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Diets with intermittent fasting are an efficient method for producing clinically significant weight loss and pre-
venting the development of obesity. However, individuals following intermittent fasting must face the difficulty
of avoiding eating when experiencing the feeling of hunger. In this study, we investigated which aspects of
executive function were affected following a prolonged period of food deprivation in participants that have never
previously undergone intermittent fasting. Twenty-six participants with normal weight performed two binary
classification tasks (Stop Signal (SST) and Go/NoGo) after either a 12 h fasting or a nonfasting period in separate
sessions. We measured their performance in several underlying decision-making processes, such as response
inhibition and attentional control. In line with previous studies, our results revealed that decision-making pro-
cesses to resolve the classification task were unaffected by fasting. Response inhibition, as indexed by the stop
signal reaction time in the SST, remained as well unaltered after food deprivation. Rather, we observed a higher
error rate in NoGo trials following a fasting period, which was associated with disrupted attentional control.
Overall, these results indicate that when a hunger feeling reaches consciousness, it induces deficits over certain
aspects of attentional control. Our findings hint at the importance of structured behavioral change strategies to
cope with fasting-induced difficulties in attentional control, to help achieve weight management goals through

successful self-monitoring of food intake.

1. Introduction

Cognition and metabolism interact to create the motivational drive
that leads to consummatory eating behaviors [1]. This drive is height-
ened under food deprivation leading to craving for food consumption,
sometimes resulting in compulsive eating behaviors frequently observed
in obesity and binge eating disorders. On the one hand, there is extensive
evidence both in mice and humans supporting the benefits of food
deprivation and caloric restriction in increasing life span [2,3], decrease
aging-related learning and memory impairments [4], easing type 2
diabetes symptoms [5] and reducing the risk of cardiovascular disease
[6]. Both fasting and calorie restriction have as well widely demon-
strated significant weight loss in overweight and obese adults [7]. On
the other hand, several studies show that long-term food restriction,
depending on the type of intermittent fasting, can negatively impact
cognitive function and physical performance [8-10]. Attention is

reduced under conditions of thirst [11,12], and intermittent fasting
during Ramadan yielded heterogeneous effects on cognitive function in
Muslim athletes [13,14]. Other studies found that executive function is
impaired following breakfast omission at rest, but improved when
practicing physical exercises [15]. Accordingly, impulsivity has been
associated with insufficient inhibitory control, and thus with greater
difficulties in overruling automatic behaviors evoked by food stimuli,
which can turn into an inability to control food intake [16,17].
Converging evidence thus suggests that dysfunctional inhibitory control
might be at the root of overeating [18-20].

The role of the inhibitory function in response selection is at the core
of formal decision-making models that aim to describe how we decide
and select appropriate actions [21]. Diets that incorporate caloric re-
striction are inherently associated with the appearance of subjective
hunger feelings in their practitioners, which may influence on eating
behaviors thus making it difficult to overrule inappropriate food
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selection. Some studies addressed the question of how hunger -as a
self-reported measurement- affects inhibitory function and found that
subjective hunger affected not only inhibitory function related to food
consumption but also attentional control [22], especially in obese in-
dividuals in which hunger was systematically manipulated [23]. Hunger
was associated in one study with higher error rates in a response sup-
pression task, specifically when food-associated stimuli served as dis-
tractors. Interestingly, in the same study blood glucose levels were
associated with an attentional bias towards food-related cues but not
with an impairment in response inhibition [22]. In this vein, there is
limited evidence on the effects of blood glucose levels on cognitive
performance [24], with only some scarce results suggesting that glucose
consumption has a momentary beneficial effect on attentional processes
in older adults after a fasting period of 12 h [25].

Overall, accumulating evidence supports a causal role of executive
function (e.g., attentional control) in modulating craving for food con-
sumption [26]. As well, there is solid evidence suggesting that humans
have a heightened craving for calorie-dense foods, with high doses of fat
and sugar [27,28]. It is then reasonable to think that humans may have
developed a reliable preference for high-energetic foods, as such pref-
erence would be adaptive from an evolutionary perspective [29].
However, preference for high-calorie foods could also turn into craving
when the subjective feeling of hunger reaches consciousness. In this
regard, several studies have shown the existence of an attentional bias
for high-calorie foods prompted under conditions of food deprivation
[30-32]. Furthermore, deficits in the inhibitory function were found in
obese individuals towards high-calorie food items [33] (but see [34]).

Based on all these premises, we tested in this study whether two
executive functions -response inhibition and attentional control- could
be altered after following an unusual fasting period. For this purpose, we
designed an experiment in which participants performed two executive
function tasks in two separate sessions: one following their normal
eating habits and another after a fasting period of approximately 12 h.
We used two well established paradigms to investigate executive func-
tion and response inhibition: the Go/NoGo (GNG) task and the Stop
Signal Task (SST) [35]. Poor performance in these two tasks has been
already associated with weight gain and obesity prevalence [36,37].
While the inhibitory process engaged in the GNG task is driven by
consistent stimulus-response mapping, (i.e., images must be classified as
belonging or not to the food category in order to implement the correct
response), successful response inhibition in the SST relied on a reactive
response suppression process independent of the categorical classifica-
tion [35]. Therefore, NoGo trials in the GNG task require the constant
monitoring of task demands, namely the stimulus-response mapping and
maintaining goal-relevant representations, which are more consistent
with supervisory attentional processes than with inhibitory function per
se.

We hypothesized that fasting would affect inhibitory functions, but
not performance in decision-making processes. If we observe a fasting-
related alteration of the inhibitory function, we should find larger stop
signal reaction time (SSRT) in the SST following a fasting period,
especially for high-caloric food images. Alternatively, a higher error rate
in NoGo trials of the GNG task following fasting would be indicative of
affecting attentional control processes engaged in facilitating food
obtention.

2. Method
2.1. Participants

Thirty-three healthy volunteers participated in the experiment, none
of them with a history of neurological deficits or eating disorders, as
reported by them and as further stated by the scores obtained with the
EDI-2 questionnaire [38]. All participants were students from the Fac-
ulty of Psychology of the University of Barcelona and were recruited
through advertisement in an institutional website specific for research
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related purposes. All of them were compensated with a small snack
(juice/coffee + preselected sandwich) after finishing the fasting session
and were paid 30€ after completing the whole experiment.

A power analysis using G*Power [39] indicated that a sample of 23
participants was sufficient to assess the effect of three within-subjects
variables (with a power = 95% and an a-priori alpha set at p = 0.05),
for a moderate effect size estimate (npz = 0.06). Data from 7 participants
were discarded because the probability of responding correctly in a stop
trial was lower than 0.25 or higher than 0.75 for one or more conditions
in the SST [40]. Three participants declared to be on a non-caloric re-
striction diet supervised by a nutritionist and were considered valid for
the purpose of the experiment. All participants in the study provided
informed consent as approved by the local ethics committee prior to
their participation in each experimental session. Thus, the final sample
was composed of 26 participants (24 females; M age = 20.8 years; S.D.
= 2.3; range: 18-26] with normal body mass index (mean BMI = 22.6; S.
D. = 3.1). All of them were paid after completing the experiment.

2.2, Stimuli

Three sets of 20 images were selected for the study from the foodcast
research image database (FRIDa) [41]. Image sets consisted of familiar
pictures of high-calorie food (320.1 kcal (S.D. = 124.3)/100 g),
low-calorie food [88.1 Kcal (S.D. = 96.9)/100 gl, and office supplies.
Both sets of food images contained natural and prepared food. All three
sets of images were comparable in terms of size, spatial frequency,
brightness, familiarity, typicality, and ambiguity. However, compared
with the office supply images, the food images yielded significantly
higher values for valence [food = 68.15; office supply = 61.91; t(19) =
1.985; p = 0.054] and arousal [food = 46.99; office supply = 28.31; t
(19) = 4.48; p < 0.001]. A sound (22050 Hz, 200 msec, 5 msec ramp on
and off) was used as a stop signal. Another two sets of 20 images, food,
and kitchen supplies were selected following the same procedure, to be
used in the practice blocks.

2.3. Experimental task

We implemented two commonly used tasks to evaluate executive
function and response inhibition: the GNG task and the SST. In both
tasks, participants were asked in each trial to classify images as food or
nonfood as rapidly and as accurately as possible. In the GNG task, par-
ticipants were required to proactively refrain from responding only to
each target category in separate blocks; whereas in the SST, participants
were required to suppress an already initiated response when a stop
signal was presented. Furthermore, we manipulated the caloric content
of food images in separate blocks to investigate whether a possible
altered performance due to fasting was associated with the saliency of
the food items, by comparing participants’ performance when images
corresponded to high- and low-calorie foods.

To control for possible confounders, the same stimuli, number of
trials, duration of stimulus presentation, and response pattern were used
in both tasks. The images of food and office supplies served as stimuli in
both tasks and were presented on a screen (white background), sub-
tending 8.9° of the visual angle. Participants sat in front of a table
positioned 45-50 cm below their eyes. Stimuli were presented using
Presentation® software (v.0.52, Neurobehavioral Systems, Inc., Berke-
ley, CA, https://www.neurobs.com), running on Windows XP-32SP3 in
an Intel Core-i3 computer, and displayed on a 21" Philips Brilliance
202P4 CRT monitor with a refresh rate of 144 Hz and a resolution of
1024 x 768 pixels. Participants were required in both tasks to respond
using left- and right-hand responses with the corresponding index
finger, and the response hands were equally frequent and pseudor-
andomly distributed within each block.

2.3.1. Stop-signal task
In the SST, stimuli were presented one at a time at the center of the
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screen, replacing a central fixation cross. In each trial, the stimulus was
presented for 500 msec, and the stimulus onset asynchrony (SOA, range:
1100-1500 msec; mean = 1315 msec; S.D. = 118) was fixed across trials
and randomized between participants and sessions separately for the Go
and Go + Stop trials. The task consisted of 4 blocks of 200 trials, in
which 75% of the trials corresponded to Go responses and the other 2 %
corresponded to Go + Stop responses. The stop signal was presented
following a variable delay after stimulus onset. The stop-signal delay
(SSD) was initially set to 250 msec at the beginning of each set of 2
consecutive blocks with different category-response assignments and
was adjusted separately for food and nonfood conditions. The SSD was
adapted to each participant’s behavior by means of a staircase-tracking
algorithm [42]. Thus, the SSD was increased or decreased by 25 msec
after successful or unsuccessful response inhibition, respectively. Dy-
namic tracking procedure ensured an overall ratio of p(response|
stop-signal) of 0.5 in each participant, regardless of their baseline per-
formance and task instructions.

High-calorie and low-calorie food images were presented in different
blocks, and block order and category-response assignment were coun-
terbalanced across participants and sessions. Furthermore, the stimuli
presentation was constrained as follows: i) the same image category was
not presented in more than three consecutive trials, ii) two consecutive
Go + Stop trials never occurred, and iii) the same stimulus was never
immediately repeated.

The image category was assigned to right/left responses, and par-
ticipants were required to classify images accordingly, but to withdraw a
response whenever they heard the stop-signal sound, presented through
headphones. The category-response pattern was reversed after
completing half of the task and notifying participants. To allow partic-
ipants to rest, short breaks of 15 sec were also included in the task every
hundred trials. A practice block of 40 trials was presented prior to the
task, with 50% of the trials corresponding Go + Stop trials to guarantee a
full proof and a complete understanding of the task at hand. Further-
more, in practice trials only two equally distributed SSD values, 100 and
500 msec, were implemented. The practice block was repeated when-
ever the percentage of inhibitory errors was larger than 50%, the error in
the Go trials was larger than 20%, or the average RT was slower than
700 msec.

2.3.2. Go/NoGo task

In the GNG task one stimulus at a time was presented 2.4 cm on the
left or right side of a permanent central fixation cross. In each trial, the
stimulus was presented for 500 msec, and the stimulus onset asynchrony
(SOA) was fixed across trials (range: 1100-1500 msec; mean = 1315
msec; S.D. = 118) and randomized between participants and sessions
separately for the Go and NoGo trials. The task consisted of 8 blocks of
100 trials, in which 75% of the trials corresponded to Go responses and
the other 25% corresponded to NoGo responses. In 4 consecutive blocks,
food images were assigned as Go and office supplies images as NoGo,
and vice versa for the other 4 blocks. Images corresponding to high- and
low-calorie foods were presented in different blocks. Category-response
assignment and block order were counterbalanced across participants
and sessions. Participants responded to the side where images in the
category assigned as Go appeared, and were asked to withhold
responding to the other category (NoGo condition). The following
constraints were introduced in the task: i) no more than three consec-
utive stimuli appeared on the same side, ii) two consecutive NoGo trials
never occurred, and iii) the same stimulus was never immediately
repeated.

The category-response assignment was reversed after completing
half of the experiment; participants were informed at the time. Short
breaks of 15 sec were included in the task every hundred trials to allow
participants to rest. Like in the SST, the task always began with the
practice block that consisted in 40 trials, with 50% of them corre-
sponding to NoGo to guarantee a full proof and a complete under-
standing of the task. Finally, the practice block was repeated when the
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error rate was larger than 30%, or the average reaction time (RT) was
longer than 700 msec.

2.4. Experimental procedure

Each subject participated in three sessions. In the first session, par-
ticipants were evaluated for any psychological or eating disorder that
could hinder a ~12 h fasting period. Weight and height data were
collected from all participants.

Participants then completed 2 experimental sessions that lasted for
~55 min and took place in the morning (~10.30 a.m.). The order of the
experimental sessions was counterbalanced across participants, and the
intersession intervals were at least one week-long. In the fasting session,
participants were asked to refrain from consuming any solid or liquid
food other than water after 10.30 p.m. of the previous day; while in the
nonfasting session, participants were asked to follow their usual eating
habits before participating in the experiment. For each participant, the
blood glucose concentration was measured twice, before and after
completing the experiment in both experimental sessions using a gluc-
ometer (SD Biosensor Inc.), and following a standardized safety protocol
[43,44]. Furthermore, the subjective hunger feeling was measured at the
beginning of the experimental session using a visual analog rating scale
corresponding to a 10 cm line drawn on a sheet of paper with marked
intervals from O to 10 points, where 0 meant not hungry at all and 10
corresponded to starving.

2.5. Statistical analyses

First, the blood glucose levels and hunger feeling of each participant
were subjected to analysis of variance and t-tests, respectively, to vali-
date the efficiency of the chosen fasting period. We evaluated partici-
pants’ executive performance in both tasks by analyzing the
measurements of accuracy and reaction times (RT) on correct Go trials.
We evaluated these parameters in the SST and the GNG task in separate
2 x 2 x 2 repeated measure analysis of variance (RMANOVA), with
within-subject factors fasting (fasting vs. nonfasting), image category
(food vs. nonfood), and caloric content (high-calorie vs. low-calorie). An
additional analysis comparing RTs on Go trials and unsuccessful stop
trials in the SST was conducted to validate the computations of the so-
called Stop-Signal RT (SSRT) [40]. SSRT was estimated by means of
the integration method [35,45] to measure the effective response inhi-
bition process required for the stop process to occur. We computed SSRT
by subtracting the averaged SSD from the n™ RT separately for food and
nonfood conditions, as well as for high- and low-calorie conditions,
where n is equal to the number of RTs in the RT distribution multiplied
by the overall p(respond|stop-signal) [46,47]. Importantly, the inde-
pendent horse-race model predicts that p(respond|stop-signal) will be
the same for different conditions even though SSD, go RT distribution
and the SSRT may be different, as the p(respond |stop-signal) depends on
the relative finishing time of the go and stop processes, rather than their
relative starting time [45]. In the context of the independent horse-race
model [40], the stop and go processes have to be unrelated to use go RT
on no-stop-signal as an estimate of go RTs on stop-signal trials to predict
the signal-respond RTs and then, to calculate the SSRT [48].

The effect of fasting on attentional control was evaluated by
measuring the percentage of commission errors on NoGo trials in the
GNG task. The same 2 x 2 x 2 RMANOVA, with fasting, image category,
and caloric content as the variables to study were calculated in line with
all previous analysis. All data were log-transformed prior statistical
analysis to normalize their distribution [49]. The effect sizes were re-
ported as Cohen’s d for t-tests and as partial eta-squared values for
RMANOVAs.

The modulation of attentional control was further analyzed by fitting
the binary data (correct-error) from NoGo trials into a logistic regression
model using the lme4 R-package [50]. The factors fasting, image cate-
gory and caloric content were entered in the model as fixed effects, while
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the intercepts for subjects, items, and SOA were entered as random ef-
fects. This model was used to evaluate the RMANOVA results with
respect to inter-individual and inter-trail random variability. Therefore,
this type of analysis has the advantage of incorporating random effects
by subjects and items in the same model [51], and in this way all re-
sponses (i.e., number of subjects x number of items) are taken into ac-
count independently for modeling the data, instead of having different
types of averaged scores [52]. The overall fit of each effect was assessed
using p-values obtained by the likelihood ratio test, comparing the
model with the effect against the same model without the effect. The
simplest model included image category as a fixed factor and by-items
and by-SOAs as random intercepts. The random by-subjects intercept
was incorporated into the model when fasting was added to the model.
The main rationale for choosing hierarchical regression was to evaluate
if the fasting factor predicted a better performance on attentional con-
trol above and beyond the effect of the rest of the factors in the model.
This approach would then let us determine the predictive power that
fasting adds to the model.

3. Results
3.1. Fasting effect on hunger and blood glucose levels

The fasting period implemented in the experiment was effective in
modulating both hunger feeling [fasting: M = 7.3; SD = 2.2; nonfasting:
M = 3.7; SD = 2.4; t(25) = 6.3; p < 0.001; d = 1.56] and blood glucose
levels [fasting: F(1,25) = 15.2; p < 0.001; np2 = 0.38; pre-post: F(1,25) =
8.8; p =0.007; 111,2 = 0.26; fasting x pre-post-experiment p-value = 0.8].
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3.2. SST results

3.2.1. SST RTs results

No difference in RTs were observed for fasting [F(1,25) = 0.138;p >
0.7; n,® = 0.005], image category [F(1,25) = 0.742; p > 0.3; 13,2 = 0.029],
or caloric content [F(1,25) = 0.008; p > 0.9; npz < 0.001; see Fig. 1 and
Table 1].

3.2.2. SST accuracy results

On average and across conditions, accuracy on Go trials reached
87.4% (SD = 9.0). Participants’ performance on Go trials was compa-
rable between fasting and nonfasting sessions [F(1,25) = 3.0; p = 0.095;
npz = 0.101]. Similarly, no differences were observed as a function of
caloric content [F(1,25) = 0.093; p > 0.7; 11p2 =0.004], whereas we found
a trend for higher accuracy responding to food images [F(1,25) = 3.77; p
= 0.064; 2 = 0.131].

3.2.3. SSRT

We began examining different parameters of the SST to validate the
correct implementation of the SST task and guarantee that the SSRT
could be correctly estimated using the integration method. Thus, as
expected based on the tenets of the independent horse-race model, the
RTs in erroneous stop trials were faster than in correct Go trials [462
msec (SD = 121) vs. 505 msec (SD = 121); t(25) = 8.26; p < 0.001; d =
0.41]. Likewise, we observed that stopping accuracy was close to 50%
(M = 51.6%; SD = 6.7), and that no difference in inhibitory performance
was found across conditions.

The analysis of the SSRT revealed that fasting did not modulate
participants’ inhibitory performance [F(1,25) = 1.072; p > 0.3; I1p2
0.043; see Fig. 1]. No effects of image category, caloric content or sig-
nificant interactions were found (all p-values > 0.2).
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Fig. 1. A) Results of the stop signal task (SST) in Go trials for all conditions; reaction times (RTs) are plotted on the upper-left side of the figure, and the stop signal
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Table 1
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Mean values and standard deviations for the fasting and image category conditions with low- high-caloric food in the in the stop signal task (SST). The presented results
correspond to the mean accuracy and reaction time (RT) in go trials. The stop signal reaction time (SSRT) was calculated following the integration method.

Fasting Nonfasting
Food Nonfood Food Nonfood

M S.D. M S.D. M S.D. M S.D.

Accuracy (%) Go trials High-calorie 89.5 6.8 87.9 14.3 86.3 8.1 85.8 9.2
Low-calorie 90.8 5.1 87.3 8.4 86.9 7.6 84.4 9.5
RT (msec) Go trials High-calorie 499 131.4 501 128.9 508 124.8 512 134.4
Low-calorie 504 132.7 510 134.1 501 105.0 502 114.3

SSRT (msec) High-calorie 202 47.0 209 50.7 210 71.6 211 70.0
Low-calorie 191 83.3 207 48.2 214 76.3 216 84.4

3.3. GNG task results

3.3.1. GNG RTs results

RTs were similar in the fasting and nonfasting sessions [F(1,25) =
0.519;p > 0.4; ;1p2 = 0.020] and for the high- and low-calorie conditions
[F(1,25) = 0.008; p > 0.9; ;15 < 0.001]. However, RTs were faster for the
food than for the nonfood condition [373 vs. 381 ms; F(1,25) = 14.467;
p = 0.001; npz = 0.367]. Again, none of the interactions reached sta-
tistical significance (all p-values > 0.1).

3.3.2. GNG accuracy results

The results of the GNG task are summarized in Fig. 1 and Table 2.
Participants’ accuracies on Go trials, averaged across conditions, was
99% (SD = 1.3). Accuracy in Go trials was comparable in all conditions
[fasting: F(1,25) = 0.473; p > 0.4; npz = 0.019; image category: F(1,25) =
0.197; p = 0.661; ;7}2, = 0.008; caloric content: F(1,25) = 1.564; p > 0.2;
npz =0.059]. None of the interactions reached statistical significance (all
p-values > 0.4).

When considering the error rate in NoGo trials for the analysis, data
from two participants was discarded because log-transformed values
were not possible to compute as the percentage of commission errors
was 0 in some conditions. The obtained results revealed a higher error
rate in NoGo trials during the fasting session [fasting: M = 18.4%; SD =
13.4; nonfasting: M = 14.3%; SD = 9.0; F(1,23) = 8.004; p = 0.010; r]pz
= 0.258], as well as a main effect of image category [F(1,23) =8.251;p =
0.009; 1, = 0.264] and caloric content [F(1,25) = 5.293; p = 0.031; 7,2
= 0.187] (see Fig. 1). None of the interactions reached statistical sig-
nificance (all p-values > 0.2).

3.3.3. Logistic regression modeling of NoGo performance

We also tested whether the inter-trial and inter-individual variability
influenced the above-mentioned fasting effect on the NoGo condition.
For such a purpose, we entered commission errors on NoGo trials into a
logistic linear regression model. First, the results indicated that
convergence was reached in all models constructed. The estimates of the
full model are reported in Table 3. Crucially, the model in which image

Table 2

category and caloric content were assigned as fixed factors was
compared with another model in which fasting was added as a fixed
factor (see Fig. 2). This comparison revealed an improvement in the
model fit [X2(2) = 91.79; p < 0.001], indicating a clear influence of
fasting on attentional control. Specifically, the presence of sporadic
fasting reduced the predicted probability for an accurate response in-
hibition to food items with both high and low caloric content (Fig. 2B).

4. Discussion

In the present study we evaluated the influence of fasting on exec-
utive function, and more specifically, on response inhibition and
attentional control. To that end, we first measured RTs in Go trials of the
SST and GNG task to evaluate performance on decision-making pro-
cesses. Our results revealed that cognitive processes related to decision-
making in a binary classification task were not affected by fasting, as
pointed out by the absence of a fasting effect on Go trials in both tasks.
Secondly, we investigated whether fasting modulated response inhibi-
tion and executive attentional control on the SST and GNG tasks. Con-
trary to our predictions, a 12 h period of food deprivation did not disrupt
response inhibition. Instead, fasting reduced participants’ attentional
control, as indicated by the significant increase in commission errors in
NoGo trials in the fasting session. This effect was further validated with a
logistic regression model which demonstrated a significant improve-
ment of the fit when fasting was included in the model. Furthermore, the
rate of commission errors was larger for food than for nonfood images,
as well as for high- compared to low-calorie food images. Taken
together, our findings suggest that neither decision-making processes
nor response inhibition were altered by fasting. However, it seems that
fasting causes a general disturbance of executive attentional control
which enhances the underlying attentional bias toward food cues that
has been usually observed in other studies [53-56], possibly related to
difficulties in disengaging sustained attention from the predominant
stimulus-response mapping.

The effects of intermittent fasting on executive function have been
scarcely explored, but several studies have associated the hunger feeling

Mean values and standard deviations for the fasting and image category conditions with low- high-caloric food in the Go-Nogo (GNG) task. The presented results
correspond to the mean accuracy and reaction time (RT) in Go trials. Mean percentage of commission errors for Nogo trials is also presented and correspond to the

measurement of attentional-control in this task.

Fasting Nonfasting

Food Nonfood Food Nonfood
M S.D. M S.D. M S.D. M S.D.
Accuracy (%) Go trials High-calorie 98.4 3.9 98.9 1.2 99.0 3.2 99.0 3.2
Low-calorie 99.2 1.3 99.2 1.3 99.5 0.6 99.4 1.2
RT (msec) Go trials High-calorie 374 44.0 382 43.5 369 30.5 381 43.6
Low-calorie 380 36.8 380 36.8 367 39.4 381 41.0
Commission errors (%) NoGo trials High-calorie 23.7 15.3 17.6 13.5 17.8 10.4 14.3 8.6
Low-calorie 20.1 12.8 16.8 11.2 13.9 7.5 13.4 8.9
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Table 3
Comparison of mixed logistic regression models.
Model 1 Model 2 Model 3
image category Image cat. + caloric-content Image cat + caloric-cont. + Fasting
Random effects Variance SD Variance SD Variance SD
Item 0.184 0.43 0.178 0.42 0.183 0.43
ITI 0.5 0.7 0.5 0.7 0.191 0.44
Participant 0.306 0.55
Fixed effects Estimate SE z-value p-value Estimate SE z-value p-value Estimate SE t- value p-value
(Intercept) 1.67 0.15 10.86 <2e-16 1.67 0.15 10.89 <2e-16 1.75 0.16 11.04 < 2e-16
Food/Nonfood 0.14 0.06 2.18 0.029 0.14 0.06 2.21 0.027 0.14 0.06 2.14 0.027
Caloric content - - - 0.05 0.03 1.48 0.14 0.05 0.03 1.48 0.14
Fasting - - - - - 0.11 0.05 2.08 0.038
Model fit criteria LRT
MODEL AIC BIC Chi-sq df p-val
Model 1 vs Model 2 9944.7 vs 9944.5 9974.1 vs 9981.3 2.16 1 0.14
Model 1 vs Model 3 9944.7 vs 9856.7 9974.1 vs 9908.2 93.95 3 3.1e-20
Model 2 vs Model 3 9944.5 vs 9856.7 9981.3 vs 9908.2 91.79 2 1.17e-20

caused by food deprivation with self-control disruption of the inhibitory
function [22,23,57,58]. Similarly, a poorer inhibitory control has been
associated with high-sensitivity for food cues [59,60]. Nevertheless,
studies that have investigated the role of response inhibition training on
food consummatory behaviors have implicated attentional control
rather than response inhibition as a key cognitive process in regulating
food intake. Two recent meta-analyses reported relevant effects of
inhibitory training on food consumption, larger for the GNG task than
for the SST [61,62], suggesting a distinctive cognitive process underly-
ing these two tasks and indicating that training may promote an
improvement in adjusting stimulus-response mapping rather than
overriding responses. Numerous studies support the notion that GNG
task is tightly associated to sustained attention-to-response, since GNG
requires action restraint rather than action cancellation [63-66].
Therefore, our findings suggest that optimizing attentional control
instead of response inhibition might be a pivotal strategy to cope with
the adverse effects derived from diets that involve food deprivation.
Similarly, the results we obtained here support the hypothesis that
hunger affects self-control, but not response inhibition per se.

Executive attentional control regarding food-related cues might be a
cognitive component intrinsically related to the motivational drive to
eat, initiated as a metabolic reaction to an energy deficit when food
deprivation persists over time. It has been proposed that food depriva-
tion enhances later processing stages related to stimulus recognition and
focused attention of food stimuli [67,68]. In a similar vein, it has been
postulated that attention is primarily driven by motivation in natural
environments [69]. Thus, one could argue that food-related stimuli must
become the focus of attention to implement the behaviors required for
restoring energy balance. This view has been supported by electro-
physiological evidence such that modulations in early and later time
processing windows specific for food pictures under fasting conditions
[67]. From this perspective, it could be stated that food deprivation may
facilitate bottom-up attentional processes toward food cues, as evi-
denced by the attentional bias typically observed for food-related cues,
as well as an enhanced sustained attentional for food items, which might
explain the difficulties for disengaging attention from food stimuli.

It has been hypothesized that a motivational drive is manifested as an
increased hedonic value and an incentive salience [70] for primary and
conditioned food cues [71]. Under this framework, it could be argued
that the inhibitory function is an unnecessary executive function for
controlling energy balance [72] and that optimizing attentional moni-
toring and detection would be sufficient for reaching adequate proactive
control of food intake [73-75]. This hypothesis is consistent with our
findings of a disruption in attentional control for withholding inappro-
priate task responses, which we observed in addition to an enhanced
attentional bias toward food and high-caloric items [30,76,77]. Thus,

food representations are thought to trigger a motivational drive to eat
—accompanied by a subjective feeling of hunger- instigated by fasting.
However, it has been observed that the hunger feeling can drastically be
reduced or even abolished over time in individuals undergoing diets that
incorporate intermittent fasting [78,79]. Similarly, a clear distinction
between hunger and motivation to eat has been shown in individuals
with obesity exhibiting a behavioral food cue reactivity in the absence of
hunger [80].

A promising dietary strategy to prevent the development of obesity
as well as to aid losing weight has been shown in the form of intermittent
fasting [81-83] and caloric restriction [84,85]. However, individuals
following such a diet might face the difficulty to avoid or regulate food
intake when the feeling of hunger turns into craving, and consequently,
self-control becomes difficult to achieve [58,86]. The interest in diets
that implement some type of caloric restriction or intermittent fasting
has arisen in recent years, with numerous studies highlighting their
beneficial effects in health and quality of life [6]. However, the risk that
those diets could drive to maladaptive eating behaviors emphasizes the
need to consider the prevention of compulsive consummatory or binge
eating behaviors [87]. Diets including food restriction should consider
implementing strategies to deal with possible failures of self-control and
attentional processes that contribute to food craving and ultimately,
lead to compulsive consummatory behaviors. In fact, several studies
have pointed out the psychological impact of dieting, then advising for
an individualized and careful balance of the risks and benefits [88,89].
Therefore, understanding the behavioral patterns that derive from a
metabolic deficit is crucial to develop effective dietary plans to control
and restrict food consumption.

This study presents some limitations that deserve further discussion.
Although we have provided supporting evidence of the impact of spo-
radic fasting in attentional control, our study lacks a properly balanced
gender ratio. Our sample was composed of healthy normal-weight in-
dividuals, but males were underrepresented. Tentatively, the inclusion
of a well-powered and gender-balanced sample in future studies would
be needed to unveil potential gender-specific effects of fasting on ex-
ecutive function. Moreover, another limitation is that our study exclu-
sively evaluates the impact of a certain, sporadic type of fasting. Future
research is warranted to assess fasting effects with populations for whom
food deprivation represents by no means an exceptional phenomenon,
but rather a frequent one. This is deeply rooted in training effects pre-
viously observed on attention [90].

5. Conclusions

We employed two extensively used paradigms in executive function
to evaluate the effect of sporadic fasting on decision-making related
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Fig. 2. A) Forest plot of the odds ratios for all fixed factors (image category, caloric content and fasting) of the mixed effects logistic regression that fits the accuracy of
NoGo trials in the GNG task. Error bars represent 95% confidence intervals. B) Percentages of accuracy in NoGo trials predicted by the mixed effects logistic
regression for each image category (food in circles, nonfood in squares) and caloric content (high-calorie in black, low-calorie in white) under fasting and nonfasting
conditions. Error bars represent 95% confidence intervals.
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processes, response inhibition, and attentional control. In line with
previous studies, our results showed that fasting did not affect either
participant’s performance in the binary classification task or their
inhibitory function as measured in a response inhibition task. However,
we did observe that fasting disrupted attentional control processes
implicated in alternating stimulus-response mapping, monitoring task
demands and maintaining goal-relevant representations. While diets
that incorporate intermittent fasting seem to effectively improve several
relevant markers of metabolic health, it is noteworthy that dieters will
inevitably face self-control difficulties when confronting the hunger
feeling caused by food deprivation, putting them at risk to develop
compulsive eating behaviors.
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