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Purpose Cognitive function, particularly food-related cognition, is critical for maintaining a healthy weight and
preventing the acceleration of obesity. High-Intensity Interval Exercise (HIIE) is an increasingly popular form of
exercise and has been shown to improve physical fitness and cognitive function. However, there is limited
research on the effects and underlying mechanisms of HIIE on general and food-related cognition among adults
with obesity. The aim of the current study was to examine the influence of a single bout of HIIE on food-related
cognition among young adults with obesity.

Methods Fifteen young men with obesity (BMI = 33.88 + 4.22, age = 24.60 + 5.29 years) were recruited.
Participants took part in a HIIE condition consisting of 30 minutes of stationary cycle exercise (5-min warm-up,
20-min HIIE and 5-min cool down), and a control session consisting of a time and attention-matched period of
sedentary rest in a counterbalanced order. Behavioral (reaction time and accuracy) and event-related potential
measures (P3 and the late positive potential, LPP) elicited during a food-related Flanker task were measured after
the HIIE and control session.

Results Shorter response times were observed following HIIE, regardless of congruency or picture type, with no
change in accuracy. Increased P3 and LPP amplitudes were observed following HIIE relative to the control
session.

Conclusion The findings suggest a single bout of HIIE has a beneficial effect on general and food-related
cognition among young adults with obesity, with increased recruitment of cognitive resources to support
cognitive control. Future research is warranted to examine the dose-response relationship between acute bouts or
longer participation in HIIE on food-related cognition in obesity.

Introduction 2018), a core component of executive function (Miyake et al., 2000).

Surrounded by an obesogenic environment with plenty of high-calorie

Obesity is a major public health concern worldwide, and is associ-
ated with increased risk of type II diabetes, cancers, and cardiovascular
disease (Guh et al., 2009; Jensen et al., 2014; LeBlanc et al., 2018) as
well as cognitive decline (Prickett et al., 2015; Smith et al., 2011). A
number of cross-sectional, longitudinal and meta-analytic studies have
demonstrated that obesity is not only linked to a decrease in general
cognitive function (Prickett et al., 2015; Smith et al., 2011) but also to
impairments in inhibitory control (Kamijo et al., 2014; Yang et al.,
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and easily accessible foods (Hall, 2018), cognitive and inhibitory con-
trol is vital for restraining the impulse to consume highly palatable foods
to maintain a healthy weight and prevent the acceleration of obesity
(Bailey et al., 2021; Lavagnino et al., 2016). However, numerous studies
have shown that obese individuals perform more poorly than their
healthy-weight counterparts in general and food-specific cognition,
including inhibitory control (Kamijo et al., 2014; Lavagnino et al., 2016;
Prickett et al., 2015; Reinert et al., 2013; Smith et al., 2011). Systematic
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reviews and meta-analyses have also demonstrated that obesity is
associated with cognitive deficits across the lifespan in nearly all do-
mains, including complex attention (Prickett et al., 2015; Smith et al.,
2011), and high-order cognitive-executive function, which includes in-
hibition and decision-making/reward processes (Lavagnino et al., 2016;
Lietal., 2023; Reinert et al., 2013; Vainik et al., 2013; Yang et al., 2018).
Moreover, individuals with obesity have shown alterations in
food-related cognition, using tasks that tap food-related inhibitory
control, attention allocation, and reward responsiveness (Castellanos
et al., 2009; Garcia-Garcia et al., 2020; Garcia-Garcia et al., 2013;
Hagan et al., 2020; Kenny, 2011; Lavagnino et al., 2016; Leng et al.,
2022; Li et al.,, 2023; Wang et al., 2022). Therefore, targeting both
general and food-related cognition may help with food selection, portion
control, and ultimately, serve as treatment targets for interventions
aiming to prevent the acceleration of obesity.

Numerous empirical studies have provided robust evidence that
acute bouts of participation in aerobic exercise can improve cognitive
and executive function (Chang et al., 2012; Chu et al., 2015; Drollette
et al., 2014; Etnier et al., 1997; Faria et al., 2022; Gusatovic et al., 2022;
Hsieh et al., 2018; Kao et al., 2022; Levin et al., 2021; Ren et al., 2023).
This effect has also been extended to obese populations (Chang et al.,
2017; Logan et al., 2021; Napoli et al., 2014; Peven et al., 2020; Secor,
2020). However, a growing body of literature suggests that
high-intensity interval exercise (HIIE) is as effective or perhaps more
effective than traditional moderate-intensity aerobic exercise in facili-
tating cognitive function and inhibitory control among healthy-weight
adults (Ai et al., 2021; Kao et al., 2018; Kao et al., 2017; Tian et al.,
2021). HIIE was initially shown to improve cardiorespiratory fitness and
body composition (Alves et al., 2017; Delgado-Floody et al., 2019;
Huang et al., 2022; Wewege et al., 2017) but more recent research has
also extended the benefits of HIIE to cognitive function (Ai et al., 2021;
Alves et al., 2014; Hsieh et al., 2021; Kao et al., 2018; Kao et al., 2017;
Roig-Hierro et al., 2023; Tian et al., 2021; Tsai et al., 2021; Tsukamoto
et al., 2016). However, whether the acute cognitive benefits of HIIE
extend to obese individuals has yet to be fully explored. Quintero et al.
(2018) conducted a preliminary study on the cognitive effects of acute
HIIE among an overweight population. They found initial evidence that
acute HIIE could improve cognitive function in overweight individuals.
Previous research from our lab also demonstrated faster response times
in congruent and incongruent conditions of a Flanker task following
acute HIIE when compared with task performance following a sedentary
control session among 16 obese young adult men (Xie et al., 2020). We
found similar improvement in a Stroop task following HIIE (Zhang et al.,
2022), suggesting that a single bout of HIIE may facilitate cognitive
function, and specifically inhibitory control among individuals with
overweight and obesity.

Though previous studies have provided valuable evidence support-
ing the beneficial effect of HIIE on general cognitive function among
obese individuals, little attention has been given to the impact of HIIE on
food-related cognition. However, several recent studies have focused on
the effects of aerobic exercise on food-related cognition. Bailey et al.
(2021) reported that an acute bout of aerobic exercise performed at 70%
VOomax improves food-related inhibitory control. Zhang et al. (2020)
similarly documented that a single bout of coordinative exercise resulted
in enhanced food-related inhibitory control in obese adolescents. Some
research suggests decreased neural response to a food-related reward or
attention task following an acute bout of aerobic exercise in obese in-
dividuals (Fearnbach et al., 2016; Fearnbach et al., 2017; Hanlon et al.,
2012). Others studies have focused on the effects of acute HIIE on
appetite or food intake. For example, Hu et al. (2022) conducted a
meta-analysis and reported that acute HIIE suppresses appetite and
energy intake immediately post exercise (Hu et al., 2022). Miguet et al.
(2018) documented that a single session of HIIE decreases fat and sweet
reward preference as well as subsequent energy intake among adoles-
cents with obesity. Considering the potentially important role of
food-related cognition in weight management, further investigation of
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the influence of HIIE on food-related cognition is warranted.

Although there is growing body of literature supporting the effects of
HIIE on cognition (Ai et al., 2021; Alves et al., 2014; Tsukamoto et al.,
2016), the underlying mechanisms of HIIE on cognitive function re-
mains unclear (Drollette et al., 2022; Kao et al., 2018; Kao et al., 2017;
Tsai et al.,, 2021). Event-related potentials (ERPs), derived from the
ongoing electroencephalogram (EEG), are a relatively non-invasive high
temporal resolution methodology that can be used to reveal precise
neurocognitive processes. ERPs have been used to examine neuro-
cognitive mechanisms underlying the effects of acute exercise on general
cognitive function (Chu et al., 2015; Fearnbach et al., 2016; Fearnbach
et al., 2017; Hanlon et al., 2012; Kao et al., 2022; Levin et al., 2021;
Ludyga et al., 2017; Themanson & Hillman, 2006) and food-related
cognition among individuals with overweight and obesity (Chu et al.,
2015; Fearnbach et al., 2016; Fearnbach et al., 2017; Hanlon et al.,
2012; Kao et al., 2022; Levin et al., 2021; Ludyga et al., 2017; The-
manson & Hillman, 2006). The P3 component is one of the mostly
frequently examined ERP components in this area (Drollette et al., 2022;
Kao et al., 2018; Kao et al., 2017; C. L. Tsai et al., 2021), although the
late positive potential (LPP), a response to stimulus significance that has
been defined in terms of the activation of appetitive and aversive
motivational systems, has been studied less frequently using
food-related cognitive tasks (Carbine et al., 2018; Hanlon et al., 2012).
Our previous study examined this ERP component in obese populations
(Xie et al., 2020), and we found that LPP amplitude, but not the P3, was
facilitated after a 30-min session of HIIE, suggesting an increased
attentional allocation and cognitive control after a single bout of HIIE.
However, the underlying psychophysiological mechanisms underlying
HIIE effects on food-related cognition among obese individuals remains
understudied; therefore, it remains important to explore these neural
processes following this increasingly popular mode of exercise.

The aims of the current study were to examine whether a single bout
of HIIE could improve general and food-related cognition among young
adults with obesity, and to examine the P3 and LPP components elicited
by a food-related cognitive task to reveal underlying cognitive mecha-
nisms. It was hypothesized that an acute bout of HIIE will have a
beneficial effect on general and food-specific cognition and result in
larger P3 and LPP amplitudes.

Materials and methods
Participants

We recruited fifteen young male adults aged 18 to 35 years from
Shanghai. All participants met the following inclusion requirements: (a)
body mass index (BMI) > 28 kg/m2 (China obesity cutoff point) (He
et al, 2015; Xu et al, 2015; Zhou, 2002); (b) normal or
corrected-to-normal vision; (c) right hand dominance; (d) no contrain-
dications to exercise according to the Physical Activity Readiness
Questionnaire (Thomas et al., 1993). The following exclusion criteria
were also used: (a) no prescription or weight loss drugs that may affect
glucose and lipid metabolism within the previous month; (b) no endo-
crine and cardiovascular diseases (a Yes/No response); (d) no current
mental illness (a Yes/No response); (e) no major illness (including ma-
lignant tumors, severe brain injuries, severe psychiatric illnesses, etc.).
The initial study was confined to male participants due to the fact that
prior research has indicated sex differences in food cravings, cognitive
performance, and neural responses to food stimuli (Hallam et al., 2016;
Ravichandran et al., 2021). All participants signed an informed consent
approved by Shanghai University of Sport Ethics Committee
(#102772019RT005). Demographic characteristics for the study sample
are shown in Table 1.

Food-related image selection

60 high-calorie food images and 60 neutral pictures were selected
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Table 1

Demographic characteristics.
Variables Mean + SD
Age (years) 24.60 + 5.29
Height (m) 1.77 £ 0.05
Weight (kg) 105.78 + 14.04
BMI (kg/m?) 33.88 + 4.22
Digital span
Forward 14.40 + 2.35
Backward 8.80 + 3.67
Education level (years) 15.47 +2.23
VOspeak (ml/kg/min) 33.63 £ 9.72
Basal metabolic rate (kJ/m?/h) 1112.72 + 143.84
DEBQ

Restrained eating
External eating
Emotional eating

2.95 + 0.56
2.39 + 1.00
3.47 £ 0.66

Congruent Condition
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from the Food Picture Database (Blechert et al., 2014). All pictures were
matched for size, resolution, brightness, and background. Independent
samples t-tests were used to compare the valence and arousal of the
two-picture types. Results showed that the valence (49.24 + 6.61 vs.
45.76 + 7.18, p = 0.01), and arousal (33.45 + 5.49 vs. 18.38 &+ 6.85, p
= 0.00) scores of the high-calorie food images were significantly higher
than the neutral pictures, respectively. Some examples of the pictures
are presented in Appendix A and pictures employed in the experiment
from the food-pics database are listed in Appendix B.

Food-related Flanker task

A computerized food-related Flanker task (Meule et al., 2012) was
used to examine food-related cognitive control, which was implemented
using E-Prime 2.0 (Psychological Software Tools, Pittsburgh, PA, United
States). The paradigm was similar to the traditional Flanker task para-
digm (Eriksen & Eriksen, 1974; Kamijo et al., 2014). For this task,
participants were required to choose the target picture type

Congruency

Incongruent Condition

Food Target

i

Picture Type

Neutral Target

U
N

Red rectangular box flanker by
two stimulus lasting for 500 ms

L

-

k1

Target presents for
1500 ms in maximum

=

Blank screen
presents for
1000 ms

\Next trial.......

Fig. 1. a) Example of the congruent and incongruent task conditions of the food-related Flanker task across both picture types (high-calorie food and neutral). b) The
food-related Flanker task paradigm.
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(high-calorie food image vs. neutral image) in a red rectangular box in
the middle and inhibit the congruent or incongruent images on both
sides of the target image. An example of the congruency condition
(congruent vs. incongruent) x picture type (high-calorie food image vs.
neutral picture) is shown in Fig. 1a. Each trial began with a red rect-
angular box presented in the middle of the screen flanked by two
stimulus pictures appearing on both sides of the box on a white back-
ground for 500 ms. Participants were required to gently place their right
index finger on the number "5" key. Then, a target stimulus appeared in
the red box, and participants were to press the number “4” key or
number “6” key when the target stimulus in the red rectangle was a
“neutral picture” or a “high-calorie food picture”, respectively. After
pressing the response key, participants were told to return their finger to
the number "5" key. The stimulus would disappear when the response
key was pressed and each trial lasted for 1500 ms. Lastly, a blank screen
was presented for 1000 ms (see Fig. 1b). The experiment had a practice
block and three formal blocks of trials. The practice block consisted of 12
trials and participants were required to reach an accuracy of 80% before
proceeding. If 80% was not reached, participants completed another
practice block of 12 trials. Each formal block consisted of 120 trials
containing all four conditions, and all stimulus images were presented in
a random order.

Electrophysiological recording and analysis

EEG signals were recorded by a 64-channel recording system using
Ag/AgCl electrodes positioned according to the International 10-20
standard electrode system (Brain Products GmbH, Munich, Germany).
EEG data were referenced online to the vertex electrode FCZ with AFz
serving as the ground electrode and digitized continuously at 1000 Hz
during data collection. An electrode was placed 1 cm outside of the right
eye to record horizontal electrooculography (EOG) and 1 cm below the
middle and lower orbit of the right eye to record vertical electroocu-
lography (ECG). Electrode impedance was maintained at or less than 10
kQ throughout the recording sessions.

ERP data were recorded using Brain Vision Recorder software and
analyzed using Brain Vision Analyzer 2.0 software. Offline data were
first re-referenced using the bilateral mastoids (TP9, TP10) as reference
electrodes. Data were then high-pass filtered at 0.1 Hz and low-pass
filtered at 30 Hz. ERP data were then segmented into epochs from 200
ms prior to stimulus onset to 1500 ms following stimulus onset, for 1700
ms time windows. All epochs were baseline adjusted using the 200
milliseconds pre-stimulus window and eye blinks were subsequently
removed using independent components analysis (ICA). Channels were
identified as bad if the fast average amplitude exceeded 100 microvolts
(pV). The mean number of analyzed segments of high-calorie food pic-
ture target congruent condition, neutral picture target congruent con-
dition, high-calorie food picture target incongruent condition as well as
neutral picture target incongruent condition were 67.80 &+ 21.81, 67.93
+ 22.84, 68.33 4+ 22.20 and 68.70 + 21.21, respectively. Analyses were
conducted for the P3 and LPP area-average amplitudes, with time win-
dows of 400-600 ms (P3) and 700-1100 ms (LPP) after stimulus onset at
the midline parietal (Pz) electrode site (Ligeza et al., 2023).

Experimental procedure

Participants were formally invited to the laboratory for two distinct
sessions, with a HIIE session and a control session performed in a
counterbalanced order separated by 3 days. Upon arrival, participants
provided written informed consent and completed a demographic
questionnaire. Intelligence (Digit Span test) (Wechsler, 1997) as well as
the eating styles (Dutch Eating Behavior Questionnaire (DEBQ) (Van
Strien et al., 1986) were then measured to characterize the study par-
ticipants (Chi et al., 2021; Khandekar et al., 2023; Song et al., 2022;
Zhang et al., 2022). Subsequently, height and weight were assessed for
the determination of BMI (weight (kg)/height (rn)z) and
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cardiorespiratory fitness (VOzpeak) Was assessed using the YMCA sub-
maximal ergometer exercise test (Golding et al., 1989; Xie et al., 2020).
This test is considered safe and well-tolerated by individuals with
obesity, minimizing risks associated with maximal exercise testing and
has been utilized in previous obesity-related studies (Chi et al., 2021;
Song et al., 2016; Song et al., 2022).

Eligible participants took part in two sessions, and each session was
conducted approximately 1 hour after eating. The HIIE session consisted
of 30 minutes stationary cycle exercise (MONARK 894E, Sweden) con-
sisting of a 5-min warm-up, 20-min formal HIIE exercise (10 cycles of 1-
min 80-90% maximal Heart Rate (HRy,,x) high-intensity exercise sepa-
rated by 1-min 50-65% HRp,x active relax), and a 5-min cool down. The
control session consisted of a time and attention-matched sedentary
period of seated rest, where subjects were asked to sit quietly in a chair
and engage in active reading to ensure they were not in a completely
closed-eye resting state. Heart Rate (assessed through a Polar heart rate
monitor (FT1, Polar Electro Oly, Finland) and perceived exertion (RPE)
(Borg, 1982) were recorded every 1-min during the exercise. Partici-
pants were asked to dry their scalp with a hairdryer immediately after
exercise to minimize the influence of sweating on the EEG signal. Within
15 min following HIIE or control, the cognitive task and EEG recording
were performed.

Statistical analysis

The behavioral data were collected by E-Prime 2.0 software. The
main indicators were reaction time and accuracy for congruent and
incongruent task conditions of the food-related flanker task. For the
behavioral data, MATLAB software was used to preprocess the original
data, and outliers and extreme values were identified as average value
plus or minus 3 times the standard deviation under each index and were
eliminated.

The study used a within-subject design, with session, congruency and
picture type as within-subject factors. For the behavioral data, a 2
(session: HIIE vs. control) x 2 (congruency: congruent vs. incongruent)
x 2 (picture type: high-calorie food picture vs. neutral picture) repeated-
measures analysis of variance (ANOVA) was conducted for reaction
time, accuracy and reaction time-accuracy ratio, respectively. For the
ERP data, a 2 (session: HIIE vs. control) x 2 (congruency: congruent vs.
incongruent) x 2 (picture type: high-calorie food picture vs. neutral
picture) ANOVA was separately conducted for P3 and LPP average
amplitudes from the Pz recording site, respectively. Follow-up com-
parisons were conducted with Bonferroni adjustment, effect sizes are
presented as nﬁ, and statistical significance was set at p < 0.05.

Results
Behavioral data

Means and standard deviations for accuracy and reaction times by
session, task congruency, and image type are reported in Table 2 and
Fig. 2. The 2 (session: HIIE vs. control) x 2 (congruency: congruent vs.
incongruent) x 2 (picture type: high-calorie food picture vs. neutral
picture) repeated measures ANOVA for reaction time showed a signifi-
cant main effect of session, F (1,14) = 5.94, p = 0.03, 1712, = 0.30, with
faster reaction time following the HIIE relative to the control session
(619.00 & 19.81 ms vs. 657.92 4+ 21.72 ms). There was no credible
evidence of significant main effect of task congruency [F (1,14) = 0.27,
p=0.61, 2 = 0.02] or picture type [F (1,14) = 0.62,p = 0.44, iz = 0.04]
or significant interaction between session and task congruency [F (1,14)
=4.24,p =0.06, r]ﬁ = 0.23] or session and picture type [F (1,14) =1.52,
p=0.24, ;712, = 0.10] or congruency and picture type [F (1,14) = 1.46,p
=0.25, r]f, = 0.09] nor an interaction among the three factors [F (1,14)
=0.41,p = 0.53, 712 = 0.03] for reaction time, p > 0.05, respectively.

There was no credible evidence of significant main effect for session
[F (1,14) = 3.01, p = 0.11, 1112, = 0.18] or task congruency [F (1,14) =
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Table 2
Reaction time (ms), accuracy (%), reaction time-accuracy ratio, P3, and LPP
components for food and neutral pictures across task congruency for the food-
related Flanker task following high-intensity interval exercise and control
sessions.

Variable HIIE session Control session

RT (ms)

HFP Congruent
HFP Incongruent
NP Congruent
NP Incongruent
Accuracy (%)

624.27 + 84.15
623.65 + 83.03
619.05 £ 72.65
609.04 £+ 75.92

653.04 £ 87.19
662.38 + 95.58
654.28 £ 77.99
661.98 + 81.86

HFP Congruent 92.10 £ 9.16 95.80 + 4.25
HFP Incongruent 92.80 +£9.91 96.20 + 4.62
NP Congruent 92.73 £10.03 96.60 + 3.58
NP Incongruent 93.93 +£7.94 96.47 + 4.22
Reaction time-accuracy ratio

HFP Congruent 0.67 £ 0.13 0.68 = 0.10
HFP Incongruent 0.68 + 0.14 0.69 £ 0.13
NP Congruent 0.68 + 0.13 0.68 + 0.10
NP Incongruent 0.65 +0.11 0.69 +0.11
P3 (uV)

HFP Congruent 2.07 + 3.38 1.26 + 2.55
HFP Incongruent 2.38 £ 3.17 1.32 £2.76
NP Congruent 2.73 +£3.26 1.03 £ 2.60
NP Incongruent 2.08 £+ 3.27 0.49 £+ 3.18
LPP (pV)

HFP Congruent 6.04 = 4.10 1.55 + 4.59
HFP Incongruent 5.32 +£ 5.07 1.75 £ 4.52
NP Congruent 6.53 + 3.68 1.79 £ 4.11
NP Incongruent 5.04 + 4.82 1.68 £ 5.03

Note. HIIE = High-intensity interval exercise; CON = Control; RT= Reaction
Time; HFP = High-calorie food picture; NP = Neutral Picture.

750 [ CON B HIE
* * * %*
g 700
]
£ 650
=
c
.2
© 600
]
]
4
550 /7
ofL LM | |WW | (W ||
HFP Cong. HFPIncong. NP Cong. NP Incong.

Condition

Fig. 2. Reaction times for the food-related Flanker task by task congruency and
picture types following high-intensity interval exercise and control sessions.
Note. Values are means and standard errors. HIIE = High-intensity interval
exercise; CON = Control; HFP = High-calorie food picture; NP = Neutral Pic-
ture. * p < 0.05.

1.30,p = 0.27, 2 = 0.09] or picture type [F (1,14) = 2.43,p = 0.14, 1j =
0.15] or interaction with session and task congruency [F (1,14) = 0.84,
p = 0.38, 1112, = 0.06] or session and picture type [F (1,14) = 0.36, p =
0.56, ;15 = 0.03] or congruency and picture type [F (1,14) = 0.00, p =
1.00, 1112, = 0.00] or interaction among the three factors [F (1,14) = 1.10,
p=0.31, 115 = 0.07] for accuracy, p > 0.05, respectively. Accuracy data
for the food-related Flanker task are presented in Table 2.

The 2 (session: HIIE vs. control) x 2 (congruency: congruent vs.
incongruent) x 2 (picture type: high-calorie food picture vs. neutral
picture) repeated measures ANOVA for the reaction time-accuracy ratio
showed a significant interaction among session, congruency and picture
type [F (1,14) = 9.33, p = 0.01, ;12 = 0.40]. Post hoc tests revealed a
significant smaller reaction time-accuracy ratio for the neutral picture
type relative to the high-calorie food picture type in incongruent con-
dition following HIIE session (0.65 + 0.11 vs. 0.68 + 0.14, p = 0.03) and

International Journal of Clinical and Health Psychology 24 (2024) 100430

a significant smaller reaction time-accuracy ratio for the incongruent
condition relative to the congruent condition in neutral picture type
following HIIE session (0.65 + 0.11 vs. 0.68 + 0.13, p = 0.02). There is
no credible evidence of significant main effect of session [F (1,14) =
0.29, p = 0.60, 12 = 0.02] or congruency [F (1,14) = 0.03,p = 0.87, 1jZ =
0.002] or picture type [F (1,14) = 0.76, p = 0.40, nﬁ = 0.05] or in-
teractions between session and congruency [F (1,14) = 1.81, p = 0.20,
nf, = 0.11], session and picture type [F (1,14) = 0.52, p = 0.48, nﬁ =
0.04] or congruency and picture type [F (1,14) = 2.20, p = 0.16, :7}2, =
0.14]. Reaction time-accuracy ratio data for the food-related Flanker
task are presented in Table 2.

EEG data

P3 component

P3 ERP waveforms by session, congruency, and image type are
shown in Fig. 3. Means and standard deviations for P3 amplitude are
reported in Table 2. The 2 (session: HIIE vs. control) x 2 (congruency:
congruent vs. incongruent) x 2 (picture type: high-calorie food picture
vs. neutral picture) repeated measures ANOVA for P3 amplitude
revealed a significant main effect of session, F (1,14) = 5.63,p = 0.03, ;15
= 0.29, with a larger amplitude observed following HIIE (2.31 + 0.78
pV) compared with the control session (1.02 + 0.68 pV). There was no
credible evidence of significant main effect of task congruency [F (1,14)
=0.75,p = 0.40, 7z = 0.05] or picture type [F (1,14) = 0.95,p = 0.35, 1
= 0.06] or interaction between session and task congruency [F (1,14) =
0.09,p=0.77, 1112, = 0.01] or session and picture type [F (1,14) = 2.51,p
=0.14, 175 = 0.15] or congruency and picture type [F (1,14) =1.34,p =
0.27, ryf, = 0.09] or interaction among the three factors [F (1,14) = 0.15,
p=0.71, nﬁ = 0.01] for P3 amplitude, p > 0.05, respectively.

LPP component

LPP ERP waveforms by session, congruency, and image type are
shown in Fig. 3. Means and standard deviations for LPP amplitude are
reported in Table 2. The 2 (session: HIIE vs. control) x 2 (congruency:
congruent vs. incongruent) x 2 (picture type: high-calorie food picture
vs. neutral picture) repeated measures ANOVA for LPP amplitude
revealed a significant main effect of session, F (1,14) = 8.77,p = 0.01, 115
= 0.39, with larger amplitude observed following HIIE (5.73 + 1.00 pV)
compared with the control session (1.69 + 1.16 pV). There was no
credible evidence of significant main effect of task congruency [F (1,14)
=1.61,p = 0.23, 7z = 0.10] or picture type [F (1,14) =0.12,p = 0.73, 17
= 0.01] or interaction between session and task congruency [F (1,14) =
2.19,p=0.16, nf, = 0.14] or session and picture type [F (1,14) = 0.00, p
=0.96, ;112, = 0.00] or congruency and picture type [F (1,14) =0.37,p =
0.55, ;112, = 0.03] or interaction among the three factors [F (1,14) = 0.14,
p=0.72, ;15 = 0.01] for LPP amplitude, p > 0.05, respectively.

Discussion

The study investigated the effects and underlying neural mechanisms
of a 30-min acute session of HIIE on food-related cognitive function and
inhibitory control assessed by behavioral and ERP measures. This is the
first known study to examine the influence of acute HIIE on food-related
cognition and inhibitory control, as well as the P3 and LPP components
elicited by a food-related cognitive paradigm among young adults with
obesity. The key findings were that acute HIIE resulted in shorter
response speed in the food-related Flanker task and increased P3 and
LPP amplitudes, which indicate enhancement of general and food-
related cognitive control as well as increased recruitment of cognitive
resources to support cognitive control processes. Overall, these findings
support the previous findings indicating that acute HIIE facilitates
general cognitive function (Xie et al., 2020), and extent these findings to
food-related cognitive control in young adults with obesity.

With respect to behavioral performance, response times following
HIIE were faster than the control session, regardless of the congruency or
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Fig. 3. P3 (400-600 ms) and LPP (700-1100 ms) ERP component amplitudes for congruent task and incongruent conditions of the food-related Flanker task.
Note. The solid black line represented the high-calorie food picture waveform in control session. The dotted black line represented the neutral picture waveform in
control session. The solid red line represented the high-calorie food picture waveform in HIIE (high-intensity interval exercise) session. The dotted red line repre-
sented the neutral picture waveform in HIIE session. For congruent condition, P3 amplitude revealed no significant difference between the two sessions (p > 0.05, p
= 0.06) or the two picture types (p > 0.05). LPP amplitude showed a significant larger amplitude following HIIE session compared with the control session (p = 0.01).
No significant difference between the two picture types was found (p > 0.05). For incongruent condition, P3 amplitude revealed a significant larger amplitude for
HIIE session to control session (p = 0.02). No significant difference between the two picture types was found (p > 0.05). LPP amplitude showed a significant larger
amplitude following HIIE session compared with the control session (p = 0.03). No significant difference between the two picture types was found (p > 0.05).

picture type, accompanied with no credible evidence of a significant
difference in accuracy. Previous studies have reported shorter reaction
times in both the Flanker and Stroop tasks after similar HIIE in-
terventions (Alves et al., 2014; Kao et al., 2017; Tian et al., 2023; Tsu-
kamoto et al., 2016), which suggests that HIIE elicits enhanced speed of
processing and facilitates efficiency in cognitive control (Kao et al.,
2017). These results are also in accord with our earlier observations,
which showed improvement in general cognitive control following an
acute session of HIIE (Xie et al., 2020). The current findings extend this
positive effect to food-related cognitive control in young adults with
obesity. Similar to our findings, Bailey et al. (2021) found faster
response times in a food-related Go/No Go task following an acute bout
of aerobic exercise performed at 70% VOsmax, which indicates
improved and more efficient food-related cognitive control processes. It
should be noted that we additionally analyzed the reaction
time-accuracy ratio to examine the potential influence of the
speed-accuracy trade-off. We found that there was no significant effect
for the session, suggesting that the results might be influenced by the
trade-off. Overall, while our findings showed that a single bout of HIIE
facilitates both general and food-related cognitive control, the inter-
pretation needs to be conservative.

Moreover, no difference was found in high-calorie food and neutral
pictures, which indicates that high-calorie food images did not induce a
larger effect than neutral objects. A number of studies have reported that
obese individuals performed slower in high-calorie food than neutral
stimulus cues in food-related dot-probe or Stroop tasks (Hagan et al.,
2020; Husted et al., 2016). The improved reaction time does not relate
specifically to the high-calorie food images after acute HIIE, potentially
indicating that acute HIIE has general positive effect on cognitive pro-
cessing and inhibitory control. Surprisingly, we also did not find a sig-
nificant difference in congruent and incongruent trials, that is, no
“conflict effect” (Eriksen & Eriksen, 1974) was observed. This may have
resulted from our version of the Flanker task in that the flanking stimuli
may not be resulting in the same level of conflict as the more traditional
versions of the Flanker task (e.g., arrow version).

In terms of ERP evidence, acute HIIE induced a larger P3 amplitude
than the control session, regardless of the picture type or task congru-
ency. This result aligns with a number of previous studies that have

observed an increase in P3 amplitude after acute exercise (Chang,
Alderman, et al., 2017; Junyeon et al., 2017; Kao et al., 2022; Tsai et al.,
2021), which suggests that a single bout of exercise increases attentional
resource allocation to achieve successful goal-oriented behavior (Kao
et al., 2022). However, it is important to note that the evidence for P3
amplitude changes after acute HIIE have not been consistent (Kao et al.,
2018; Kao et al., 2017; Xie et al., 2020). For example, Kao et al. (2018)
and Xie et al. (2020) did not observe any significant changes in Flanker
P3 amplitude following HIIE, whereas (Kao et al., 2017) reported a
smaller P3 amplitude to the Flanker task following acute HIIE. Kao and
colleagues concluded that the reduced P3 amplitude following HIIE
could be regarded as neural efficiency (Adam et al., 2012; Malinowski,
2013) due to the diminished recruitment of neural resources accompa-
nied by enhanced cognitive control (Kao et al., 2017). Given the
different P3-elicting tasks (classic Flanker task vs. food-related Flanker
task), exercise duration (9-min vs. 16-min vs. 30-min) and the P3 time
windows as well as the electrode site used (300-400 ms at Fz site vs. 400
to 600 ms at Pz site), discrepancies in findings may be explained by key
exercise characteristics, nature of the P3-elicting tasks, and ERP data
collection and analysis details. Considering the enlarged P3 amplitude
accompanied by more efficient reaction time performance, the current
results suggest that an acute HIIE facilitates general and food-related
cognitive processes, and neural resource allocation as indicated by
overall enhanced P3 amplitude.

Similar to the P3, an increase LPP amplitude was observed following
HIIE. LPP is a late potential which reflects higher-order attentional
processes (Carbine et al., 2018; Schupp et al., 2003) and arousal level as
well as precise processing of stimuli (Benau et al., 2019; Shestyuk &
Deldin, 2010). Potentiated LPP amplitude suggests increased allocation
of attention in stimulus processing (Carbine et al., 2018; Schupp et al.,
2003) and cognitive control (Carbine et al., 2018; Watson & Garvey,
2013). Though few studies have investigated LPP component amplitude
after acute exercise intervention, some studies have reported enhanced
LPP amplitude following an acute aerobic exercise, which indicates
improved reactivity to the target stimulus (Brush et al., 2021; Brush
et al., 2020). Additionally, our pervious study showed increased LPP
amplitude after a single bout of HIIE, suggesting an increased capacity of
attention allocation and inhibition of irrelevant stimuli in support of
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cognitive inhibition (Xie et al., 2020). Collectively, these findings sug-
gest that acute HIIE results in an increase of attention allocation to
facilitate general and food-related cognitive processes.

The major strength of this study is the examination of the acute HIIE
effects and the ERP mechanisms on general and food-related cognition
in young adults with obesity. However, this study has several limita-
tions. First, this study included a relatively small sample size, and
therefore future studies incorporating larger samples are warranted.
Additionally, we restricted this initial study to male participants given
that previous studies have found sex differences in food-related craving,
cognitive function, and neural responses to food-related stimuli (Hallam
et al., 2016; Ravichandran et al., 2021). Studies examining neural re-
sponses to food-related cognitive tasks by sex, and the influence of ex-
ercise and HIIE on food-related cognition are needed. It may also be
useful to examine exercise effects on women across phases of the men-
strual cycle, as this may potentially influence both exercise responses
and acute influences on cognition. Third, variables like nutrition status
and sedentary behavior have the potential to impact exercise-induced
changes in food-related cognition. In future studies, examination of
these variables is warranted, and it is advisable to include nutritional
status, sedentary behavior, dietary patterns, intelligence and additional
factors as covariates in studies incorporating larger sample sizes.
Furthermore, it’s essential to acknowledge that our results might be
influenced by speed-accuracy trade-offs. Hence, forthcoming studies
should meticulously address this trade-off issue while prudently repli-
cating and expanding upon the findings of our research. Lastly, in
addition to the specific mode of exercise (HIIE versus more traditional
moderate-intensity aerobic exercise), there is a need to examine
dose-response relationships between acute or long-term HIIE and
food-related cognition in order to guide exercise prescriptions for
improving upstream targets for obesity (e.g., food-related cognition).

Conclusion

A single bout of HIIE results in a beneficial effect on general and
food-related cognition among young adult males with obesity. Based on
the P3 and LPP components, the underlying cognitive mechanisms may

include an increased recruitment of neural resources to support cogni-
tive and inhibitory control. Future studies encourage to include larger

Appendix A

Examples of the high-calorie food and neutral pictures.

High-calorie Food

Neutral
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sample sizes and both men and women, and it is recommended to further
examine the dose-response relationship between acute or long-term HIIE
and food-related cognition in order to guide more precise exercise pre-
scriptions for the prevention and treatment of obesity.
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Pictures employed in the experiment from the food-pics database (Blechert et al., 2014).

Picture Type Food-pics Database Number

High-calorie

1,2,6,12, 22, 23, 34, 41, 42, 43, 45, 46, 53, 56, 57, 60, 69, 77, 79, 80, 86, 87, 89, 91, 103, 105, 115, 127, 136, 137, 140, 148, 151, 159, 167, 169, 171, 176, 185,

food 287, 295, 296, 297, 298, 309, 310, 313, 318, 319, 363, 387, 469, 485, 489, 507, 517, 533, 538, 547, 555

Neutral

1004, 1005, 1007, 1008, 1009, 1010, 1013, 1014, 1028, 1030, 1031, 1032, 1033, 1035, 1038, 1056, 1060, 1134, 1140, 1141, 1142, 1143, 1146, 1149, 1151,

1153, 1156, 1208, 1210, 1212, 1213, 1214, 1218, 1219, 1223, 1224, 1225, 1227, 1231, 1234, 1235, 1239, 1240, 1242, 1243, 1244, 1249, 1250, 1252, 1256,

1258, 1261, 1265, 1267, 1268, 1272, 1274, 1276, 1277, 1279

References

Adam, M., Thomas, G., Jennifer, D., & Peter, M. (2012). Regular, brief mindfulness
meditation practice improves electrophysiological markers of attentional control.
Frontiers in Human Neuroscience, 6(18), 1-15. https://doi.org/10.3389/
fnhum.2012.00018

Ai, J., Chen, F. T., Hsieh, S. S., Kao, S. C., & Chang, Y. K. (2021). The effect of acute high-
intensity interval training on executive function: A systematic review. International
Jjournal of environmental research and public health, 18(3593), 1-17. https://doi.org/
10.3390/ijerph18073593

Alves, C. R. R, Tessaro, V. H., Teixeira, L. A. C., Murakava, K., & Takito, M. Y. (2014).
Influence of acute high-intensity aerobic interval exercise bout on selective attention
and short-term memory tasks. Perceptual and Motor Skills, 118(1), 63-72. https://doi.
org/10.2466/22.06.PMS.118k10w4

Alves, E. D., Salermo, G. P., Panissa, V. L. G., Franchini, E., & Takito, M. Y. (2017). Effects
of long or short duration stimulus during high-intensity interval training on physical
performance, energy intake, and body composition. Journal of Exercise Rehabilitation,
13(4), 393. https://doi.org/10.12965/jer.1734962.481

Bailey, B. W., Muir, A. M., Bartholomew, C. L., Christensen, W. F., Carbine, K. A.,
Marsh, H., LaCouture, H., McCutcheon, C., & Larson, M. J. (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, Article 118162. https://doi.org/10.1016/j.
neuroimage.2021.118162

Benau, E. M., Hill, K. E., Atchley, R. A., O’Hare, A. J., Gibson, L. J., Hajcak, G.,

Ilardi, S. S., & Foti, D. (2019). Increased neural sensitivity to self-relevant stimuli in
major depressive disorder. Psychophysiology, 56(7), €13345. https://doi.org/
10.1111/psyp.13345

Blechert, J., Meule, A., Busch, N. A., & Ohla, K. (2014). Food-pics: an image database for
experimental research on eating and appetite. Frontiers in Psychology, 5, 617. https://
doi.org/10.3389/fpsyg.2014.00617

Borg, G. A. (1982). Psychophysical bases of perceived exertion. Medicine and Science in
Sports and Exercise, 14(5), 377-381. https://doi.org/10.1249/00005768-
198205000-00012

Brush, C. J., Burani, K., Schmidt, K. M., Santopetro, N. J., & Hajcak, G. (2021). The
impact of a single session of aerobic exercise on positive emotional reactivity in
depression: Insight into individual differences from the late positive potential.
Behaviour Research and Therapy, 144, Article 103914. https://doi.org/10.1016/j.
brat.2021.103914

Brush, C. J., Foti, D., Bocchine, A. J., Muniz, K. M., Gooden, M. J., Spaeth, A. M.,
Miller, M. W., & Alderman, B. L. (2020). Aerobic exercise enhances positive
emotional reactivity in individuals with depressive symptoms: Evidence from neural
responses to reward and emotional content. Mental Health and Physical Activity, 19,
Article 100339. https://doi.org/10.1016/j.mhpa.2020.100339

Carbine, K. A., Rodeback, R., Modersitzki, E., Miner, M., Lecheminant, J. D., &

Larson, M. J. (2018). The utility of event-related potentials (ERPs) in understanding
food-related cognition: A systematic review and recommendations. Appetite. https://
doi.org/10.1016/j.appet.2018.05.135

Castellanos, E. H., Charboneau, E., Dietrich, M. S., Park, S., Bradley, B. P., Mogg, K., &
Cowan, R. L. (2009). Obese adults have visual attention bias for food cue images:
evidence for altered reward system function. International Journal of Obesity, 33(9),
1063-1073. https://doi.org/10.1038/1ij0.2009.138

Chang, Y. K., Alderman, B. L., Chu, C. H., Wang, C. C., Song, T. F., & Chen, F. T. (2017).
Acute exercise has a general facilitative effect on cognitive function: A combined
ERP temporal dynamics and BDNF study. Psychophysiology, 00, 1-12. https://doi.
org/10.1111/psyp.12784

Chang, Y. K., Chu, C. H., Chen, F. T., Hung, T. M., & Etnier, J. L. (2017). Combined effects
of physical activity and obesity on cognitive function: independent, overlapping,
moderator, and mediator models. Sports Medicine, 47(3), 449-468. https://doi.org/
10.1007/540279-016-0589-7

Chang, Y. K., Labban, J. D., Gapin, J. I., & Etnier, J. L. (2012). The effects of acute
exercise on cognitive performance: A meta-analysis. Brain Research, 1453, 87-101.
https://doi.org/10.1016/j.brainres.2012.02.068

Chi, L., Hung, C. L., Lin, C. Y., Song, T. F., Chu, C. H., Chang, Y. K., & Zhou, C. (2021).
The combined effects of obesity and cardiorespiratory fitness are associated with
response inhibition: an ERP study. International journal of environmental research and
public health, 18(7), 3429, 10.3390ijerph18073429.

Chu, C. H., Alderman, B. L., Wei, G. X., & Chang, Y. K. (2015). Effects of acute aerobic
exercise on motor response inhibition: An ERP study using the stop-signal task.
Journal of Sport and Health Science, 4(1), 73-81. https://doi.org/10.1016/j.
jshs.2014.12.002

Delgado-Floody, P., Latorre-Roman, P., Jerez-Mayorga, D., Caamano-Navarrete, F., &
Garcia-Pinillos, F. (2019). Feasibility of incorporating high-intensity interval
training into physical education programs to improve body composition and
cardiorespiratory capacity of overweight and obese children: A systematic review.
Journal of Exercise Science & Fitness, 17(2), 35-40. https://doi.org/10.1016/j.
jesf.2018.11.003

Drollette, E. S., Johnson, M. N., & Meadows, C. C. (2022). No change in inhibitory
control or P3 following different high-intensity interval exercise modalities. Brain
Sciences, 12(2), 185. https://doi.org/10.3390/brainsci1 2020185

Drollette, E. S., Scudder, M. R., Raine, L. B., Moore, R. D., Saliba, B. J., Pontifex, M. B., &
Hillman, C. H. (2014). Acute exercise facilitates brain function and cognition in
children who need it most: An ERP study of individual differences in inhibitory
control capacity. Developmental Cognitive Neuroscience, 7, 53-64. https://doi.org/
10.1016/j.den.2013.11.001

Eriksen, B. A., & Eriksen, C. W. (1974). Effects of noise letters upon the identification of a
target letter in a nonsearch task. Perception & Psychophysics, 16(1), 143-149. https://
doi.org/10.3758/BF03203267

Etnier, J. L., Salazar, W., Landers, D. M., Petruzzello, S. J., Han, M., & Nowell, P. (1997).
The influence of physical fitness and exercise upon cognitive functioning: A meta-
analysis. Journal of Sport and Exercise Psychology, 19(3), 249-277. https://doi.org/
10.1123/jsep.19.3.249

Faria, L. O., Cunha, F. A.d., Fortes, L.d. S., Bertollo, M., Wanner, S. P., &

Albuquerque, M. R. (2022). Does executive functions’ performance at rest predict
executive function performance during acute physical exercise? International Journal
of Sport and Exercise Psychology, 20(5), 1490-1506. https://doi.org/10.1080/
1612197X.2021.1956569

Fearnbach, S. N., Silvert, L., Keller, K. L., Genin, P. M., Morio, B., Pereira, B., Duclos, M.,
Boirie, Y., & Thivel, D. (2016). Reduced neural response to food cues following
exercise is accompanied by decreased energy intake in obese adolescents.
International Journal of Obesity, 40(1), 77-83. https://doi.org/10.1038/ij0.2015.215

Fearnbach, S. N, Silvert, L., Pereira, B., Boirie, Y., Duclos, M., Keller, K. L., & Thivel, D.
(2017). Reduced neural responses to food cues might contribute to the anorexigenic
effect of acute exercise observed in obese but not lean adolescents. Nutrition
Research, 44, 76-84. https://doi.org/10.1016/j.nutres.2017.06.006

Garcia-Garcia, 1., Morys, F., Michaud, A., & Dagher, A. (2020). Food addiction, skating
on thin ice: a critical overview of neuroimaging findings. Current Addiction Reports, 7,
20-29. https://doi.org/10.1007/s40429-020-00293-0

Garcia-Garcia, 1., Narberhaus, A., Marqués-Iturria, I., Garolera, M., Radoi, A., Segura, B.,
Pueyo, R., Ariza, M., & Jurado, M. A. (2013). Neural responses to visual food cues:
Insights from functional magnetic resonance imaging. European Eating Disorders
Review, 21(2), 89-98. https://doi.org/10.1002/erv.2216

Golding, L. A., Myers, C. R., & Sinning, W. E. (1989). Y’s way to physical fitness: the
complete guide to fitness testing and instruction. Champaign, IL, USA: Human Kinetics
Publishers.

Guh, D. P., Zhang, W., Bansback, N., Amarsi, Z., Birmingham, C. L., & Anis, A. H. (2009).
The incidence of co-morbidities related to obesity and overweight: A systematic
review and meta-analysis. BMC Public Health, 9, 1-20. https://doi.org/10.1186/
1471-2458-9-88

Gusatovic, J., Gramkow, M. H., Hasselbalch, S. G., & Frederiksen, K. S. (2022). Effects of
aerobic exercise on event-related potentials related to cognitive performance: A
systematic review. PeerJ, 10, e13604. https://doi.org/10.7717/peerj.13604


https://doi.org/10.3389/fnhum.2012.00018
https://doi.org/10.3389/fnhum.2012.00018
https://doi.org/10.3390/ijerph18073593
https://doi.org/10.3390/ijerph18073593
https://doi.org/10.2466/22.06.PMS.118k10w4
https://doi.org/10.2466/22.06.PMS.118k10w4
https://doi.org/10.12965/jer.1734962.481
https://doi.org/10.1016/j.neuroimage.2021.118162
https://doi.org/10.1016/j.neuroimage.2021.118162
https://doi.org/10.1111/psyp.13345
https://doi.org/10.1111/psyp.13345
https://doi.org/10.3389/fpsyg.2014.00617
https://doi.org/10.3389/fpsyg.2014.00617
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.1016/j.brat.2021.103914
https://doi.org/10.1016/j.brat.2021.103914
https://doi.org/10.1016/j.mhpa.2020.100339
https://doi.org/10.1016/j.appet.2018.05.135
https://doi.org/10.1016/j.appet.2018.05.135
https://doi.org/10.1038/ijo.2009.138
https://doi.org/10.1111/psyp.12784
https://doi.org/10.1111/psyp.12784
https://doi.org/10.1007/s40279-016-0589-7
https://doi.org/10.1007/s40279-016-0589-7
https://doi.org/10.1016/j.brainres.2012.02.068
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0016
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0016
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0016
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0016
https://doi.org/10.1016/j.jshs.2014.12.002
https://doi.org/10.1016/j.jshs.2014.12.002
https://doi.org/10.1016/j.jesf.2018.11.003
https://doi.org/10.1016/j.jesf.2018.11.003
https://doi.org/10.3390/brainsci12020185
https://doi.org/10.1016/j.dcn.2013.11.001
https://doi.org/10.1016/j.dcn.2013.11.001
https://doi.org/10.3758/BF03203267
https://doi.org/10.3758/BF03203267
https://doi.org/10.1123/jsep.19.3.249
https://doi.org/10.1123/jsep.19.3.249
https://doi.org/10.1080/1612197X.2021.1956569
https://doi.org/10.1080/1612197X.2021.1956569
https://doi.org/10.1038/ijo.2015.215
https://doi.org/10.1016/j.nutres.2017.06.006
https://doi.org/10.1007/s40429-020-00293-0
https://doi.org/10.1002/erv.2216
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0028
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0028
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0028
https://doi.org/10.1186/1471-2458-9-88
https://doi.org/10.1186/1471-2458-9-88
https://doi.org/10.7717/peerj.13604

C. Xie et al.

Hagan, K. E., Alasmar, A., Exum, A., Chinn, B., & Forbush, K. T. (2020). A systematic
review and meta-analysis of attentional bias toward food in individuals with
overweight and obesity. Appetite, 151, Article 104710. https://doi.org/10.1016/j.
appet.2020.104710

Hallam, J., Boswell, R. G., DeVito, E. E., & Kober, H. (2016). Gender-related differences
in food craving and obesity. The Yale Journal of Biology & Medicine, 89(2), 161-173.

Hanlon, B., Larson, M. J., Bailey, B. W., & Lecheminant, J. D. (2012). Neural response to
pictures of food after exercise in normal-weight and obese women. Medicine &
Science in Sports & Exercise, 44(10), 1864-1870. https://doi.org/10.1249/
MSS.0b013e31825cade5

He, W., Li, Q., Yang, M., Jiao, J., Ma, X., Zhou, Y., Song, A., Heymsfield, S. B., Zhang, S.,
& Zhu, S. (2015). Lower BMI cutoffs to define overweight and obesity in China.
Obesity, 23(3), 684-691, 10.1002/0by.20995.

Hsieh, S. S., Chueh, T. Y., Huang, C. J., Kao, S. C., Hillman, C. H., Chang, Y. K., &
Hung, T. M. (2021). Systematic review of the acute and chronic effects of high-
intensity interval training on executive function across the lifespan. Journal of Sports
Sciences, 39(1), 10-22. https://doi.org/10.1080/02640414.2020.1803630

Hsieh, S. S., Huang, C. J., Wu, C. T., Chang, Y. K., & Hung, T. M. (2018). Acute exercise
facilitates the N450 inhibition marker and P3 attention marker during stroop test in
young and older adults. Journal of Clinical Medicine, 7(11), 391. https://doi.org/
10.3390/jcm7110391

Hu, M., Nie, J., Lei, O. K., Shi, Q., & Kong, Z. (2022). Acute effect of high-intensity
interval training versus moderate-intensity continuous training on appetite
perception: A systematic review and meta-analysis. Appetite. , Article 106427.
https://doi.org/10.1016/j.appet.2022.106427

Huang, W. C., Chiu, P. C., & Ho, C. H. (2022). The sprint-interval exercise using a
spinning bike improves physical fitness and ameliorates primary dysmenorrhea
symptoms through hormone and inflammation modulations: A randomized
controlled trial. Journal of Sports Science and Medicine, 21(4), 595-607. https://doi.
org/10.52082/jssm.2022.595

Husted, M., Banks, A. P., & Seiss, E. (2016). Eating behaviour associated with differences
in conflict adaptation for food pictures. Appetite, 105, 630-637. https://doi.org/
10.1016/j.appet.2016.07.003

Jensen, M. D., Ryan, D. H., Apovian, C. M., Ard, J. D., Comuzzie, A. G., Donato, K. A.,
Hu, F. B,, Hubbard, V. S., Jakicic, J. M., Kushner, R. F., Loria, C. M., Millen, B. E.,
Nonas, C. A., Pi-Sunyer, F. X., Stevens, J., Stevens, V. J., Wadden, T. A., Wolfe, B. M.,
& Yanovski, S. Z. (2014). 2013 aha/acc/tos guideline for the management of
overweight and obesity in adults: A report of the american college of cardiology/
american heart association task force on practice guidelines and the obesity society.
Circulation, 129(25_suppl_2), S102-S138. https://doi.org/10.1161/01.
¢ir.0000437739.71477 .ee. Suppl 1.

Junyeon, W., Shanshan, W., Hongquing, J., Smith, J., & Jungjun, P. (2017). Executive
function and the P300 after treadmill exercise and futsal in college soccer players.
Sports (Basel), 5(4), 73. https://doi.org/10.3390/sports5040073

Kamijo, K., Pontifex, M. B., Khan, N. A, Raine, L. B, Scudder, M. R., Drollette, E. S.,
Evans, E. M., Castelli, D. M., & Hillman, C. H. (2014). The negative association of
childhood obesity to cognitive control of action monitoring. Cerebral Cortex, 24(3),
654-662. https://doi.org/10.1093/cercor/bhs349

Kao, S. C., Chen, F. T., Moreau, D., Drollette, E. S., Amireault, S., Chu, C. H., &

Chang, Y. K. (2022). Acute effects of exercise engagement on neurocognitive
function: A systematic review and meta-analysis on P3 amplitude and latency.
International Review of Sport and Exercise Psychology, 1-43. https://doi.org/10.1080/
1750984X.2022.2155488

Kao, S. C., Drollette, E. S., Ritondale, J. P., Khan, N. A., & Hillman, C. H. (2018). The
acute effects of high-intensity interval training and moderate-intensity continuous
exercise on declarative memory and inhibitory control. Psychology of Sport and

Exercise, 38, 90-99. https://doi.org/10.1016/j.psychsport.2018.05.011

Kao, S. C., Westfall, D. R., Soneson, J., Gurd, B., & Hillman, C. H. (2017). Comparison of
the acute effects of high-intensity interval training and continuous aerobic walking
on inhibitory control. Psychophysiology, 54(9), 1-11. https://doi.org/10.1111/

psyp-12889

Kenny, P. J. (2011). Reward mechanisms in obesity: New insights and future directions.
Neuron, 69(4), 664-679. https://doi.org/10.1016/j.neuron.2011.02.016

Khandekar, P., Shenoy, S., & Sathe, A. (2023). Prefrontal cortex hemodynamic response
to acute high intensity intermittent exercise during executive function processing.
The Journal of General Psychology, 150(3), 295-322. https://doi.org/10.1080/
00221309.2022.2048785

Lavagnino, L., Arnone, D., Cao, B., Soares, J. C., & Selvaraj, S. (2016). Inhibitory control
in obesity and binge eating disorder: A systematic review and meta-analysis of
neurocognitive and neuroimaging studies. Neuroscience & Biobehavioral Reviews, 68,
714-726. https://doi.org/10.1016/j.neubiorev.2016.06.041

LeBlanc, E. S., Patnode, C. D., Webber, E. M., Redmond, N., Rushkin, M., &

O’Connor, E. A (2018). Behavioral and pharmacotherapy weight loss interventions
to prevent obesity-related morbidity and mortality in adults: Updated evidence
report and systematic review for the us preventive services task force. JAMA, 320
(11), 1172-1191. https://doi.org/10.1001/jama.2018.7777

Leng, X., Huang, Y., Zhao, S., Jiang, X., Shi, P., & Chen, H. (2022). Altered neural
correlates of episodic memory for food and non-food cues in females with
overweight/obesity. Appetite, 175, Article 106074. https://doi.org/10.1016/].
appet.2022.106074

Levin, O., Netz, Y., & Ziv, G. (2021). Behavioral and neurophysiological aspects of
inhibition—the effects of acute cardiovascular exercise. Journal of Clinical Medicine,
10(2), 282. https://doi.org/10.3390/jcm10020282

Li, G., Hu, Y., Zhang, W., Wang, J., Ji, W., Manza, P., Volkow, N. D., Zhang, Y., &
Wang, G. J. (2023). Brain functional and structural magnetic resonance imaging of

International Journal of Clinical and Health Psychology 24 (2024) 100430

obesity and weight loss interventions. Molecular Psychiatry, 1-14. https://doi.org/
10.1038/541380-023-02025-y
Ligeza, T. S., Maciejczyk, M., Wyczesany, M., & Junghofer, M. (2023). The effects of a
single aerobic exercise session on mood and neural emotional reactivity in depressed
and healthy young adults: A late positive potential study. Psychophysiology, 60(1),
e14137. https://doi.org/10.1111/psyp.14137
Logan, N. E., Raine, L. B., Drollette, E. S., Castelli, D. M., Khan, N. A., Kramer, A. F., &
Hillman, C. H. (2021). The differential relationship of an afterschool physical
activity intervention on brain function and cognition in children with obesity and
their normal weight peers. Pediatric Obesity, 16(2), €12708. https://doi.org/
10.1111/ijpo.12708
Ludyga, S., Brand, S., Gerber, M., Weber, P., Brotzmann, M., Habibifar, F., & Piihse, U.
(2017). An event-related potential investigation of the acute effects of aerobic and
coordinative exercise on inhibitory control in children with ADHD. Dev Cogn
Neurosci, 28, 21-28. https://doi.org/10.1016/j.dcn.2017.10.007
Malinowski, P. (2013). Neural mechanisms of attentional control in mindfulness
meditation. Frontiers in Neuroscience, 7, 8. https://doi.org/10.3389/
fnins.2013.00008
Meule, A., VoGele, C., & Kiibler, A. (2012). Restrained eating is related to accelerated
reaction to high caloric foods and cardiac autonomic dysregulation. Appetite, 58(2),
638-644. https://doi.org/10.1016/j.appet.2011.11.023
Miguet, M., Fillon, A., Khammassi, M., Masurier, J., Julian, V., Pereira, B., Lambert, C.,
Boirie, Y., Duclos, M., & Blundell, J. E. (2018). Appetite, energy intake and food
reward responses to an acute high intensity interval exercise in adolescents with
obesity. Physiology & Behavior, 195, 90-97. https://doi.org/10.1016/j.
physbeh.2018.07.018
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D.
(2000). The unity and diversity of executive functions and their contributions to
complex “frontal lobe™ tasks: A latent variable analysis. Cognitive Psychology, 41(1),
49-100. https://doi.org/10.1006/cogp.1999.0734
Napoli, N., Shah, K., Waters, D. L., Sinacore, D. R., Qualls, C., & Villareal, D. T. (2014).
Effect of weight loss, exercise, or both on cognition and quality of life in obese older
adults. The American Journal of Clinical Nutrition, 100(1), 189-198. https://doi.org/
10.3945/ajcn.113.082883
Peven, J. C., Jakicic, J. M., Rogers, R. J., Lesnovskaya, A., Erickson, K. L., Kang, C.,
Zhou, X., Porter, A., Donofry, S. D., & Watt, J. C. (2020). The effects of a 12-month
weight loss intervention on cognitive outcomes in adults with overweight and
obesity. Nutrients, 12(10), 2988. https://doi.org/10.3390/nu12102988
Prickett, C., Brennan, L., & Stolwyk, R. (2015). Examining the relationship between
obesity and cognitive function: A systematic literature review. Obesity Research &
Clinical Practice, 9(2), 93-113. https://doi.org/10.1016/j.0rcp.2014.05.001
Quintero, A. P., Bonilla-Vargas, K. J., Correa-Bautista, J. E., Dominguez-Sanchéz, M. A.,
Triana-Reina, H. R., Velasco-Orjuela, G. P., Garcia-Hermoso, A., Villa-Gonzalez, E.,
Esteban-Cornejo, 1., & Correa-Rodriguez, M. (2018). Acute effect of three different
exercise training modalities on executive function in overweight inactive men: A
secondary analysis of the BrainFit study. Physiology & Behavior, 197, 22-28. https://
doi.org/10.1016/j.physbeh.2018.09.010
Ravichandran, S., Bhatt, R. R., Pandit, B., Osadchiy, V., Alaverdyan, A., Vora, P.,
Stains, J., Naliboff, B., Mayer, E. A., & Gupta, A. (2021). Alterations in reward
network functional connectivity are associated with increased food addiction in
obese individuals. Scientific Reports, 11(1), 1-15. https://doi.org/10.1038/s41598-
021-83116-0
Reinert, K. R., Po’e, E. K., & Barkin, S. L. (2013). The relationship between executive
function and obesity in children and adolescents: A systematic literature review.
Journal of Obesity, 2013, Article 820956. https://doi.org/10.1155/2013/820956
Ren, F. F., Feng, S. H., Li, R. H., Chu, C. H., Chang, Y. K., & Chen, F. T. (2023). The effects
of acute aerobic and resistance exercise on the planning aspect of executive functions
in children with preterm birth. International Journal of Sport and Exercise Psychology,
1-14. https://doi.org/10.1080/1612197X.2023.2268852
Roig-Hierro, E., & Batalla, A. (2023). Acute exercise on complex motor memory
retention: the role of task cognitive demands. International Journal of Sport and
Exercise Psychology, 1-15. https://doi.org/10.1080/1612197X.2023.2278522
Schupp, H. T., Junghofer, M., Weike, A. I., & Hamm, A. O. (2003). Emotional facilitation
of sensory processing in the visual cortex. Psychological Science, 14(1), 7-13. https://
doi.org/10.1111/1467-9280.01411
Secor, M. (2020). Exercise and obesity: The role of exercise in prevention, weight loss,
and maintenance of weight loss. Journal of the American Association of Nurse
Practitioners, 32(7), 530-537. https://doi.org/10.1097/JXX.0000000000000486
Shestyuk, A. Y., & Deldin, P. J. (2010). Automatic and strategic representation of the self
in major depression: Trait and state abnormalities. American Journal of Psychiatry,
167(5), 536-544. https://doi.org/10.1176/appi.ajp.2009.06091444
Smith, E., Hay, P., Campbell, L., & 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. Obesity Reviews: An Official Journal of the
International Association for the Study of Obesity, 12(9), 740-755. https://doi.org/
10.1111/j.1467-789X.2011.00920.x
Song, T. F., Chi, L., Chu, C. H., Chen, F. T., Zhou, C., & Chang, Y. K. (2016). Obesity,
cardiovascular fitness, and inhibition function: An electrophysiological study.
Frontiers in Psychology, 7, 1124, https://doi.org/10.3389/fpsyg.2016.01124
Song, T. F., Chu, C. H,, Nien, J. T., Li, R. H., Wang, H. Y., Chen, A. G., Chang, Y. C.,
Yang, K. T., & Chang, Y. K. (2022). The Association of Obesity and Cardiorespiratory
Fitness in Relation to Cognitive Flexibility: An Event-Related Potential Study.
Frontiers in Human Neuroscience, 16, Article 862801. https://doi.org/10.3389/
fnhum.2022.862801
Themanson, J. R., & Hillman, C. H. (2006). Cardiorespiratory fitness and acute aerobic
exercise effects on neuroelectric and behavioral measures of action monitoring.


https://doi.org/10.1016/j.appet.2020.104710
https://doi.org/10.1016/j.appet.2020.104710
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0032
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0032
https://doi.org/10.1249/MSS.0b013e31825cade5
https://doi.org/10.1249/MSS.0b013e31825cade5
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0034
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0034
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0034
https://doi.org/10.1080/02640414.2020.1803630
https://doi.org/10.3390/jcm7110391
https://doi.org/10.3390/jcm7110391
https://doi.org/10.1016/j.appet.2022.106427
https://doi.org/10.52082/jssm.2022.595
https://doi.org/10.52082/jssm.2022.595
https://doi.org/10.1016/j.appet.2016.07.003
https://doi.org/10.1016/j.appet.2016.07.003
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.3390/sports5040073
https://doi.org/10.1093/cercor/bhs349
https://doi.org/10.1080/1750984X.2022.2155488
https://doi.org/10.1080/1750984X.2022.2155488
https://doi.org/10.1016/j.psychsport.2018.05.011
https://doi.org/10.1111/psyp.12889
https://doi.org/10.1111/psyp.12889
https://doi.org/10.1016/j.neuron.2011.02.016
https://doi.org/10.1080/00221309.2022.2048785
https://doi.org/10.1080/00221309.2022.2048785
https://doi.org/10.1016/j.neubiorev.2016.06.041
https://doi.org/10.1001/jama.2018.7777
https://doi.org/10.1016/j.appet.2022.106074
https://doi.org/10.1016/j.appet.2022.106074
https://doi.org/10.3390/jcm10020282
https://doi.org/10.1038/s41380-023-02025-y
https://doi.org/10.1038/s41380-023-02025-y
https://doi.org/10.1111/psyp.14137
https://doi.org/10.1111/ijpo.12708
https://doi.org/10.1111/ijpo.12708
https://doi.org/10.1016/j.dcn.2017.10.007
https://doi.org/10.3389/fnins.2013.00008
https://doi.org/10.3389/fnins.2013.00008
https://doi.org/10.1016/j.appet.2011.11.023
https://doi.org/10.1016/j.physbeh.2018.07.018
https://doi.org/10.1016/j.physbeh.2018.07.018
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.3945/ajcn.113.082883
https://doi.org/10.3945/ajcn.113.082883
https://doi.org/10.3390/nu12102988
https://doi.org/10.1016/j.orcp.2014.05.001
https://doi.org/10.1016/j.physbeh.2018.09.010
https://doi.org/10.1016/j.physbeh.2018.09.010
https://doi.org/10.1038/s41598-021-83116-0
https://doi.org/10.1038/s41598-021-83116-0
https://doi.org/10.1155/2013/820956
https://doi.org/10.1080/1612197X.2023.2268852
https://doi.org/10.1080/1612197X.2023.2278522
https://doi.org/10.1111/1467-9280.01411
https://doi.org/10.1111/1467-9280.01411
https://doi.org/10.1097/JXX.0000000000000486
https://doi.org/10.1176/appi.ajp.2009.06091444
https://doi.org/10.1111/j.1467-789X.2011.00920.x
https://doi.org/10.1111/j.1467-789X.2011.00920.x
https://doi.org/10.3389/fpsyg.2016.01124
https://doi.org/10.3389/fnhum.2022.862801
https://doi.org/10.3389/fnhum.2022.862801

C. Xie et al.

Neuroscience, 141(2), 757-767. https://doi.org/10.1016/j.
neuroscience.2006.04.004

Thomas, S., Reading, J., & Shephard, R. J. (1993). Revision of the Physical Activity
Readness Questionnaire (PAR-Q). Canadian Journal of Sport Sciences, 17(4),
338-345.

Tian, S., Mou, H., Fang, Q., Zhang, X., Meng, F., & Qiu, F. (2021). Comparison of the
sustainability effects of high-intensity interval exercise and moderate-intensity
continuous exercise on cognitive flexibility. International journal of environmental
research and public health, 18(18), 9631. https://doi.org/10.3390/ijerph18189631

Tian, S., Mou, H., & Qiu, F. (2023). Effects of acute exercise of different modalities and
durations on interference control and response inhibition in healthy young adults.
International Journal of Sport and Exercise Psychology, 1-18. https://doi.org/10.1080/
1612197X.2023.2216207

Tsai, C. L., Pan, C. Y., Tseng, Y. T., Chen, F. C., Chang, Y. C., & Wang, T. C. (2021). Acute
effects of high-intensity interval training and moderate-intensity continuous exercise
on BDNF and irisin levels and neurocognitive performance in late middle-aged and
older adults. Behavioural Brain Research, 413, Article 113472. https://doi.org/
10.1016/j.bbr.2021.113472

Tsai, Y. J., Hsieh, S. S., Huang, C. J., & Hung, T. M. (2021). Dose-response effects of acute
aerobic exercise intensity on inhibitory control in children with attention deficit/
hyperactivity disorder. Frontiers in Human Neuroscience, 15(617596), 1-13. https://
doi.org/10.3389/fnhum.2021.617596

Tsukamoto, H., Suga, T., Takenaka, S., Tanaka, D., Takeuchi, T., Hamaoka, T., Isaka, T.,
& Hashimoto, T. (2016). Greater impact of acute high-intensity interval exercise on
post-exercise executive function compared to moderate-intensity continuous
exercise. Physiology & Behavior, 155, 224-230. https://doi.org/10.1016/j.
physbeh.2015.12.021

Vainik, U., Dagher, A., Dube, L., & Fellows, L. K. (2013). Neurobehavioural correlates of
body mass index and eating behaviours in adults: A systematic review. Neuroscience
and Biobehavioral Reviews, 37(3), 279-299. https://doi.org/10.1016/j.
neubiorev.2012.11.008

Van Strien, T., Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. (1986). The Dutch
Eating Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and
external eating behavior. The International Journal of Eating Disorders, 5(2), 295-315.
https://doi.org/10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.
CO;2-T

Wang, J., Wang, H., Yu, H., Wang, J., Guo, X., Tong, S., Bao, Y., & Hong, X. (2022).
Neural mechanisms of inhibitory control deficits in obesity revealed by P3 but not

10

International Journal of Clinical and Health Psychology 24 (2024) 100430

N2 event-related potential component. Appetite, 171, Article 105908. https://doi.
0rg/10.1016/j.appet.2021.105908

Watson, T. D., & Garvey, K. T. (2013). Neurocognitive correlates of processing food-
related stimuli in a Go/No-go paradigm. Appetite, 71, 40-47. https://doi.org/
10.1016/j.appet.2013.07.007

Wechsler, D. (1997). WAIS-III: Adminiastration and scoring manual: Wechsler adult
intelligence scale (3rd ed.). San Antonio, TX: Psychological Corporation. https://doi.
org/10.1037/t49755-000

Wewege, M., Van Den Berg, R., Ward, R., & Keech, A (2017). The effects of high-intensity
interval training vs. moderate-intensity continuous training on body composition in
overweight and obese adults: A systematic review and meta-analysis. Obesity
Reviews: An Official Journal of the International Association for the Study of Obesity, 18
(6), 635-646. https://doi.org/10.1111/0br.12532

Xie, C., Alderman, B. L., Meng, F., Ai, J., Chang, Y. K., & Li, A. (2020). Acute high-
intensity interval exercise improves inhibitory control among young adult males
with obesity. Frontiers in Psychology, 11, 1291. https://doi.org/10.3389/
fpsyg.2020.01291

Xu, T., Zhu, G., & Han, S. (2015). Trend of body compositions with aging among Chinese
adolescents, adults and elders. The journal of nutrition, health & aging, 19, 962-969.
https://doi.org/10.1007/512603-015-0655-0

Yang, Y., Shields, G. S., Guo, C., & Liu, Y. (2018). Executive function performance in
obesity and overweight individuals: A meta-analysis and review. Neuroscience and
Biobehavioral Reviews, 84, 225-244. https://doi.org/10.1016/j.
neubiorev.2017.11.020

Zhang, L., Chu, C. H,, Liu, J. H., Chen, F. T., Nien, J. T., Zhou, C., & Chang, Y. K. (2020).
Acute coordinative exercise ameliorates general and food-cue related cognitive
function in obese adolescents. Journal of Sports Sciences, 38(8), 953-960. https://doi.
org/10.1080/02640414.2020.1737386

Zhang, L., Wang, D., Liu, S., Ren, F. F., Chi, L., & Xie, C. (2022). Effects of acute high-
intensity interval exercise and high-intensity continuous exercise on inhibitory
function of overweight and obese children. International journal of environmental
research and public health, 19(16), 10401, 10.3390/ijerph191610401.

Zhou, B. F. (2002). Predictive values of body mass index and waist circumference for risk
factors of certain related diseases in Chinese adults—study on optimal cut-off points
of body mass index and waist circumference in Chinese adults. Biomedical and
Environmental Sciences: BES, 15(1), 83-96. https://doi.org/10.1046/7.1440-6047.11.
$8.9.x


https://doi.org/10.1016/j.neuroscience.2006.04.004
https://doi.org/10.1016/j.neuroscience.2006.04.004
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0075
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0075
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0075
https://doi.org/10.3390/ijerph18189631
https://doi.org/10.1080/1612197X.2023.2216207
https://doi.org/10.1080/1612197X.2023.2216207
https://doi.org/10.1016/j.bbr.2021.113472
https://doi.org/10.1016/j.bbr.2021.113472
https://doi.org/10.3389/fnhum.2021.617596
https://doi.org/10.3389/fnhum.2021.617596
https://doi.org/10.1016/j.physbeh.2015.12.021
https://doi.org/10.1016/j.physbeh.2015.12.021
https://doi.org/10.1016/j.neubiorev.2012.11.008
https://doi.org/10.1016/j.neubiorev.2012.11.008
https://doi.org/10.1002/1098-108X(198602)5:2&tnqh_x003C;295::AID-EAT2260050209&tnqh_x003E;3.0.CO;2-T
https://doi.org/10.1002/1098-108X(198602)5:2&tnqh_x003C;295::AID-EAT2260050209&tnqh_x003E;3.0.CO;2-T
https://doi.org/10.1016/j.appet.2021.105908
https://doi.org/10.1016/j.appet.2021.105908
https://doi.org/10.1016/j.appet.2013.07.007
https://doi.org/10.1016/j.appet.2013.07.007
https://doi.org/10.1037/t49755-000
https://doi.org/10.1037/t49755-000
https://doi.org/10.1111/obr.12532
https://doi.org/10.3389/fpsyg.2020.01291
https://doi.org/10.3389/fpsyg.2020.01291
https://doi.org/10.1007/s12603-015-0655-0
https://doi.org/10.1016/j.neubiorev.2017.11.020
https://doi.org/10.1016/j.neubiorev.2017.11.020
https://doi.org/10.1080/02640414.2020.1737386
https://doi.org/10.1080/02640414.2020.1737386
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0091
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0091
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0091
http://refhub.elsevier.com/S1697-2600(23)00066-2/sbref0091
https://doi.org/10.1046/j.1440-6047.11.s8.9.x
https://doi.org/10.1046/j.1440-6047.11.s8.9.x

	Acute high-intensity interval exercise improves food-related cognition in young adults with obesity: An ERP study
	Introduction
	Materials and methods
	Participants
	Food-related image selection
	Food-related Flanker task
	Electrophysiological recording and analysis
	Experimental procedure
	Statistical analysis

	Results
	Behavioral data
	EEG data
	P3 component
	LPP component


	Discussion
	Conclusion
	Funding
	Data availability
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A
	Appendix B
	References


