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Most people are often tempted by their impulses to “indulge” in high-calorie food, even if this behaviour is not consistent with their goal to control weight in the long term and might not be healthy. The outcome of this conflict is strongly dependent on inhibitory control. It has already been reported that individuals with weaker inhibitory control consume more high-calorie food, are more often unsuccessful dieters, overweight or obese compared to people with more effective inhibitory control. In the present study, we aimed at investigating inhibitory control in the context of human eating behaviour. A sample of 20 healthy normal-weight adults performed a 50% probability visual affective Go/NoGo task involving food (high- and low-calorie) and non-food images as stimuli. Single-pulse transcranial magnetic stimulation (TMS) was administered over the right primary motor cortex (M1) either 300 ms after image presentation to measure corticospinal excitability during the different stimulus categories or 300 ms after the appearance of a fixation point, as a control stimulation condition. The experimental session consisted of a food target and a non-food target block. Behavioural outcomes showed a natural implicit inclination towards high-calorie food in that participants were faster and more accurate compared to the other categories. This advantage was selectively deleted by TMS, which slowed down reaction times. MEPs did not differ according to the stimulus category, but, as expected, were bigger for Go compared to NoGo trials. Participants judged high-calorie food also as more appetising than low-calorie food images. Overall, our results point to a differential modulation when targeting inhibitory control, in favour of the more palatable food category (high-calorie). Present data suggest that the activity of the motor system is modulated by food nutritional value, being more engaged by appetising food. Future work should explore to what extent these processes are affected in patients with eating disorders and should aim to better characterise the related dynamics of cortical connectivity within the motor network.
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1. Introduction

Eating and managing caloric intake is essential for our survival. Food-related choices mediate a large part of a person’s well-being from many points of view such as health, social life, and self-esteem. Since the dawn of neuroscience, the salience of food stimuli for the nervous system has been clearly recognised. The eminent Russian physiologist Pavlov has in fact demonstrated how food generates an unconditioned response and how other stimuli become salient if repeatedly associated with it (1).

Most people, are often tempted by their impulses to “indulge” in high-calorie food, even if this behaviour is not consistent with their goal to control weight in the long term (e.g., 2). This conflict is exacerbated by our social environment, where the abundance of appetising high-calorie food can trigger overconsuming in individuals with enhanced food cue reactivity (3). The outcome of this conflict between short-term gratification and long-term goal is strongly dependent on inhibitory control, i.e., the ability to withhold pressing responses (4). In line with this view, previous studies have shown that individuals with weaker inhibitory control consume more high-calorie food, are more often unsuccessful dieters, and are more often overweight or obese compared to people with more effective inhibitory control (5–8). In contrast, individuals with abnormal inhibitory control can exhibit a dysfunctional restriction of food intake and weight loss (9, 10).

Previous work acknowledged that reactivity to food cues is part of a trait that combines increased appetitive drive and reduced inhibitory control, which in turn would explain why some individuals are more prone to uncontrolled eating or at the opposite restrictive eating behaviour (9, 11, 12). The ability to control impulses is challenged by appetizing stimuli. This does not seem to be related to the need to procure the food necessary for the sustenance of the organism (homeostatic drive), but rather resembles a mechanism similar to addiction (hedonic drive) (13, 14), which in some cases can become very harmful (15).

A large body of research showed that inhibitory control plays a crucial role in balancing food behaviour and in the psychopathology of eating disorders (16–21).

However, studies that have investigated food-related inhibitory control in healthy participants are few and have shown inconsistencies (22).

Inhibitory control can be assessed through the Go/NoGo task. Participants are instructed to respond to a target (Go trial) and withhold response to a non-target (NoGo trial), whilst response speed and accuracy are measured. Previous studies used a classic version of this task with abstract stimuli to investigate the relationship between inhibitory control and eating behaviour (23). However, both top-down inhibitory control and bottom-up drive to food stimuli interact to determine eating behaviour (24). Therefore, Go/NoGo tasks incorporating food stimuli are likely to be more informative.

Previous studies already used this task including food stimuli with promising results, but with some limitations. For instance, Batterink et al. (25) developed a Go/NoGo task using healthy food as Go stimuli and unhealthy food images as NoGo stimuli but lacked a control stimulus, such as non-food pictures, and the sample was limited to female participants. A following study (26), measured response inhibition in food and non-food trials in males and females, but the task used words rather than images, with the undesired involvement of reading ability and abstract thought.

Although inhibitory control has been traditionally considered to rely exclusively on the prefrontal cortex, recent findings using transcranial magnetic stimulation (TMS) have shown that other areas are involved. Not only does the prefrontal cortex send its inhibitory command to the primary motor cortex (M1) but other nodes of the motor system, such as the cerebellum, play an active role in inhibitory control (27, 28).

The aim of this study was twofold. First, we wanted to study inhibitory control when different food stimuli (high-calorie vs. low-calorie) are presented in a design that would overcome previous studies’ limitations, by using images of food rather than words and by comparing the obtained response to a control stimulus (non-food). Second, we wanted to investigate the involvement of the motor system in inhibitory control and food-related environmental cues. Specifically, we used a Go/NoGo task with food and non-food images as Go and/or NoGo stimuli and concurrently investigate the excitability of the primary motor cortex (M1) collecting motor-evoked potentials (MEPs) elicited by Transcranial Magnetic Stimulation (TMS) in healthy eaters. We targeted M1 as a part of the inhibitory system because it can be easily accessed by TMS and because it provides a direct measure of the system excitability via MEP amplitude.

Since other factors such as current hunger or body weight may interfere with inhibitory mechanisms (22, 29), all participants were healthy eaters and they were tested under the same satiety state. Finally, we evaluated the relation between individual impulsivity traits and behavioural measures. We hypothesised that participants were faster and more accurate when presented with high-calorie, compared to low-calorie and non-food images, because they were adaptively and implicitly prompted to react at targets with good nutritive value.



2. Materials and methods


2.1. Participants

A gender-balance sample of 20 healthy participants (10 females: age 27.9 ± 3.8; years of education >13; body mass index – BMI 23.3 ± 2.9) was recruited. The sample size for the main mixed-design ANOVA (Stimulus type × TMS) was determined with G*power software (30). The effect size was estimated from a previous study (31). We set the expected effect size f(U) at 0.38, the α level at 0.05 and the desired power (1 − β) at 80%.

Inclusion criteria were the absence of any reported neurological or psychological disorders and the absence of eating disorders as measured by EDE-Q global score (32, 33). Moreover, vegetarian or vegan participants were excluded, as well as those who claimed to have particular food preferences or restrictions related to intolerances, allergies to foods or metabolic compromissions (e.g., diabetes and celiac disease). All participants were right-handed (Edinburgh Handedness Inventory, 34), reported normal or corrected-to-normal vision and were naïve about the aim of the study. Written informed consent was obtained from all participants according to the Declaration of Helsinki. The project was approved by the Santa Lucia Foundation IRCCS of Rome Ethical Committee.



2.2. Experimental procedure

Participants were seated in a comfortable armchair in a dimly illuminated, electrically shielded, and sound-proof room. Since fasting levels might have an impact on food related inhibitory performance (35), the experimental procedure consisted of a single session that was programmed at least 2 h after the last meal. Participants first performed the Go/NoGo task whilst TMS was delivered to the right primary motor cortex. At the end of the session, they were asked to rate the palatability of the food images presented during the task and to fill out questionnaires (see below for details).



2.3. Food Go/NoGo task

A 50% probability visual Go/NoGo task with food and non-food images was used. Images were selected from the extended food-pics database (36). Food stimuli included high-calorie and low-calorie food pictures whereas non-food images represented pleasant inedible objects. The experimental task consisted of a food-target and a non-food target block. In the food-target block, participants had to respond by pressing the space bar of a QWERTY keyboard with the right index finger when they recognised a food (Go trials) and refrain from responding when they saw a non-food picture (NoGo trials). In the non-food target block, the Go/NoGo categories were reversed (Figure 1A).

In each block, a total of 384 trials were presented, including 192 (50%) non-food images and 192 (50%) food images. Of the 192 food stimuli, 96 were high-calorie and 96 low-calorie. Each trial started with a fixation point (a yellow point at the centre of a white screen) presented for a variable interval between 500 ms and 1,500 ms (mean = 975 ms). The timing of the fixation point was varied pseudo-randomly to prevent the predictability of the stimulus. This was followed by a food or non-food image, presented for 500 ms. The duration of each trial ranged from 1,500 to 2000 ms. The duration of each block was approximately 10 min interspersed with two short breaks. Overall, the task lasted around 25 min. It is worth noting that having an equal probability of Go/NoGo trials could be less effective to elicit a clear inhibitory activity compared to Go/NoGo tasks with rare NoGo trials (37). However, the present choice was motivated by the need to have two equal blocks only differing in the instructions, and complicated by the existence of two (high-, low-calorie) food categories to be balanced with the non-food condition. Moreover, this choice was based on previous results by our group showing that a simple 50% probability Go/NoGo task can effectively modulate frontocentral cortical activity that is related to inhibitory control (Figure 1A; 28, 38).

The task was programmed and run through E-Prime 2.0 Professional software and stimuli were shown on a 23 inches monitor. For each task condition, reaction times (RTs) in ms and accuracy scores (the percentage of correct responses, i.e., button press for Go trials and no button press for NoGo trials) were collected. Both speed and accuracy were encouraged for task performance (Figure 1B).
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FIGURE 1
 Experimental setting and behavioural task. (A) Each participant performed the task responding with the right hand whilst single pulse transcranial magnetic stimulation (spTMS) was applied over the right primary motor cortex (M1) and motor evoked potentials (MEP) were collected from the left hand. Each participant self-reported height and weight for BMI calculation, filled the Barratt-Impulsivity scale 11, and expressed its judgement about the palatability of task food images in a 5-point scale. (B) The Go/NoGo task was composed of two blocks in which participants had to alternatively respond to food or non-food stimuli.by pressing the spacebar. In FT trials spTMS was delivered 300 ms following the fixation point onset, in TT trials spTMS was delivered 300 ms following the target food/non-food target image onset. In NT trials spTMS was not delivered.




2.4. Transcranial magnetic stimulation (TMS)

Single-pulse transcranial magnetic stimulation (TMS) was administered throughout the experiment over the right primary motor cortex (M1) to measure corticospinal excitability during the different task conditions (high-calorie, low-calorie, non-food). Namely, in a subset of 128 trials “TARGET TMS” (TT) [64 food (32 high-calorie, 32 low-calorie), 64 non-food stimuli] TMS was applied after 300 ms from the food/non-food picture appearance. In a subset of 128 trials “FIXATION TMS” (FT) [64 food (32 high-caloric, 32 low-caloric), 64 non-food stimuli] TMS was applied during the presentation of the fixation point, to have a control condition. TMS pulse was always released with a stimulus onset asynchrony (SOA) of 300 ms. This SOA has been previously used when a single TMS pulse was combined with the execution of a task in healthy participants (Figure 1; 39–42). Finally, in a subset of 128 “NO TMS” – NT – trials [64 food (32 high-calorie, 32 low-calorie) 64 non-food stimuli] TMS was not applied, to observe participants’ behaviour in absence of any TMS interference.

TMS was performed using a MagStim Super Rapid magnetic stimulator (Magstim Company, Whitland, Wales, United Kingdom) connected to a figure-of-eight coil with a diameter of 70 mm. The magnetic stimulus had a biphasic waveform with a pulse width of about 300 μs. The coil over M1 was always placed tangentially to the scalp at the 45° angle from the midline of the central sulcus, inducing a posterior–anterior current flow. Electromyographic (EMG) traces were recorded from the left first dorsal interosseous (FDI) muscle by using 9-mm-in-diameter surface cup electrodes. The active electrode was placed over the muscle belly and the reference electrode over the metacarpophalangeal joint of the index finger. The ground electrode was placed over the left wrist. The TMS intensity was adjusted to evoke an MEP of ~1 mV peak to peak in the relaxed FDI (43). The average TMS intensity was 65 ± 12% of the maximum stimulator output.

Responses were amplified with a Digitimer D360 amplifier through filters set at 20 Hz and 2 kHz, with a sampling rate of 5 kHz and then recorded by a computer with the use of Signal software.

The average MEP peak-to-peak amplitude was calculated for each stimulus type (high-calorie, low-calorie, non-food) and TMS TT and FT conditions. MEPs above and below 2 standard deviations of the mean were removed from the analysis (44). The left FDI relaxation during the experiment was visually monitored by the experimenter who checked both the position of the hand and the EMG traces online. Participants responded to the task with their right hand, whilst the left hand, from which the MEPs were collected, was comfortably placed on an armrest. All participants were informed prior to the start of the task that their left hand could make small involuntary movements in response to the TMS. As specified above, MEPs above the 2 standard deviations were removed from the analysis to exclude trials where the muscle was not relaxed. The number of MEPs excluded for each condition was: 10.4 ± 6.5% of High-calorie Go; 12.5 ± 11.3% of Low-calorie Go; 7.3 ± 4.5% of Non-Food Go; 5.2 ± 4.8% of High-calorie NoGo; 10.4 ± 1.8% of Low-calorie NoGo; 12 ± 7.7% of Non-Food NoGo.

MEP amplitude for each stimulus type was then normalised using the MEP obtained for the FT condition, i.e., MEP amplitude obtained in the TT condition was expressed as a percentage of the amplitude recorded in FT trials.



2.5. Palatability of the images

After the Go/NoGo task, all high-and low-calorie food images were presented again in random order and participants were asked to score their palatability on a five-level Likert scale, from 1 (unappetising) to 5 (very appetising).



2.6. Impulsivity assessment

All participants filled out the Barratt Impulsiveness Scale-11 (BIS-11), a commonly used 30-item self-report questionnaire designed to assess impulsiveness (45). All items are measured on a four-point Likert-type scale. In the scoring procedure, the items are summed and the higher scores indicate greater impulsivity (ranging between 30 and 120). A summary of the BIS-11 results is reported in Table 1.



TABLE 1 BIS-11 results.
[image: Table1]



2.7. Eating behaviour assessment

The body Mass Index (BMI; kg/m2) was calculated according to the self-reported weight and height values (46). All participants completed the latest edition of the Eating Disorder Examination Questionnaire (EDE-Q 6.0 – 32, 33). The questionnaire has been extensively studied, and its psychometric properties have been demonstrated to distinguish healthy participants from patients with eating disorders. Furthermore, the EDE-Q has shown high internal consistency in both nonclinical and clinical samples. The EDE-Q provides a global score based on four subscales (Restraint, Eating Concern, Shape Concern and Weight Concern). Participants with clinical value in EDE-Q global score were excluded from the study.



2.8. Statistical analysis

Two-way 3 × 3 repeated measures ANOVAs were performed for each behavioural measure of interest (reaction times and accuracy scores) with factors Stimulus type (High-Calorie, Low-Calorie, Non-food), TMS (NT, FT, and TT). A two-way repeated measure ANOVA was performed on MEP amplitude with factors Stimulus type (High-Calorie, Low-Calorie, and Non-food), and Trial type (Go vs. NoGo). Statistical analyses were performed in STATISTICA 8.0 using two-tailed alpha levels of <0.05 for defining significance. Post-hoc comparisons were performed by paired t-tests (Bonferroni corrected). The effect size was indicated as partial eta square (ηP2). The relationship between BMI and BIS-11 total scores was also investigated using Spearman’s rho coefficient.




3. Results


3.1. Palatability

Participants judged high-calorie food as being the most appetising, with the exception of image 5 in the high-and low-calorie food categories, which were scored differently from other images of their same category, i.e., both were perceived as halfway between high-and low-palatable food (average score = 3). For this reason, all measurements collected for these images were removed from the final analysis (Figure 2).

[image: Figure 2]

FIGURE 2
 Palatability rating. Each participant judged the palatability of each food image used in the main task on a 5-point Likert’s scale. The mean palatability score is shown on the y-axis, for each high/low-calorie stimuli used (x-axis). With the exception of high-calorie and low calorie item 5, which were excluded from the final analysis, participants considered high-calorie food images as being more appetising than low-calorie images.




3.2. Food Go/NoGo

The ANOVA on Go RTs showed significant main effects of Stimulus type (F2,38 = 21.44, p < 0.001, ηP2 = 0.53) and TMS (F2,38 = 7.86, p = 0.001, ηP2 = 0.29) and a significant Stimulus type × TMS interaction (F4,76 = 8, p < 0.001, ηP2 = 0.3). We first investigated the effect of Stimulus type in the NT condition. Post-hoc comparisons indicated that, in the absence of TMS, participants were faster in response to high-calorie (mean = 428 ms) compared to low-calorie (mean = 445 ms; p < 0.002) and non-food images (mean = 465 ms; p < 0.001). Participants were also faster to respond to low-calorie food images compared to non-food images (p < 0.001). Post-hoc comparisons on the FT condition revealed the same pattern, with faster RTs to high-calorie (mean = 422 ms) compared to low-calorie food (mean = 450 ms; p < 0.001) and non-food images (mean = 463; p < 0.001). Finally, when TMS was delivered during the image presentation (TT), we found an effect specific to high-calorie food with RTs significantly slower compared to the NT condition (high-calorie TT = 448 ms vs. high-calorie NT = 428 ms; p < 0.001). A summary of these results is shown in Figure 3A and Tables 2, 3.

[image: Figure 3]

FIGURE 3
 Effects of image type and TMS over MI. (A) Mean go reaction times (RTs) for High/Low-Calorie and Non-food trials for NT (No TMS), FT (Fixation TMS) and TT (Target TMS). In NT and FT, high-calorie RTs were faster than RTs collected for low-calorie and non-food images. Low-calorie RTs were also faster compared to non-food RTs. A specific increase of high-calorie RTs emerged between NT and TT conditions. (B) Mean accuracy for High/Low-Calorie and Non-food trials for NT, FT and TT. Participants were more accurate for high-calorie compared to low calorie NT trials. Accuracy decreased in TT conditions, regardless of stimulus type. (C) Mean normalised amplitude of motor evoked potentials (MEPs). MEP amplitude collected during the target presentation (TT) for High/Low-Calorie and Non-food trials in Go and NoGo conditions is expressed as percentage of the MEP amplitude collected at baseline (FT). As expected, corticospinal excitability is lower in NoGo conditions (p = 0.036). In each panel, black dots represent individual data. The box and wiskers show the Median ± 1.5 interquartile range (IQR) and asterisks represent significance.




TABLE 2 Food Go/NoGo results.
[image: Table3]



TABLE 3 RTs post-hoc results.
[image: Table2]

The ANOVA performed on accuracy showed significant main effects of Stimulus type (F2,38 = 7, p = 0.003, ηP2 = 0.27) and TMS (F2,38 = 4.4, p = 0.019, ηP2 = 0.19) but not significant Interaction. Post-hoc comparisons indicated that participants were generally more accurate to respond to high-calorie (mean = 98.84%) than low-calorie (mean = 97.59%; p = 0.002) and non-food images (mean = 98.43%; p < 0.05). We also found that TMS caused a deterioration of the accuracy in TT compared to NT conditions (p = 0.019), regardless of Stimulus type. A summary of these results is shown in Figure 3B and Tables 2, 4. No significant correlation between BIS-11 total scores and self-reported BMI was found (R = 0.197; p = 0.414).



TABLE 4 Accuracy post-hoc results.
[image: Table4]



3.3. Motor-evoked potentials (MEPs)

The repeated measure ANOVA performed to investigate changes in MEP amplitude revealed no significant main effect of Stimulus type (F2,38 = 0.21, p = 0.809), Trial type (F1,19 = 2.64, p = 0.121) and no significant Interaction (F2,38 = 0.11, p = 0.897). To further investigate changes in M1 excitability due to the Go/NoGo condition, we decided to run an additional ANOVA, again with factors Stimulus type and Trial type, but only considering food vs. non-food stimuli, without distinguishing between high-and low-calorie images. We found a significant main effect of Trial type (F1,19 = 5.129, p = 0.036, ηP2 = 0.21), explained by a greater MEP amplitude in Go trials (mean Go amplitude = 104% vs. mean NoGo amplitude = 99%). No other significant effect was found. A summary of these results is shown in Figure 3C and Table 5.



TABLE 5 MEP results.
[image: Table5]




4. Discussion

In the present study, we investigated whether there is a relationship between the visual appearance of food (high-calorie, low-calorie food) and inhibitory control in healthy individuals, in light of the growing interest for the topic in the eating-disorder literature (47). To this aim, we used an affective Go/NoGo task manipulating the stimulus category and coupled the behavioural measures with measures of corticospinal excitability (i.e., MEPs) to gain further insight on the contribution of the motor system. Overall, the designed task was innovative when compared to previous investigations because it used food stimuli rather than abstract stimuli (23), included a neutral condition rather than limiting the comparison to high-and low-calorie food (25) and prevented the undesired influence of reading ability or abstract thought on performance (26). Crucially, whilst previous investigations were limited to female participants (25) our sample included both normal-weighted male and female participants.

In line with a neuroimaging study using similar paradigms (48), we showed that RTs to high-calorie food were faster than RTs to low-calorie and non-food stimuli. High-calorie food images were considered also more appetising than low-calorie food images by our participants confirming the already reported correlation between the calorie content and the perceived palatability (49, 50).

This result suggests that the visual appearance of high-calorie food generates a state of heightened arousal in the observer, which in turn contributes to promptly responding to appetising food pictures and that we are naturally more inclined to respond to rewarding stimuli such as high-calorie food (48). Crucially, participants were not tested under conditions of starvation (i.e., they were invited to consume breakfast or lunch 2 or 3 h prior to the experimental session); therefore, the evidence of reduced RTs to high-calorie food was specifically powerful, even in absence of a starvation state. Collectively, these observations reinforce the view that high-calorie foods have high incentive value, prompt response (51) and increase arousal independently from satiety levels (52).

An interesting result is the increase of high-calorie RTs when a single TMS pulse was delivered over the primary motor cortex during the image presentation (TT condition). This effect is specific to high-calorie stimuli and therefore cannot be explained by a generic interference of TMS on task execution. The present result suggests that the motor system might be particularly engaged in movements aimed at approaching high-calorie and therefore high-nutritious/appetising food. In this sense, the response of the motor system, which we measure here by testing the excitability of the primary motor area, in reacting to high-calorie food compared to food with little (low-calorie) or no nutritional value (non-food) would be greater. The finding that the caloric content of food did shape task performance is particularly interesting because participants were unaware of the distinction between high-and low-calorie stimuli during the task. They were simply instructed to go or not to go in response to food or non-food images. The challenge posed by appetising foods to inhibitory control mechanisms could explain why often during a diet we cannot stop right in front of high calorie foods. Most of the attempts so far have targeted the dorsolateral prefrontal cortex (47, 53). A different strategy could target and modulate the activity of other areas of the motor circuit, such as the primary motor cortex or the cerebellum.

We also found that accuracy was increased for high-compared to low-calorie food. This result corroborates previous studies (e.g., 54) suggesting a more efficient response to foods with greater salience. It is worth noting that the accuracy reflects the ability to effectively respond as well as refrain from when a stimulus is presented. Therefore, the selection of the appropriate response (go or no go, depending on the instructions) to palatable foods might reflect a fine-tuning of cognitive control processes as a result of the increased nutritive value and the appetising nature of high-calorie food. Accordingly, several studies have found that accuracy for high-calorie food during inhibitory control tasks is reduced in overweight population (55–57), suggesting a dysregulation of the inhibitory system that is specific for palatable foods. In addition, He et al. (48) showed that the ability to inhibit response to high-calorie foods is more difficult for individuals with higher BMI and who reported to consume more high-calorie foods. However, in the present study we did not find a direct correlation between response inhibition and individual BMI or impulsivity assessment. The lack of a correlation might be due to measurement errors, since weight and height were self-reported and not objectively measured in the laboratory. Furthermore, a sample size of 20 normal-weighted participants with very low variations in BMI might not be powerful enough to unveil a possible correlation. Future studies including participants with abnormal BMI (i.e., excessively high or low) are needed to clarify this relationship.

Last, neurophysiological results (MEPs) showed an effect of trial type, with higher corticospinal excitability for Go compared to NoGo trials, independently from the stimulus category. This is in line with previous studies (58, 59) showing that the decrease in MEP amplitude is due to the inhibition of the corticospinal pathway after the NoGo decision or to the increase of corticospinal excitability following Go stimuli, in line with premovement facilitation (60). However, the present MEP results are in contrast to what already reported in a preceding TMS study showing that the additional excitatory drive triggered by salient cues counteracts the presence of inhibitory influences to M1 (61).

One possible explanation of the null result regarding the modulation of MEP amplitude according to high, low-calorie, or non-food category could be the timing of the pulse delivery, i.e., 300 ms after the image presentation which could be too late to target the dynamics of corticospinal excitability. According to this view, in a previous study, the time course of corticospinal excitability changes during a similar task found effects on MEP amplitude up to 200 ms following the onset of a simple Go/NoGo visual cue (38). In the present study, we reasoned that more complex visual stimuli (images of food or objects instead of geometric shapes), would require a longer processing time and therefore we increased the cue to TMS interval to 300 ms. However, the average RTs to the food Go/NoGo task (high: 428 ms; low: 445 ms; non-food: 465 ms) are comparable to those of the simple Go/NoGo task used in Picazio et al. (38) (428 ms). It is therefore possible that using the same cue to TMS interval in the present study could have shown differences in the corticospinal activity depending on stimulus type. Therefore, we might have missed the relevant window for MEP modulation but were still able to interfere with RTs which are the final output of the motor process involved. Another explanation of this negative result for the MEPs could be the Go/NoGo trial ratio (50/50). This could be less effective in evoking a clear motor inhibition compared to Go/NoGo tasks with rarer NoGo trials (37).

The present data do not allow us to distinguish between externally-driven action inhibition, which is typically triggered by Go/NoGo tasks and internally-driven motivational factors that here could be elicited by the affective/nutritional component of the task (62). This aspect should be explored in future studies in which participants could choose to respond or not when images are presented according to their preferences.

Finally, the present study has some limitations that could be addressed in future. First, larger sample sizes are needed to investigate any correlation between food-related inhibitory control and individual measures of body weight and impulsivity; second, subjective measures of weight and height should be replaced with objective measures; third, corticospinal excitability should be tested at different time points from stimulus presentation.

In the present study, we only tested healthy participants, but it has been previously reported that eating disorders are associated with altered responses in the control system. For example, in anorexia nervosa high-calorie food elicits an enhanced activation of cognitive control regions, explaining the persistent food avoidance and starvation (63). On the contrary, in obesity, high-calorie food is associated with abnormal activation of the impulsive system, which leads to excessive food consumption (64, 65). Therefore, in future studies should address the relationship between food-related inhibitory control mechanisms including also patients with eating disorders.

In conclusion, our findings show that the calorie content of food frequently corresponds to the perceived palatability in healthy participants and that the sight of high-calorie food triggers an implicit drive to approach and is characterised by a stronger activation of the primary motor cortex. This enhanced involvement of the motor circuit coupled with reduced reaction times and improved performance for high-calorie food might reflect the existence of adaptive mechanisms aimed to approach food with high nutritive value in healthy participants.
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