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Abstract: Background/Objectives: Physical exercise can have significant consequences
for the gastrointestinal tract, which is why there have been studies into its influence on
the treatment of conditions such as colorectal cancer, inflammatory bowel diseases (IBD),
and irritable bowel syndrome (IBS), being that there is epidemiological evidence that
exercise has a protective effect against colon cancer. This review aims to demonstrate
the mechanisms of action of physical exercise in the gastrointestinal tract, as well as
the benefits of exercise in diseases associated with the digestive system, in addition to
gathering training recommendations in treating different gastrointestinal diseases. Results:
Physical exercise modulates gastrointestinal motility, permeability, immune responses, and
microbiota composition, with both beneficial and adverse effects depending on intensity
and duration. Regular moderate exercise is associated with improved quality of life in
IBD and IBS, reduced colorectal cancer risk, and potential symptom relief in constipation.
However, high-intensity exercise may exacerbate gastroesophageal reflux symptoms and
increase the risk of gastrointestinal bleeding. While aerobic exercise has been extensively
studied, the effects of resistance training on gastrointestinal health remain underexplored.
Conclusions: New methodologies and techniques, such as molecular biology and the study
of gastric receptors, have led to advances in understanding the gastrointestinal changes
associated with physical exercise. These advances cover different exercise intensities and
are being investigated in both experimental models and clinical studies.

Keywords: exercise; gastrointestinal diseases; therapeutics

1. Introduction
Research involving exercise physiology has long focused on the responses and adap-

tations of the respiratory, cardiovascular, neuroendocrine, and neuromuscular systems,
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considering that many health and quality-of-life benefits of regular exercise arise from these
systems’ responses and adjustments [1,2]. Another area of study that deserves significant
attention concerns the systemic repercussions of physical exercise, particularly its effects
on the gastrointestinal tract [3–5].

After the first experiments performed by Beaumont on gastrointestinal function during
exercise during the 1800s, which were never published, Anton Julius Carlson, an American
Physiologist, became a pioneer in publishing on the subject [6]. After Carlson, research on
exercise and the gastrointestinal tract was sparse. However, in the late 1960s, driven by
the consumption of energy drinks and the practice of running, there was a greater interest
in the study of gastrointestinal function and physical exercise. From the 1980s onwards,
several researchers began to investigate the effects of exercise on the gastrointestinal tract
through clinical and epidemiological studies, particularly in terms of harmful effects [7].

Among these repercussions, gastrointestinal symptoms in physical exercise practition-
ers and athletes are typical, such as nausea, diarrhea, vomiting and intestinal bleeding,
particularly in high-intensity training. On the other hand, physical exercise also prevents
several diseases related to the gastrointestinal tract, such as colon carcinoma, diverticulitis,
cholelithiasis, and constipation. Thus, several studies have demonstrated an interest in
the relationship between exercise and the gastrointestinal tract, with an emphasis on the
prevention and treatment of diseases, as well as the optimization of athletic performance,
given that the stomach and intestines are essential for the digestion and absorption of
macronutrients and micronutrients required by active muscles [8,9].

Regarding the mechanisms related to the effects of exercise on the gastrointestinal
tract, its impact on the composition of the intestinal microbiota, its antioxidant and anti-
inflammatory action, which may have protective action, reducing permeability in the
gastrointestinal tract [10–12]. In this sense, this review aimed to (1) demonstrate the mech-
anisms by which physical exercise acts on the gastrointestinal system; (2) show recent
evidence of the effects of training in the treatment of diseases of the gastrointestinal tract,
such as gastroesophageal reflux disease (GERD), irritable bowel syndrome (IBS), inflamma-
tory bowel diseases (IBD), and colorectal cancer; and (3) about training recommendations
in the treatment of different gastrointestinal diseases.

2. Results
2.1. Basic Concepts About Physical Exercise

According to the World Health Organization [13], physical inactivity is the fourth
leading risk factor for global mortality, accounting for 5.5% of deaths per year, among
various risk factors such as dyslipidemia, obesity, and hypertension. Research highlighting
the importance of an active lifestyle is growing exponentially and supports the notion that
improved quality of life is associated with reduced periods of physical inactivity [14].

Physical activity recommendations vary based on intensity and duration. According
to various health institutions, it is recommended to engage in 150 min of moderate physical
activity per week, 75 min of vigorous activity, or a combination of these intensities [15].
These levels are sufficient to provide health benefits. However, when weekly exercise time
is increased to 300 min, there is an additional advantage in reducing overall mortality,
suggesting that a higher volume of physical activity may have even more significant
benefits [16]. Another way to monitor physical activity levels is through daily step counting.
Studies show that walking more than 7000 steps per day significantly reduces the risk of
various conditions related to physical inactivity, such as cardiovascular diseases, diabetes,
and obesity [17,18].

The literature consistently shows that regular physical exercise is associated with
a reduced risk of premature mortality and contributes to the prevention of more than
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25 pathologies, including chronic medical conditions such as hypertension, breast and
colon cancer, type II diabetes, gestational diabetes, and gallstones. A dose-dependent
correlation between physical exercise and primary and secondary prevention of chronic
disorders has been demonstrated, in addition to a positive association with adolescent
health [19,20].

In this way, the WHO introduced physical activity and physical exercise in the World
Public Health Agenda, launching the “General Strategy for Food, Physical Exercise and
Health” and describing actions necessary to increase physical activity globally [21]. In
addition to the “Global Physical Activity Recommendations for Health”, published in
2010, highlighting the primary prevention of Chronic Noncommunicable Diseases (CNDs)
through physical activity [22].

In this sense, the WHO defines physical activity as any body movement produced by
skeletal muscle that results in energy expenditure above the rest, including physical activity
practice during work, playing, and domestic activities. Physical exercise is any planned
activity, structured and systematized, involving body movements of skeletal muscle of
contraction and relaxation. It aims to improve physical fitness components, using energy
substrates above resting values [23].

Physical exercise can be characterized in two ways: (i) intermittent and (ii) continuous.
Regarding intermittent exercise, its primary energy source is the phosphagen system, which
is the fundamental fuel for short-duration, high-intensity activities such as 100 m sprints in
athletics, 50 m and 100 m swimming, weightlifting, and cycling sprints, among others [24].
The ATP-Creatine Phosphate (CP) energy system provides a rapid but short-lived energy
source, depleting its stores in approximately 10 s. During high-intensity activity, ATP is
broken down into ADP and inorganic phosphate (Pi) by ATPase, releasing energy. Creatine
phosphate (CP) serves as an energy reservoir, donating its phosphate group to ADP via
creatine kinase (CK) to rapidly regenerate ATP, ensuring continued energy supply for
short-duration, high-power activities [25].

In the phosphagen system, intense exercise can lead to the development of acidosis,
increasing the reduction of pyruvate to lactate and reducing the proton transport capacity
via NADH+ (nicotinamide adenine dinucleotide), thus increasing lactate production and
the release of free hydrogen ions (H+). Suppose the buffering capacity of this proton is
overwhelmed. In that case, it results in a decrease in pH, which can cause fatigue through
several mechanisms, such as plate acidosis, the inhibition of phosphofructokinase, the
inhibition of the SERCa (Sarcoplasmic Endoplasmic Reticulum Ca2+-ATPase) pump, lower
calcium conductance, reduced troponin/tropomyosin interaction, and the stimulation of
type C fibers in the central nervous system, inducing a “burning” discomfort [26,27].

The aerobic system uses the oxidative phosphorylation system as an energy source
for ATP production with subsequent energy generation. This energy system is utilized in
long-duration, low-intensity exercises requiring greater aerobic capacity, such as 5000 m
and 10,000 m races, marathons, open-water swims, and long-duration cycling events [28].

Exercise results in numerous changes in the gastrointestinal tract (metabolic improve-
ments, reduction in chronic systemic inflammation, lower serum insulin levels, improve-
ments in the gut microbiota associated with preservation of the intestinal barrier and
improved bile acid homeostasis). Most of these effects depend on the volume and intensity
applied, although low-intensity exercises do not describe significant damage [29]. Extreme
exercises and dehydration states are reported as causes of gastrointestinal symptoms by
70% of athletes, and intestinal ischemia is considered the leading cause of nausea, vomiting,
abdominal pain, and diarrhea [30].
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2.2. Gastrointestinal Motility and Exercise

Gastrointestinal motility results from the activity of the musculature of the digestive
tract. This intrinsic muscle activity is called motility. This varies according to the segment
and circumstances, notably the dietary condition. Segmentation contractions predominate
in motor behavior shortly after food ingestion, where neighboring gastrointestinal segments
contract simultaneously and continuously [31]. Already under fasting, the migratory motor
complex occurs, a pattern of cyclic and consecutive motility, passing from the stomach until
reaching, about 90 min later, the ileocecal valve. Given the similarity in morphology, such
variation in activity stems from neurohumoral regulatory mechanisms [32,33].

The motility of the gastrointestinal tract is primarily coordinated by the neurons of
the myenteric plexus, which are present along the gastrointestinal tract. The myenteric
plexus regulates peristalsis by modulating muscle wall contraction, both the frequency and
intensity of contraction. The essential stimulus for the myenteric plexus comes from the
mechanical distension of the gastric wall through food, as well as from the irritation of
the epithelium and the activity of the extrinsic nervous system [34]. Although the human
stomach is anatomically a single viscera, its motor behavior is quite distinct in the proximal
and distal portions. In the proximal portion, the accommodation of the ingested food
occurs without significant changes in intraluminal pressure, thanks to receptive relaxation.
After the gastric secretions are mixed, the food passes to the distal stomach, from where it
is emptied and gushes into the small intestine [35].

With its slow, sustained contractions, the proximal stomach plays a key role in regulat-
ing intragastric pressure and gastric emptying of liquids. In contrast, the distal stomach,
with its peristaltic contractions, plays a crucial role in mixing gastric secretions with food
and in the grinding process, especially in the gastric emptying of solids [36].

Through vigorous contractions that even occlude the stomach lumen, the chyme
advances towards the pylorus, which, when contracted, prevents the passage of solids,
which undergo retropulsion and are progressively crushed until liquefaction. Once in
liquid form, the material is quickly evacuated in the interval between waves of contractions,
thanks to gastric tone. Therefore, the sensory perception of gastric fullness is correct,
depending on the nature of the food, as liquids are emptied more quickly and solids more
slowly. On the other hand, the indigestible material is only emptied from the stomach
when the migrating motor complex takes control during fasting [37,38].

Physical exercise per se promotes physiological adjustments, whether in the neuromus-
cular, cardiovascular, respiratory, endocrine systems or even in the gastrointestinal tract.
However, such adjustments do not occur uniquely and linearly in the various systems, as
they depend on the exercise’s time, intensity, volume, nature, and energy sources governing
such activities [39].

Another critical point of exercise on the gastrointestinal tract is related to the possible
risks and benefits caused by this practice. In this sense, the impact of exercise and physical
activity on the gastrointestinal tract has taken the scientific community’s interest in an
emerging way. For more than two decades, research has focused primarily on the risks
of strenuous exercise, especially gastrointestinal symptoms. However, over the past few
years, interest has also turned to the potential benefits of physical exercise on the gastroin-
testinal tract. Several studies indicate an inverse relationship between physical exercise
and the risk of gastrointestinal diseases, such as colon cancer, diverticulitis, colitis, and
constipation [40–43]. Table 1 shows some risks and benefits of exercise in gastrointestinal
tract.

Acute physical exercise influences gastric motility in a dose-response relationship with
intensity, with low-intensity exercises seeming to accelerate the gastric emptying rate. In
contrast, there is a delay in gastric emptying at high intensity. Different modalities, such as
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the volume of food intake, the osmolality of energy drinks, and the duration of exercise,
also seem to affect gastric motility [44].

Table 1. Summary of the main benefits and risks of exercise on the gastrointestinal tract. Adapted
from Silva et al. [9].

Benefits Risks

Esophagus None Acid reflux induction

Stomach Light Exercise Accelerates Gastric
Emptying

High-Intensity Exercise Delays Gastric
Emptying and Inhibits Acid Production

Small bowel None High-Intensity Exercise Interferes with
Absorption and Induces Bleeding

Colon Exercise Reduces the Risk of Colon
Cancer and Diverticulitis

High-Intensity Exercise Induces
Bleeding

Liver None None

Studies indicate the direct benefits of aerobic exercise on the gastrointestinal
tract [45–47]. Resende et al. [45] highlight that moderate-intensity exercise can improve VO2

peak and positively influence gut microbiota composition in non-obese men. Specifically,
the study observed an increase in the relative abundance of Streptococcus and a decrease
in an unclassified genus from the Clostridiales order. Additionally, VO2 peak was positively
associated with Roseburia, Sutterella, and Odoribacter, while BMI negatively correlated with
Desulfovibrio and Faecalibacterium. These microbial changes suggest potential benefits for
gut function, including enhanced short-chain fatty acid (SCFA) production, improved gut
barrier integrity, and reduced inflammation, all of which may contribute to better digestion
and metabolic regulation. Performing moderate-intensity aerobic exercise on a treadmill
(at 75% of maximum heart rate) for 25 min increased gastric compliance in healthy men
and women, which refers to the stomach’s ability to expand in response to food or liquid
intake while maintaining intragastric pressure. Still, it did not alter these individuals’
satiety perception [48]. Changes in gastric compliance can be attributed to neuroendocrine
adaptations promoted by exercise [48,49]. It is noteworthy that physical exercise can induce
repercussions on the autonomic nervous system, thus influencing the gastrointestinal tract.
The vagus nerve mediates an increase in function via the parasympathetic nervous system,
which reduces sympathetic excitability and maintains sympathovagal balance [50,51].

In another study, Carvalho et al. [52] found that acute anaerobic exercise was able to
increase gastric accommodation, which refers to the stomach’s ability to relax and expand
in response to food intake and reduce satiety in healthy men, these effects being mediated
by the secretion of lactate, CK and some plasma cytokines, such as interleukins (IL)-6, -13
and tumour necrosis factor α (TNF-α). In addition, one of the possible explanations for
this phenomenon concerns the activation of cholinergic pathways that increase gastric tone
and the release of nitric oxide, promoting increased gastric accommodation mediated by
physical exercise [52,53]. Table 2 shows common perceptions of the gastrointestinal effects
of exercise and their scientific evidence.
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Table 2. Physical exercise perceptions on gastrointestinal disorders.

Category Effects Observed Evidence Conclusions

Gastroesophageal reflux

Symptoms of gastroesophageal reflux are
commonly observed during exercise. Suggestive

Some activities like running can cause transient lower esophageal sphincter relaxation, increased
abdominal pressure, and decreased esophageal clearance during exercise, leading to reflux episodes
without pathological evidence [54].

Exercise can exhibit protection against GERD. Convincing In two systematic reviews, higher levels of recreational physical activity reduce the risk of GERD. One
also found a reduced risk of esophageal adenocarcinoma [55,56].

Gastrointestinal motility

Exercise alters gastric emptying and digestion. Unclear

1. The effects seem to be different according to exercise intensity. Light exercise seems related to
gastric emptying acceleration, while high-intensity exercise delays.

2. Acute and chronic exercise also have been implicated in different effects on gastric emptying.
3. Ingested food/drink or supplements can influence gastric emptying responses to exercise.
4. Evidence also focuses on the capacity of exercise to regulate gastric emptying in some clinical

conditions, such as chemotherapy, IBD, diabetes mellitus, and hypertension [48,53,57–61].

Exercise changes intestinal motility. Unclear
Some evidence shows that exercise can alter gastrointestinal motility by changing the myoelectric
activity of gastrointestinal cells, reducing motility, while other evidence found no alterations [44,62,63].
These effects can also be mediated by diet before the training and mechanical effects of exercise.

Constipation Exercise can relieve chronic constipation. Limited evidence

In a systematic review and meta-analysis, the authors found that exercise significantly improved the
symptoms of patients with constipation, and aerobic exercise positively impacted constipation.
However, the methodological issues and standardization of exercise protocols can limit scientific
evidence [64].

Cancer risk Exercise may reduce digestive cancer risk. Convincing Systematic reviews and metanalysis found that exercise protects against digestive cancers [65,66].

Gastrointestinal bleeding Strenuous exercise can cause bleeding in the
gastrointestinal tract Suggestive

Athletes can face some GI bleeding from the upper or lower GI tract, with severity linked to effort
intensity and duration. Key factors include splanchnic hypoperfusion, GI wall trauma, and NSAID
use. Proper nutrition, hydration, exercise regulation, and supplements can alleviate symptoms such as
nausea, vomiting, cramping, diarrhea, and potential hemorrhage [67].

Legend: GERD: gastroesophageal reflux disease; GI: gastrointestinal tract; IBD: inflammatory bowel disease; NSAIDs: non-steroidal anti-inflammatory drugs.



J. Clin. Med. 2025, 14, 1708 7 of 20

2.3. Intestinal Permeability and Exercise

Practitioners of physical exercise, especially those of long duration, such as marathons,
triathlons, and adventure races, present significant biochemical and physiological changes,
which have become the target of research for a better understanding of these phenomena
aiming at better performance. The manifestation of gastrointestinal symptoms in athletes is
one of the most common causes of loss of sports performance in training and competitions.
Some studies have pointed to a range of 30 to 83% of gastrointestinal symptoms among
runners, mainly considering complaints related to the lower gastrointestinal tract (diarrhea,
rectal incontinence, rectal bleeding, and abdominal pain). In addition, women are more
susceptible to these problems when compared to men, and some modalities report more
complaints, such as cyclists and triathletes [11,68].

The type of exercise and training variables related to intensity and volume of food
intake during exercise play a fundamental role in the etiology of gastrointestinal injuries [69].
Although exercise dramatically influences the entire gastrointestinal tract, the intestinal
segments deserve greater attention, considering that through them, nutrients are absorbed,
and most of the gastrointestinal symptoms associated with exercise alter the intestinal
permeability [70]. Changes in intestinal permeability refer to the diffusion-mediated
passage of molecules larger than 150 Da through the intestinal barrier, particularly via tight
junctions and other intercellular pathways, as desmosomes [71].

Tight junction proteins are key regulators of paracellular transport in the intestinal
barrier, including claudins, occludins, and zonulins. The dysregulation of these proteins
can lead to increased intestinal permeability, compromising barrier integrity. One of the
primary factors contributing to this dysfunction is alterations in the gut microbiota, which
influences tight junction expression, intestinal immune responses, and exercise-induced
thermal stress [3,68,70].

There are many causes of changes in intestinal permeability caused by exercise, such
as mechanical factors, where it is well described that runners suffer from intestinal disor-
ders caused by mechanical forms of acceleration/deceleration, as well as neuromuscular
alterations resulting from psoas muscle hypertrophy, which presses the gastrointestinal
tract, generating gastrointestinal symptoms [69].

The mesenteric circulation and gastrointestinal symptoms in long-distance runners
may be influenced by mesenteric lymphatic vessel contractility, and probiotics present
significant diagnostic and therapeutic challenges [72]. Smarkusz-Zarzecka et al. [72] con-
ducted a randomized controlled trial evaluating the effects of a multi-strain probiotic
supplement on gastrointestinal symptoms and serum biochemical parameters in long-
distance runners. After a 3-month intervention, participants in the probiotic group reported
a reduction in constipation, with women experiencing greater overall health improvements
than men. However, no significant changes were observed for diarrhea, reflux, or IBS-like
symptoms compared to the placebo. These findings suggest that probiotics may play a role
in modulating gut function and systemic metabolism, particularly in endurance athletes
prone to gastrointestinal disturbances.

Many athletes use aspirin or other non-steroidal anti-inflammatory drugs (NSAIDs) for
analgesia. While effectively controlling pain, NSAIDs disrupt oxidative phosphorylation
and inhibit cyclooxygenase (COX) enzymes in the gastrointestinal mucosa. In addition to
these effects, NSAIDs likely contribute to cytoskeletal disruption and impaired calcium
homeostasis, generating free radicals that cause oxidative damage. This process may
weaken tight junctions and desmosomes, further compromising intestinal barrier integrity.
Prolonged or intense exercise, when combined with NSAID use, exacerbates intestinal
permeability, as demonstrated by Van Wijck et al. [73].



J. Clin. Med. 2025, 14, 1708 8 of 20

Prolonged exercise especially for endurance runners, can increase gastrointestinal
symptoms’ incidence and severity [44]. The occlusion of blood flow can be improved
with a higher intensity and/or duration of exercise and/or environmental heat stress [74].
The transient ischemic state during physical exercise causes damage to the GI tissues,
triggering an inflammatory response. Studies show that when blood flow is restored—
reperfusion—cells continue to undergo necrosis, and a cascade of inflammatory mediators
(pro-inflammatory cytokines, neutrophils, adhesion molecules) are signaled to repair the
damaged tissue [75].

Another important factor related to permeability is intestinal ischemia. This can
occur as early as 10 min after performing high-intensity exercise, measured by gastric
tonometry. Splanchnic hypoperfusion for 20 to 60 min in a cyclist at 70% VO2max intensity,
followed by 10 min of reperfusion, causes rapid ATP breakdown to AMP, activating
hypoxanthine. During the reperfusion cycle, hypoxanthine is reduced to xanthine by the
calcium-activated enzyme xanthine oxidase. The increase in calcium may result from
calcium pump dysfunction during ischemia. Xanthine oxidase releases hydrogen peroxide,
a potent free radical that causes tissue disruption and the breakdown of tight junction
proteins. Thermal stress during exercise can also lead to the impairment of tight junction
proteins, which are responsible for maintaining the morphological structure of intestinal
cells and the gastrointestinal barrier function [76,77]. These effects of physical exercise on
the gastrointestinal tract can be seen in Figure 1.
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Figure 1. Regular physical exercise modulates the beneficial effects in different systems, preventing
and auxiliary such as therapy form in gastrointestinal disorders. Physical exercise promotes the
release of myokines, which can act in the modulation of the immune system, in the maintenance
of the intestinal epithelial barrier and protection against mutations, and by promoting changes in
the microbiota and endocrine signaling and increasing the antioxidant defense. Another physical
exercise action modulates the autonomic balance, regulating the sympathetic and parasympathetic
functions that innervate the gastrointestinal tract. In addition, the mechanical changes promoted by
physical exercise can alter gastroesophageal motility in a dose–response relationship with intensity,
and low-intensity exercises seem to induce an acceleration of the gastric emptying rate. In contrast,
there is a delay in gastric emptying at high intensity.

2.4. Gastrointestinal Disease and Exercise

On the other hand, exercise can be beneficial in treating several gastrointestinal disor-
ders. Table 3 summarizes studies exploring physical activity’s effects on various gastroin-
testinal conditions.
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Table 3. Results of clinical trials that evaluated the therapeutic effect of physical exercise on gastrointestinal diseases.

Author/Year Localization Exercise Group Control Type of Disease Exercise Protocol Duration Main Results

Brown et al. (2018) [78] USA Low dose (n = 14)
High dose (n = 13) 13 Patients with colon

cancer in stages I-III
Treadmill aerobic exercise (50–70%

HRmax)

Low-dose group (150 min/week)
High-dose group (300 min/week)

6 months of intervention

A questionnaire measured the best score on the
quality-of-life test.

There was no effect on gastrointestinal symptoms.

Collings et al. (2003) [79] USA

Athletes
Race (n = 10)

Cycling (n = 10)
Weightlifting

(n = 10)

- GERD
Aerobic exercise

65% (60 min) and 85% (20 min) of
HRmax

Fasting exercises and
postprandial (45 min after meals)

60 min
Rest

20 min

Weightlifters—more heartburn and reflux.
Runners—mild symptoms and moderate reflux.

Cyclists—mild symptoms and reflux.
Strenuous exercise induces significant reflux and

related symptoms in conditioned people.

Cronin et al. (2019) [80] Ireland 13 7 Crohn’s Disease and
Ulcerative Colitis

A combined program of aerobic and
resistance training of moderate and

progressive intensity
8 weeks of intervention

Improved aerobic capacity.
Improved body composition.

There was no difference in disease activity.
There were no changes in the α and β-diversities of

the intestinal microbiota.

Daley et al. (2008) [81] England 28 28 Patients with IBS Customized training 12 weeks

There was no difference in the quality-of-life score
between the groups.

The trained group showed significant improvement
in the symptoms of constipation.

Klare et al. (2015) [82] Germany 15 15 Crohn’s Disease and
Ulcerative Colitis Moderate intensity running 10 weeks

Improved quality of life.
There was no exacerbation of gastrointestinal

symptoms.

Mendes-Filho et al. (2014) [83] Netherlands 10 healthy
volunteers -

Investigation of
possible effects on

GERD

After a standard meal and rest
Aerobic exercise (treadmill) 60% (30

min) and 85% (20 min) of HRmax

30 min
Rest

20 min

Longer time with esophageal pH <4, frequency, and
duration of reflux episodes.

Decreased contractility and duration of peristaltic
contractions.

A hiatal hernia was detected during the exercise but
not during rest.

Legend: GERD: gastroesophageal reflux disease; IBS: irritable bowel syndrome.
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2.4.1. Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is a gastrointestinal motility dysfunction
characterized by the irregular reflux of stomach contents leading up to the esophagus,
causing mucosal damage and several other symptoms [84]. Heartburn (pyrosis), a burn-
ing sensation or discomfort due to increased acidic juice in the stomach with pain and
bitter taste in the mouth, and regurgitation, characterized by the involuntary return of
gastric contents to the esophagus, are common in GERD, accompanied by extraesophageal
symptoms such as teeth erosion, epigastric pain, laryngitis, and cough [85,86]. GERD
affects the quality of life of individuals and can progress to erosive esophagitis, esophageal
stricture, Barrett’s esophagus, and esophageal adenocarcinoma [87]. Patient improvement
is associated with the use of proton pump inhibitor drugs, the first line of drugs used for
treatment, and the modification of the patient’s lifestyle [88].

Light to moderate physical exercise generates benefits for GERD, while high-intensity
exercise, depending on the type and duration, can be considered a risk to the patient’s
health [56,89]. A fibre-rich and low-fat-rich diet is also recommended to prevent reflux
symptoms [90]. The inspiratory of diaphragmatic muscle training helps improve the
pressure on the gastroesophageal junction, reducing the progression and symptoms of
the disease [91]. It is considered that the lower esophageal sphincter region is responsible
for the prevention of gastroesophageal reflux, and because of this, respiratory training
exercises on the diaphragm indicate improvement in patients evaluated by esophageal pH
monitoring, quality-of-life scores and use of proton pump inhibitors [92–94].

High-intensity physical activity increases the possibility of reflux episodes in patients
affected by the erosive form with a positive correlation of VO2 ≥ 70% in a stress exercise
test; however, light and short-term exercises do not affect the occurrence of reflux, even
in patients with overweight or obesity [83]. Exercise causes worsening symptoms of
gastroesophageal reflux related to a decrease in blood flow by about 80% by activating
adrenergic receptors in athletes and untrained individuals. It may intensify symptoms
during dehydration [9,95]. Usually, some athletes have oesophagal reflux in high-intensity
exercises, which require a lot of physical effort and prolonged duration, associated with a
worsening in postprandial exercises, which increases with the increase in resistance. GERD
presents complexity in its symptomatology to other upper gastrointestinal diseases, making
it difficult to differentiate from angina, and may also increase asthma symptoms [96].

Collings et al. [79] analyzed the effect of running, cycling, and weightlifting on
10 subjects from each sport with a three-month clinical history of heartburn during ex-
ercise. Exercises were standardized at 65% (60 min) and 85% (20 min) of maximum heart
rate, and effects were observed in fasting or after a 15-min interval diet. Worsening of
gastroesophageal reflux was observed in postprandial cases compared to fasting. Within
the three modalities, weightlifting showed more significant reflux and heartburn. Running
showed symptoms and moderate reflux, while cycling showed little worsening of the
condition. It is reiterated that intense physical exercise causes considerable reflux and
worsens other symptoms in athletes.

In this context, running, rowing, weightlifting, and cycling athletes have common
upper gastrointestinal characteristics such as heartburn, epigastric pain, regurgitation,
nausea, and vomiting. GERD is the primary disease that causes these symptoms in the
upper gastrointestinal tract in athletes. The symptomatology of the disease is usually
caused by exercise; GERD by exertion affects more individuals who have GERD at rest.
However, it can affect only athletes when associated with physical exercise [97,98].

Corroborating the study, ten healthy volunteers who practiced some physical activities
were submitted to a treadmill for 30 min (60% of maximum heart rate) with rest and then
running for 20 min (85% of maximum heart rate) before exercise. A standardized meal.
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The pH of the esophageal region was much more acidic (<4), and there was a decrease
in esophageal sphincter pressure, a reduction in peristaltic contractions causing more
significant episodes of reflux [54].

In this context, athletes in sports such as running, rowing, weightlifting, and cycling
commonly exhibit gastrointestinal characteristics such as heartburn, epigastric pain, regur-
gitation, nausea, and vomiting. GERD is identified as the primary condition causing these
symptoms in the upper gastrointestinal tract in athletes. The symptoms of the disease are
usually triggered by exercise, and exercise-induced GERD affects individuals who already
have GERD at rest; however, it can affect athletes only when associated with physical
exercise [99,100].

2.4.2. Inflammatory Bowel Disease (IBD)

Inflammatory bowel diseases (IBD) comprise two primary forms of clinical manifesta-
tion: Crohn’s disease, which is characterized by transmural inflammation of the intestinal
mucosa, consisting of any part of the gastrointestinal tract from the mouth to the anus,
and ulcerative colitis, which involves only inflammation in the colonic mucosa, with more
significant activity in the rectal region [101,102].

The chronic inflammation characteristic of IBD involves the mucosal and submucosal
layers of the gastrointestinal tract, leading to symptoms such as bleeding, abdominal pain,
diarrhea, malnutrition, and increased intestinal permeability [101]. Among the factors
involved in the pathogenesis of these diseases, genetics, dysregulation in the intestinal mi-
crobiota, and environmental factors such as diet and physical inactivity stand out [103,104].

Physical exercise improves the inflammatory condition of Crohn’s disease and ulcera-
tive colitis. The regular practice of moderate-intensity walking or running three times a
week for 10 weeks in patients with Crohn’s disease with mild to moderate disease activity
appears to improve these individuals’ quality of life and well-being [105]. Walking three
times a week at 60% of maximum heart rate enhanced patients’ quality of life with Crohn’s
disease without exacerbating disease activity [40]. Additionally, physical exercise provides
further benefits, including improving gut microbiota composition and exerting antioxidant
and anti-inflammatory effects, which may have a protective role in reducing gastrointestinal
permeability [8,10,41].

Data on the relationship between physical exercise and IBD are more consistent for
Crohn’s disease compared to the scarce research developed with patients with ulcerative
colitis. In a study developed in the United Kingdom, Chan et al. [106] observed that patients
with Crohn’s disease and ulcerative colitis have limitations in physical exercise. However,
patients who regularly practice some sports report improvements in the disease symptoms.

The performance of physical exercise leads to increased physical fitness, bone mineral
density, quality of life, and reduced stress and anxiety associated with IBD without adverse
effects related to exercise interventions [107]. It is essential to mention that training recom-
mendations for patients with IBD should be lower than those for healthy individuals due
to the inflammatory responses induced by exercise, particularly high-intensity exercise [10].
Performing acute low-intensity exercise or high-intensity interval exercise in pediatric pa-
tients with Crohn’s disease also does not appear to exacerbate the inflammatory condition
of the disease [108].

According to the European Crohn’s and Colitis Organization, Pérez [109] recommends
exercise for Crohn’s disease. As for aerobic activity, 20–30 min of low-intensity walking is
recommended, at 60% of maximum heart rate, 3 days a week and evolving according to
the patient’s progress. Regarding resistance training, using elastic bands or free weights
is recommended, as it is an individualized program according to age, conditioning level,
goals, and exercise preferences. Elsenbruch et al. [110] found improvement in quality
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of life in patients with ulcerative colitis in remission, with no changes in clinical and
physiological parameters after a structured program of moderate-intensity physical exercise,
Mediterranean diet, and cognitive behavioral therapy once a week for 10 weeks.

Physical exercise improves the quality of life. It can be considered an alternative
therapy in IBD due to the role of skeletal muscle in the secretion of myokines such as irisin,
IL-6, IL-15, and IL-1ra released during and after the exercise session. Regarding irisin, it is
vital in regulating metabolic functions in adipose tissue, which are altered in the presence
of Crohn’s disease and ulcerative colitis [10]. Myokines play a crucial role in modulating
gut microbiota composition and gastrointestinal function. Irisin, a myokine released during
exercise, has been shown to influence gut microbiota, exerting anti-inflammatory effects
within the gastrointestinal tract. Additionally, muscle activity enhances the synthesis of
brain-derived neurotrophic factor (BDNF), which may help protect intestinal cells against
mutations, promoting gut health and overall homeostasis. Furthermore, certain interleukins
(ILs) function as anti-inflammatory mediators and play a role in appetite regulation within
the gastrointestinal tract. This endocrine signaling network, which links skeletal muscle
and gut function, is called the muscle–gut axis [10,52].

Another substance secreted by skeletal muscle that deserves to be highlighted is IL-6
since, despite being considered a pro-inflammatory factor, it induces anti-inflammatory
responses such as an increase in IL-10 and IL-1ra and stimulates the secretion of peptides
like glucagon 1 (GLP-1), which may act in the repair of the intestinal mucosa after damage
related to the pathogenesis of IBD [10].

In addition, exercise seems to play an essential role in improving the diversity of
the intestinal microbiota, which is usually dysregulated in Crohn’s disease and ulcerative
colitis, being one of the factors that can aggravate or predispose to the emergence of these
diseases [3,10,111]. In a systematic review, Koutouratsas et al. [112] show pre-clinical and
clinical studies that regular exercise increases the presence of beneficial bacteria, such as
Bacteroidetes, Clostridium septum, Prevotella, Bifidobacterium, and Roseburia, while reducing
the abundance of Proteobacteria, a group often linked to intestinal inflammation. These
changes promote the production of SCFAs, strengthen the intestinal barrier, modulate
the immune response, and inhibit pathogenic bacterial adhesion, suggesting a plausible
mechanism through which exercise benefits IBD patients.

2.4.3. Irritable Bowel Syndrome (IBS)

Irritable Bowel Syndrome (IBS) is one of the most diagnosed gastrointestinal disorders,
being related to the manifestation of abdominal pain and discomfort and changes in
bowel habits, and can be mixed, diarrheal, or constipation-related [113]. Patients with
IBS also suffer from extra-intestinal symptoms such as migraine, depression, fatigue, and
fibromyalgia [114].

Some lifestyle interventions, such as physical exercise, have been suggested to improve
gastrointestinal and extra-intestinal symptoms [115]. The mechanisms by which training
improves the symptoms of patients with IBS would be related to changes in intestinal blood
flow, neuroendocrine and immunological changes, changes in intestinal motility, reduced
stress, and improved well-being promoted by exercise [116].

Patients with IBS, when advised weekly to increase cardiorespiratory fitness by prac-
tising 20–60 min of moderate to vigorous physical activity 3 to 5 times a week, showed a sig-
nificant improvement in these patients’ symptom scores after 12 weeks of counselling [117].
In another study, Johannesson et al. [118] also found improvement in gastrointestinal and
psychological symptoms, such as fatigue, depression, and anxiety.

The attenuation of gastrointestinal symptoms in patients with IBS after aerobic training
for 24 weeks may be due to the attenuation of the inflammatory process, with a reduction
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in plasma concentrations of cytokines (IL1β, IL-6, IL-8, IL-10 and TNF-α), reduction in
oxidative stress markers, such as xanthine oxidase (XO), plasma malondialdehyde (MDA),
and nitric oxide (NO), and increased antioxidant activity, such as superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx) [119,120].

Various training modalities (yoga, walking exercises, swimming, cycling, and other
sports activities) have shown an effect. They can be considered an affordable and effective
therapy for treating and managing IBS [119]. Notably, the literature on the subject has
focused more on evaluating the effects of aerobic training on anaerobic training, with data
on the latter still scarce. In its guidelines, the American College of Gastroenterology [121]
hypothesizes that physical exercise can be an adjunctive therapy for IBS. However, evidence
from clinical trials is still scarce, and it isn’t easy to establish a recommendation.

2.4.4. Colorectal Cancer

Colorectal cancer is one of the most diagnosed cancers in both men and women
in Brazil and worldwide, encompassing tumours that originate in the colon, rectum,
and anus [122,123]. Its incidence rate is increasing considerably, with an estimated
2.5 million survivors expected by 2035 [124]. Among the risk factors associated with the
manifestation of colorectal cancer are age over 50, poor lifestyle and dietary habits, eco-
nomic development, obesity, physical inactivity, smoking, excessive alcohol consumption,
diets high in red or processed meats, fats, sugary foods, and refined grains, and diets low
in calcium, fruits, fibre, and vegetables [125].

Regular physical activity and exercise are also associated with a lower risk of colorectal
cancer and other types of cancer through various mechanisms, such as the regulation of
the cell cycle, improved immune function, protective action in the gastrointestinal tract via
mediators secreted by skeletal muscle, mainly via myokines and exosomes, and increased
antioxidant and anti-inflammatory responses [126]. Mechanistically, the main effects of
colorectal cancer prevention linked to physical exercise include the redirection of insulin-
like growth factor (IGF), reduced inflammation, cell death via apoptosis, epigenetic changes,
and regulation of leptin and ghrelin levels [127].

Research has shown the benefits of physical exercise in treating patients with colorectal
cancer, improving physical conditioning, functional and mental capacity, stress, and quality
of life, enhancing immune function, oxidative stress, and prognosis [78,127,128]. A super-
vised 18-week exercise program for colorectal cancer patients undergoing chemotherapy
reduced fatigue and proved to be safe and feasible [129].

Neoadjuvant exercise, as a prehabilitation strategy, is associated with lower morbidity
in patients with colorectal cancer, considering that the primary treatment for this type
of cancer is surgical. Improvement in physical fitness components is linked to better
recovery and a lower recurrence rate in colorectal cancer [130,131]. It is important to
note that some adverse effects of oncological treatments include peripheral neuropathy,
fatigue, cardiovascular risk, pulmonary complications, immune and endocrine dysfunction,
gastrointestinal motility alterations, anxiety, depression, and muscle weakness [132]. Thus,
physical training can alleviate these symptoms and improve the quality of life in patients
undergoing chemotherapy [127,133].

Among the mechanisms involved in the positive effects of physical exercise on col-
orectal cancer prognosis are modulation of the gut microbiota, with increased production
of short-chain fatty acids that have anti-inflammatory effects, an increase in the popula-
tion of Bifidobacterium, and a reduction in species such as Fusobacterium nucleatum and
lipopolysaccharide-producing bacteria, which are pro-inflammatory, promoting increased
intestinal permeability and metastasis [134].
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Regarding the types of physical exercise and studies on other conditions that affect the
gastrointestinal tract, most research has focused on the benefits and protocols of aerobic
exercise. There is still a significant gap in clinical trials investigating the effects and estab-
lishing recommendations for resistance training in patients with colorectal cancer [127].

2.4.5. Summary Recommendations of Physical Exercise in GI Dysfunctions

Based on the literature discussion, physical exercise can benefit various gastrointestinal
diseases with appropriate intensity and modality.

• In patients with IBD, including Crohn’s disease and ulcerative colitis, walking or light-
to-moderate running (60% of maximum heart rate) three times per week for 10 weeks
improves the quality of life without exacerbating inflammation, while moderate-
intensity aerobic and resistance training can help reduce inflammatory markers.

• For individuals with IBS, moderate aerobic activities such as walking, light running,
and swimming aid in reducing abdominal pain and improving intestinal motility,
whereas high-intensity exercise may worsen symptoms.

• In GERD, low-to-moderate-intensity exercises such as walking, light weight training,
and yoga support weight management and diaphragm strengthening, while high-
impact exercises and those performed right after meals should be avoided.

• In colorectal cancer, both prevention and post-treatment, regular aerobic exercise and
moderate resistance training reduce inflammatory markers and the risk of recurrence.

Adjusting exercise intensity and frequency to maximize benefits without worsening
gastrointestinal symptoms is essential in all these conditions.

3. Conclusions
In summary, the study of physical exercise on digestive physiology is quite old.

However, this theme has been explored better in recent years, given the new methodologies
for investigating the various intestinal segments. In addition, with techniques such as
molecular biology and the study of specific gastric receptors and hormones, it was possible
to understand better the mechanisms involved in gastrointestinal changes associated with
physical exercise at various intensities, both in experimental models and clinical studies in
humans.

Author Contributions: Conceptualization—J.S.S. and M.T.B.d.S. methodology, J.S.S., A.C.A.d.S.,
B.L.B.d.S., T.S.R., A.M.d.O. and R.S.P.L.; writing—original draft preparation, J.S.S., F.L.T.-L. and
M.T.B.d.S.; final writing and correction—J.S.S., A.A.d.S. and M.T.B.d.S. All authors have read and
agreed to the published version of the manuscript.

Funding: We thank the Federal University of Piauí (UFPI), the (MedInUP/Rise-Health), ICBAS, and
the University of Porto for support.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Ruegsegger, G.N.; Booth, F.W. Health Benefits of Exercise. Cold Spring Harb. Perspect. Med. 2018, 8, a029694. [CrossRef]
2. Adams, V.; Linke, A. Impact of Exercise Training on Cardiovascular Disease and Risk. Biochim. Biophys. Acta BBA-Mol. Basis Dis.

2019, 1865, 728–734. [CrossRef] [PubMed]
3. Codella, R.; Luzi, L.; Terruzzi, I. Exercise Has the Guts: How Physical Activity May Positively Modulate Gut Microbiota in

Chronic and Immune-Based Diseases. Dig. Liver Dis. 2018, 50, 331–341. [CrossRef]
4. Sohail, M.U.; Yassine, H.M.; Sohail, A.; Thani, A.A.A. Impact of Physical Exercise on Gut Microbiome, Inflammation, and the

Pathobiology of Metabolic Disorders. Rev. Diabet. Stud. 2019, 15, 35–48. [CrossRef] [PubMed]
5. Dalton, A.; Mermier, C.; Zuhl, M. Exercise Influence on the Microbiome–Gut–Brain Axis. Gut Microbes 2019, 10, 555–568.

[CrossRef] [PubMed]

https://doi.org/10.1101/cshperspect.a029694
https://doi.org/10.1016/j.bbadis.2018.08.019
https://www.ncbi.nlm.nih.gov/pubmed/30837069
https://doi.org/10.1016/j.dld.2017.11.016
https://doi.org/10.1900/RDS.2019.15.35
https://www.ncbi.nlm.nih.gov/pubmed/31380886
https://doi.org/10.1080/19490976.2018.1562268
https://www.ncbi.nlm.nih.gov/pubmed/30704343


J. Clin. Med. 2025, 14, 1708 15 of 20

6. Carlson, A.J. The Control of Hunger in Health and Disease. J. Am. Med. Assoc. 1916, LXVII, 1620. [CrossRef]
7. Martin, D. Physical Activity Benefits and Risks on the Gastrointestinal System. South. Med. J. 2011, 104, 831–837. [CrossRef]
8. Bilski, J.; Mazur-Bialy, A.I.; Wierdak, M.; Brzozowski, T. The Impact of Physical Activity and Nutrition on Inflammatory Bowel

Disease: The Potential Role of Cross Talk between Adipose Tissue and Skeletal Muscle. J. Physiol. Pharmacol. Off. J. Pol. Physiol.
Soc. 2013, 64, 143–155.

9. Silva, M.T.B.D.; Moreira-Gonçalves, D.; Torres-Leal, F.L.; Santos, A.A.D. Editorial: Exercise Physiology and Gastrointestinal
Disorders. Front. Sports Act. Living 2024, 6, 1404388. [CrossRef]

10. Bilski, J.; Mazur-Bialy, A.; Brzozowski, B.; Magierowski, M.; Zahradnik-Bilska, J.; Wójcik, D.; Magierowska, K.; Kwiecien, S.;
Mach, T.; Brzozowski, T. Can Exercise Affect the Course of Inflammatory Bowel Disease? Experimental and Clinical Evidence.
Pharmacol. Rep. 2016, 68, 827–836. [CrossRef]

11. Clark, A.; Mach, N. Exercise-Induced Stress Behavior, Gut-Microbiota-Brain Axis and Diet: A Systematic Review for Athletes. J.
Int. Soc. Sports Nutr. 2016, 13, 43. [CrossRef] [PubMed]

12. Cullen, J.M.A.; Shahzad, S.; Dhillon, J. A Systematic Review on the Effects of Exercise on Gut Microbial Diversity, Taxonomic
Composition, and Microbial Metabolites: Identifying Research Gaps and Future Directions. Front. Physiol. 2023, 14, 1292673.
[CrossRef] [PubMed]

13. World Health Organization. Global Strategy on Diet, Physical Activity and Health. Available online: https://www.who.int/
publications/i/item/9241592222 (accessed on 13 February 2025).

14. Katzmarzyk, P.T.; Friedenreich, C.; Shiroma, E.J.; Lee, I.-M. Physical Inactivity and Non-Communicable Disease Burden in
Low-Income, Middle-Income and High-Income Countries. Br. J. Sports Med. 2022, 56, 101–106. [CrossRef] [PubMed]

15. Ligibel, J.A.; Bohlke, K.; May, A.M.; Clinton, S.K.; Demark-Wahnefried, W.; Gilchrist, S.C.; Irwin, M.L.; Late, M.; Mansfield, S.;
Marshall, T.F.; et al. Exercise, Diet, and Weight Management During Cancer Treatment: ASCO Guideline. J. Clin. Oncol. 2022, 40,
2491–2507. [CrossRef]

16. Rock, C.L.; Thomson, C.A.; Sullivan, K.R.; Howe, C.L.; Kushi, L.H.; Caan, B.J.; Neuhouser, M.L.; Bandera, E.V.; Wang, Y.; Robien,
K.; et al. American Cancer Society Nutrition and Physical Activity Guideline for Cancer Survivors. CA Cancer J. Clin. 2022, 72,
230–262. [CrossRef]

17. Patel, A.V.; Friedenreich, C.M.; Moore, S.C.; Hayes, S.C.; Silver, J.K.; Campbell, K.L.; Winters-Stone, K.; Gerber, L.H.; George, S.M.;
Fulton, J.E.; et al. American College of Sports Medicine Roundtable Report on Physical Activity, Sedentary Behavior, and Cancer
Prevention and Control. Med. Sci. Sports Exerc. 2019, 51, 2391–2402. [CrossRef] [PubMed]

18. Paluch, A.E.; Gabriel, K.P.; Fulton, J.E.; Lewis, C.E.; Schreiner, P.J.; Sternfeld, B.; Sidney, S.; Siddique, J.; Whitaker, K.M.; Carnethon,
M.R. Steps per Day and All-Cause Mortality in Middle-Aged Adults in the Coronary Artery Risk Development in Young Adults
Study. JAMA Netw. Open 2021, 4, e2124516. [CrossRef]

19. Warburton, D.E.R.; Bredin, S.S.D. Health Benefits of Physical Activity: A Systematic Review of Current Systematic Reviews. Curr.
Opin. Cardiol. 2017, 32, 541–556. [CrossRef]

20. Lemes, Í.R.; Sui, X.; Turi-Lynch, B.C.; Lee, D.; Blair, S.N.; Fernandes, R.A.; Codogno, J.S.; Monteiro, H.L. Sedentary Behaviour Is
Associated with Diabetes Mellitus in Adults: Findings of a Cross-Sectional Analysis from the Brazilian National Health System. J.
Public Health 2019, 41, 742–749. [CrossRef]

21. Waxman, A. Prevention of chronic diseases: Who Global Strategy on Diet, Physical Activity and Health. Food Nutr. Bull. 2003, 24,
281–284. [CrossRef]

22. World Health Organization. Global Recommendations on Physical Activity for Health. Available online: https://www.who.int/
publications/i/item/9789241599979 (accessed on 13 February 2025).

23. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 Guidelines on Physical Activity and Sedentary Behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

24. Chaouachi, A.; Manzi, V.; Wong, D.P.; Chaalali, A.; Laurencelle, L.; Chamari, K.; Castagna, C. Intermittent Endurance and
Repeated Sprint Ability in Soccer Players. J. Strength Cond. Res. 2010, 24, 2663–2669. [CrossRef] [PubMed]

25. Glancy, B.; Kane, D.A.; Kavazis, A.N.; Goodwin, M.L.; Willis, W.T.; Gladden, L.B. Mitochondrial Lactate Metabolism: History and
Implications for Exercise and Disease. J. Physiol. 2021, 599, 863–888. [CrossRef] [PubMed]

26. Dunn, J.; Grider, M.H. Physiology, Adenosine Triphosphate. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.
27. Nalbandian, M.; Radak, Z.; Takeda, M. Lactate Metabolism and Satellite Cell Fate. Front. Physiol. 2020, 11, 610983. [CrossRef]

[PubMed]
28. Hargreaves, M.; Spriet, L.L. Skeletal Muscle Energy Metabolism during Exercise. Nat. Metab. 2020, 2, 817–828. [CrossRef]

[PubMed]
29. Chantler, S.; Griffiths, A.; Matu, J.; Davison, G.; Jones, B.; Deighton, K. The Effects of Exercise on Indirect Markers of Gut Damage

and Permeability: A Systematic Review and Meta-Analysis. Sports Med. 2021, 51, 113–124. [CrossRef] [PubMed]

https://doi.org/10.1001/jama.1916.02590220062030
https://doi.org/10.1097/SMJ.0b013e318236c263
https://doi.org/10.3389/fspor.2024.1404388
https://doi.org/10.1016/j.pharep.2016.04.009
https://doi.org/10.1186/s12970-016-0155-6
https://www.ncbi.nlm.nih.gov/pubmed/27924137
https://doi.org/10.3389/fphys.2023.1292673
https://www.ncbi.nlm.nih.gov/pubmed/38187136
https://www.who.int/publications/i/item/9241592222
https://www.who.int/publications/i/item/9241592222
https://doi.org/10.1136/bjsports-2020-103640
https://www.ncbi.nlm.nih.gov/pubmed/33782046
https://doi.org/10.1200/JCO.22.00687
https://doi.org/10.3322/caac.21719
https://doi.org/10.1249/MSS.0000000000002117
https://www.ncbi.nlm.nih.gov/pubmed/31626056
https://doi.org/10.1001/jamanetworkopen.2021.24516
https://doi.org/10.1097/HCO.0000000000000437
https://doi.org/10.1093/pubmed/fdy169
https://doi.org/10.1177/156482650302400307
https://www.who.int/publications/i/item/9789241599979
https://www.who.int/publications/i/item/9789241599979
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1519/JSC.0b013e3181e347f4
https://www.ncbi.nlm.nih.gov/pubmed/20847706
https://doi.org/10.1113/JP278930
https://www.ncbi.nlm.nih.gov/pubmed/32358865
https://doi.org/10.3389/fphys.2020.610983
https://www.ncbi.nlm.nih.gov/pubmed/33362583
https://doi.org/10.1038/s42255-020-0251-4
https://www.ncbi.nlm.nih.gov/pubmed/32747792
https://doi.org/10.1007/s40279-020-01348-y
https://www.ncbi.nlm.nih.gov/pubmed/33201454


J. Clin. Med. 2025, 14, 1708 16 of 20

30. Zhang, X.; Theodoratou, E.; Li, X.; Farrington, S.M.; Law, P.J.; Broderick, P.; Walker, M.; Klimentidis, Y.C.; Rees, J.M.B.; Houlston,
R.S.; et al. Genetically Predicted Physical Activity Levels Are Associated with Lower Colorectal Cancer Risk: A Mendelian
Randomisation Study. Br. J. Cancer 2021, 124, 1330–1338. [CrossRef] [PubMed]

31. Di Natale, M.R.; Hunne, B.; Stebbing, M.J.; Wang, X.; Liu, Z.; Furness, J.B. Characterization of Neuromuscular Transmission and
Projections of Muscle Motor Neurons in the Rat Stomach. Am. J. Physiol.-Gastrointest. Liver Physiol. 2024, 326, G78–G93. [CrossRef]

32. Rao, M. An Increasingly Complex View of Intestinal Motility. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 72–73. [CrossRef]
33. Ding, F.; Hu, Q.; Wang, Y.; Jiang, M.; Cui, Z.; Guo, R.; Liu, L.; Chen, F.; Hu, H.; Zhao, G. Smooth Muscle Cells, Interstitial Cells

and Neurons in the Gallbladder (GB): Functional Syncytium of Electrical Rhythmicity and GB Motility (Review). Int. J. Mol. Med.
2023, 51, 33. [CrossRef]

34. Spencer, N.J.; Hu, H. Enteric Nervous System: Sensory Transduction, Neural Circuits and Gastrointestinal Motility. Nat. Rev.
Gastroenterol. Hepatol. 2020, 17, 338–351. [CrossRef] [PubMed]

35. Di Natale, M.R.; Athavale, O.N.; Wang, X.; Du, P.; Cheng, L.K.; Liu, Z.; Furness, J.B. Functional and Anatomical Gastric Regions
and Their Relations to Motility Control. Neurogastroenterol. Motil. 2023, 35, e14560. [CrossRef]

36. Nadia, J.; Bronlund, J.E.; Singh, H.; Singh, R.P.; Bornhorst, G.M. Contribution of the Proximal and Distal Gastric Phases to the
Breakdown of Cooked Starch-Rich Solid Foods during Static in Vitro Gastric Digestion. Food Res. Int. 2022, 157, 111270. [CrossRef]

37. Banerjee, S.; Pal, A.; Fox, M. Volume and Position Change of the Stomach during Gastric Accommodation and Emptying: A
Detailed Three-dimensional Morphological Analysis Based on MRI. Neurogastroenterol. Motil. 2020, 32, e13865. [CrossRef]
[PubMed]

38. Cifuentes, L.; Camilleri, M.; Acosta, A. Gastric Sensory and Motor Functions and Energy Intake in Health and Obesity—
Therapeutic Implications. Nutrients 2021, 13, 1158. [CrossRef] [PubMed]

39. Ibeas, K.; Herrero, L.; Mera, P.; Serra, D. Hypothalamus-Skeletal Muscle Crosstalk during Exercise and Its Role in Metabolism
Modulation. Biochem. Pharmacol. 2021, 190, 114640. [CrossRef] [PubMed]

40. Rozich, J.J.; Holmer, A.; Singh, S. Effect of Lifestyle Factors on Outcomes in Patients With Inflammatory Bowel Diseases. Am. J.
Gastroenterol. 2020, 115, 832–840. [CrossRef] [PubMed]

41. De Oliveira Santos, R.; Da Silva Cardoso, G.; Da Costa Lima, L.; De Sousa Cavalcante, M.L.; Silva, M.S.; Cavalcante, A.K.M.; Severo,
J.S.; De Melo Sousa, F.B.; Pacheco, G.; Alves, E.H.P.; et al. L-Glutamine and Physical Exercise Prevent Intestinal Inflammation
and Oxidative Stress Without Improving Gastric Dysmotility in Rats with Ulcerative Colitis. Inflammation 2021, 44, 617–632.
[CrossRef]

42. Ramos, C.; Gibson, G.R.; Walton, G.E.; Magistro, D.; Kinnear, W.; Hunter, K. Systematic Review of the Effects of Exercise and
Physical Activity on the Gut Microbiome of Older Adults. Nutrients 2022, 14, 674. [CrossRef]

43. Dinas, P.C.; On Behalf of the Students of Module 5104 (Introduction to Systematic Reviews); Karaventza, M.; Liakou, C.;
Georgakouli, K.; Bogdanos, D.; Metsios, G.S. Combined Effects of Physical Activity and Diet on Cancer Patients: A Systematic
Review and Meta-Analysis. Nutrients 2024, 16, 1749. [CrossRef]

44. Gaskell, S.K.; Burgell, R.; Wiklendt, L.; Dinning, P.G.; Costa, R.J.S. Impact of Exercise Duration on Gastrointestinal Function and
Symptoms. J. Appl. Physiol. 2023, 134, 160–171. [CrossRef] [PubMed]

45. Resende, A.S.; Leite, G.S.F.; Lancha Junior, A.H. Changes in the Gut Bacteria Composition of Healthy Men with the Same
Nutritional Profile Undergoing 10-Week Aerobic Exercise Training: A Randomized Controlled Trial. Nutrients 2021, 13, 2839.
[CrossRef]

46. Kern, T.; Blond, M.B.; Hansen, T.H.; Rosenkilde, M.; Quist, J.S.; Gram, A.S.; Ekstrøm, C.T.; Hansen, T.; Stallknecht, B. Structured
Exercise Alters the Gut Microbiota in Humans with Overweight and Obesity—A Randomized Controlled Trial. Int. J. Obes. 2020,
44, 125–135. [CrossRef] [PubMed]

47. Calabrese, F.; Disciglio, V.; Franco, I.; Sorino, P.; Bonfiglio, C.; Bianco, A.; Campanella, A.; Lippolis, T.; Pesole, P.; Polignano,
M.; et al. A Low Glycemic Index Mediterranean Diet Combined with Aerobic Physical Activity Rearranges the Gut Microbiota
Signature in NAFLD Patients. Nutrients 2022, 14, 1773. [CrossRef]

48. Soares Severo, J. Moderate Exercise Increases Gastric Accommodation in Healthy Men and Women. Nutr. Clín. Diet. Hosp. 2019,
39, 75–79. [CrossRef]

49. Busetto, L.; Bettini, S.; Makaronidis, J.; Roberts, C.A.; Halford, J.C.G.; Batterham, R.L. Mechanisms of Weight Regain. Eur. J. Intern.
Med. 2021, 93, 3–7. [CrossRef] [PubMed]

50. Besnier, F.; Labrunée, M.; Pathak, A.; Pavy-Le Traon, A.; Galès, C.; Sénard, J.-M.; Guiraud, T. Exercise Training-Induced
Modification in Autonomic Nervous System: An Update for Cardiac Patients. Ann. Phys. Rehabil. Med. 2017, 60, 27–35. [CrossRef]

51. Fu, Q.; Levine, B.D. Exercise and the Autonomic Nervous System. In Handbook of Clinical Neurology; Elsevier: Amsterdam, The
Netherlands, 2013; Volume 117, pp. 147–160. [CrossRef]

52. Carvalho, T.M.D.; Severo, J.S.; Santos, F.G.D.S.E.S.; Cavalcante, A.K.M.; Havt, A.; Santos, A.A.D.; Torres-Leal, F.L.; Tolentino, M.
Acute Strength Exercise Decreases Satiety by Modifying Blood Cytokines Levels in Physically Active Men. Mot. Rev. Educ. Física
2020, 26, e10200176. [CrossRef]

https://doi.org/10.1038/s41416-020-01236-2
https://www.ncbi.nlm.nih.gov/pubmed/33510439
https://doi.org/10.1152/ajpgi.00194.2023
https://doi.org/10.1038/s41575-019-0249-0
https://doi.org/10.3892/ijmm.2023.5236
https://doi.org/10.1038/s41575-020-0271-2
https://www.ncbi.nlm.nih.gov/pubmed/32152479
https://doi.org/10.1111/nmo.14560
https://doi.org/10.1016/j.foodres.2022.111270
https://doi.org/10.1111/nmo.13865
https://www.ncbi.nlm.nih.gov/pubmed/32390262
https://doi.org/10.3390/nu13041158
https://www.ncbi.nlm.nih.gov/pubmed/33915747
https://doi.org/10.1016/j.bcp.2021.114640
https://www.ncbi.nlm.nih.gov/pubmed/34087244
https://doi.org/10.14309/ajg.0000000000000608
https://www.ncbi.nlm.nih.gov/pubmed/32224703
https://doi.org/10.1007/s10753-020-01361-3
https://doi.org/10.3390/nu14030674
https://doi.org/10.3390/nu16111749
https://doi.org/10.1152/japplphysiol.00393.2022
https://www.ncbi.nlm.nih.gov/pubmed/36476157
https://doi.org/10.3390/nu13082839
https://doi.org/10.1038/s41366-019-0440-y
https://www.ncbi.nlm.nih.gov/pubmed/31467422
https://doi.org/10.3390/nu14091773
https://doi.org/10.12873/393tolentino
https://doi.org/10.1016/j.ejim.2021.01.002
https://www.ncbi.nlm.nih.gov/pubmed/33461826
https://doi.org/10.1016/j.rehab.2016.07.002
https://doi.org/10.1016/B978-0-444-53491-0.00013-4
https://doi.org/10.1590/s1980-65742020000400176


J. Clin. Med. 2025, 14, 1708 17 of 20

53. Silva, M.S.; De Andrade Gomes, Y.; De Sousa Cavalcante, M.L.; Telles, P.V.N.; Da Silva, A.C.A.; Severo, J.S.; De Oliveira Santos, R.;
Dos Santos, B.L.B.; Cavalcante, G.L.; Rocha, C.H.L.; et al. Exercise and Pyridostigmine Prevents Gastric Emptying Delay and
Increase Blood Pressure and Cisplatin-Induced Baroreflex Sensitivity in Rats. Life Sci. 2021, 267, 118972. [CrossRef] [PubMed]

54. Herregods, T.V.K.; Van Hoeij, F.B.; Oors, J.M.; Bredenoord, A.J.; Smout, A.J.P.M. Effect of Running on Gastroesophageal Reflux
and Reflux Mechanisms. Am. J. Gastroenterol. 2016, 111, 940–946. [CrossRef]

55. Lam, S.; Hart, A.R. Does Physical Activity Protect against the Development of Gastroesophageal Reflux Disease, Barrett’s
Esophagus, and Esophageal Adenocarcinoma? A Review of the Literature with a Meta-Analysis. Dis. Esophagus 2017, 30, 940–946.
[CrossRef] [PubMed]

56. Yu, C.; Wang, T.; Gao, Y.; Jiao, Y.; Jiang, H.; Bian, Y.; Wang, W.; Lin, H.; Xin, L.; Wang, L. Association between Physical Activity
and Risk of Gastroesophageal Reflux Disease: A Systematic Review and Meta-Analysis. J. Sport Health Sci. 2024, 13, 687–698.
[CrossRef]

57. Horner, K.M.; Schubert, M.M.; Desbrow, B.; Byrne, N.M.; King, N.A. Acute Exercise and Gastric Emptying: A Meta-Analysis and
Implications for Appetite Control. Sports Med. 2015, 45, 659–678. [CrossRef]

58. De Oliveira, E.P.; Burini, R.C.; Jeukendrup, A. Gastrointestinal Complaints during Exercise: Prevalence, Etiology, and Nutritional
Recommendations. Sports Med. 2014, 44 (Suppl. S1), S79–S85. [CrossRef] [PubMed]

59. Oliveira, K.B.V.D.; Severo, J.S.; Silva, A.C.A.D.; Santos, B.L.B.D.; Mendes, P.H.M.; Sabino, J.P.J.; Filho, A.L.M.M.; Correia-de-Sá, P.;
Santos, A.A.D.; Silva, M.T.B.D. P2X7 Receptor Antagonist Improves Gastrointestinal Disorders in Spontaneously Hypertensive
Rats. Braz. J. Med. Biol. Res. 2023, 56, e12569. [CrossRef] [PubMed]

60. Telles, P.V.N.; Severo, J.S.; De Oliveira, L.C.S.; Reis, E.; Sousa, J.F.; Cavalcante, A.K.M.; Da Silva, A.C.A.; Aguiar Dos Santos, A.;
Tolentino Bento Da Silva, M. Effect of Anaerobic Resistance Training on Gastric Emptying of Solids, Nutritional Parameters and
Food Behavior in the Rats Treated with Dexamethasone. Physiol. Behav. 2022, 245, 113674. [CrossRef]

61. De Sousa Lima, E.B.; De Oliveira, L.C.S.; Da Silva Cardoso, G.; Telles, P.V.N.; Da Costa Lima, L.; Reis, E.; Sousa, J.F.; Araújo,
R.P.N.; De Oliveira, A.P.; Dos Santos, R.F.; et al. Moderate-Intensity Exercise and Renin-Angiotensin System Blockade Improve
the Renovascular Hypertension (2K1C)-Induced Gastric Dysmotility in Rats. Life Sci. 2018, 210, 55–64. [CrossRef]

62. Bakonyi, P.; Kolonics, A.; Aczel, D.; Zhou, L.; Mozaffaritabar, S.; Molnár, K.; László, L.; Kutasi, B.; Tanisawa, K.; Park, J.; et al.
Voluntary Exercise Does Not Increase Gastrointestinal Motility but Increases Spatial Memory, Intestinal eNOS, Akt Levels, and
Bifidobacteria Abundance in the Microbiome. Front. Physiol. 2023, 14, 1173636. [CrossRef]

63. De Oliveira, E.; Burini, R. Carbohydrate-Dependent, Exercise-Induced Gastrointestinal Distress. Nutrients 2014, 6, 4191–4199.
[CrossRef]

64. Gao, R.; Tao, Y.; Zhou, C.; Li, J.; Wang, X.; Chen, L.; Li, F.; Guo, L. Exercise Therapy in Patients with Constipation: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Scand. J. Gastroenterol. 2019, 54, 169–177. [CrossRef] [PubMed]

65. Xie, F.; You, Y.; Huang, J.; Guan, C.; Chen, Z.; Fang, M.; Yao, F.; Han, J. Association between Physical Activity and Digestive-System
Cancer: An Updated Systematic Review and Meta-Analysis. J. Sport Health Sci. 2021, 10, 4–13. [CrossRef]

66. Kyu, H.H.; Bachman, V.F.; Alexander, L.T.; Mumford, J.E.; Afshin, A.; Estep, K.; Veerman, J.L.; Delwiche, K.; Iannarone, M.L.;
Moyer, M.L.; et al. Physical Activity and Risk of Breast Cancer, Colon Cancer, Diabetes, Ischemic Heart Disease, and Ischemic
Stroke Events: Systematic Review and Dose-Response Meta-Analysis for the Global Burden of Disease Study 2013. BMJ 2016, 354,
i3857. [CrossRef] [PubMed]

67. Papantoniou, K. Gastrointestinal Bleeding in Athletes. Ann. Gastroenterol. 2023, 36, 267–274. [CrossRef]
68. Dmytriv, T.R.; Storey, K.B.; Lushchak, V.I. Intestinal Barrier Permeability: The Influence of Gut Microbiota, Nutrition, and Exercise.

Front. Physiol. 2024, 15, 1380713. [CrossRef]
69. Smith, K.A.; Pugh, J.N.; Duca, F.A.; Close, G.L.; Ormsbee, M.J. Gastrointestinal Pathophysiology during Endurance Exercise:

Endocrine, Microbiome, and Nutritional Influences. Eur. J. Appl. Physiol. 2021, 121, 2657–2674. [CrossRef]
70. Keirns, B.H.; Koemel, N.A.; Sciarrillo, C.M.; Anderson, K.L.; Emerson, S.R. Exercise and Intestinal Permeability: Another Form of

Exercise-Induced Hormesis? Am. J. Physiol.-Gastrointest. Liver Physiol. 2020, 319, G512–G518. [CrossRef] [PubMed]
71. Horowitz, A.; Chanez-Paredes, S.D.; Haest, X.; Turner, J.R. Paracellular Permeability and Tight Junction Regulation in Gut Health

and Disease. Nat. Rev. Gastroenterol. Hepatol. 2023, 20, 417–432. [CrossRef] [PubMed]
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