neutral

-000

'z
o

.

Nogo trials - Go trials in HIIE condition (N2: 200 - 300 ms)
High calorie Low calorie Neutral

000
)

Nogo trials - Go trials in MIAE condition (N2: 200 - 300 ms)
High calorie Low calorie Neutral

Relst>
- 000






OPS/images/fpsyg-16-1634569-g008.jpg
CON

S « T % S 3 ™ *
(AT) TN o opmpgdwe oy, (AM) TN Jo pmjdwie 3y,
S L] T 92 3 T
(A TN yo opmydwe ayy,  (AM) TN o Sprmdwie ay 1,
< B} k2 % S B3 T
(AM) TN Jo opmyduwie 2y, (AM) ZN Jo pmyiduie oy 1,
3 2
g E
4

B3 Nogo trials

3 Go trials





OPS/images/fpsyg-16-1634569-g001.jpg





OPS/images/fpsyg-16-1634569-g002.jpg
[ ] A [ 3 A [ ] A [ ]
Ly Sy S § it
Rest (30min) Go/NogoTest

< s ==

£ Exercise session(16min) Go/NogoTest
o i 2
MIAE {)‘: |
% 65%~70% HRmax Fﬁ-_[

Exercioe session(30miny






