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	During exercise profound changes occur throughout the body that alter the function and sometimes the very structure of the gastrointestinal (GI) system. Visceral blood flow falls, intraabdominal pressures increase, and a variety of neurohormonal signals are altered.  These changes can impair athletic performance by decreasing GI absorption of liquids and nutrients which lead to dehydration and inadequate energy reserves.  Direct injury to the GI tract from athletic competition can also cause digestive symptoms such as abdominal pain or GI bleeding.  The type of exercise, the duration and numerous cofactors can all influence GI symptoms.  Almost all of the published studies in this field have evaluated normal athletes.  However, certain individuals, who are either clinically well or who suffer from recognized GI diseases, may be more susceptible to GI symptoms with exercise and the effects of exercise on these athletes have not been studied in most cases.


	Despite this, the GI tract is not usually included in the study of exercise physiology and until recently has been neglected in most exercise texts. More information has gradually accumulated during the past decade but the literature suffers from key limitations.  Exercise physiologists have previously expressed little interest in GI function.  Gastrointestinal physiologists were accustomed to evaluating the GI tract at rest, stressed, if at all, by disease or drugs.  The diagnostic instrumentation is designed for use at rest and is not easily converted with exercise.  The published studies lack standardized or controlled exercise regimens.  The use of experimental techniques are often not validated for the exercising subject.


	The GI system encompasses the hollow GI organs from the esophagus to the colon and the hepatobiliary system and pancreas and the interaction between these and exercise is understandably complex.





Gastrointestinal Symptoms And Physical Activity





	Early case reports and surveys of runners and other athletes have demonstrated a high prevalence of GI symptoms associated with exercise.  Surveys of marathoner runners and other endurance athletes have found that up to half have occasional loose stools or 3 or more bowel movements per day.  The urge to defecate, abdominal cramping, increased flatulence are commons lower symptoms of runners.  A small percentage report bloody bowel movements with running. Heartburn occurs in about one in ten and is particularly prominent during running.  Other upper tract symptoms include increased eructations, abdominal pain, nausea and vomiting.  Women report more GI symptoms than men.  Untrained athletes, younger athletes and competitors who "give it all" suffer more GI symptoms.  Symptoms such as "stomach ache", nausea, vomiting and intestinal cramps are substantially greater with hard runs and longer races such as the marathon and also in those runners who become dehydrated.  While these symptoms infrequently cause severe disability, they are common and may limit performance.


	Some of the published surveys are based on large sample populations which may dilute the inherent reporting bias.  However, many symptoms are characteristic of the "irritable bowel syndrome" and the surveys are not controlled with a non-running group.  GI symptoms, particularly those of nausea, vomiting and abdominal pain, are not specific and may be manifestations of dehydration, electrolyte disturbances or hyperthermia.  Other common symptoms such as the 'side stitch' are infrequently discussed.  


	


The Effects Of Exercise On The Esophagus





	Exercise can produce changes in esophageal function and could cause symptoms such as chest pain or heartburn due to gastroesophageal reflux (GER), esophageal dysmotility, or "esophageal angina".  Chest pain, when it occurs in association with exertion, mandates an evaluation for cardiac cause prior to specific investigation of esophageal disease.  


	Esophageal motility changes probably occur with exercise though results have been somewhat equivocal.  Current manometry instrumentation is designed for use at rest.  Some have found that lower esophageal sphincter pressure increases after a treadmill run but without change in peristaltic amplitude or duration. Difficulties with filtering movement and respiratory artifact may be resolved with developing solid state technology.  Using this technology progressive decreases in duration, amplitude and frequency of esophageal contractions with increasing exercise intensities have been noted.  The mechanism of motility change with exercise is not known.  


	Heartburn is relatively common among athletes and ambulatory esophageal pH monitoring has demonstrated that GER occurs more frequently with exercise, particularly running.  Both the number of reflux episodes and the acid exposure time increase with running and GER is increased with postprandial exercise. Histamine receptor antagonists and antacids can reduce esophageal acid exposure with running.  


	The clinical relevance of these changes is uncertain and mechanisms are speculative.  While esophageal symptoms are frequent, they are usually not severe.  Treatment with dietary changes, fasting before runs, and occasionally, medical therapy with antacids or histamine receptor antagonists are generally effective.  





The Effects Of Exercise On The Stomach





	Exercise alters gastric emptying (GE) and may change gastric acid secretion.  These changes may lead to nausea, bloating, vomiting, or mucosal damage and ulceration.  Drugs, such as aspirin or other non-steroidal anti-inflammatory medications (NSAID) used to alleviate musculoskeletal discomfort, may also depress gastric function and cause mucosal damage.  GE is a limiting factor in the athlete's ability to hydrate during competition and therefore much work has been done to maximize GE with exercise. The major factors controlling GE are meal characteristics.  Liquid emptying differs from solid.  Calories and fat progressively delay GE.  Temperature, osmolality, and volume also effect emptying.  Comparing different exercise protocols and different meals is difficult.  The athlete's hydration, body temperature, sex, menstrual cycle, smoking and time of day the study status may all effect GE.   


	Liquid GE has been investigated more thoroughly and several studies have showed little change in GE of water or glucose solutions at ~70% � EQ \O(.,V) �O2max and even accelerated GE with light to moderate exercise. It is theorized that increased intra-abdominal pressures accelerated emptying.  However, others have shown emptying of various glucose solutions and sports drinks to be prolonged on a bicycle ergometer.  Most others have found that moderate exercise intensity has little significant effect on GE of water, glucose or electrolyte solutions. Surveys have noted that runners are more troubled by gastric symptoms than bicyclists and most other athletes.  


	GE of solids is more complex than that of liquids and but exercise appears to cause similar changes.  Most studies have shown mild acceleration of GE of mixed solid meals with both cycling and walking.  Others have suggested that runners have significantly accelerated basal GE when compared to sedentary controls.


	Gastric secretion is probably also effected by exercise.  However, the clinical importance is uncertain and it has received relatively little attention. The relationship between blood flow and gastric acid secretion is complex. 


	Treatment for disorders of GE are primarily preventive. Athletes should avoid fluids and foods in the diet known to adversely effect emptying and consume fluid early and often to avoid dehydration and hyperthermia.  Medications are probably of limited value. 





The Effects Of Exercise On The Small Intestine





	Exercise could cause changes in the small intestinal transit time, permeability or the absorption and secretion of water, electrolytes, and other nutrients. These changes are less defined than those of the stomach and the clinical significance is uncertain.  Athletes may also ingest more calories and therefore be exposed to more fiber, medications, drugs and infections that could effect the small intestine.  These changes might be responsible for runners' diarrhea, abdominal bloating and pain.  


	Intestinal transit during both mild and moderate exercise has been evaluated by several methods and results have been conflicting.  Various authors have noted some decrease in transit time, increase in transit time and no change at all.  Low intensity exercise may modestly accelerate small bowel transit, though the effect may be secondary to GE changes alone, and unlikely to be of clinical significance because the change is small when compared to overall gut transit time.  Small bowel transit with more intense exercise such as seen in competitive athletics may be delayed but data are inconclusive and changes again are small.


	Small bowel absorption of water, electrolytes, and nutrients may be effected by exercise, mediated perhaps by altered motility, decreased blood flow, or neurohormonal changes.  Water and electrolytes absorption have been found to be depressed during exercise but this effect is apparently negated by adding glucose to the fluid.  An abnormality in active but not passive carbohydrate absorption with exercise has been postulated. 


	Intestinal permeability might be effected by exercise but data are inconclusive.  The clinical significance is uncertain but could lead to increased antigen presentation to the gut immune system and contribute to some digestive symptoms and exercise-induced anaphylaxis.





The Effects Of Exercise On The Colon





	Colonic symptoms are the most frequently noted in surveys of runners and other athletes.  In a running club "nervous" diarrhea (43%), defecation with running (62%), diarrhea during racing (47%), often with severe cramps, nausea and vomiting, rectal bleeding (16%) and fecal incontinence (12%) were noted (5).  These symptoms are probably secondary to exercise effects on the colon.  They occur even when fasting and are sometimes associated with colonic bleeding.


	Colonic physiologic changes with exercise are, however, difficult to evaluate and results have been conflicting.  No change was found in fecal transit time as measured by radioisotope markers in a controlled metabolic laboratory during a 9 week training period (14).  However, the training regimen was moderate, the subjects remained asymptomatic and inter- and intrasubject variation was high.  No significant change was found in groups of varying degrees of athletic activity (14).  Others have found transit time to decrease with treadmill walking or riding a bicycle ergometer.  The mechanism of these changes is speculative at this time.


	Colonic symptoms may be treated in a variety of ways.  "Nervous" pre-race diarrhea is generally self-limited and may respond to low residue diets.  Others have used antidiarrheal medications prophylactically.  Ultramarathoners report that it is feasible to "train the gut" by reducing exercise duration and intensity to subsymptomatic levels and gradually increasing the exercise.  Pre-event cathartics should be avoided.  Severe race-associated diarrhea may respond to reduction in effort.


	These studies do not address the severe watery diarrhea that runners sometimes suffer at extreme exertion. This will require intensive investigation of symptomatic runners.  Multiple authors have suggested that mild exercise could be of benefit in treating patients with constipation but this has yet to be clinically tested in patients.  Finally, colonic damage may be produced by medications such as NSAIDs, occasionally ingested in large quantities to treat musculoskeletal complaints.  





The Effects Of Exercise On The Liver, Biliary System And Pancreas





	The liver, biliary system and pancreas are rarely a source of clinical problems with exercise. Physically active individuals are most commonly suspected of liver disorders because of incidentally noted abnormal enzymes including bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase.  They are not uncommon in long distance runners and may mimic the patterns seen in myocardial infarction or chronic hepatitis.  The abnormalities are usually due to damaged muscle tissue and liver disease is found coincidentally.  Hepatic damage may occur as part of the spectrum of shock, heat, and rhabdomyolysis secondary to prolonged endurance events, but is rare. 


	Evaluation of hepatic biosynthetic functions during exercise is more difficult and has been performed infrequently.  Studies have shown no change in galactose elimination capacity, indocyanine green clearance (ICG), and aminopyrine (AP) metabolism in 8 long-distance runners when compared to sedentary medical students. After 3 months of aerobic training, AP and antipyrine clearance increased 12 and 13% respectively suggesting changes in hepatic drug metabolism with conditioning (14)  Antipyrine clearance was significantly higher in competitive runners than controls suggesting that alterations in metabolic capability exist with chronic exercise.


	Hepatic blood flow, as a component of the visceral circulation, decreases by up to 80% of baseline flow with exercise in normal subjects and patients with chronic liver disease.  


	Very little evaluation of the biliary tree or pancreas with exercise has been published.  





Exercise and GI Bleeding





	Gastrointestinal bleeding in athletes is an uncommon but potentially serious complication.  The bleeding may manifest as acute upper or lower tract bleeding or chronic bleeding and incidentally noted stool guaiac tests.  Anemia found in runners is frequently multifactorial.  It may be caused by plasma volume expansion or due to blood loss from intravascular hemolysis, hematuria, increased iron loss in the sweat, decreased dietary iron intake or absorption, or GI bleeding.  


	The incidence of the problem is difficult to ascertain.  Examples of acute upper or lower GI bleeding are probably rare and have been published only as isolated case reports or small series.  Anemia and/or iron deficiency is also probably uncommon but not rare, particularly in women athletes where it may occur in up to 1/3.  


	Occult GI blood loss prevalence has been generally found to range from 8 to 35% following marathons and the majority of ultramarathon competitors. GI bleeding peaks 24-48 hours following the event and may be proportional to athletic intensity as it is more prominent following competition than practice. 


	Hemorrhagic gastritis (HG) has been the most frequently reported endoscopic finding associated with exercise-associated GI bleeding. It is typically transient, spontaneously resolving within 72 hours to rest and also to treatment with cimetidine, a histamine receptor antagonist.  Histologic changes of submucosal hemorrhage and edema in the gastric antrum immediately following running occur even in the absence of obvious endoscopic damage.  The prevalence of the endoscopic changes with running has not been established.  Ischemia, mediated, perhaps by gastric lumenal acid has been the most frequently proposed etiology. Prospective trials using cimetidine to prevent GI bleeding in runners, however, have not been conclusive.  


	The second most common site of GI bleeding is the colon.  Several cases have been published of presumed ischemic colitis following strenuous running or other athletic events.  The cases may be associated with heat and shock damage to other organs and have lead to diagnostic laparotomy.  Ischemic lesions develop in the right colon and classic "watershed" regions of the splenic flexure and sigmoid colon.  Generally, however, hemorrhagic colitis is self-limited and not recurrent. 


	NSAID medications, while inconsistently associated with GI blood loss in runners, may contribute to colitis in selected cases.  Athletes may be more prone to abdominal trauma and to cecal volvulus which could also cause bleeding and abdominal pain.  


	No instances of esophagitis, esophageal ulcer or small intestinal ischemia causing bleeding have been observed to date.  Anorectal disorders, such as hemorrhoids and fissures, are common and may cause bleeding in some runners and bicyclists, although the incidence is unknown.  It is probably secondary to local trauma and may be aggravated by sports and altered bowel habits of the athletes.


	Participation in exercise programs is part of a healthy lifestyle but does not confer immunity from underlying diseases which may manifest with GI bleeding. Evaluations for diseases such as colon cancer should be performed on individuals at risk for these diseases or any athlete who develops recurrent GI bleeding of an uncertain etiology.


	The therapy of exercise-associated GI bleeding is dependent on the location and severity of the bleed.  Most cases appear to be self-limited and spontaneously resolve. Some cases of HG may recur repeatedly in individuals and may be treated by reducing the level of exertion below symptomatic levels and gradually increasing the intensity over time in an attempt to allow the body to make appropriate adjustments.  There is now precedent to treat recurrent HG with an H2 receptor antagonist or perhaps, omeprazole.  Treatment for hemorrhagic colitis is uncertain.  Reduction in the level of exertion and "training through" may be successful in some.  This condition appears to recur less often than the gastritis.
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