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Abstract
Aerobic exercise can improve cravings for smoking and inhibition control in tobacco-dependent
individuals; however, its effect on their sweet taste preferences remains unclear. This study aims to
examine the effects of acute aerobic exercise on sweet taste preferences and nerve sensitivity in brain
regions associated with the prefrontal cortex in tobacco-dependent subjects. Participants were asked to
perform 35 minutes of exercise or rest. They took the sweet taste preference test and the Visual Food
Cues Paradigm Task immediately before and immediately after the experiment. After the intervention with
acute high-intensity exercise, participants' preference for low-sweetness foods increased signi�cantly (F = 
14.220, P < 0.001). Following the moderate-intensity exercise intervention, when participants were shown
pictures of low-sweetness food, the average concentration of oxyhemoglobin in the right orbitofrontal
cortex increased signi�cantly (F = 14.215, P < 0.001). Additionally, the change in functional connection
strength between the right dorsolateral prefrontal cortex and the left ventrolateral prefrontal cortex was
signi�cantly enhanced (F = 4.113, P = 0.046). These results suggest that acute aerobic exercise can alter
the sweet taste preferences of tobacco-dependent subjects, as well as the level of PFC activation and
functional connectivity, thereby temporarily restoring the nerve sensitivity related to sweet taste that has
been impaired by nicotine.

Introduction
People who use tobacco products are at a high risk of developing nicotine dependence (formerly known
as nicotine addiction), characterized by a lack of control over the need for nicotine. In recent decades, the
health crisis stemming from nicotine dependence has emerged as a public health issue of international
concern. Nicotine dependence not only harms the respiratory and cardiovascular systems but also
adversely affects the central nervous system, thereby impacting cognitive function 1,2. According to the
latest survey by the World Health Organization (WHO), there are 1.337 billion smokers worldwide, with
one out of every three smokers dying from smoking-related diseases. Notably, 22.9%, or about 310 million
of these smokers, are from China. Consequently, taking appropriate measures to control nicotine
dependence is of great signi�cance for smokers.

Exercise has been shown to be an effective substitute for nicotine 3-5, with an increasing number of
studies con�rming the positive effects of exercise on nicotine dependence. A functional brain imaging
study demonstrated that smokers' desire for tobacco products decreased post-exercise, accompanied by
changes in the activation of brain regions related to reward, motivation, and visuospatial attention 6.
Moreover, moderate to high-intensity aerobic exercise can stimulate the release of neurotransmitters like
dopamine (DA), which replace nicotine in activating the brain's reward system, thus inducing relaxation
and pleasure 7. The cognitive hypothesis suggests that exercise can enhance cognitive function in
smokers, inhibit impulsive smoking thoughts, reduce tobacco-dependent individuals' attention bias
towards smoking stimuli, and decrease smoking behavior 8. This is attributed to the susceptibility of
tobacco-dependent individuals' brains to the long-term cognitive effects of nicotine exposure, where
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moderate-intensity exercise can in�uence signal transduction mediated by nicotinic acetylcholine
receptors in the prefrontal cortex, effectively improving nicotine-induced cognitive behavior 9. Additionally,
the emotional hypothesis posits that during smoking cessation, exercise (especially at high intensities)
can alleviate anxiety and negative emotions, adjust emotional responses, improve self-e�cacy and
con�dence, and enhance adherence to smoking cessation efforts, thereby aiding in quitting
smoking 10,11. Therefore, moderate-to-high intensity exercise interventions may represent a promising
strategy for nicotine addiction withdrawal, offering advantages over health education alone 12-14.

In addition, recent research has found that the repeated use of addictive drugs impairs the brain's reward
system 15, consisting of neural structures that induce compulsive behaviors and sustain substance
addiction 16,17. Drug addiction leads individuals to prioritize drug-related rewards over natural and non-
drug-related rewards, showing decreased responsiveness 18-20. Evidence suggests that tobacco-
dependent individuals exhibit reduced sensitivity to natural rewards due to nicotine, with certain brain
regions showing less activation when smokers view pictures of tasty foods compared to non-smokers 21.
Research on the effects of opioids on sweet taste sensitivity indicates that opioid-dependent individuals
exhibit decreased sensitivity to low sweetness 22. Thus, nicotine in tobacco diminishes sweet taste
sensitivity and alters the sweet taste preference of tobacco-dependent individuals, consequently affecting
the intake of sweet foods 23,24.

Therefore, enhancing the sweet taste preferences of tobacco-dependent individuals, restoring their
compromised sweet taste sensitivity, and promoting appetite to better their eating patterns represent
potential methods to alleviate nicotine withdrawal symptoms. Although previous studies on the
relationship between taste and brain imaging exist, they predominantly focused on the cortical activation
within speci�c brain regions rather than on networks. These studies revealed that the central nervous
system adapts to varying task demands in two primary ways: altering neural activation in particular brain
regions and modulating the intensity of interactions among these regions through functional connections
25-27. Despite evidence suggesting the critical role of intermodulation between brain areas in altering taste
preferences, and the potential for exercise to modify the strength of functional connections related to
taste, research on the impact of exercise on functional brain connectivity remains scarce 28,29.
Consequently, there is a need to further investigate how movement changes during a Functional near-
infrared spectroscopy (fNIRS) task can modulate the strength of functional connections within the left
and right prefrontal cortex (PFC) regions.

Considering the factors mentioned above, this study aimed to investigate the effects of acute aerobic
exercise on sweet taste preference and PFC-related brain sensitivity in individuals addicted to tobacco. It
further sought to elucidate the correlation of network connections between regions of interest (ROIs)
under various sweet stimuli, both before and after exercise, in subjects dependent on tobacco. This
investigation, conducted by analyzing brain functional connectivity, provides insights and experimental
evidence for the role of exercise intervention in tobacco withdrawal.



Page 4/21

Methods
Study design and procedure.  Participants were randomly divided into moderate- and high-intensity
exercise groups, and a control group, with 20 participants in each group. At baseline, demographic
information and questionnaire data were collected. Subsequently, participants in the exercise groups were
asked to perform 35 minutes of exercise, while those in the control group rested in a quiet room for the
same duration. Before starting the experiment and immediately after completing the exercise intervention
or control session, each group un-derwent visual analogue scales (VAS) for sweet taste preference and
visual food cue paradigm task tests (VFCP). fNIRS was utilized to measure oxyhemoglobin (HbO)
concentration in the ROIs and the strength of functional connectivity between them. Participants were
instructed to refrain from strenuous exercise or alcohol consumption for 24 hours prior to the experiment,
to cease eating 2 hours before, and to avoid smoking and consuming caffeinated beverages. (Figure 1)

Participants.  An a priori, two-tailed power calculation with an alpha of 0.05 and a power of 80%, based
on an effect size of 0.27 30, suggested that a total minimum of 39 participants, 13 for each group, were
required for this study. Sixty eligible male participants (age range, 18~25 years) were recruited from a
university for this study, meeting the following inclusion criteria: (1) normal body mass index (BMI ≥ 18.5
and < 23 kg/m2); (2) Fagerstrom Test for Nicotine Dependence (FTND) score ≥ 6 or smoking more than
10 cigarettes per day; (3) no history of eating disorder, psychiatric diagnoses, or neurologic illnesses; (4)
no history of other substance-type abuse (e.g., methamphetamine, alcohol, etc.); and (5) right-
handedness. This study adhered to the Declaration of Helsinki guidelines and received approval from the
Ethics Committee of Shandong Sport University (No. 2019023). All subjects consented to participate and
signed an informed consent form. The study was registered at www.chictr.org.cn (ChiCTR2300067314).

Intervention content.  Participants were instructed to complete 35 minutes of aerobic exercise on a power
bike (Monark 928E, Sweden), adhering to the guidelines set by the American College of Sports Medicine
(ACSM). The exercise routine consisted of a 5-minute warm-up, followed by a 25-minute main exercise
period, and concluded with a 5-minute cool-down, throughout which a consistent speed of 50 rpm was
maintained. During the main exercise phase, participants were required to cycle with their heart rate
maintained within one of two prede�ned intensity ranges: 65-75% or 75%-85% of their estimated
maximum heart rate (HRmax). The formula for estimating HRmax is 206.9 - 0.67×age 31.

Procedure and measures.  A mixed experimental design of 3 (groups: moderate-intensity exercise group,
high-intensity exercise group, quiet control group) ×2 (test times: pre-test, post-test) was used, where
“groups” was a between-subjects factor and “test time” was a within-subjects factor. The independent
variable was exercise intensity, and the dependent variables were the explicit preference scores of
tobacco-dependent subjects for different sweet foods and pictures of different sweet foods, changes in
HbO concentration in various ROIs of the PFC, and changes in functional connection strength between
ROIs.
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Subjective sweetness preference test.   Participants were randomly presented with an image of sweet
food as a stimulus. They rated the food's sweetness in the image using a 100-mm visual analog scale
(VAS), with the ends labeled 'not at all sweet' and 'extremely sweet.' They were then asked the question:
'How pleasant would it be to experience a mouthful of this food right now?' For each food image, the VAS
scale was displayed on the screen, and participants selected a point along the scale to indicate their
degree of liking (see Figure 2). After the score was recorded, the next image was automatically presented
in a random order.

Visual food cue paradigm.  The visual food cue paradigm was adapted from Killgore's research 32.
Participants were shown color pictures against a white background on a computer screen placed 30 cm
away. These pictures featured high-sweetness foods (such as cotton candy, doughnuts, lollipops), low-
sweetness food (including tomatoes, whole wheat bread, milk), and non-food contrast pictures similar to
food in color and texture (such as �owers, tableware, condiments). Participants were instructed to
carefully observe each picture and imagine the taste of the food depicted. fNIRS technology monitored
the activation of the ROIs while participants completed the visual food cue paradigm task. The entire task
was divided into seven blocks, with each block consisting of 12 pictures from the same sweetness
category or non-food category. Pictures were presented randomly and remained visible for 3 seconds
each, with a 10-second �xation period (+) separating each block. (Figure 3).

fNIRS data acquisition.  An fNIRS imager (Shimadzu, Japan) was used to acquire changes in
hemodynamic signals in the PFC during the visual food cue paradigm task. The system operated with
three wavelengths (780, 805, and 830 nm) and had a sampling rate of 13.33 Hz. The PFC was targeted as
the area of interest, and participants wore an optode cap, using the international 10-20 system for
positioning reference. An 8×8 multichannel layout was used, consisting of eight emitter and eight
detector optodes, creating a total of 22 channels. Optode probes were placed at 3 cm intervals to ensure
optimal coverage (Figure 4). 

Furthermore, the coordinates of each channel were determined using a 3D localizer (Polhemus, USA). The
3D information of the brain structure corresponding to each channel was calculated through SPM
simulation, and brain areas were identi�ed based on the Brodmann area system (Table 1). 

Table 1. Channels corresponding to PFC brain regions.

Brodmann area Right area channels Left area channels 

Dorsolateral prefrontal cortex 1 7 

Ventrolateral prefrontal cortex 8, 16 15, 22 

Frontal polar cortex 2, 3, 4, 9, 10, 11 4, 5, 6, 12, 13, 14 

Orbitofrontal cortex 17, 18, 19 19, 20, 21 
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fNIRS data processing.  The fNIRS data were processed using Homer2 software based on MATLAB
(R2013b). Motion artefacts, de�ned as a signal change exceeding 10% standard deviation within 0.5
seconds, were detected. A low-pass �lter with a frequency of 0.1 Hz was applied to correct signal
distortion caused by respiration, heartbeat, vascular motion, and machine thermal noise. Additionally, a
high-pass �lter with a frequency of 0.01 Hz was utilized to remove baseline drift. The changes in optical
density data at the three wavelengths were transformed into changes in the concentrations of HbO,
deoxyhemoglobin (HbR), and total hemoglobin (HbT) in the detection area of the cerebral cortex
according to the modi�ed Beer–Lambert law (MBLL). Given that HbO exhibits a superior signal-to-noise
ratio in accordance with the MBLL 33, only HbO concentration data were used during the analysis.

After extracting the HbO data for each subject at each time point, the concentrations of HbO across all
channels within each ROI were averaged for each condition, yielding the average HbO concentration for
each ROI. The correlation coe�cient (r) of the HbO concentrations between all ROIs in the time series was
then analyzed using Pearson correlation analysis. The r values were subsequently converted to z values
through Fisher-z transformation, with these converted z-values representing the strength of functional
connectivity between the ROIs.

Statistical analysis.  All statistical analyses were performed using IBM SPSS26.0. Descriptive statistics
for all continuous variables are expressed as mean±standard deviation (M±SD). The Shapir-Wilk test was
used to analyze the normality of the data, and Levene's test was used to measure the homogeneity of
variance. If normal distributions were detected, a mixed design analysis of variance (ANOVA) was
employed with group as a between-subject variable and test time as a within-subject variable, including
sweet taste preference score, PFC region activity, and functional connection strength between ROIs as
dependent variables. Post-hoc analysis was conducted to identify any interaction effects. The
signi�cance level was set at 0.05. The Bonferroni method was utilized for multiple comparison
corrections. Effect sizes were expressed using partial Eta squared (Partial η2), with Partial η2< 0.06
indicating a small effect, 0.06 < Partial η2 < 0.14 indicating a medium effect, and Partial η2 > 0.14
indicating a strong effect 34. The strength of functional connectivity between ROIs was interpreted
according to the Pearson correlation coe�cient r. 0.05≤r<0.07 was de�ned as moderate correlation
between ROIs, and 0.07≤r<1 was de�ned as strong correlation between ROIs; if r<0.05, the correlation
was considered weak or lacking.

Results
Baseline Characteristics of Participants. Sample characteristics and tests of baseline differences in
demographic and smoking background are presented in Table 2. There were no signi�cant differences for
baseline characteristics between the moderate (n = 20), high (n = 20), and control (n = 20) groups.
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Table 2
Demographic and Smoke data characteristics of all participants

Variables   Moderate (n = 20) High (n = 20) Rest (n = 20)

Demographic, M(SD)      

  Age(year) 21.0(1.5) 20.4(1.5) 21.1(2.4)

  Height(cm) 177.8(6.6) 178.2 (5.2) 181.7(5.9)

  Weight(kg) 69.7(7.4) 72.4(11.2) 73.2(8.2)

  BMI(kg/m2) 22.1(2.4) 22.7(2.5) 22.16(2.1)

  Quality of life (scores) 3.1(0.6) 3.3(0.6) 3.2(0.5)

  Health status, n (%)      

    Poor 0 0 0

    Medium 13(65.0) 12(60.0) 15(75.0)

    Good 7(35.0) 8(40.0) 5(25.0)

VAS and VFCP, M(SD)      

  VAS (scores) 51.1(13.3) 51.7(13.6) 51.4(14.9)

  VFCP(HbO×10− 7mmol) 35.2(14.9) 46.6(16.0) 34.81(18.6)

Smoke data, M(SD)      

  Length as a smoker(years) 3.7(1.6) 3.4 (2.0) 3.5(1.9)

  Smoking volume(cigarettes/day) 6.4(4.0) 6.7(4.2) 6.4(4.7)

  FTND (scores) 4.5(1.1) 4.4(1.0) 4.5(1.1)

Note: BMI, body mass index; VAS, visual analog scale; VFCP, visual food cue paradigm; HbO,
oxyhemoglobin concentration; FTND, fagerstrom test for nicotine dependence.

Sweetness preference score. A 3×2 ANOVA was conducted to compare the sweetness preference scores
of the moderate-intensity exercise group, high-intensity exercise group, and resting control group before
and after the experiment, focusing on participants' dominant sweetness preference for two sweet foods.
The results revealed a signi�cant interactive effect (F(2, 57) = 5.345, P = 0.025) and a time main effect (F(1,

57) = 7.662, P = 0.008) for participants' preference scores for low-sweetness foods, with no signi�cant
effect for high-sweetness foods. Further simple effect analysis showed a signi�cant increase in
participants' preference for low-sweetness foods after a high-intensity exercise intervention (F = 14.220, P 
= 0.000), without signi�cant changes induced by the other intervention modalities (Fig. 5).
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Activation of the prefrontal cortex. We calculated the average HbO concentration response amplitude in
the participants' brain regions, including all channels from task initiation (0 to 36 seconds), in relevant
brain regions. The mean HbO amplitude in each brain region of the participants' prefrontal lobes served
as the dependent variable for a 3×2 repeated-measures ANOVA across three conditions. The results
showed that viewing low-fat food pictures signi�cantly affected the right orbitofrontal cortex (rOFC) with
signi�cant interactive (F(2, 57) = 4.220, P = 0.020) and time main effects (F(1, 57) = 8.134, P = 0.006), while
other brain regions exhibited no signi�cant interactions. Further analysis of simple effects indicated a
signi�cant increase in mean HbO concentration in the rOFC when participants were presented with a low-
sweetness food picture after moderate-intensity exercise (F = 14.215, P = 0.000), with no signi�cant
changes observed in the control group before and after the intervention (Fig. 6).

PFC Functional connections. We calculated the strength of functional connectivity between the eight
ROIs. A 3×2 repeated-measures ANOVA was conducted for the moderate-intensity exercise group, high-
intensity exercise group, and resting control group, focusing on the change in functional connectivity
strength among participants' prefrontal brain regions as the dependent variable. The results showed that
when participants viewed low-sweetness food pictures, there was a signi�cant main effect for “group”
(F(1, 57) = 4.964, P = 0.001) and an interactive effect (F(2, 57) = 4.243, P = 0.019) on the change in functional
connectivity strength between the right dorsolateral prefrontal cortex (rDLPFC) and the left ventrolateral
prefrontal cortex (lVLPFC), with no signi�cant interactive effects in other brain regions. Further analysis
of simple effects revealed that the strength of rDLPFC-lVLPFC functional connectivity signi�cantly
increased following the moderate-intensity exercise intervention when participants were exposed to low-
sweetness food picture stimuli (F = 4.113, P = 0.046), whereas no signi�cant changes were observed in
the control group before and after the intervention (Fig. 7).

Discussion
This study investigated the effects of acute aerobic exercise on sweet taste preference and neural
responses in the PFC's sweet taste-related regions among tobacco-dependent individuals. Additionally, we
explored the network correlations between ROIs through brain functional connectivity, assessing
neurophysiological activities in response to different sweet stimuli before and after exercise. The �ndings
corroborate our hypothesis: compared to controls, tobacco-dependent individuals exhibit heightened OFC
activation in response to low-sweetness food pictures after engaging in moderate-intensity aerobic
exercise. Furthermore, increased functional connectivity between the rDLPFC and lVLPFC following
moderate-intensity exercise, coupled with changes in sweet taste preference, particularly after high-
intensity exercise, indicates that acute aerobic exercise may enhance the sweet taste sensitivity altered by
tobacco dependence. This enhancement likely results from increased nerve activation sensitivity and
intensi�ed interbrain interactions within sweet taste-associated regions.

The taste system plays an important role in the regulation of normal life processes. In particular,
sweetness as a taste indicator in food can elicit pleasant feelings and thus increase the desire to eat.
Studies have found that tobacco burning produces a large number of toxic substances, damaging the



Page 9/21

taste system to varying degrees when exposed. However, this damage is reversible, with the extent of
damage closely related to exposure time and tobacco concentration 35. Tobacco-dependent individuals
have reduced sensitivity to sweet tastes after smoking 36, which is mainly manifested by a higher sucrose
detection threshold; the higher the nicotine intake, the higher the sucrose detection threshold and the
lower the sucrose sensitivity 24,37. Numerous studies have demonstrated that physical activity can
promote the recovery of energy homeostasis and physiological reward mechanisms 13,38, in�uencing the
intake of sweet food through changes in body energy homeostasis and food reward pathways 39.
Physical activity has also been con�rmed to modify appetite and food preferences, with exercise intensity
positively correlating with taste sensitivity 39. This study's �ndings corroborate that tobacco-dependent
individuals exhibit altered sweet food perception after high-intensity aerobic exercise, suggesting that
physical activities can improve taste perception impaired by tobacco components 40. Exercise in�uences
individual eating behaviors by modulating the interaction between peripheral appetite hormones and the
central food reward system, directly affecting sweet food preference 41.

Further analysis with fNIRS revealed that, after exercise interventions, the activation level of the OFC in
tobacco-dependent individuals signi�cantly increased during the selection of sweet tastes. This aligns
with primate research, indicating the amygdala, VLPFC, and particularly the OFC, play crucial roles in the
visual evaluation of food stimuli 32,42. Serving as part of the food evaluation system, the OFC not only
responds to visual food presentations but also assesses their subjective reward value. Studies have
highlighted the OFC's pivotal role in processing visual, olfactory, and gustatory information, evaluating
the reward value of food stimuli 43–45. Moreover, the OFC is essential for mediating the hedonic aspects
of food consumption, where it sends hedonic signals to the DLPFC, thereby initiating speci�c eating
behaviors 46. fMRI studies have further shown that OFC and VLPFC activation is associated with the
memory of food reward effects 47, and the ventral cortex, including the OFC, contributes to food reward
and reinforcement processes 48. These elements collectively contribute to varying levels of PFC activation
in response to the sight of sweet foods.

Furthermore, we assessed the strength of the functional connections between the bilateral PFC brain
regions using Pearson’s correlation coe�cients, discovering a signi�cant increase in the connection
strength between the rDLPFC and lVLPFC following acute aerobic exercise. This indicates that acute
aerobic exercise enhances the functional connectivity of the brain’s hemispheres in tobacco-dependent
individuals. The PFC plays a very important role in the cognitive assessment of sweet taste, among which
the DLPFC is considered to be a key brain region involved in the regulation of eating behavior and is
responsible for the top-down cognitive control of food intake 49,50. The DLPFC is also key in inhibitory
control 51,52, integrating reward signals, and orchestrating goal-oriented behaviors 53, including self-
control in eating 54,55. When making food choices, the DLPFC regulates activity in reward evaluation
areas and factors in high-level considerations such as health implications on self-control. Meanwhile, the
VLPFC is involved in reward assessment and targeting during eating. A cross-sectional study found that
VLPFC activity varied with sweet food intake and that visual food cues in the VLPFC signi�cantly
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heightened neural response activity to aid in impulse control over anticipated food intake 56. Hence, the
DLPFC and VLPFC are integral to the brain's response to sweet tastes, with their enhanced functional
connection playing a signi�cant role in modifying sweet taste preferences.

Another relevant aspect of research in this �eld involves two perspectives on the central mechanism by
which exercise can alter addiction. One hypothesis suggests that exercise itself may lead to a form of
addiction, potentially substituting for drug addiction. Proponents of this theory argue that exercise
stimulates the secretion of pleasure-related substances, such as dopamine (DA) and endorphins 57, which
can repair long-term damage to pleasure-associated brain areas caused by addictive substances 30.
However, irrespective of this theory's future validation, DA plays a pivotal role in how exercise ameliorates
addiction symptoms. Research has shown 58 that aerobic exercise not only enhances the release,
synthesis, and secretion of DA but also accelerates its metabolism and catabolism, increases DA receptor
density, and improves drug-induced neural adaptability. Moreover, aerobic exercise is known to foster
brain plasticity, thereby enhancing the structure of brain regions involved in inhibitory control 59. This
improvement is primarily linked to synaptic plasticity, with exercise enhancing synaptic transmission
e�ciency60,61. Additionally, in individuals without drug addiction, aerobic exercise has been shown to
reduce brain tissue loss in critical areas such as the left temporal lobe, dorsal anterior cingulate cortex,
and PFC, thereby improving brain structure and plasticity in regions essential for inhibition and control.
Aerobic exercise also selectively bolsters cognitive control by activating the DLPFC and OFC 62, aiding in
modifying food choices 30. Furthermore, aerobic exercise increases arousal levels through activation of
the reticular activation system (RAS), a neural network in the brainstem that regulates projections to the
PFC, crucial for cognitive control and emotional regulation.

A primary strength of this study is its pioneering use of fNIRS to investigate the impact of acute exercise
at varying intensities on the neural sensitivity within the reward regions of male nicotine addicts,
addressing a notable research gap. However, the study's limitations include its exclusive focus on male
subjects, restricting the direct applicability of �ndings to female nicotine addicts. Additionally, we
con�ned our observations to changes in blood oxygen concentration and the correlation between
functional connections within the prefrontal brain regions. Expanding our analysis to include other brain
areas, like the striatum and motor area, could provide a more comprehensive understanding. Furthermore,
while acute exercise showed promising short-term effects on sweet taste preference and the desire to
smoke in tobacco-dependent individuals, the effects of chronic exercise remain unexplored. Future
research will delve into the chronic exercise effects on these mechanisms, aiming to elucidate the speci�c
cognitive processes through which long-term exercise may aid tobacco cessation among smokers.

Conclusions
This study con�rmed that acute aerobic exercise alters sweet taste preferences in tobacco addicts,
notably enhancing their liking for foods with low sweetness. Additionally, such exercise signi�cantly
improves the responsiveness of neurons within the PFC that are involved in taste processing in tobacco
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addicts. It also regulates the transmission and integration of sweet taste information in the central
nervous system. Notably, these effects include increased activation of the rOFC in response to low-
sweetness stimuli and enhanced functional connectivity between the rDLPFC and lVLPFC following acute
moderate-intensity aerobic exercise. These �ndings suggest that acute aerobic exercise can temporarily
restore the drug-diminished neural sensitivity to sweet tastes in tobacco addicts. This is instrumental in
advancing our understanding of the neural mechanisms underlying sweet taste control in this population
and offers a theoretical foundation for using aerobic exercise to repair brain damage caused by tobacco
dependence.
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Figure 1

Schematic diagram of study design.



Page 18/21

Figure 2

VAS sweet taste preference test

Figure 3

Food pictures fNIRS task
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Figure 4

PFC channel layout (front view)

Figure 5
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Low sweetness preference score before and after the test (**P < 0.01)

Figure 6

The changes in HbO concentration in each brain region of the prefrontal lobe before and after the
intervention in the moderate-intensity exercise group when observing low sweet food pictures (a) and the
trend of HbO concentration in rOFC before and after exercise (b)
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Figure 7

The changes in the functional connectivity matrix of ROIs (a) and the functional connectivity intensity
between ROIs (b) before and after the intervention in the moderate-intensity exercise group when
observing low sweet food pictures. The line represents correlations between brain regions, and the thicker
the line, the stronger the correlation.


