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Abstract 

Background: Gastrointestinal tract (GIT) symptoms commonly affect endurance 

athletes such as those competing in the Ironman Triathlon. Although a number of risk 

factors and the pathophysiological mechanisms for the development of GIT 

symptoms during exercise have been proposed. scientific evidence in support of 

these factors and mechanisms is limited. Altered blood flow to the GIT during 

exercise has been suggested as a possible mechanism for the pathophysiology of 

GIT symptoms. However. changes in blood flow in the superior mesenteric artery 

(SMA) and the coeliac artery in athletes presenting with GIT symptoms during 

exercise has not been previously investigated. 

Objectives: The aims of this dissertation were threefold. Firstly. current literature 

regarding risk factors and pathophysiology of GIT symptoms associated with exercise 

was reviewed. Secondly. significant risk factors associated with the development of 

GIT symptoms in lronman triathletes were identified, and finally, pre- to post-race 

changes in SMA and coeliac artery blood flow were related to the development of GIT 

symptoms in triathletes competing in the 2007 South African Ironman Triathlon. 

Methods: In the first part of the dissertation, an extensive literature review was 

conducted using an evidence-based approach. Using selective keywords 

(gastrointestinal tract symptoms, exercise, risk factors, athletes, triathletes. blood 

flow) a search was undertaken using the PUBMED database to identify all research 

publications that relate to the development of GIT symptoms during exercise. The 

specific focus of the review was on the risk factors and pathophysiological 

mechanisms for GIT symptoms in endurance athletes. The second and third parts of 

this dissertation were conducted in the form of a prospective cohort study, where 

triathletes competing in the the 2007 Ironman Triathlon in South Africa were recruited 
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in the three days preceding the race. Subjects were asked to complete a 

questionnaire pertaining to personal details, racing and training history, personal 

general medical history and medication. A cohort (n=59) then underwent a pre-race 

heart rate and blood pressure measurement as well as a pre-race haemodynamic 

assessment (artery diameter, systolic velocity, diastolic velocity and Resistance Index 

(RI)) of the SMA and coeliac artery using duplex Doppler ultrasound. All the 

measurements were repeated after the race at the finish line (mean time from race 

finish to haemodynamic assessment was 1.45,:!:O.5 hrs) and GIT symptoms (nature, 

classification) were documented as well as the use of medications during the race. 

Results: Fifty-nine percent (N= 35) of the triathletes in the cohort reported GIT 

symptoms during the lronman Triathlon while 41% (N=24) remained asymptomatic. 

There was a Significant decrease in the diameter of the SMA after the race (P=O.003) 

and a Significant decrease in the RI in the SMA and coeliac artery (P<O.001) in both 

GIT symptomatic and asymptomatic triathletes. However, there were no significant 

differences in the haemodynamic measurements between the GIT symptomatic and 

asymptomatic triathletes. The only significant risk factor for the development of GIT 

symptoms associated with an Ironman Triathlon in this cohort was younger age 

(p=O.041). Other risk factors including female gender, high intensity exercise, poorly 

trained athlete and medication use were not significantly associated with the 

development of GIT symptoms in this cohort. 

Conclusion: The literature with regard risk factors and pathophysiology of GIT 

symptoms associated with exercise is limited, even though GIT symptoms are 

commonly experienced by athletes. There is a significant decrease in the diameter of 

the SMA and a decrease in the RI of the SMA and coeliac artery post-race compared 

to pre-race. However, these haemodynamic measurements do not differ between GIT 
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symptomatic and asymptomatic triathletes. Therefore, the pathophysiological 

hypothesis that altered blood flow is a cause of GIT symptoms is not supported by 

the results of this study, and other mechanisms for GIT symptoms associated with 

exercise should be sought. 

Keywords: Gastrointestinal tract symptoms, blood flow, triathlon, superior 

mesenteric artery, coeliac artery, ultrasound, Ironman 
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Chapter 1 

Introduction and scope of the thesis 

The Iron man Triathlon is an ultra-endurance event which consists of a 3.8km swim, a 

180km cycle followed by a 42.2km run. Medical problems associated with ultra­

endurance sports are becoming more evident as participation in these events grows 

[1]. In particular, gastrointestinal tract (GIT) symptoms have been shown to be a 

common problem reported by triathletes [2, 3]. GIT symptoms are usually mild and 

self-limiting - however, symptoms can become severe and incapacitating for the 

athlete [4, 5]. Despite this, research to identify the risk factors for and 

pathophysiological mechanisms of GIT symptoms associated with exercise, is limited. 

GIT symptoms have been classified into upper and lower GIT symptoms [6, 7]. Upper 

GIT symptoms include nausea, vomiting and heartburn. Lower GIT symptoms include 

diarrhoea, abdominal cramps, urge to pass stool, bloating and blood in the stool. Risk 

factors predisposing athletes to GIT symptoms, as well as hypotheses for the 

underlying pathophysiology, have been suggested for the development of GIT 

symptoms associated with exercise [4, 6,8,9]. Research in both these areas is, 

however, limited. Therefore our understanding of the aetiology and pathophysiology 

of GIT symptoms in endurance athletes is, to date, still unclear. 

Altered blood flow to the GIT during exercise has been proposed as an underlying 

mechanism in the development of GIT symptoms [9, 10]. Studies have shown a 

physiological change in blood flow with exercise in healthy individuals [12, 88] but 

splanchnic haemodynamics have not been studied in GIT symptomatic athletes. 
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The focus of this dissertation was to identify risk factors for the development of GIT 

symptoms in triathletes competing in the 2007 "Spec-Savers" Ironman Triathlon in 

Port Elizabeth, South Africa. More specifically, a prospective cohort study design was 

used to determine significant risk factors for GIT symptoms and to investigate and 

compare the change in splanchnic haemodynamics pre- and post-race in GIT 

symptomatic and asymptomatic triathletes. This event was chosen as it was a field 

study and triathletes were exposed to an extended duration of exercise. 

An evidence-based review of the literature focusing on postulated risk factors and 

pathophysiological hypotheses for the development of GIT symptoms associated with 

exercise is presented in Chapter 2. In Chapter 3, the detailed methodology. results 

and discussion of the main research study will be presented. Finally, an overall 

conclusion with practical recommendations and suggestions for future research will 

be discussed in Chapter 4. 
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CHAPTER 2 

Gastrointestinal symptoms associated with exercise: A 

review 

2.1 INTRODUCTION 

It is well established that regular physical activity is an important lifestyle modification 

in the prevention and management of chronic disease [11, 13]. As a result, the 

popularity of partiCipation in regular recreational and competitive physical activity has 

increased [14]. This is also reflected as an increased growth in the participation in 

endurance events such as the Ironman Triathlon [5, 15]. 

The modern Ironman Triathlon was born in the mid-1970s out of a debate 

between cyclists and runners as to who is the better athlete. In response to 

this debate, a certain John and Judy Collins proposed a race combining these 

two disciplines and adding a swim leg [16]. The first lronman Triathlon was 

held in Kona, Hawaii in 1978, with only 15 partiCipants. Today, entries at 

lronman events are capped at 2000, reflecting the growing popularity of the 

sport [16]. 

The lronman Triathlon consists of a 3.8km swim, followed by a 180km road 

cycle, and finishes with a 42.2km road run. Competitors must finish the race 

within 17 hours; that is, before midnight on race day. This event ranks as one 

of the most physically and mentally demanding endurance events. It is 
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therefore not surprising that medical problems in lronman triathletes are commonly 

reported [1]. Compared to single sport ultra-distance events, triathletes can 

experience a variety of injuries and medical conditions that can occur in each of the 

three disciplines [2]. It has also been shown that with increasing distances of the 

triathlon events, i.e. from a sprint distance (750m swim, 20km bike, 5km run) to 

Olympic distance (1.5km swim, 40km bike, 10km run) and finally, the Ironman 

distance, the prevalence of medical conditions increases from <2% to 10% to 17% 

respectively [3]. 

Furthermore, medical problems can occur during the months of preparation 

and training, during the race, and also in the recovery period following an 

Ironman Triathlon [1]. There is a wide spectrum of medical problems that are 

encountered in endurance triathletes and these medical conditions can affect 

any of the following systems: cardiovascular, respiratory, gastrointestinal, 

musculoskeletal, immune, neurological, endocrine, genitourinary, 

dermatological and haematological [17]. Specific medical problems that have 

been reported in Ironman triathletes are listed in Table 2.1. 
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Table 2.1: Medical problems that are experienced by triathletes [1] 

• Dehydration 

• Muscle cramping 

• Hypothermia 

• Heat stroke 

• Hyponatraemia 

• Postural hypotension 

• Exposure to ultraviolet light 

• Gastrointestinal tract symptoms (GIT) 

• Musculoskeletal injuries and minor trauma 

• Infection from contaminated water 

• Post-race immunosuppression 

• Sympathetic nervous system exhaustion 

• Haemolysis 

The prevalence of medical conditions that occur in triathletes has been 

reported and the results of these studies show that GIT symptoms are very 

common [2, 3]. In one study of 110 triathletes, it has been reported that the 

most common reason for interrupting exercise was due to GIT symptoms [2]. 

It is important to note, however, that most research in this area has been 

done on endurance runners [15, 18, 19]. Despite the fact that GIT symptoms 

are apparently very common in triathletes, relatively little attention has been 

given to this problem in the medical literature. In particular, there are very few 
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studies that have reported risk factors, mechanisms, prevention strategies 

and management of GIT symptoms in triathletes. It is for this reason that this 

is the focus of investigation in this dissertation, and therefore, the main 

subject in this review chapter. 

2.2 GASTROINTESTINAL TRACT (GIT) SYMPTOMS IN 

ATHLETES 

2.2.1 Introduction 

As mentioned, GIT symptoms are common in athletes, especially in 

endurance athletes [5, 18]. These symptoms can be very frustrating for the 

athlete as they can occur during training and race conditions [19, 20]. The 

unexpected nature of the symptoms can be embarrassing to the athlete, can 

result in medical complications (e.g. fluid and electrolyte loss) and may also 

impair the performance of the athlete [19]. However, in most instances GIT 

symptoms are mild and only result in an inconvenience to the athlete [4, 7, 

21]. Therefore some athletes consider GIT symptoms almost as a normal part 

of exercise [2, 22]. GIT symptoms can also be more severe and disabling, 

forcing athletes to stop racing or abandon training sessions [5]. In one 

questionnaire that was completed by 279 marathon runners, 20% of athletes 

felt that GIT symptoms interfered with their performance [19]. 
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In this review, the following aspects relating to GIT symptoms in endurance 

athletes will be covered: epidemiology, classification and type of GIT 

symptoms (upper and lower GIT symptoms), risk factors and pathophysiology. 

2.2.2 Epidemiology of Gil symptoms in endurance athletes 

Incidence is defined as the number of new occurrences of a condition or 

disease in a population over a period of time [23]. Point prevalence is the 

measure of the frequency (%) of a condition or disease in a population at a 

given point in time [23]. Prevalence can also be measured over a period of 

time, for example, an endurance event such as a marathon - period 

prevalence or over a lifetime - lifetime prevalence [23]. 

. 
Several studies have investigated the prevalence of GIT symptoms in runners 

[15, 18, 19, 24]. It has been shown that GIT symptoms are very common in 

runners and lifetime prevalence rates as high as 83% have been reported 

[18]. However, most studies show lifetime prevalence in the range of 20-50% 

of athletes reporting some form of GIT symptom associated with running [8]. 

There are limited studies investigating the incidence of GIT symptoms in 

triathletes during a race. In one cross-sectional study of 110 triathletes the 

incidence of GIT symptoms during a triathlon was reported as 50% [2]. 

The incidence of GIT symptoms per 1000 hours of participation [7] and the 

lifetime prevalence of GIT symptoms has also been investigated in other 

endurance sports including triathlon, cycling, canoeing, paddling, aerobics 
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and swimming [2, 5]. In a questionnaire-based study of six different 

endurance sports, 17% of athletes admitted to the use of prophylactic 

medication prior to a training session in order to curtail the effect of possible 

GIT symptoms [7]. 

Methods of data collection for most of the studies have been in the form of 

questionnaires and therefore an element of selection bias needs to be taken 

into account [15]. In summary, the prevalence rate for GIT symptoms in 

endurance sports is high, thus making GIT symptoms a common and clinically 

relevant medical problem for the endurance athlete. 

2.2.3 Classification and types of GIT symptoms (upper and lower GIT 

symptoms) 

GIT symptoms in athletes can include nausea, vomiting, heartburn, abdominal 

cramps, bloating, urge to pass stool, diarrhoea and blood in the stool [5, 7, 8]. 

I n most reports, these symptoms have been classified into upper and lower 

GIT symptoms [6, 7] (Table 2.2.). 
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Table 2.2: Upper and Lower GIT symptoms 

UPPER GIT SYMPTOM LOWER GIT SYMPTOM 

Nausea Diarrhoea 

Vomiting Bloating 

Heartburn Urge to pass stool 

Abdominal cramps 

Blood in stool 

The prevalence of different types of GIT symptoms in athletes (upper and 

lower) are summarised in Table 2.3. 

Table 2.3: The prevalence of upper and lower GIT symptoms in athletes 

GIT SYMPTOM PREVALENCE REFERENCES 

Upper GIT Nausea 4 - 21% [5, 18] 

Vomit 2 - 31% [18, 25] 

Heartburn 8 - 11% [5, 25] 

Lower GIT Diarrhoea 10 - 30% [15, 26] 

Urge to pass stool 5 - 63% [25, 26] 

Abdominal cramps 5- 67% [25, 26] 

Blood in stool 2 - 12% [15, 26] 

In most studies, it has been shown that lower GIT symptoms are more 

common than upper GIT symptoms, and this is particularly evident in runners 

[7, 15, 18, 24]. Furthermore, the prevalence of upper GIT symptoms tended to 
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be higher in triathletes than in runners - however, lower GIT symptoms are 

still more commonly reported than upper GIT symptoms in the triathlete group 

[4, 25]. 

In a retrospective cross-sectional study of a group of runners (N=199), a 

group of cyclists (N=197), and a group of triathletes (N=21 0) it was shown 

that triathletes experience more upper GIT symptoms than runners. Each 

group completed a questionnaire regarding the previous 12 months of training 

and racing. Prevalence rates of upper GIT symptoms were 36% in runners 

and 54% in triathletes during the run leg of a triathlon. With respect to these 

groups, the prevalence of lower GIT symptoms was similar at 71 % and 79% 

respectively [27]. 

2.2.4 Risk factors for GIT symptoms in endurance athletes 

Risk factors have been used in research to identify individuals at higher risk 

for certain conditions, for example, ligament injury [28]. Risk factors are 

subdivided into intrinsic and extrinsic risk factors [28]. Intrinsic risk factors are 

factors originating in the individual, for example, age, gender, and underlying 

disease [28]. These factors generally cannot be altered by the individual. 

Extrinsic risk factors are factors originating outside the individual and can be 

manipulated by the individual. [28]. Examples of extrinsic risk factors are diet 

and environmental conditions [28]. 
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A number of risk factors for GIT symptoms associated with exercise have 

been identified and are listed in Table 2.4. [5-8, 15, 18]. The risk factors have 

been divided into intrinsic and extrinsic risk factors. 

Table 2.4: Intrinsic and extrinsic risk factors for GIT symptoms 

associated with exercise 

INTRINSIC RISK FACTOR 

Younger age 

Female gender 

Previous abdominal surgery 

Irritable bowel syndrome 

Lactose intolerance 

EXTRINSIC RISK FACTOR 

High intensity exercise 

Dehydration 

Vertical impact sport (running) 

Poorly conditioned athlete 

Medication 

Dietary factors 

The risk factors for the development of GIT symptoms associated with 

exercise will now be reviewed. Evidence-based medicine (EBM) criteria will be 

used to evaluate the strength of the evidence for each risk factor [29]. As far 

as can be ascertained from the existing published literature, this approach 

has not been followed in any past reviews on risk factors associated with GIT 

symptoms in endurance athletes. 

2.2.4.1 Intrinsic risk factors for GIT symptoms associated with exercise 

The main intrinsic risk factors for the development of GIT symptoms 

associated with exercise are female gender [7,15,18], younger age [7,15, 
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18, 30], previous abdominal surgery [7], irritable bowel syndrome and lactose 

intolerance [26]. 

2.2.4.1.1 Female gender as an intrinsic risk factor for Gil symptoms 

associated with exercise 

It has been reported in a number of studies that female athletes are more 

likely to be affected by GIT symptoms during exercise than male athletes [7, 

15, 18, 19, 31]. In particular, it has been reported that lower G IT symptoms 

are more common in female than in male athletes [15]. However, scientific 

evidence for female gender as a risk factor for the development of GIT 

symptoms is limited. 

In one cross-sectional study, 279 leisure time marathon runners were given a 

questionnaire in order to determine prevalence of GIT symptoms in long­

distance running [19]. The 279 subjects comprised 10% of the participants in 

the marathon race and were selected because they were reported to 

represent a group of well-trained leisure time runners. Selection criteria were 

not stated. This study found that 54% of female runners and only 30% of male 

runners reported GIT symptoms associated with the marathon race [19]. 

In another cross-sectional study aimed at determining the prevalence of GIT 

symptoms in a population of marathon runners, 471 out of 1750 runners 

entering a marathon race (response rate of 27%) completed a questionnaire 

prior to the race [18]. The questionnaire, with a covering letter detailing the 
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athletes, in all six endurance sports, had a higher incidence (occurrences per 

1000 hours participation) of all GIT symptoms (except vomiting) [7]. 

The relationship between fluid intake, fluid loss, running distance, running 

time and the incidence of GIT symptoms during a 25km and 42.2km race was 

examined in one prospective cohort study [31]. In this study, 114 untrained 

subjects were followed over 18 months while they trained for the marathon. At 

one year subjects ran a 25km race and at 18 months they ran a marathon. 

Only 44 out of the 114 subjects completed the study (drop-out rate of 61.4%). 

Subjects consisted of 12 females and 32 males, which was a similar ratio to 

the original group of 114 subjects. The results of this study showed that 

female runners experienced significantly more GIT symptoms in the 25km 

race than male runners. However, there was no Significant difference in the 

incidence of GIT symptoms between male and female runners during the 

marathon [31]. 

In summary, there is some, but generally limited, scientific evidence that 

female gender is a risk factor for developing GIT symptoms during exercise. 

Selection bias is a limitation in three of the four cross-sectional studies that 

have explored female gender as a risk factor, and small sample size is a 

further limitation in all these studies. In conclusion, the strength of evidence 

supporting female gender as a risk factor for GIT symptoms in endurance 

athletes is limited. 
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2.2.4.1.2 Younger age as an intrinsic risk factor for GIT symptoms 

associated with exercise 

A second intrinsic risk factor for GIT symptoms in endurance athletes is 

younger age. In a number of studies, it has been suggested that younger 

athletes are more likely to suffer from GIT symptoms than older athletes [7, 

15, 18, 30]. Furthermore, the postulated explanations for this observation are 

that younger athletes 1) may perform exercise at a higher relative intensity 

than older athletes [18], 2) have a poorly "conditioned" GIT compared to older 

athletes [18], or 3) may be more prone to dehydration due to lack of 

experience [6]. The scientific evidence for younger age as a risk factor for GIT 

symptoms, and the possible factors responsible for this observation, will now 

be reviewed. 

In general, there is limited research, mostly from cross-sectional studies, to 

suggest that younger age is a risk factor for the development of GIT 

symptoms in end urance athletes. 

In one cross-sectional study, 279 leisure time marathon runners were studied 

to determine the prevalence of GIT symptoms and the effect of running on 

weight, diet and daily digestive "problems" [19]. The selection of the runners 

was not stated but the runners were described as being representative of a 

population of relatively well-trained leisure time runners. Data were collected 

in questionnaire format; therefore this relied on runners to accurately recall 

information and may have led to possible recall bias. In this study, younger 
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age was not a significant risk factor for GIT symptoms associated with running 

[19]. 

In two other cross-sectional studies, questionnaires were given to all entrants 

to a marathon race (the methodology has already been described above in 

Section 2.2.4.1.1) [15, 18]. The purpose of each of these studies was 

explained to the runners, respondents were self-selected and the 

questionnaires relied upon the runner's accurate recall. The response rate 

was low in one study (27%) [18] and higher in the other study (41.6%) [15]. 

The results of both these studies showed that younger age was a significant 

risk factor for lower GIT symptoms associated with running [15, 18]. In 

another cross*sectional study of triathletes, a questionnaire was given to all 

119 entrants of an endurance triathlon race in order to determine the 

prevalence of GIT symptoms during exercise [5]. As in the previous studies, 

respondents were self*selected, and there may have been recall bias, but the 

response rate in this study was higher (59%). The characteristics of the 

triathletes and the pattern and prevalence of GIT symptoms associated with 

exercise was determined. and the results did not show an association 

between younger age and GIT symptoms during exercise [5]. 

In a final cross*sectional study, the incidence and risk factors of GIT 

symptoms were assessed by means of a questionnaire survey in 1158 

randomly selected athletes from six different endurance sports (response 

rate=46%) [7]. The results of this study showed a significantly higher 
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purpose of the study, was delivered with the race information pack to all 

entrants. Respondents were therefore self-selected, and of the 471 runners 

only 38 (8%) were female. This study showed that GIT symptoms were 

experienced by significantly more female compared with male runners 

(P<O.OS). However, only 2 out of the 38 females were asymptomatic for GIT 

symptoms. This study is limited by sample bias and a low response rate. The 

small sample size of female runners, with only 2 female runners not 

experiencing symptoms, is most likely as a result of self-selection [18]. 

Seven-hundred and seven runners in a marathon race of 1700 runners 

completed a questionnaire as part of another cross-sectional study [1S]. This 

study investigated demographic data, baseline GIT symptoms and GIT 

symptoms associated with running. The response rate was 41.6% and 

respondents were self-selected, possibly resulting in some selection bias. 

Male runners made up 85.2% and female runners 14.8% of respondents. 

Again, the results of this study showed that lower GIT symptoms were 

significantly more common in female runners than in male runners [15]. 

A fourth cross-sectional study investigated the incidence and possible risk 

factors for GIT symptoms in six endurance sports (aerobics, canoeing, 

running, triathlons, cycling and swimming) [7]. In this study, questionnaires 

were handed to a random sample of athletes in each of the six sports. 

Response rates ranged from 30% to 60%. The subjects consisted of 884 male 

athletes and 268 female athletes. The results of this study showed that female 
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incidence of both upper GIT (p=0.0463) and lower GIT (p=0.0004) symptoms 

in younger compared with older athletes [32]. 

The relationship between younger age and the development of GIT symptoms 

in endurance athletes has also been studied in two prospective cohort 

studies. In one study, stool samples were collected and tested for the 

presence of occult blood in four stool samples (1 pre- and 3 post-marathon 

race) in 31 runners [30]. A questionnaire on demographic data, use of non­

steroidal anti-inflammatory drugs (NSAIDS) and any history of gastrointestinal 

disease was completed by the subjects, and finishing times were recorded. 

The results of this study showed that younger age was a significant risk factor 

for the development of a positive test for occult blood in the stool sample after 

the marathon [30]. 

Finally, GIT bleeding associated with exercise was also studied in a second 

prospective cohort design in two groups of subjects using qualitative (faecal 

occult blood) and quantitative techniques (actual faecal haemoglobin 

measurement) to identify blood in the stool [33]. The first group consisted of 6 

subjects who walked 37km on 4 consecutive days and these subjects 

provided daily faecal samples. The second group consisted of 46 subjects 

who ran a marathon and provided a pre-race stool sample and two stool 

samples post-race. The results of this study did not show a significant 

association between younger age and GIT bleeding associated with exercise 

[33]. 
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In conclusion, there is some evidence to suggest that younger age is a 

significant risk factor in the development of GIT symptoms. In general, most 

studies are limited by their cross-sectional study design, possible selection 

bias (self-selection) and possible recall bias (questionnaires). Furthermore, 

results from two well conducted prospective cohort studies are not consistent. 

Therefore there is some, however limited, evidence that younger age is a 

significant risk factor for the development of GIT symptoms associated with 

exercise in endurance athletes. 

2.2.4.1.3 Previous abdominal surgery as an intrinsic risk factor for Gil 

symptoms associated with exercise 

Previous abdominal surgery has been proposed as an intrinsic risk factor for 

the development of GIT symptoms during exercise [7]. In a single cross­

sectional study, the incidence and possible risk factors for GIT symptoms in 6 

endurance sports was investigated. In this study, 1158 randomly selected 

athletes responded to a questionnaire survey and the results showed that the 

development of upper GIT symptoms was associated with a history of 

previous abdominal surgery. There is no association between the 

development of lower GIT symptoms and a history of previous abdominal 

surgery [7]. This is the only study to have reported previous abdominal 

surgery as a possible intrinsic risk factor for upper GIT symptoms during 

exercise and therefore further research in this area is needed. 
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2.2.4.1.4 Irritable bowel syndrome and lactose intolerance as intrinsic 

risk factors for Gil symptoms associated with exercise 

Irritable bowel syndrome and lactose intolerance have been suggested to be 

associated with the development of GIT symptoms associated with exercise 

[9]. A questionnaire was completed by 425 runners participating in a 10km 

running race as part of a cross-sectional study investigating the prevalence 

and possible risk factors for the development of diarrhoea associated with 

running [26]. The incidence of lactose intolerance and irritable bowel 

syndrome in this population was found to be comparable to that of other 

populations (13-16%). Both conditions were shown to be associated with 

predominantly pre-race GIT symptoms. It was also shown that irritable bowel 

syndrome was associated with an increase in the urge to defaecate while 

running. Lactose intolerance was not shown to increase the risk of GIT 

symptoms during exercise [26]. 

There is limited research to support the association between these two 

conditions and the development of GIT symptoms during exercise and 

therefore further research is needed in this area. 

2.2.4.2 Extrinsic risk factors for Gil symptoms associated with exercise 

A number of extrinsic risk factors for the development of GIT symptoms have 

been suggested. These include exercising at a high intensity [15, 18, 19, 34], 

dehydration [31, 35], vertical impact sports (running) [2, 7], poorly conditioned 
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athletes [18, 19, 33] and the use of medication [30, 33]. The scientific 

evidence for each of these extrinsic risk factors will now be reviewed. 

2.2.4.2.1 High intensity exercise as an extrinsic risk factor for GIT 

symptoms associated with exercise 

The association between high intensity exercise and the development of GIT 

symptoms during exercise among endurance athletes stems from athletes 

reporting that they experience "tummy troubles" after a "hard" training session 

or during races [18]. It has also been reported that athletes who are suffering 

with new onset GIT symptoms relate this to a recent increase in training 

mileage or increased exercise intensity [36]. Others have also observed that 

GIT symptoms tend to occur more frequently when exercise is performed at a 

higher intensity [2, 18, 19, 30]. and that athletes with GIT symptoms appear to 

benefit from a reduction in training intensity, followed by a more gradual 

increase to the desired level of training. These anecdotal reports indicate that 

increased exercise intensity is a possible extrinsic risk factor for the 

development of GIT symptoms during exercise [36]. The scientific evidence 

supporting a possible association between high intensity exercise and the 

development of GIT symptoms associated with exercise will now be reviewed. 

An analysis of the published literature shows that this association was studied 

using either cross-sectional study designs (4 studies) or prospective cohort 

study designs (4 studies). These studies varied considerably in their 
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methodology, mainly in defining and measuring exercise intensity, and this 

makes comparison of results between studies difficult. 

In the first cross-sectional study, the prevalence of GIT symptoms and the 

effect of GIT symptoms on weight, diet and everyday digestive complaints 

were studied in 279 leisure time marathon runners [19]. I n this study, intensity 

of exercise was measured using the finishing times of runners. The results of 

this study showed that there was a significant association between faster 

running times (as an indicator of exercise intensity) and the development of 

GIT symptoms. However, the investigators did not compare the finishing times 

to previous running times or performances of the athletes. The authors did 

comment that most runners were thought to have training programmes that 

were "harder" than what was necessary for their finishing times. This 

observation indicates that perhaps runners were not racing at a significantly 

higher relative exercise intensity compared with their training intensity [19]. 

In three other cross-sectional studies the relationship between GIT symptoms 

and intensity of exercise was studied using a questionnaire, where intensity of 

exercise was either subjectively documented as "easy" or "hard", with no clear 

definition [2, 15, 18]. Furthermore, these data relied on the accurate recall of 

information on the part of the subject. In the first of these cross-sectional 

studies, 471 self-selected runners out of 1750 marathon runners (response 

rate of 27%) completed a pre-race questionnaire to determine the prevalence 

of GIT symptoms in marathon runners [18]. In the questionnaire, the runners 

were asked about the frequency of various GIT symptoms during and after an 
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"easy" and a "hard" run. The authors admitted that this description may have 

been interpreted as either increased intensity or increased duration of the run. 

The results of this study did show that there was a significant association 

between development of GIT symptoms and running a "hard" run [18]. 

In a second cross-sectional study the occurrence of GIT symptoms during and 

after "easy" and "hard" training runs and races was investigated in 707 

marathon runners [15]. As with many of the other studies, the sample of 

runners was self-selected (response rate 41.6%) and the questionnaires relied 

on subjective recall. The results of this study showed that upper GIT 

symptoms (nausea, vomiting) were associated with a "hard" run, but other GIT 

symptoms were not found to be more frequent during a "hard" run compared 

to an "easy" run [15]. 

In a third cross-sectional study the association between GIT symptoms and 

intensity of exercise was investigated in 110 triathletes using a pre-race 

questionnaire (84% response rate) [2]. The aim of this study was to identify 

GIT symptoms experienced by triathletes during a triathlon and to examine 

factors that influence the frequency and severity of the GIT symptoms. A 

limitation of this study was that exercise intensity was documented in a 

subjective manner, without an exact description of how exercise intensity was 

measured. The results of this study showed a positive relationship between 

the intensity of exercise and the development of GIT symptoms [2]. 
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The relationship between exercise intensity and the development of GIT 

symptoms during exercise was also reported in four prospective cohort 

studies [30, 31, 34, 37]. In the first of these prospective cohort studies, GIT 

blood loss in 18 male triathletes during an ultra-distance triathlon race was 

documented and the incidence was related to training, performance and 

haematological measures (mainly iron storage-related) [34]. In this study, 

subjects provided stool samples during training, and pre- and post-race for 

qualitative testing for occult blood. In addition, a questionnaire was completed 

and blood samples were taken for haematological analysis during training. 

and pre- and post-race. In this study, the finishing time was used as a 

measure of exercise intensity. The results of this study did not show a 

significant association between exercise intensity and GIT bleeding [34]. 

In a second prospective cohort study, the relationship between GIT bleeding 

and exercise intensity (finishing time) was studied in 31 marathon runners 

[30]. Subjects provided 4 stool samples - one pre-race sample and 3 samples 

in the 72 hours following the race. The results of this study showed a positive 

association between faster running times (as a measure of exercise intensity) 

and GIT bleeding. However, previous running times and training speed were 

not documented and relative exercise intensity could therefore not be 

estimated [30]. 

In the third prospective cohort study, the effect of graded exercise on gastro­

oesophageal reflux and oesophageal motility was investigated in 8 trained 

cyclists [37]. Subjects were required to cycle in a laboratory at 60% V02max for 
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1 hour, at 75% V02max for 45 minutes and at 90% V02max for 10 minutes. An 

intra-oesophageal pH monitor and strain gauge transducer were used to 

monitor oesophageal pH and oesophageal contractions respectively. The 

results of this study showed that with increasing intensity of exercise, 

oesophageal contractions decreased in amplitude, size and frequency, while 

the number of reflux episodes, as well as the duration of acid exposure, 

increased. These changes became significant at an exercise intensity >90% 

V02max. It must be pointed out that despite the changes in measured variables 

none of the subjects experienced any GIT symptoms during the study [37]. 

In the final prospective cohort study. 44 randomly selected untrained subjects 

were followed over an 18-month period as they trained for a 25km race (at 

one year) and a marathon (at 18 months) [31]. Thirty-eight of the subjects 

underwent laboratory testing to determine their maximal heart rate and 

maximal running speed prior to the marathon. Heart rate was monitored in 

these subjects during the marathon. Therefore average heart rate and running 

speed were measured against maximal heart rate and running speed, and this 

percentage was used as a measurement of exercise intensity during the 

marathon. Fluid intake and GIT symptoms were monitored during the 2 races. 

The results of this study failed to show a significant association between 

running at a high intensity and the development of GIT symptoms [31]. 

In conclusion, there is some but limited evidence that high intensity exercise 

is a risk factor for the development of GIT symptoms during exercise. The 

main reasons for this are that 1) the measure of intensity differs between 

37 



studies, 2) many studies rely on a subjective assessment of exercise 

intensity, 3) a number of studies are limited by recall bias and 4} in studies 

where finishing times were recorded, these times do not equate to exercise 

intensity and cannot be used as an accurate assessment of exercise intensity. 

In studies where an objective measure of exercise intensity, such as heart 

rate during exercise relative to maximum heart rate or percentage of V02max 

was used, no association between exercise intensity and the development of 

GIT symptoms during exercise was demonstrated. Therefore further studies 

using more objective and reproducible measures of exercise intensity are 

needed in order to identify whether high intensity exercise is a significant risk 

factor for GIT symptoms associated with exercise. 

2.2.4.2.2 Dehydration as an extrinsic risk factor for GIT symptoms 

associated with exercise 

It has been postulated that GIT symptoms that develop during exercise occur 

more frequently in the dehydrated athlete [31, 35]. It has also been suggested 

that the observation that GIT symptoms during running are more common 

compared with cycling, may be related to the fact that drinking while running 

is more difficult than while cycling [10, 38]. However, there is little scientific 

evidence that dehydration may be related to the development of GIT 

symptoms during exercise, and only two studies [31, 35] have investigated 

this relationship. The results of these two studies will now be reviewed. 
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In one prospective cohort study, the incidence of GIT symptoms during 

running was studied in relation to fluid intake, fluid loss, running distance and 

marathon finishing time [31]. In this study, 44 untrained subjects were 

followed for 18 months while training for a marathon and data were then 

collected when they ran a marathon at 18 months. Fluid intake was measured 

during the marathon and subjects were weighed before and after the race in 

order to calculate 'fluid loss. GIT symptoms occurring during the marathon 

were recorded, as were heart rates and finishing times. The results of this 

study showed that as body weight loss exceeded 4-5% (as a measure of 

dehydration). the incidence of GIT symptoms increased from 50% to 80%. The 

volume of fluid intake was not found to be associated with GIT symptoms [31]. 

The association between hydration status and the development of GIT 

symptoms during exercise was also investigated in a randomised cross-over 

study [35]. In this study, 15 subjects each participated in 4 experiments on 

different days over a 3 month period. The four experimental conditions were 

dehydration at rest and during exercise, and euhydration at rest and during 

exercise. In the dehydration and exercise experiment, a 4% body water loss 

was obtained by running at 60% maximum speed in 30°C heat. Thereafter, 

subjects were given an isotonic carbohydrate-electrolyte drink to consume. 

Subjects then returned to the treadmill and continued to run at 60% of 

maximum speed during which time gastric emptying was measured by means 

of sampling gastric volumes every 10 minutes for 40 minutes via a nasogastric 

tube. The presence of GIT symptoms was also recorded. In the dehydration 

and rest experiment 4% body weight loss was achieved by intermittent 
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exposure to 100°C sauna heat. Once dehydration was achieved, the isotonic 

carbohydrate-electrolyte drink was given and gastric emptying measured in 

the same manner as in the dehydration and exercise experiment [35]. 

In the euhydration experiments subjects rested for 1 hour and 50 minutes 

during which time they drank 250ml water at 20 minutes and 40 minutes [35]. 

At the 1 hour 50 minutes mark subjects drank the isotonic carbohydrate­

electrolyte drink, and then the euhydrated and exercise group ran on the 

treadmill at 60% maximal speed, while the euhydrated and rest group 

remained seated. Gastric emptying and the presence of GIT symptoms were 

measured in the same manner. The results of this study showed a significant 

slowing in gastric emptying in the dehydration and exercise experiment. GIT 

symptoms were also only experienced by subjects during the dehydration and 

exercise experiment [35]. 

In summary, it appears that there is strong evidence from one prospective 

cohort study and one randomised clinical trial that GIT symptoms are more 

common during exercise in the presence of significant dehydration (body 

weight loss> 4%). Therefore significant dehydration (> 4% body weight loss 

during exercise) is an extrinsic risk factor for the development of GIT 

symptoms associated with exercise. 
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2.2.4.2.3 Vertical impact sport (running compared with cycling or 

swimming) as an extrinsic risk factor for GIT symptoms associated with 

exercise 

It has been suggested that vertical impact sports, such as running, are 

associated with more GIT symptoms than non-impact sports [2, 7, 39]. The 

scientific evidence for this is mainly from cross-sectional studies and will now 

be reviewed. 

In the first retrospective cross-sectional study, the association between GIT 

symptoms and dietary intake was investigated in 55 male triathletes [40]. The 

triathletes were interviewed after an endurance triathlon, and the main finding 

was that most GIT symptoms occurred during the run leg of the race. The 

main limitations of this study were possible selection bias, recall bias, and no 

objective measure of vertical oscillation. Furthermore, running is the third 

component of a triathlon, and confounding factors, such as the development 

of fatigue or dehydration, could also explain the increased number of GIT 

symptoms during running, rather than running (vertical impact) alone. 

In a second cross-sectional study, the incidence and possible risk factors for 

GIT symptoms in 6 endurance sports (1158 athletes) was determined using a 

questionnaire [7]. The main findings of this study was that canoeing, road 

running and triathlon had a higher incidence of GIT symptoms compared with 

other sports such as aerobics, cycling and swimming [7]. 

41 



In the third cross-sectional study among 110 triathletes who participated in a 

triathlon race, GIT symptoms were reported more frequently, and with 

increased severity, in the run leg of the triathlon [2]. 

Finally, the prevalence and severity of GIT symptoms in relation to 

carbohydrate supplement use and the type of exercise was studied in a 

double-blind cross-over control study among 32 well-trained triathletes who 

each underwent 3 identical experiments one week apart [39]. During each 

experiment, triathletes were given one of 2 carbohydrate supplements or a 

placebo to drink at specified times before and during a 3-hour exercise 

session, which consisted of cycling, alternated with running and then 

repeated. In this study, GIT symptoms were significantly more common, and 

of longer duration, during running than during cycling [39]. 

In summary, there is some, but limited evidence to suggest that running 

(compared with cycling or other non-impact sports) is associated with 

increased risk of dOeveloping GIT symptoms during exercise. In most of the 

cross-sectional studies, selection bias, recall bias, as well as inability to 

control for other confounding variables, limits the strength of the evidence. In 

one intervention trial, running was associated with a greater incidence of GIT 

symptoms during exercise compared with cycling. 
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2.2.4.2.4 Poor conditioning as an extrinsic risk factor for GIT symptoms 

associated with exercise 

It has been suggested that poor conditioning (being "unfit") is a risk factor for 

GIT symptoms during exercise [18, 19, 331. It has been postulated that this 

may be due to inadequate adaptation of the GIT to the physiological stresses 

of exercise training [51. The evidence that poor conditioning is a risk factor for 

the development of GIT symptoms associated with exercise will now be 

reviewed. 

In one cross-sectional study, 279 leisure time runners participating in a 

marathon completed a questionnaire to determine the relationship between 

GIT symptoms and long-distance running [191. The results of this study 

showed that training history was not associated with the development of GIT 

symptoms. However, in this study it was not clear how the runners were 

selected and over what time period the "hours of training per week" were 

recorded, i.e. during the height of training or during tapering [19]. 

In another cross-sectional study, 471 runners (27% response rate) reported 

their training history (number of years of running experience and average 

weekly distance) and the prevalence of GIT symptoms during running [18]. 

The main findings of this study showed that GIT symptoms were associated 

with fewer years of running experience, while weekly training distance did not 

significantly affect the prevalence of GIT symptoms [18]. 
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In a single prospective cohort study, the relationship between GIT bleeding 

and exercise training was studied in 6 walkers and 46 marathon runners [33]. 

A" the subjects provided stool samples for analysis at various stages of the 

study, and the marathon runners also completed a questionnaire reporting 

their weekly training distances. The marathon running group was further 

subdivided into two groups depending on whether they had taken any 

medication or not. The results of the study showed that in the marathon 

nJnning sub-group who had not taken medication, there was no association 

between training history and the incidence of GIT bleeding [33]. 

In conclusion, there is weak evidence that poor conditioning [expressed as 

number of years of training, amount of training per week (time or distance)] is 

associated with the development of GIT symptoms during exercise. 

Furthermore, studies mostly rely on subjective recall of training history, which 

may not be accurate, and no objective measure of training is reported. 

2.2.4.2.5 Medication as an extrinsic risk factor for Gil symptoms 

associated with exercise 

The use of non-steroidal anti-inflammatory drugs (NSAIDS) for soft tissue and 

musculoskeletal injury in endurance athletes is common [30]. It has been 

suggested that the use of NSAIDS may be a risk factor for GIT symptoms 

associated with exercise [33]. while others have proposed that the use of 

NSAIDS may protect against GIT symptoms [9]. Evidence-based research 

with respect to NSAIDS use and GIT symptoms will now be reviewed. 
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In a prospective cohort study, data on 31 runners taking part in a marathon 

were collected [30]. This study investigated the prevalence of GIT bleeding 

after a marathon and possible associated factors. One stool sample was 

collected before the race and 3 samples were collected in the 72 hours 

following the race. Stool samples were tested for occult blood by means of a 

qualitative technique. A questionnaire was also completed and the runners 

were asked about NSAIDS use. Results found that the use of aspirin and 

other NSAIDS were not associated with the GIT symptom of GIT bleeding 

[30]. 

A second prospective cohort study investigated two groups for faecal occult 

blood in stool samples before and after either walking 37km on 4 consecutive 

days (N=6) or running a marathon (N=46) [33]. The marathon runners also 

completed a questionnaire and with this information were retrospectively 

subdivided into two sub-groups depending on whether they used medication 

or not. The prevalence of GIT bleeding was found to be significantly higher in 

the runners who took medication and more specifically in those who took 

NSAI DS [33]. 

Thirty five ultra-endurance runners were studied before, during and after a 

100 mile (160km) race [41]. In this prospective cohort study athletes 

completed a questionnaire before and after the race. They were also required 

to provide 3 pre-race and 3 post-race stool samples for occult blood testing. 

Results of this study showed that 80% of the runners with negative faecal 

occult blood tests used NSAIDS before or during the race, while 24% of the 
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athletes who tested positive for occult blood in their stool used NSAIDS. 

Therefore, in this study there was a negative correlation between GIT 

bleeding and the use of NSAIDS. In contrast to the generally accepted effects 

of NSAIDS on the GIT, this study showed that there might be a protective role 

of NSAIDS against GIT symptoms during exercise. 

Lastly, in a prospective cohort study of 41 marathon runners' pre- and post­

race stool samples, a post-race questionnaire and post-race endoscopy were 

used to evaluate GIT bleeding associated with endurance running [42]. Nine 

of the runners had occult positive post-race stool samples. However, there 

was no relationship between the use of NSAIDS and GIT bleeding in this 

study. 

Therefore there are inconsistent findings where studies reported on the use of 

medication, such as NSAIDS, as a possible risk factor for the development of, 

or the protection against, GIT symptoms associated with exercise. Results 

differ between studies even when the methods of study are similar. Further 

research is needed to determine the possible effects of medication (including 

the use of NSAIDS) on the development of GIT symptoms during exercise. 
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2.2.4.2.6 Dietary factors as extrinsic risk factors for GIT symptoms 

associated with exercise 

It has been suggested that a number of dietary factors, such as type of food 

[8, 40], timing of the last meal before exercise [2], caffeine intake [22, 43] and 

other dietary factors [44, 45], may be associated with the development of Gil 

symptoms during exercise. lhe scientific evidence for these dietary factors 

will now be reviewed. 

2.2.4.2.6.1 Type of food 

It has been suggested that the type of food ingested may playa role in the 

development of Gil symptoms associated with exercise [22]. Athletes tend to 

be more aware of their diet and often consume high-fibre diets as part of a 

healthy lifestyle [8]. 

Fifty-five ultra-endurance male triathletes were asked questions in a 

retrospective cross-sectional study to examine the relationship between Gil 

symptoms and dietary intake [40]. It was shown that a pre-race high-fibre, 

protein or fat meal was significantly associated with the Gil symptoms of 

abdominal cramps or nausea. However, this study relied on subjective recall 

of the meal, the meal constituents and Gil symptoms. 

In another cross-sectional study, 110 out of 141 triathletes competing in a 

triathlon completed a questionnaire. In this study, it was reported that lower 
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GIT symptoms (diarrhoea and flatulence) were associated with high dietary 

fibre intake [2]. Once again these results were based on subjective data and 

recall. 

In another cross-sectional study of 279 marathon runners, a questionnaire 

was used to obtain data about the relationship between GIT symptoms and 

running [19]. In this study, it was shown that with the commencement of 

training, eating habits frequently changed. These changes included increased 

intake of fibre, vegetables and cereals, and a decrease in the intake of fat, 

sugar and meat. However, these alterations in eating habits did not 

significantly alter the risk of developing GIT symptoms associated with 

exercise. The limitations of this study were that long-term dietary habits rather 

than pre-race meals were primarily investigated. Furthermore, data from this 

study also relied on accurate recall and subjective reporting. 

It has also been suggested that high glycaemic index (GI) foods may increase 

the risk of GIT symptoms during exercise, but there are no research data to 

support this [22]. 

In summary, it appears that the type of food ingested before exercise may 

playa role in the development of GIT symptoms during exercise. Research to 

support this hypothesis is limited and further objective research in this area is 

necessary. 
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2.2.4.2.6.2 Timing of pre-competition meal 

It has been suggested that the timing of the pre-competition meal may be 

associated with the development of GIT symptoms [2]. In one retrospective 

cross-sectional study of 55 ultra-endurance male triathletes, it was found that 

all triathletes who had eaten within 30 minutes before the race, vomited 

during the swim leg of the race [40]. In a cross-over cohort study of 12 

subjects, nausea was measured using a visual analogue scale during cycling 

in the fasted and the fed state, as well as during varying exercise intensities 

[46]. The results of this study showed significantly higher nausea scores after 

eating immediately before exercise and eating 60 minutes before exercise 

when compared to exercising in the fasted state [46]. 

Forty-four subjects were followed over an 18-month period while training for a 

marathon in a prospective cohort study [31]. The timing of the last meal 

before the race was recorded, as was the occurrence of GIT symptoms during 

the race. The results of this study did not show a significant association 

between the timing of the pre-race meal and the development of G IT 

symptoms during exercise [31]. 

In summary, results from studies where the relationship between the timing of 

the last meal before exercise and the development of GIT symptoms during 

exercise were studied, are not consistent. Further research to define this 

relationship is necessary. 
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2.2.4.2.6.3 Caffeine 

Caffeine is both a diuretic and a stimulant for the GIT [471. Caffeine ingestion 

before or during exercise may, therefore, be a potential risk factor for the 

development of GIT symptoms during exercise [22, 43]. In a single cross· 

sectional study, a questionnaire was completed by 110 triathletes to document 

the relationship between dietary factors (including caffeine) and the 

development GIT symptoms during exercise [21. The results of this study 

showed that lower GIT symptoms (flatulence and diarrhoea) were associated 

with the ingestion of caffeine. However, neither the timing nor the amount of 

caffeine that was ingested was reported in this study. Therefore there is very 

limited evidence that caffeine ingestion is a risk factor for GIT symptoms, and 

more research is needed. 

2.2.4.2.6.4 Other dietary substances as risk factors for GIT symptoms 

during exercise 

A number of other ingested substances have been suggested as risk factors 

for the development of GIT symptoms during exercise. It has been suggested 

that the ingestion of excess amounts of vitamin C may cause exercise·related 

diarrhoea, but there is no conclusive data to support this hypothesis [44]. 

Similarly, the ingestion of alcohol is mentioned as a possible risk factor for the 

development of GIT symptoms during exercise, but there are no research data 

to confirm this [2, 22]. 
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2.2.4.2.6.5 Summary - dietary factors as risk factors for Gil symptoms 

during exercise 

In summary, a number of dietary factors have been postulated as risk factors 

for the development of GIT symptoms during exercise. These include the type 

of food consumed and the timing of the meals in relation to the exercise 

training session or the competition. In general, there are not enough research 

studies that have investigated these dietary factors, and there is not enough 

evidence to support the role of dietary factors in the development of GIT 

symptoms during exercise. This area requires further investigation. 

2.2.4.3 Summary of intrinsic and extrinsic risk factors for the 

development of Gil symptoms associated with exercise 

In general, scientific research studies that have investigated intrinsic and 

extrinsic risk factors for the development of Gil symptoms during exercise are 

limited. In this section, scientific evidence in support of these intrinsic and 

extrinsic risk factors for the development of GIT symptoms during exercise 

was reviewed using an evidence-based approach (classified as strong, limited 

or weak). In Table 2.5 the evidence for these risk factors is summarised. 

There is strong evidence from a limited number of studies to support 

significant dehydration (body weight loss> 4% during or after exercise) as a 

risk factor for GIT symptoms during exercise. However, more research studies 

are still needed to support this finding. There is some, but limited scientific 
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evidence, to support the following as risk factors for GIT symptoms during 

exercise: female gender, younger age, high intensity exercise, vertical impact 

sport and medication use. Poor conditioning, dietary factors and previous 

abdominal surgery are risk factors for GIT symptoms that are not well 

supported and evidence is considered weak in these areas. 

Therefore further research studies of greater power, such as case control and 

prospective cohort studies are needed in order to evaluate risk factors 

adequately. Subject selection needs to be random and subjects should not be 

self-selected. Data needs to be collected in an objective manner not relying 

on subject recall. Measurement parameters also need to be standardised. In 

conclusion, there is very little evidence-based research to support most of 

these suggested risk factors and further research is essential. 
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Table 2.5: Summary of the level of evidence for intrinsic and extrinsic 

risk factors for GIT symptoms associated with exercise 

RISK FACTOR 

Female gender 

Younger age 

Irritable bowel syndrome and 
lactose intolerance 

Previous abdominal surgery 

High intensity exercise 

Dehyd ration 

Vertical impact sport (running) 

Poorly conditioned athlete 

Medication 

Dietary factors 

LEVEL OF EVIDENCE 

Limited 

Limited 

Weak 

Weak 

Limited 

Strong 

Limited 

Weak 

Limited 

Weak 

2.2.5 Pathophysiology of GIT symptoms associated with exercise 

The pathophysiology underlying the development of GIT symptoms during 

exercise is poorly understood [48]. It is likely that there are multiple 

mechanisms that may be responsible for GIT symptoms associated with 

exercise [49, 50]. Furthermore, it is difficult to study the physiology of the GIT 

during exercise as most methods of study of the GIT apply to the resting (non-

exercising) condition [9, 51]. It is difficult to adapt these study methods to the 

exercising individual and to then interpret the results accurately [4]. Therefore 

there are only a limited number of studies where the pathophysiology of GIT 
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symptoms associated with exercise have been investigated, and the outcomes 

of these studies often show conflicting results [8]. 

A number of hypotheses have been suggested for the development of GIT 

symptoms associated with exercise. These include the mechanical 

hypothesis, gastrointestinal motility hypothesis, absorption and secretion 

hypothesis, neuroendocrine hypothesis, endotoxaemia hypothesis, allergic 

reaction hypothesis, infectious disease hypothesis and the altered blood flow 

hypothesis. The scientific evidence for each of these hypotheses as possible 

pathophysiological mechanisms for the development of GIT symptoms 

associated with exercise will now be reviewed. 

2.2.5.1 Mechanical hypothesis for the development of GIT symptoms 

associated with exercise 

As previously mentioned, it has been observed that vertical impact sports, 

such as running are associated with more GIT symptoms than gliding sports, 

such as swimming and cycling [7, 38]. It has, therefore, been suggested that 

the mechanical movement of the athlete's body during exercise results in 

vertical oscillation of the GIT, which then precipitates GIT symptoms in 

vertical impact sports [7]. However, the precise mechanism for the 

development of GIT symptoms as a result of vertical oscillatory movement is 

not clear [48]. It has been suggested that mechanical trauma and possible 

contusion of the abdominal organs (mainly small and large bowel) results in 

GIT symptoms [8, 52]. It has also been suggested that exercise causes mass 
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movement of stool into the rectum and this results in the urge to pass stool 

[15], and that the oscillatory movements result in emptying of the sigmoid 

colon into the rectum [21]. The evidence in support of the mechanical 

hypothesis is, however, limited. To date, there are only a few case reports 

and a single prospective cohort study where the vertical OSCillatory model for 

the development of GIT symptoms associated with exercise has been studied. 

In one of the first reports describing a possible mechanical cause for GIT 

symptoms, a case of a 56-year-old male runner who experienced diarrhoea 

following a marathon was reported [53]. In this runner, the authors suggested 

that the mechanical contact of the caecum against the anterior abdominal wall 

resulted in local trauma, analogous to exercise-induced haematuria from the 

bladder [54]. This mechanical contact was suggested as the cause of the GIT 

symptoms in this athlete and this has been termed the "caecal slap" syndrome 

[53]. 

Hypertrophy of the retroperitoneal psoas muscle in an athlete has also been 

suggested as another possible mechanism that may cause mechanical trauma 

to the GIT during exercise [55]. In one case study of a 36-year-old runner who 

experienced mainly lower GIT symptoms during running, it was hypothesised 

that the colon was mechanically displaced and compressed by the increased 

muscle mass of the hypertrophied psoas muscle (as seen on contrast X-ray 

images) causing GIT symptoms during exercise in this athlete [55]. 
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Two case reports of caecal volvulus in competitive athletes have also been 

reported [56]. In these cases, it has been suggested that the combination of a 

very lean mesentery and the mechanical bouncing of running may have been 

responsible for the volvulus [56]. 

All these reports are, however, case studies, and there are no other studies 

(case control or prospective cohort studies) to support the hypothesis that the 

caecal slap syndrome, psoas hypertrophy or caecal volvulus are mechanisms 

that may explain the cause of GIT symptoms associated with exercise. 

It has also been suggested that mechanical stimulation may induce the 

release of the GIT hormone, vasoactive intestinal peptide (VIP) [57]. This 

hormone is associated with increased colonic motility, decreased absorption 

and increased secretion, which have been suggested to result in secretory 

diarrhoea [58]. In animal interventional studies, it has been shown that 

distension of the stomach, as well as mechanical stimulation of the mucosa of 

the stomach, small and large intestine can result in significant release of VIP 

[57, 59]. The possible role of VIP and other GIT hormones in the development 

of GIT symptoms associated with exercise will be discussed in further detail in 

Section 2.2.5.4. 

In a single prospective cohort study, which was designed to investigate the 

mechanical hypothesis for GIT symptoms associated with exercise, six 

athletes were monitored during cycling and running using an accelerometer 

[60]. In this study, the accelerometer was placed on the abdomen and 

56 



vibration in three planes was monitored during running and cycling. The 

results of this study showed that running resulted in more than double the 

vibration compared with cycling [60]. However, GIT symptoms were not 

reported during the study [60]. 

In another prospective cohort study, it was shown that GIT symptoms were 

more frequent during running than cycling in an experiment where subjects 

alternated between running and cycling [39]. Therefore the increased vibration 

during running may be associated with GIT symptoms, but this has not been 

confirmed in case control or prospective cohort studies in runners with or 

without GIT symptoms. 

In summary, scientific evidence supporting the mechanical hypothesis for the 

development of GIT symptoms associated with exercise is limited. Evidence 

only comes from case report or series and one prospective cohort study. 

Furthermore, there is no clear link between the mechanical effects of vertical 

oscillation and the development of GIT symptoms in athletes. However, it 

appears that many clinicians support the mechanical model because of the 

apparent strong association between running and the development of GIT 

symptoms [8, 61]. It is also important to note that the mechanical hypothesis 

does not explain the pathophysiology of GIT symptoms in athletes 

participating in non-impact endurance sports. 
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2.2.5.2 Gastrointestinal motility hypothesis for the development of 

GIT symptoms associated with exercise 

The gastrointestinal motility hypothesis has been put forward as another 

possible explanation for the development of GIT symptoms associated with 

exercise [62]. It has been suggested that exercise affects the intrinsic motility 

of the GIT, which then results in GIT symptoms [4]. The exact mechanism by 

which motility is affected is uncertain, but may be due to alterations in blood 

hormone concentrations, changes in blood supply to the GIT or as a result of 

exercise-induced changes in the autonomic nervous system [62, 63]. It is 

important to consider that the motility in each component of the GIT including 

oesophagus, stomach, small and large bowel, may be affected. Therefore, the 

effects of exercise on motility in each separate component of the GIT will now 

be briefly reviewed. 

2.2.5.2.1 Exercise and oesophageal function 

It has been suggested that the upper GIT symptoms of heartburn and nausea 

are related to abnormalities in oeophageal motility that occur during exercise 

[4]. The effect of exercise on oesophageal function and evidence that this may 

be a potential mechanism for development of GIT symptoms associated with 

exercise will now be discussed. 

It has been shown that gastro-oesophageal reflux increases with exercise 

[64]. In a prospective cohort study, 8 trained and 9 untrained subjects 
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underwent graded cycling exercise [37]. In this study protocol, the intensity of 

cycling was increased from 60% to 75% and then to 90% V02max with a rest 

period between each bout of cycling. Gastro-oesophageal reflux and 

oesophageal motility were measured throughout by means of an intra­

oesophageal pH monitor and a 3 strain gauge transducer. The results of this 

study showed that the number and duration of reflux events increased with 

increasing intensity of exercise, and that there was a decrease in the 

frequency, amplitude and duration of oesophageal contractions with 

increasing exercise intensity. However, in this study, there was no difference 

in the responses between the two groups (trained and untrained) and both 

groups were asymptomatic for GIT symptoms during exercise [37]. 

Although blood concentrations of GIT hormones were also measured in this 

study, there was no association between reflux and changes in hormone 

levels in response to the exercise bouts [37]. Therefore this study 

demonstrated a change in oesophageal function (increased number and 

duration of reflux events and decrease in oesophageal contractions 

associated with increasing intensity of exercise) but this was unrelated to GIT 

symptoms [37]. 

The effect of fasting compared with eating before exercise on gastro­

oesophageal reflux has also been studied. In a prospective cohort study 

investigating gastro-oesophageal reflux in different types of exercise, a total 

of 17 subjects were studied [51]. An intra-oesophageal pH monitor was used 

to record reflux events. All exercise sessions were performed at greater than 
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70% V02max and GIT symptoms were recorded during the exercise session. 

Ten subjects rowed for 30 minutes, 11 subjects ran in a fasted state for 60 

minutes and 9 subjects ran in a post-prandial state for 60 minutes. If a subject 

took part in more than one session, this was not done on the same day. The 

results of this study showed an increase in gastro-oesophageal reflux 

associated with all 3 forms of exercise compared to resting, that post-prandial 

running was associated with significantly more reflux than fasted running and 

rowing, GIT symptoms were experienced by 3 subjects but this did not 

correlate with reflux events, and reflux during fasted running predisposed 

subjects to more severe reflux during post-prandial running. Therefore, this 

study showed a change in gastro-oesophageal reflux associated with exercise 

but there was no association between reflux and the development of GIT 

symptoms during exercise [51]. 

A single study showed an association between gastro-oesophageal reflux 

events and the symptom of belching [65]. In this randomised single-blinded 

study, 14 subjects were given either placebo or ranitidine 300mg (H2 Blocker) 

and then performed a 1 hour treadmill run at 70-85% V02max. The result of this 

study showed that there were significantly less reflux events in the subjects 

who had taken Ranitidine but there was no effect on the symptom of belching 

[65]. 

It has been suggested that the gastro-oesophageal reflux events during 

exercise are due to the mechanical nature of exercise, raised intra-abdominal 
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pressure, slowed gastric emptying or possibly alteration in lower oesophageal 

sphincter pressure [66]. 

Evidence that exercise decreases lower oesophageal sphincter pressure 

comes from a prospective cohort study [67]. In this study. the effect of 

exercise on oesophageal peristalsis and lower oesophageal sphincter 

pressure was studied in 6 male subjects. A 3 lumen polyvinyl manometry 

catheter was used to record pressure changes and peristalsis before, 

immediately after, and one hour after subjects had run for 2 hours on a 

treadmill at 50% V02max. The results of the study showed an increase in lower 

oesophageal pressure immediately post-exercise, no alteration in peristalsis 

during exercise compared to pre-exercise measurements, and none of the 

subjects experienced any GIT symptoms [67]. 

In another prospective cohort study 7 cyclists performed four 5-minute bouts 

of cycling at 90% V02max with a rest of 1-3 minutes between each bout [68]. 

The second and third bout was followed by the ingestion of 600 ml and 200 ml 

respectively of sports drink. Pressure measurements of the lower 

oesophageal sphincter were taken before. during and after exercise bouts. 

The results showed a decrease in lower oesophageal sphincter pressure 

associated with high intensity exercise, and the ingestion of fluid did not affect 

the decrease in pressure [68]. 

In another study, 10 well-trained subjects were studied in a cross-over study 

to investigate the effect exercise has on various components of GIT function 
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[69]. In this study, oesophageal motility and gastro-oesophageal reflux events 

were measured by means of a transnasal catheter with pressure, and pH 

sensors that were connected to a data recorder. Subjects took part in two 

protocols: The exercise protocol involved resting for 60 minutes followed by 

cycling for 90 minutes at >80% V02max followed by 210 minutes of rest, and 

the rest protocol subjects rested for the entire time mentioned. Diet was 

standardised for the 24 hours preceding the study. The results of the study 

showed a decrease in lower oesophageal pressure and an increase in 

peristaltic velocity during exercise. There was no significant difference in 

reflux events in this study [69]. 

In conclusion, the effect of exercise on gastro-oesophageal reflux events, 

oesophageal peristalsis and lower oesophageal sphincter pressure is not 

consistent from the studies where this has been investigated. It has been 

suggested that the intensity of exercise may playa role in the altered function 

of the oesophagus [69] but the precise role of exercise intensity in the 

development of GIT symptoms is not clear. Further research is needed to 

document the association between oesophageal function in GIT symptomatic 

and asymptomatic subjects at varying levels of exercise intensities and types 

of exercise. 

2.2.5.2.2 Exercise and gastric function 

The GIT plays an important role in the efficient delivery of fluid, energy and 

electrolytes to the body during endurance exercise [21 J. The delivery of 
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gastric contents to the intestine for absorption is thought to be under the 

control of the duodenum [38]. The duodenum has receptors for pH, 

carbohydrates, amino acids, fatty acids and osmolality [38]. It has been 

suggested that a delay in gastric emptying may be a possible mechanism for 

the development of GIT symptoms associated with exercise [31, 38]. 

Therefore factors which may delay gastric emptying will now be reviewed 

briefly (Table 2.6). 

Table 2.6: Factors affecting gastric emptying 

Factors resulting in delayed gastric emptying 

High intensity exercise 

Hyperosmolality 

Dehydration 

Caloric content 

Raised temperature 

Reduced volume 

2.2.5.2.2.1 High Intensity exercise 

It has been suggested that exercise at high intensity delays gastric emptying 

[6, 70]. In a cross-over study investigating the effect of varying exercise 

intensities on gastric emptying, 10 male subjects took part in two experimental 

protocols [70]. The protocols took place on separate days and were either a 

rest protocol or an exercise protocol. The protocols were divided into six 15-

minute bouts. Prior to each 15-minute bout, 400ml of water was consumed. 
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The exercise protocol consisted of 3 bouts of graded walking from 28% to 

41 % to 56% V02max followed by 3 bouts of graded running from 57% to 65% to 

75% V02max • The results showed an increase in gastric emptying at all 

intensities of walking and running, except at an intensity of 75% V02max. The 

increase in gastric emptying was similarly increased at these intensities. 

However, at 75% V02max gastric emptying was found to decrease significantly. 

Therefore at exercise intensities equal or greater than 75% V02max, gastric 

emptying will decrease significantly [70]. 

2.2.5.2.2.2 Hyperosmolality 

Delayed gastric emptying can result in a delay in the delivery of substrate for 

energy metabolism, as well as upper GIT symptoms during exercise. 

Therefore the effect of the osmolality of ingested fluid during exercise on 

gastric emptying has been studied. In one study, gastric emptying of an 

isotonic and a hypertonic drink during running and cycling at 70% V02max for 

80 minutes was compared in a randomised clinical trial [71]. There was a 

significant reduction in gastric emptying of the hypertonic drink while the 

isotonic d rink emptied at a rate similar to water [71]. In another randomised 

cross-over study the effect of osmolality and temperature on gastric emptying 

was investigated in 5 trained athletes who ran for 2 hours at 65% V02max in 

35°C heat. In a randomised fashion subjects were given 10% glucose 

polymer, 10% glucose or sweetened water [72]. In a fourth intervention, in 

25°C temperature, subjects were given sweetened water to drink. Gastric 

emptying was significantly reduced in the glucose experiment, while 
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exercising in the heat was also associated with a slower gastric emptying 

compared with the cooler conditions [72]. Therefore hyperosmolar solutions, 

as well as exercising in the heat, can reduce gastric emptying. However, a 

direct causal link between these conditions and an increased incidence of GIT 

symptoms during exercise has not been established. 

2.2.5.2.2.3 Dehydration 

It has also been suggested that dehydration is associated with delayed gastric 

emptying [35]. In a randomised cross-over study, 15 subjects participated in 

each of 4 experiments; euhydrated-rest, euhydrated-exercise, dehydrated-rest 

and dehydrated-exercise [35J. During the euhydrated experiments, subjects 

were given water to drink at 20 and 40 minutes during an initial 2-hour rest 

period. In order to dehydrate the subjects the dehydrated-exercise group 

cycled at 60% V02max in 30°C heat and the dehydrated-rest group was 

exposed to 100°C sauna heat until subjects had lost 4% body weight as an 

indication of body water loss. Thereafter all subjects were given an isotonic 

carbohydrate electrolyte beverage to drink (8ml/kg). Following this, the 

euhydrated-exercise and dehydrated-exercise groups began the exercise 

session (running on a treadmill at 60% V02max) and the euhydrated-rest and 

dehydrated-rest groups began the rest session. Gastric emptying was 

measured every 10 minutes for 40 minutes by means of a nasogastric tube 

utilising the double-sampling technique in all subjects [73]. The results of this 

study showed a significant decrease in gastric emptying in only the 

dehydrated-exercise group. It was concluded that the effect of exercise and 
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dehydration are additive in delaying gastric emptying. GIT symptoms were 

only reported during the dehydrated-exercise protocol and six subjects were 

affected (37.5%). Therefore the results of this study support the hypothesis 

that dehydration results in delayed gastric emptying and that delayed gastric 

emptying is a possible mechanism in the development of GIT symptoms 

associated with exercise [35]. 

2.2.5.2.2.4 Caloric content 

It has been suggested that the type of carbohydrate ingested may alter gastric 

emptying [45]. In one prospective cohort study gastric emptying was 

determined in 6 subjects after the ingestion of test meals containing glucose, 

fructose, lactose, galactose, maltose or sucrose [45]. Glucose was found to 

slow gastric emptying down far more than galactose, while fructose ingestion 

had the least effect on gastric emptying. Therefore the type of carbohydrate 

can affect the rate of gastric emptying and may be related to the risk of 

developing GIT symptoms during exercise. 

2.2.5.2.2.5 Raised ambient temperature 

As previously mentioned, exercising in the heat may reduce the rate of gastric 

emptying. The effect of heat and hypohydration on gastric emptying was 

studied in 10 well-trained subjects. In this study, subjects ran for 15 minutes 

on a treadmill at 50% V02max in three ambient temperatures (18°, 35° and 

49°C heat) [74]. Gastric emptying was significantly reduced while exercising 

66 



in the 49°C condition, and the higher the ambient temperature, the more 

significant the reduction in the rate of gastric emptying [74]. 

2.2.5.2.2.6 Reduced gastric volume 

It has also been suggested that reduced gastric volume as a result of 

ingesting less fluid may delay gastric emptying [75]. In a cross-over study, 8 

subjects cycled for 2 hours at 70% V02max on three different occasions, while 

consuming 11.5mllkg/hr, 17.1mllkg/hr or 23mllkg/hr of a 7.5% carbohydrate 

solution every 15 minutes. The results showed that gastric emptying was 

fastest in the group who drank the highest volume of fluid and slowest in the 

group who drank the least amount of fluid [75]. 

In conclusion, there are many factors that may affect gastric emptying during 

exercise. However, in only one study. the effects of delayed gastric emptying, 

as a result of dehydration, was associated with the development of GIT 

symptoms during exercise. Scientific evidence linking other factors that affect 

gastric emptying to the development of GIT symptoms during exercise is 

limited, and this requires further investigation. 

2.2.5.2.3 Exercise and function of the small and large bowel 

It has been postulated that exercise may affect the motility of the small and 

large bowel, and that these effects may be responsible for the development of 
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GIT symptoms during exercise [6]. However, there is very limited scientific 

evidence to support this hypothesis, and this will now be reviewed. 

The most common method of documenting the effect of exercise on small and 

large bowel motility is to investigate the effect of exercise on orocaecal transit 

time or whole gut transit time. Orocaecal transit time is the transit time from 

mouth to caecum, and this can be measured using the hydrogen breath test. 

The hydrogen breath test measures the hydrogen concentration after the 

ingestion of lactulose and this represents small bowel transit time [76]. The 

effects of exercise on orocaecal transit time using this method has been 

reported in three studies [77-79]. 

In the first of these three studies, 7 subjects underwent testing during rest and 

exercise on separate days [77]. Exercise sessions consisted of cycling for 5 

minutes and then resting for 5 minutes. This cycle was repeated for 6 hours. 

Hydrogen concentration was measured every 10 minutes in both experiments. 

The results showed no change in small bowel transit time between the rest 

and exercise interventions [77]. 

In the second study, continuous hydrogen concentration was measured in 12 

subjects during a 2 hour rest and exercise (walking on a treadmill at 5.6km/hr 

with 2% gradient for 2 hours) session [78]. In this study there was a significant 

decrease in orocaecal transit time in the exercise session [78]. 
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In the third study, the hydrogen concentrations of 23 subjects were measured 

every 15 minutes during either an exercise session (walking for 60min at 

4.5km/hour) or resting for 60 minutes [79]. Orocaecal transit time in this study 

was found to increase during the exercise session. 

In a final study, the effect of exercise on various aspects of GIT function, 

including measurement of the orocaecal transit time by means of the 

hydrogen breath test, was studied in 10 well-trained subjects [69]. Subjects 

took part in two protocols consisting of a rest protocol and an exercise (rest 

for 60 minutes followed by cycling for 90 minutes at >80% V02max followed by 

210 minutes rest) protocol. Diet was standardised for the 24 hours preceding 

the study and hydrogen concentration was measured every 15 minutes during 

the test protocols. The findings were that there was no significant difference in 

orocaecal transit time between the rest and the exercise experiments [691. 

As mentioned, the effect of exercise on small and large bowel motility can 

also be measured using whole gut transit time. Whole gut transit time is 

studied using the excretion of radio-opaque markers [80]. This methodology 

was employed in a number of studies. In one study, 10 subjects took part in 3 

experiments each lasting 1 week [81]. The experiments consisted of either 

running or cycling at 50% V02max or resting for 1 hour of every day for a week. 

Dietary fibre and fluid intake were recorded. Stool samples were collected, 

weighed and X-rayed. The results of this study showed that there was a 

significant decrease in whole gut transit time in the running and cycling 

experiments compared with the resting experiment. However, there was no 
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difference in whole gut transit time between running and cycling conditions 

[81 ]. 

Finally, a pH-sensitive radio-telemetry capsule can be used to measure small 

bowel transit time and if this is combined with the radio-opaque marker 

method to measure whole gut transit time, the colon transit time can be 

calculated. In one study, the effects of an exercise bout on these motility 

parameters have been studied [62]. Small bowel transit time and colonic 

transit time were measured in 11 trained female athletes who participated in 

either a 1-hour cross country run at approximately 70% V02max or a 6-hour 

rest period randomly on separate occasions [62]. In this study, 6 athletes 

reported GIT symptoms during the exercise experiment, but there was no 

significant difference in the transit times of small bowel and colon between the 

rest and exercise period. Therefore in this study, exercise did not affect small 

and large bowel transit times, and GIT symptoms were subsequently not 

associated with change in transit times [62]. 

In conclusion, the effects of exercise on the measurement of small and large 

bowel transit times vary. Transit times have been shown to increase, 

decrease or remain unchanged with exercise [8]. The reason for these varied 

results is not clear but may be due to differences in populations studied, 

methodology used, exercise type, exercise intensity, training status and 

method of analysis of transit time [48, 62]. 
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In summary, there is limited evidence that alterations in motility in segments 

of the small and large bowel occur as a result of exercise. Furthermore, there 

is weak or no evidence that these alterations might be a contributing factor to 

the development of GIT symptoms during exercise [8]. Further research in this 

area is needed. 

2.2.5.3 Absorption and secretion hypothesis 

Absorption and secretion of osmotically active substances from and into the 

lumen respectively is part of the normal functioning of the GIT [48]. It has 

been postulated that GIT symptoms during exercise may be as a result of 

changes in this absorption and/or secretory function of the GIT [10, 17]. A 

number of mechanisms whereby exercise could possibly alter the absorption 

and/or secretory function of the GIT have also been proposed and include 

reduction of blood flow, reduced transit time, direct damage to brush border 

enzymes and altered GIT hormone levels [4, 10]. 

It has been suggested that reduced blood flow to the GIT during exercise [12] 

can alter ATP-fuelled sodium and potassium pumps, resulting in decreased 

glucose absorption [38]. If glucose remains in the GIT lumen this can exert an 

osmotic pull on intravascular fluid, and movement of fluid from the 

intravascular compartment into the GIT lumen may result in the development 

of osmotic diarrhoea [38]. It has also been suggested that if carbohydrate is 

not absorbed in the small intestine due to reduced perfusion, glucose will be 

off-loaded into the colon [62], where colonic bacteria will ferment the 
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carbohydrate. The formation of excess gas may then cause GIT symptoms 

[10]. However, there is only limited scientific data to support these 

mechanisms and their role in the gastrointestinal secretion and absorption 

hypothesis for the development of GIT symptoms during exercise [8]. 

In one prospective cohort study, the effect of exercise on absorption of water, 

glucose and electrolytes was investigated in 5 subjects who ran for 1 hour at 

70% V02max while receiving a constant infusion of test liquid combined with a 

non-absorbable marker [82]. A triple lumen catheter was used to measure the 

contents of the GIT beyond the jejunum before and during exercise. In this 

study, there was no difference in luminal contents (water, glucose and 

electrolytes) at rest and during exercise [82]. 

In another study the relationship between pepsinogens, endurance running 

and the development of GIT symptoms during exercise was investigated in a 

prospective cohort study [83]. In this study, blood samples were taken at 

various stages of a marathon and GIT symptoms were recorded in 13 male 

subjects. It was found that altered hormone levels were not associated with 

GIT symptoms. Of interest, it was noted in this study that 4 subjects who 

consumed hyperosmotic beverages during the marathon did not report any 

GIT symptoms [83]. 

In another study, gastric acid secretion was unchanged and absorption of 

triglycerides (as detected on blood samples) was similar in subjects who 
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either cycled (45 minutes at 50-70% V02max) or rested for 45 minutes after 

eating a steak [84]. 

In summary, there are limited data available that absorption and secretion is 

altered during exercise, and that this can cause GIT symptoms during 

exercise. In studies where this hypothesis was investigated, exercise did not 

alter the absorption or secretory function of the GIT [62]. 

2.2.5.4 Neuroendocrine hypothesis 

The control of the GIT is primarily under the influence of GIT hormones [38], 

and the release of these hormones is controlled by the autonomic nervous 

system [38]. It has, therefore, also been suggested that exercise may alter the 

secretion of GIT hormones and that this may cause the development of GIT 

symptoms during exercise [83]. The evidence for the neuroendocrine 

hypothesis as a cause of GIT symptoms during exercise will now be reviewed. 
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Table 2.7: Neuroendocrine control of the GIT 

GIT HORMONE 

Vasoactive Intestinal Polypeptide (VIP) 

Gastrin 

Motilin 

Pancreatic polypeptide 

Somatostatin 

Glucagon 

Insulin 

Secretin 

Peptide histidine isoleucine 

Neurokinin A 

Pancreastatin 

Glucagon-like peptide 1 

Enteroglucagon 

Neurotensin 

Gastric inhibitory peptide 

AUTONOMIC NERVOUS 
SYSTEM 

Adrenalin 

Noradrenalin 

GIT hormones and the autonomic nervous system neurotransmitters involved 

in the neuroendocrine control of the GIT are listed in Table 2.7. At rest, GIT 

hormones playa role in the control of absorption, secretion and motility of the 

GIT [48], A detailed discussion of the physiology, including the factors that 

may alter the stimulation of each hormone, varies and is beyond the scope of 

this review. However, there are two relevant stimuli, which may affect the 
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release of these hormones during exercise. These two stimuli are ischemia 

and mechanical irritation. 

In two separate animal studies, bowel ischemia, as well as mechanical 

stimulation of the mucosa of the small bowel and rectum, resulted in the 

release of vasoactive intestinal peptide (VIP) into the portal circulation [57, 

85]. Raised levels of VIP can cause a decrease in absorption, increased 

secretion and increased colonic motility. This can result in the development of 

secretory diarrhoea [9, 58]. 

The relationship between exercise, GIT symptoms and neuroendocrine factors 

has been investigated in a number of studies [58, 63, 83, 86]. In one study, 

the GIT hormone response was investigated in 7 trained runners who ran 

30km at a speed of 15km/hr compared with the response of a control group of 

5 subjects who were exposed to 20 minutes of dry sauna heat of 80°C [63]. 

Blood samples taken before and at various intervals during running and during 

heat exposure showed that there was no change in hormone levels in the 

sauna group, but that running resulted in an increased blood concentration of 

the following hormones and neurotransmitters: VIP, gastrin, motilin, 

somatostatin, glucagon, pancreatic polypeptide noradrenalin and adrenalin. 

The levels of the following hormones remained unchanged enteroglucagon, 

neurotensin, gastric inhibitory peptide and insulin. GIT symptoms were not 

reported by any of the runners or control subjects [63]. 

75 



In a prospective cohort study, the relationship between marathon running and 

GIT hormone response was investigated in 26 runners participating in a 

marathon race [58]. Blood samples were taken pre- and immediately post­

race for the following hormones: VIP, gastrin, neurokinin A, pancreastatin, 

insulin, glucagon-like peptide 1, secretin and pancreatic polypeptide. The 

results showed that blood concentrations of all the hormones increased after 

the marathon except insulin. In this study, 8/26 runners reported GIT 

symptoms during the race. However, there was no significant association 

between the development of GIT symptoms during the race, and blood 

hormone concentrations [58]. 

In a similar prospective cohort study [86], blood samples were taken before 

and after a 67km running race in 89 runners. In this study the effects of 

running on GIT hormones and neurotransmitters were investigated for gastrin, 

VIP, peptide histidine isoleucine, motilin, cortisol, adrenalin and noradrenalin. 

The results of this study showed that the blood concentrations of all the 

hormones and neurotransmitters increased after the run except for 

noradrenalin. GIT symptoms were reported in 33% of the runners but once 

again there was no significant correlation between the development of GIT 

symptoms and blood concentrations of hormones or neurotransmitters. The 

one exception was that decreased noradrenalin levels were associated with 

abdominal cramps. However, this was attributed to a possible slower running 

pace as a result of the abdominal cramps rather than a cause of the 

abdominal cramps [86]. 
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In a final study, blood samples were taken at intervals before and after an 

endurance mountain marathon (7 days pre-race at sea level, 24 hours pre­

race at altitude, immediately post-race and 24 hours post-race) in 13 runners 

[83]. Blood concentrations of pepsinogen 1, pepsinogen 11, cortisol and 

gastrin were measured. A control group of 5 subjects travelling with the 

runners was included in the study to control for travel, altitude, 

acclimatisation, food and beverages consumed. Runners and controls were 

also asked to report GIT symptoms during the study period. The results of this 

study showed that runners had significant increases in blood gastrin and 

cortisol levels and significant decreases in blood pepsinogen levels after the 

race while blood hormone levels in the control group remained stable. Forty­

six% of runners reported GIT symptoms during and 62% runners reported GIT 

symptoms afte~ the race. Again, there was no significant association between 

GIT symptoms and blood hormone levels in the runners [83]. 

In conclusion, there is strong evidence that exercise results in increases in 

the blood concentration of a number of hormones and neurotransmitters. It 

has been suggested that these changes in hormone concentrations may be a 

result of the metabolic demand of exercise [58, 83] and reduced clearance 

secondary to decreased blood flow during exercise to the liver and kidneys 

[38]. There is also strong evidence that there is no causal link between these 

increases in blood hormone and neurotransmitter concentrations and the 

development of GIT symptoms during exercise. 
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2.2.5.5 Endotoxaemia hypothesis 

The basis of the endotoxaemia hypothesis is that gram negative bacteria from 

the GIT gain access to the circulation during exercise, resulting in 

endotoxaemia, which is proposed to cause GIT symptoms associated with 

exercise [87]. It is suggested that either a reduced blood supply to the GIT 

during exercise or mechanical trauma can alter the integrity of the gut mucosa 

resulting in access of colonic bacteria to the circulation [87, 88]. The 

symptoms of endotoxaemia include fever, rigors, dizziness, nausea, vomiting. 

diarrhoea, abdominal cramps, and symptoms of severe sepsis [89]. 

In a prospective cohort study of 18 triathletes, the relationship between 

endotoxaemia and strenuous exercise was investigated [90]. Blood samples, 

taken from the subjects before and immediately after an ultra-endurance 

triathlon, showed an increase in serum lipopolysaccharide (LPS) and a 

decrease in serum anti-LPS immunoglobin G (lgG) concentrations. LPS and 

anti-LPS IgG are indicators of endotoxaemia [87]. However, GIT symptoms 

were not recorded in these subjects. The authors suggested that high 

intensity training may have resulted in exposure to LPS with the resultant 

production of IgG antibodies. Following re-exposure to the antigen (LPS) 

during the race, the IgG antibodies attach to the antigen (LPS) and levels of 

free IgG subsequently decrease. The results of this study suggest that 

endotoxaemia may follow strenuous exercise, but there was no causal link to 

the development of GIT symptoms during exercise [90]. 
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In another prospective cohort study, the relationship between GIT symptoms 

and endotoxaemia was investigated in 29 triathletes who were studied before 

and after an ultra-endurance triathlon [87]. A questionnaire that included 

questions about GIT symptoms was completed by the subjects pre- and post­

race, and markers of acute phase reaction and release of cytokines were 

measured. Blood samples were obtained pre- and post-race (immediately, 1 

hour, 2 hours and 15-20 hours post-race) for LPS, anti-LPS IgG, Tumour 

Necrosis Factor (TNF), interleukn-6 (lL-6), C-reactive protein (CRP) and pre­

albumin. The main findings were that there was a decrease in anti-LPS IgG 

and an increase in LPS serum concentrations but only in a range that is 

considered as a mild endotoxaemia. IL-6 was also Significantly raised after 

the race. Reported GIT symptoms during the race were not associated with 

LPS levels, but more severe GIT symptoms were found to be associated with 

IL-6 levels. It was therefore concluded that endurance exercise may result in 

a mild endotoxaemia but a direct relationship between endotoxaemia and the 

development of GIT symptoms during exercise could not be established. It 

was also postulated that the raised IL-6 levels may be part of an acute phase 

reaction following muscle damage and that this is probably unrelated to 

endotoxaemia [87]. 

In summary, there is little evidence from only two studies to support the 

hypothesis that endotoxaemia is causally related to the development of GIT 

symptoms during exercise. 
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2.2.5.6 Allergic reaction hypothesis 

It has been suggested that histamine release, which is associated with 

exercise-induced anaphylaxis, may act on the smooth muscle of the intestine 

and cause abdominal cramps and diarrhoea during exercise [61, 91]. 

However, this allergic reaction hypothesis as the underlying mechanism for 

the development of GIT symptoms associated with exercise is not supported 

by scientific evidence. 

2.2.5.7 Infective hypothesis 

It is well established that athletes may be exposed to infectious agents during 

exercise, and this may cause gastrointestinal infections resulting in 

symptoms. Infective agents as a cause of GIT symptoms during exercise have 

been particularly prevalent in triathletes who may swim in open bodies of 

water as part of their training or racing [17]. A number of infective agents have 

been identified as possible causes of GIT infection and include parasitic 

infections, such as Entamoeba histolytica, giardia lamblia or other bacterial 

infections [43, 92]. 

In one case study, a 48-year-old runner reported a 4 month history of lower 

GIT symptoms of abdominal cramps and diarrhoea associated with running 

[92]. A stool sample from this individual showed Entamoeba histolytica as the 

infecting agent and the cause of his symptoms [92]. 
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This. single case study and other anecdotal reports of infective agents in 

athletes as causes of GIT symptoms support the infective hypothesis in 

isolated sports events such as swimming and canoeing in open water events. 

However, this hypothesis does not explain the GIT symptoms that are 

associated with exercise in the majority of athletes, including runners. 

2.2.5.8 

2.2.5.8.1 

Blood flow hypothesis 

Anatomy 

The arterial blood supply to the GIT is via three main vessels. Together these 

make up the splanchnic blood supply to the GIT [93]. The coeliac artery is the 

first main branch off the abdominal aorta and it leaves the aorta anteriorly at 

the level of the twelfth thoracic vertebra. It is a short, wide vessel. Innervation 

of the artery is from the autonomic nervous system via the coeliac plexus. 

This artery supplies the embryological foregut. The coeliac artery divides into 

the splenic artery, the left gastric artery, and the common hepatic artery. 

These vessels each supply the following structures: splenic artery (spleen, 

pancreas, and stomaCh), left gastric artery (stomach and oesophagus) and the 

common hepatic artery (stomach, duodenum, liver, and gallbladder). 

The superior mesenteric artery (SMA) supplies the mid-gut. This vessel leaves 

the aorta just below the coeliac artery at the level of the first lumbar vertebra. 

Its distribution extends from the second half of the duodenum to the distal 

third of the transverse colon and therefore supplies the duodenum, pancreas, 

jejunum, ileum, caecum, appendix, ascending colon and 2/3 of the transverse 
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colon. The SMA supplies a large component of the small and large bowel and 

therefore has an important role in the well being of the GIT. 

The inferior mesenteric artery (IMA) arises 4cm proximal to the bifurcation of 

the abdominal aorta, and this artery supplies the hindgut. Its supply extends 

from the distal third of the transverse colon to the upper part of the anal canal 

and therefore provides blood supply to the transverse colon, the descending 

colon, sigmoid, rectum and upper anus. In contrast to the coeliac artery and 

the SMA, the IMA is very difficult to visualise using duplex Doppler ultrasound. 

The SMA and the IMA are both innervated by sympathetic afferent branches 

and are, therefore, under the control of the autonomic nervous system. 

2.2.5.8.2 Normal Gil blood flow at rest and during exercise 

At rest the blood flow through the SMA is approximately 500rnl/min. This was 

shown in a study of 70 subjects where duplex Doppler ultrasound was used to 

measure the blood flow in the SMA [94]. In a similar study duplex Doppler 

ultrasound was also used to assess blood flow in the SMA before and after a 

meal in 56 subjects [95]. After a solid meal, SMA blood flow was shown to 

increase by more than 100% [95]. 

The smooth muscle of the splanchnic blood vessels is under the control of the 

sympathetic nervous system [96]. Stimulation of adrenergic alpha 1 receptors 

result in vasoconstriction and reduced blood flow to the GIT. An acute 

exercise bout is associated with the release of noradrenalin and adrenalin that 
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stimulate splanchnic vasoconstriction and reduced blood flow. As a result, 

blood is redistributed to skeletal muscle and skin during exercise [96]. 

Splanchnic blood flow has been shown to reduce by as much as 80% of 

resting values at maximal exercise [12]. Treadmill running at 70% V02max 

resulted in a drop in splanchnic blood flow by 60-70% of resting values when 

10 subjects were studied and blood flow was measured by Indocyanine GreeF! 

dye Elimination technique (IGE) [88]. In a more recent case control study of 

16 subjects exercising at 60-80% V02max, duplex Doppler ultrasound was 

used to assess the change in blood flow in the SMA at rest and exercise. 

Results showed a decrease in blood flow of 43% immediately after exercise 

and 24% at ten minutes post-exercise [97]. Another study compared change 

in blood flow with sub-maximal exercise in the SMA and coeliac artery using 

duplex Doppler ultrasound to splanchnic blood flow (SMA + coeliac artery) 

using Indocyanine Green dye Elimination technique [98]. In this study data 

were collected in 8 subjects. Results showed correlation between the two 

methods of investigation and that there was a 25% reduction in SMA and 509'0 

reduction in coeliac artery blood flow with exercise. 

In summary, there is strong evidence that there is a physiological decrease in 

splanchnic blood flow during an acute exercise bout and it appears that 

reductions in blood flow are greater in the coeliac artery compared with the 

SMA. The effect of prolonged duration exercise, such as an ultra-triathlon, on 

GIT blood flow has not been studied. 
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2.2.5.8.3 Evidence to support the blood flow hypothesis 

The redistribution of blood away from the GIT to skeletal muscle and skin 

during exercise is a normal physiological response to exercise [12]. However, 

it has been suggested that this decrease in blood flow may result in ischemic 

damage to the GIT and this may be associated with the development of GIT 

symptoms during exercise [9, 10]. It has been postulated that a reduction in 

blood flow would diminish the provision of oxygen and energy to GIT cells and 

together with the accumulation of metabolic waste products this may result in 

cell damage and death [6]. If this occurs, absorption, secretion and motility of 

the GIT could be affected and GIT symptoms could develop during exercise 

[6, 48]. A reduction in blood flow to the GIT during exercise may therefore be 

an underlying mechanism in a number of the hypotheses for the development 

of G IT symptoms during exercise that have already been reviewed. However, 

scientific evidence supporting the reduced blood flow hypothesis in the 

development of GIT symptoms associated with exercise is very limited and 

will now be reviewed. 

2.2.5.8.3.1 Training and exercise intensity 

As previously mentioned, the redistribution of blood away from the GIT to the 

skeletal muscles during exercise is under the control of the sympathetic 

nervous system [99]. Noradrenalin released during exercise results in 

vasoconstriction of the splanchnic vessels [99]. Following exercise training, 

noradrenalin concentrations in the blood are less elevated than in the 
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untrained state, for the same exercise load [100]. Therefore, following regular 

training, less blood may be diverted away 'from the GIT during exercise at the 

same exercise load [12]. This has been confirmed in one study where blood 

flow using Indocyanine Green dye Elimination (IGE) from the hepatic system 

as a measure of splanchnic blood flow was measured in sedentary men 

before and after training [88]. Before training, blood flow during moderate 

intensity exercise was decreased by 40% but this was less (reduction of 30% 

at the same absolute work load) after a period of training. Highly trained 

subjects were also evaluated in the same way in this study and a reduction in 

blood flow of only 15% was documented during exercise. It can therefore be 

concluded that with regular exercise training, splanchnic vasoconstriction is 

reduced and the effects of an acute exercise bout on blood flow to the GIT are 

less (at the same absolute workload) [88]. 

Apart from training status, the reduction in blood flow to the GIT is also 

affected by exercise intensity. High intensity exercise is associated with 

greater increases in blood noradrenalin concentrations and this will result in 

increased sympathetiC activity, which causes splanchnic vasoconstriction 

[101]. The relationship between changes in GIT blood flow and increasing 

exercise intensity has been investigated [88]. Exercise at maximal exercise 

intensity was associated with a reduction in splanchnic blood flow by as much 

as 80% [12]. 

Evidence that GIT symptoms are more common in untrained athletes [18] and 

that high intensity exercise is more likely to be associated with GIT symptoms 
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[15, 18, 19] has already been reviewed in this chapter (Section 2.2.4.2.4 and 

Section 2.2.4.2.1 respectively). It should be noted, that three common risk 

factors associated with the development of GIT symptoms during exercise, 

may in fact, be linked through a reduction in splanchnic blood flow during 

exercise. These risk factors are 1) level of conditioning, 2) intensity of 

exercise and 3) dehydration. However, there are no studies that have 

investigated the relationship between a reduction in splanchnic blood flow and 

the development of GIT symptoms during exercise. It is for this reason that 

the focus of this thesis is to explore the possible causal relationship between 

decreased splanchnic blood flow during exercise and the development of GIT 

symptoms during exercise. 

2.2.5.8.3.2 Gil bleeding and endoscopic findings 

The most severe, and potentially life threatening GIT symptom associated 

with exercise, is GIT bleeding [4]. GIT bleeding is mostly occult but it can be 

macroscopic haematochesia or malaena [4]. In a study of marathon runners, 

which will be described below, GIT bleeding was found to be significantly 

associated with GIT symptoms during exercise [42]. It has been suggested 

therefore that GIT bleeding is part of the spectrum of GIT symptoms 

associated with exercise [43]. Endoscopic examination is the technique of 

choice to investigate subjects after endurance exercise for the presence of 

GIT bleeding, and a number of case studies have been reported [102-104]. 
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In one case study, features in keeping with ischemic colitis (colonoscopy and 

biopsy) were documented in a 34 year old runner who presented with 

diarrhoea and GIT bleeding during exercise [102]. Similarly, a lesion in the 

caecum which on histology showed mucosal ischemia was reported in a 33 

year old runner who presented with diarrhoea and GIT bleeding [103] while 

haemorrhagic gastritis was demonstrated on gastroscopy in a runner who 

reported malaena stools following an endurance race [104]. 

In one prospective cohort study, GIT bleeding associated with running was 

studied in 41 marathon runners [42]. Following the marathon, 9 subjects were 

found to have positive faecal occult blood stool specimens and 3 subjects 

underwent gastroscopy and colonoscopy within 48 hours after the marathon. 

Two subjects had gastric lesions and one had a lesion at the splenic flexure of 

the colon. Histology of these lesions showed evidence of ischemic changes in 

the gut mucosa. During a follow-up endoscopy one month later, the lesions 

had disappeared completely. The transient nature of these lesions suggests 

that the cause of these lesions was ischemia during the marathon [42]. 

In another prospective cohort study, 7 athletes from varying sporting 

backgrounds were studied before and after running (a single training run of 

varying distance, duration and intensity) [105]. Endoscopic evaluation and 

biopsy of the upper GIT was performed on the 7 subjects before and within 15 

minutes after the training session. Although only 1 subject reported abdominal 

cramps during the run, there was evidence of pathological histology results in 

the post-run biopsy specimens of all the subjects. The main histological 
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features were in keeping with vascular changes but they were not related to 

GIT symptoms in this study [105]. 

In conclusion, endoscopic changes suggestive of gut ischemia have been 

documented following exercise. However, there is only weak evidence to link 

these changes directly to the development of GIT symptoms during exercise. 

Further investigation is required to determine the relationship between 

decreased blood flow, ischemia and the development of GIT symptoms during 

exercise. 

2.2.5.8.3.3 Dehydration and reduced blood flow during exercise 

Dehydration during exercise may lead to reduced intravascular volume [6]. If 

the blood supply to the gut is already reduced from redistribution to skeletal 

muscle and skin, a decrease in intravascular volume can diminish splanchnic 

blood supply further [8]. In a prospective cohort study (previously discussed in 

Section 2.2.4.2.3 - Dehydration as an extrinsic risk factor for GIT symptoms 

associated with exercise) fluid intake, fluid loss and the development of GIT 

symptoms during a marathon were studied in 44 subjects [31]. The incidence 

of GIT symptoms increased significantly once body water loss exceeded 4-

5%. Indirectly, the results of this study support the reduction in blood flow as 

a possible cause for the development of GIT symptoms during exercise [31]. 
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2.2.5.8.3.4 Decreased iron absorption 

A prospective cohort study investigated GIT blood loss associated with an 

ultra-distance triathlon race and its relation to training, performance and 

haematological measures (mainly iron storage related) [34]. Seventeen ultra­

distance triathletes had stool samples collected for qualitative faecal occult 

blood testing and blood taken for haematological analysis during training, pre­

race and post-race. Eighty percent of the subjects had occult positive stools 

post-race. Ten subjects had markedly reduced serum ferritin levels, which are 

a marker of body iron stores. All subjects were considered healthy and to 

have an adequate diet. It was postulated that ischemic damage, which was 

thought to be the underlying cause of the GIT bleeding, was also damaging 

the GIT villi. As a result, absorption of iron from the gut was reduced. This 

was supported by the fact that despite adequate oral iron supplements, serum 

ferritin levels did not improve [34]. 

2.2.5.8.3.5 Gastric mucosal pH 

The effect of exercise on the pH of gastric mucosa was studied in a 

prospective cohort study [106] in which 4 oarsmen rowed for 30 minutes at 

maximum output. A tonometric probe was passed into the stomach via the 

oesophagus and measured gastric C02 tension. Arterial blood gas and 

tonometry readings were taken every ten minutes during and after exercise for 

20 minutes. GIT symptoms were not recorded in this study. Results were 

calculated using the Henderson-Hasselbach equation. This study showed a 
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significant drop in gastric pH with high intensity exercise to levels comparable 

with chronic intestinal ischemia, thus indicating minimal splanchnic blood flow 

to gastric mucosa during high intensity exercise [106]. 

2.2.5.8.4 Measuring splanchnic blood flow during and after exercise 

In general, there is little information regarding sphlanchnic haemodynamics 

because of the technical difficulties in measuring splanchnic blood flow during 

or after exercise [94, 107]. Most methods of measuring splanchnic blood flow 

are demanding and invasive and are difficult to apply practically in clinical 

and/or field research studies [108]. Transcutanous duplex Doppler ultrasound 

was first used in 1982 and this technique is now used widely in research and 

clinical practice [94]. This method and other possible methods of measuring 

splanchnic haemodynamics will now be briefly discussed. 

In the past, dye dilutional techniques, a spill-over angiography reflux method 

and the video dilution technique have been used to measure splanchnic blood 

flow [94]. However, these methods require arterial catheterisation and are 

therefore invasive and difficult to use in healthy subjects who perform 

exercise. 

The Indocyanine Green dye Elimination (IGE) technique has been used to 

estimate splanchnic blood flow by means of injecting dye into the SMA and 

then measuring clearance in the superior mesenteric vein [94]. However, this 

technique is invasive and time-consuming [98]. Furthermore, the results using 
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this technique are influenced by the venous system and have been shown to 

overestimate blood flow [94]. 

Transcutanous duplex Doppler ultrasound has been used successfully in the 

assessment of both superficial and deep vessels (brachial, carotid, aorta and 

fetal vessels) [94]. The SMA is particularly amenable to duplex Doppler 

ultrasound because of its size and location [109]. Duplex Doppler ultrasound 

consists of a real-time two-dimensional scanner and a pulsed Doppler 

flowmeter [107]. The real-time scanner is used to locate the vessel in B mode 

and to identify the angle of isonisation which is the angle between the incident 

Doppler beam and the long axis of the vessel [107]. This angle should be <600 

for accurate measurement [109]. In the assessment of the SMA, the vessel is 

identified and a point approximately 2cm from its origin is used for 

measurements [94, 107]. 

A study investigating the short- and long-term coefficient of variability of 

duplex Doppler ultrasound of the SMA was performed [94]. Twenty-one 

subjects had 5 measurements taken over a 1-hour period and this was used' 

to determine short-term coefficient of variability. In this study, 18 subjects 

underwent 3 measurements each on separate occasions 2 weeks apart, and 

these data were used to calculate long-term coefficient of variability. Results 

showed less than 10% variability for both short- and long-term assessments. 

Therefore duplex Doppler ultrasound of the SMA can be considered a 

reproducible method of investigating splanchnic haemodynamics [94]. 
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In one study, the effect of cycling on splanchnic blood flow in the fasted and 

fed state was studied in 8 subjects using both duplex Doppler ultrasound and 

the Indocyanine Green dye Elimination technique [98]. In this study, the 

results of the two techniques were found to be comparable [98]. The only 

limitation of duplex Doppler ultrasound was the technical difficulty 

experienced with increased respiratory rate following exercise [98]. This was 

easily overcome by asking the subjects to briefly hold their breath during 

inspiration while measurements were taken [98]. The advantages of duplex 

Doppler ultrasound are that it is simple, portable, non-invasive, reproducible, 

and instantaneous [94, 107, 109]. Therefore duplex Doppler ultrasound has 

been shown to be an acceptable and accurate method for the assessment of 

splanchnic haemodynamics [97]. 

Duplex Doppler makes use of various measurements to assess blood flow. 

Resistance Index (RI) has been used as an estimation of blood flow [110]. 

The SMA is a resistance vessel and RI is indicative of the downstream 

resistance in the SMA [110]. RI is calculated from systolic and diastolic 

velocities that are measured on the same image and are independent of the 

angle of isonisation [110]. 

Systolic velocity - Diastolic velocity 
RI = 

Systolic velocity 

As resistance to flow increases, RI approaches one. 
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This is a quick and easy method and is considered an accurate measurement 

of mesenteric blood flow [110]. Other studies have used the following formula to 

calculate SMA blood flow [94, 98]. 

Flow = piexdiameterxT AMVx60 

In this equation, the diameter and time average mean velocity (TAMV) are required 

for the calculation. This measurement is dependent on the angle of isonisation and 

therefore requires accurate positioning of the ultrasound probe for acceptable 

measurement [97, 109]. At least two images are required for this measurement. 

Therefore more time and skill is required for this measurement. 

In conclusion, duplex Doppler ultrasound is a well accepted and reproducible method 

of measuring splanchnic haemodynamics. RI has been shown to be a simple and 

acceptable measure of blood flow. 

2.2.5 Summary 

In summary, a review of the literature with regard the classification, epidemiology, risk 

factors and pathophysiology for the development of GIT symptoms associated with 

exercise has shown the following: 

• GIT symptoms during exercise are common in both endurance runners and other 

athletes including triathletes 

• GIT symptoms associated with exercise can be classified as upper and lower GIT 

symptoms 
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• Lower GIT symptoms are more common in athletes 

• Intrinsic and extrinsic risk factors for the development of GIT symptoms during 

exercise have been suggested but, in general, scientific data supporting these 

factors is limited 

• A number of hypotheses have been proposed for the pathophysiology of GIT 

symptoms and these include the mechanical hypothesis, gastrointestinal 

motility hypothesis, absorption and secretion hypothesis, neuroendocrine 

hypothesis, endotoxaemia hypothesis, allergic reaction hypothesis, 

infectious disease hypothesis and the altered blood 'flow hypothesis 

• There is limited scientific research to support these hypotheses and further 

research is required 

• One of the more promising hypotheses for the development of GIT symptoms 

during exercise is related to changes in blood flow to the GIT that may occur 

during exercise - however, this requires further investigation 

• Duplex Doppler ultrasound is considered a simple, non-invasive, reproducible and 

acceptable measure to study blood flow in the splanchnic blood vessels (SMA and 

coeliac artery) 

• Changes in splanchnic blood flow in athletes who develop GIT symptoms during 

exercise have to our knowledge not been studied 
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Chapter 3 

Are pre- and post-exercise changes in splanchnic blood 

flow related to the development of GIT symptoms in 

Ironman triathletes? - A prospective cohort study 

3.1 INTRODUCTION 

There is a marked increase in the participation in endurance sports events, such as 

the Ironman Triathlon [5, 15]. With the growth in popularity in these events, medical 

problems associated with endurance sports are becoming more apparent, and the 

appropriate diagnosis and management of athletes is of primary importance to the 

sports phYSician [1]. It has been shown that GIT symptoms are commonly reported by 

athletes [5, 18] and can range from mild to severe [4, 5]. Despite the fact that GIT 

symptoms are commonly reported, research is limited with regard to the risk factors, 

pathophysiology and management of the GIT symptoms associated with exercise. 

GIT symptoms during exercise have been classified as upper (nausea, vomiting, 

heartburn) and lower (diarrhoea, bloating, urge to pass stool. abdominal cramps, 

blood in the stool) GIT symptoms [6, 7]. Lower GIT symptoms have been shown to be 

more common than upper GIT symptoms, especially in runners [7, 15, 18, 24]. 
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Several intrinsic and extrinsic risk factors for the development of GIT symptoms 

during exercise have been suggested (reviewed in Chapter 2). In summary, intrinsic 

risk factors include female gender, younger age, previous abdominal surgery, irritable 

bowel syndrome and lactose intolerance, while extrinsic risk factors include high 

intensity exercise, dehydration, vertical impact sport, poorly conditioned athlete, 

medication and dietary factors [5-8, 15, 18]. However, research is limited, and 

published studies frequently are limited due to methodological constraints. 

Various hypotheses have been suggested for the underlying pathophysiology of GIT 

symptoms associated with exercise [8]. These hypotheses have been reviewed in 

Chapter 2 and include the mechanical hypothesis, gastrointestinal motility 

hypothesis, absorption and secretion hypothesis, neuroendocrine hypothesis, 

endotoxaemia hypothesis, allergic reaction hypothesis, infectious disease 

hypothesis and the altered blood flow hypothesis. 

A detailed review of the literature (Chapter 2) indicates that reduced blood flow to the 

GIT during exercise may be a likely pathophysiological mechanism for the 

development of GIT symptoms during exercise. Although studies have shown that 

significant physiological changes in blood flow occur in response to an acute exercise 

bout [12,88] there are no studies that 1) have investigated the effects of prolonged 

exercise on splanchnic blood flow, and 2) have specifically linked the development of 

GIT symptoms during prolonged exercise to alterations in splanchnic blood 'flow. 

Therefore further research in this area is required. 
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The primary aim of this study was to document if changes (pre- to post-exercise) in 

blood flow in the SMA and coeliac artery are related to the development of GIT 

symptoms in triathletes competing in an lronman Triathlon. A secondary aim was to 

identify intrinsic and extrinsic risk factors associated with the development of GIT 

symptoms in lronman triathletes. 

3.2 METHODS 

3.2.1 Type of study 

This research study was a prospective cohort study. 

3.2.2 Subjects 

Subjects for the study were recruited from the potential 1566 triathletes who entered 

the "Spec-Savers" South African lronman Triathlon held in Port Elizabeth in March 

2007. This ultra-endurance race consists of a 3,8km swim, a 180km road cycle 

followed by a 42,2km road run. Entrants, of which 75% were male and 25% were 

female, were informed of the research project via email 2 months prior to the race. 

They could also access information about the study via the offiCial Ironman website 

[16] (Appendix A). The information given to the triathletes included a detailed 

description of the study and the study procedure (Appendix B), a consent form 

(Appendix C) and a questionnaire (Appendix D). Contact details for further 

information or queries about the study were also made available on the web page. 

The study protocol was approved by both the Research Ethics Committee of the 

University of Cape Town (reference REC 002/2007) (Appendix E) and the official 
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organisers of the Port Elizabeth "Spec-Savers" South African Ironman Triathlon that 

included the general organising committee and the medical subcommittee. 

Triathletes were recruited in the three days preceding the race. A designated medical 

research area was set up adjacent to the registration area. Triathletes were 

approached and invited to be a part of the study while they waited to register for the 

race. The study and procedure were then explained to them and any questions 

answered. Each triathlete was then asked to sign informed consent prior to enrolment 

into the study. Some triathletes had already completed the questionnaire made 

available to them on the website. The others were asked to complete the 

questionnaire at the registration venue, or they could return the completed 

questionnaire anytime prior to the race. Pre-race heart rate and blood pressure and 

haemodynamic assessment of SMA and coeliac artery using duplex Doppler 

ultrasound were then performed and recorded (Appendix F1) (see Section 3.2.6). 

At completion of the race, the triathletes were asked to report as soon as possible to 

the allocated area for the post-race assessment. The ultrasound machine was set up 

just after the finish line in the medical tent and the location was signposted. The 

triathletes had their heart rate and blood pressure measured and a duplex Doppler 

ultrasound of the SMA and coeliac artery was repeated and recorded (Appendix F2) 

(see Section 3.2.6). 
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3.2.3 Pilot study 

Two weeks prior to the 2007 "Spec-Savers" South Africa lronman Triathlon a pilot 

study was performed. Four triathletes in training for the lronman Triathlon volunteered 

to participate in this pilot study. Each triathlete underwent a pre- and post-exercise 

haemodynamic assessment of the SMA by means of duplex Doppler ultrasound 

scan. At the pre-exercise assessment, heart rate and blood pressure were recorded 

and a duplex Doppler ultrasound of the SMA was done. 

Measurements taken included: 

1) Blood vessel diameter (mm) 

2) Systolic velocity (cms-1
) 

3) Diastolic velocity (cms-1
) 

4) RI (calculated by the ultrasound machine) (see Section 3.2.6). 

Following the pre-exercise assessment, the triathletes ran 1 km followed by running 

down and up 4 flights of stairs twice and then 1 km back. They were asked to run at 

approximately 80% of maximum effort. Immediately after the run, heart rate and 

blood pressure were measured and a duplex Doppler ultrasound of the SMA was 

repeated using the same parameters of measurement. 

The pilot study allowed the investigator and the ultrasonographer to establish an 

efficient sequence of events and enabled them to identify possible practical problems 

they may encounter. For example, the movement caused by heavy respiration 
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following exertion was overcome by asking the triathletes to hold their breath in mid­

inspiration [98]. 

3.2.4 Questionnaire and pre- and post-race assessment history 

A questionnaire was completed by the triathletes prior to the race. The questionnaire 

was adapted from a previously validated format [111-113]. The information gained 

from the questionnaire was used for various research projects being conducted at the 

2007 Ironman Triathlon. Out of the 1566 entrants 166 (11 %) volunteered and then 

completed and returned the questionnaire. The minority of the triathletes completed 

the questionnaire from the Ironman website. Most triathletes filled in their information 

in the three days prior to the race and handed the questionnaire to the research team 

at the registration venue. 

For the purpose of this study the following sections of the questionnaire were of 

relevance and information from these sections was used: 

(A) Personal details (including age, height, weight, gender and occupation) 

(8) Racing and training history 

(E) Personal general medical history and 

(C) History of medication use 

In the questionnaire the triathletes were asked for their self-predicted times for the 

overall race and for each leg of the Ironman Triathlon. With regards training, the 

triathletes were asked about volume of training in hours and distance, in each 

discipline, in the preceding 15 weeks and in the final 1 week before the race. The 
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number of days per week spent training, during the 15 weeks prior to the race, was 

sought. The triathletes were also asked about the number of working hours per week 

in the 15 weeks leading up to the race. 

In the racing section of the questionnaire, triathletes were asked about previous 

personal best times in triathlons (standard and I ronman) and running events (1 Okm, 

21.1 km and 42.2km) in their careers and in the previous 12 months and 15 weeks 

leading up to the race. The number of triathlons (standard and lronman) competed in 

over the past 2 years and the number of triathlons (standard and lronman) and 

running events (1 Okm, 21.1 km and 42.2km) competed in, in their careers was sought. 

The year in which they first competed in triathlons (standard and lronman) and 

running events (10km, 21.1km and 42.2km) was also asked. The triathletes were 

asked for their personal best time in a cycle race between 80km and 120km in the 15 

weeks prior to the Ironman Triathlon. 

The personal general medical history of the questionnaire enquired specifically about 

GIT symptoms associated with exercise. The use of medication during any triathlon 

and/or in the week prior to the race was sought. Triathletes were asked whether they 

had experienced previous collapse associated with exercise. A previous history of 

abdominal surgery was also enquired about. 

During the pre-race haemodynamic assessment, triathletes were further asked about 

previous GIT symptoms associated with exercise including nausea, vomiting, 

abdominal cramps, diarrhoea, urge to pass stool and bloating. The presence of GIT 
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symptoms in the three days prior to the race was also documented and if present, the 

triathlete was excluded from the cohort. 

During the post-race haemodynamic assessment, triathletes were asked about any 

GIT symptoms they experienced during the race, including which symptom they 

experienced (including nausea, vomit, abdominal cramps, diarrhoea, urge to pass 

stool, bloating and blood in the stool) and in which leg of the race the symptom 

occurred. The IJse of medication during the race was reported, as well as the type of 

medication used. 

3.2.5 Pre- and post-race heart rate and blood pressure (systolic and diastolic) 

Resting supine heart rate (bpm) and blood pressure (mmHg) - systolic and diastolic­

were measured and recorded in the cohort of triathletes pre- and post-race while a 

duplex Doppler ultrasound was being done. 

3.2.6 Pre- and post-race haemodynamic assessment of the SMA and coeliac 

artery 

An ultrasonographer, experienced in vascular ultrasound, performed all the duplex 

Doppler ultrasound scans pre- and post-race. A Toshiba Nemio XG Colour Doppler 

machine (Tecmed: Physical address - 109 Vasco Boulevard, Goodwood, Cape Town: 

Postal address - P.O Box 610, Goodwood, Cape Town 7460: Tel.: +2721 5922464: 

Email: capetown@tecmed.co.za)wasusedforalithescans.Alinear vascular probe 

was used for the measurements. Measurements were taken as necessary at 60 
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degrees according to the optimal angle of isonisation. 

The pre-race assessment took place in the designated medical research area 

adjacent to the registration area. The time since last ingestion of fluid or food was 

recorded. For the haemodynamic assessment the triathletes lay supine with the head 

flat to relax the abdominal muscles. The linear probe was applied to the epigastric 

area and the SMA was identified. Measurements taken included: 

1) Blood vessel diameter (mm) 

2) SystOliC velocity (cms·1) 

3) Diastolic velocity (cms·1) 

4) RI was calculated by the ultrasound machine using the following equation: 

SystOliC velocity - Diastolic velocity 
RI = 

Systolic velocity 

The coeliac artery was then identified and the same parameters measured. 

Asking the subject to hold their breath in mid-inspiration optimised identification and 

visualisation of the arteries. 

Post-race haemodynamic assessment took place in the medical tent in a well 

signposted area. The exact time of the haemodynamic assessment was recorded in 

order to calculate time delay after finishing the race. The same measurements as 

above, except for the diameter of the coeliac artery. were measured and recorded. 

The diameter of the coeliac artery was not measured due to time constraints. 
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3.2.7 Environmental conditions on race day 

Weather conditions on race day were supplied by the South African Weather Service. 

The sea water temperature was 20°C. The average air temperature during the race 

was 24°C with minimum of 17°C and maximum of 30°C. The average wind speed 

was 5m.s-1 and the relative humidity was 65%. 

3.2.8 Statistical analysis of data 

All the data was entered on to an Excel spreadsheet (Microsoft 2003) and analysed 

using the Statistica 7.0 (Stat-soft Inc, Tulsa, Oklahoma, USA) or GraphPad InStat 

2.05a (GraphPad Software, San Diego, California, USA) statistical programs. All 

normally distributed numerical data are represented by the mean ± standard 

deviation, with the number of subjects in parenthesis and a one-way analysis of 

variance (ANOVA) was used to determine any significant differences between 

groups. Categorical data are expressed as frequencies, and significant differences 

between groups were analysed using the Pearson's chi-square or Fisher'S exact 

tests. A repeated-measures ANOVA was used to investigate differences in the pre­

and post-race measurements between the GIT symptomatic group and asymptomatic 

groups. Statistical significance was accepted when p<0.05. 
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3.3 RESULTS 

3.3.1 Subject characteristics and GIT symptoms 

Sixty four triathletes underwent pre-race and post-race haemodynamic assessment 

of the SMA and coeliac artery using Doppler ultrasound. Five of the triathletes 

reported GIT symptoms in the three days leading up to the race and were therefore 

excluded from the subsequent analysis. Of these 5 triathletes, 4 triathletes reported 

GIT symptoms during the race and 1 was asymptomatic. Of the 59 triathletes who 

were finally included in this study, 78% (N=46) completed the pre-race questionnaire. 

Thirty-five of the 59 triathletes (59%) experienced GIT symptoms during the race (GIT 

S=35), while 24/59 (41%) did not (GIT AS=24). 

The general characteristics of the GIT S and the GIT AS groups are depicted in Table 

3.1. There were no significant differences between the two groups with respect to 

height, body weight, 8MI, gender and percentage time spent standing, sitting, 

walking or performing manual labour during occupation. The symptomatic group,was 

however, significantly younger than the asymptomatic group (P=0.041). 
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Table 3.1: The general characteristics and occupational history of the GIT 
symptomatic (GIT S) and asymptomatic (GIT AS) triathletes 

GITS GROUP GITASGROUP 
P-value 

(N=35) (N=24) 

Age (years) 37.3 ± 9.2 (35) 42.3 ± 8.8 (24) 0.041 

Height (cm) a 181.3 ± 8.4 (26) 179.3 ± 7.8 (19) 0.434 

Weight (kg) a 77.1 ± 9.3 (25) 75.5 ± 8.9 (18) 0.576 

8MI (kg/m2
) b 23.3 ± 1.8 (25) 23.5 ± 2.7 (18) 0.743 

Gender (% males) 82.9 (35) 95.8 (24) 0.223 

Occupation Time Sitting (%) 53.9 ±32.7 (26) 62.2 ± 29.4 (19) 0.383 

Occupation Time Standing (%) 23.6 ± 22.5 (26) 14.4 ± 13.3 (19) 0.117 

Occupation Time Walking (%) 17.7 ± 18.2 (26) 17.1 ± 16.1 (19) 0.909 

Manual Labour (%) 4.6 ± 9.5 (26) 6.6 ± 12.9 (19) 0.559 

Gender and occupation are expressed as a frequency (%). Other values are expressed as average ± 
standard deviation. The number of subjects (N) is in parentheses. 
a Weight and height are the athletes' self-reported normal values. 
b Body mass index (BMI) is calculated as weight (kg) divided by height (cm) squared. 

The number of triathletes reporting GIT symptoms during each leg of the Ironman 

Triathlon is shown in Table 3.2. At least one GIT symptom was experienced by 12% 

(N=7) of triathletes in the swim leg of the race, 25% (N=7) of triathletes in the cycle 

leg of the race and 44% (N=26) of triathletes in the run leg of the race. Twenty 

percent (N=12) of the triathletes experienced upper GIT symptoms and 37% (N=22) 

experienced lower GIT symptoms. Upper GIT symptoms were reported by 9% (N=5) 

of the triathletes during the swim and run legs, while only 5% (N=3) of the triathletes 

reported at least one upper GIT symptom during the cycle leg of the race. Lower GIT 

symptoms were reported by 29% (N=17) and 20% (N=12) of the triathletes during the 

run and cycle legs respectively and only 3% (N=2) of triathletes reported at least one 
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lower GIT symptom during the swim leg of the race. The upper GIT symptom. 

vomiting (7%, N=4), was the most common symptom during the swim leg, while the 

lower GIT symptom of abdominal cramps was the most common symptom during the 

cycle (19%, N=11) and run (19%, N=11) legs of the race. Abdominal cramps was 

also the most common symptom reported by the triathletes during the entire race 

(17%. N=10). Within the symptomatic group. 66% (N=23) ofthe triathletes reported 

one GIT symptom. 31 % (N=11 ) reported two GIT symptoms and 3% (N=1) reported 

three GIT symptoms during the race. 

Since most of the triathletes (44%) reported their GIT symptoms during the run leg of 

the race. the data were re-analysed using this sub-group. There were no significant 

differences between the age (P=0.220). height (P=0.364). weight (P=0.287), 8MI 

(P=0.899) and gender (P=0.963) of the GIT run symptomatic and asymptomatic sub­

groups (Appendix G Table G.1). Lower GIT symptoms were reported in 37% of 

triathletes and therefore the data were also re-analysed for this sub-group. Similarly, 

there were no significant differences found between the lower GIT symptomatic and 

asymptomatic sub-groups with regard age (P=0.187). height (P=0.523). weight 

(P=0.838), 8MI (P=0.442) and gender (P=0.898) (Appendix G Table G.2). 
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Table 3.2: The relative (%) and actual (N) number of triathletes reporting GIT 
symptoms in each leg of the Ironman Triathlon 

SWIM CYCLE RUN TOTAL 

UPPER GIT 
8.5 (5) 5.1 (3) 8.5 (5) 20.3 (12) 

SYMPTOMS 

Nausea 3.4 (2) 3.4 (2) 6.8 (4) 11.9 (7) 

Vomit 6.8 (4) 1.7(1) 1.7(1) 10.2 (6) 

LOWERGIT 
3.4 (2) 20.3 (12) 28.8 (17) 37.3 (22) 

SYMPTOMS 

Abdominal 
3.4 (2) 18.6 (11) 18.6(11) 16.9 (10) 

Cramps 

Diarrhoea 1.7 (1) 3.4 (2) 10.2 (6) 10.2 (6) 

Urge 0.0 (0) 0.0 (0) a 6.8 (4) 6.8 (4) 

Bloat 0.0 (0) 6.8 (4) 11.9 (7) 11.9 (7) 

Blood In Stool 0.0 (0) 0.0 CO) 0.0 (0) 0.0 (0) 

TOTAL 11.9 (7) 25.4 (15) 44.1 (26) 59.3 (35) 

Values are expressed as a frequency (%) with the number of subjects (N) is in parentheses. a The 
presence or absence of this symptom was only reported by 58 of the 59 triathletes. 
Some triathletes experienced more than one symptom and/or one symptom in more than one leg of 
the race. 

3.3.2 Actual and predicted 2007 South African Ironman Triathlon performance 

The pre-race self-predicted performance times and the actual 2007 South African 

lronman Triathlon performance times for the overall race, as well as the swim, cycle 

and run legs of the GIT symptomatic and asymptomatic groups are shown in Table 

3.3. When co-varied for age there was no Significant difference between the GIT S 

and the GIT AS groups with regard to their predicted race times and actual race 

times. Similarly, when their actual times were expressed relative to their predicted 

times, there were no significant differences in the overall swim and cycle times 

between the two groups. There were also no significant differences between the 
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overall predicted (P=0.985) or actual (P=0.399) times, as well as the swim (P;;:::0.611), 

cycle (P;;:::0.634) or run (P~0.249) predicted and actual times of the GIT S and the GIT 

AS run leg sub-groups (Appendix G Table G.3). In the lower GIT S and AS sub­

groups there were also no significant differences in the overall predicted (P=0.561 ) or 

actual (P=0.501) times and the swim (P~0.529), cycle (P~0.539), run (P;;:::0.312) 

predicted and actual times (Appendix G Table G.4). 

There was, however, a tendency for the average relative predicted run time of the 

GIT S group to be longer than the GIT AS group (P=0.064), suggesting that the GIT 

S group ran slower than they had initially planned (Table 3.3). There was also a 

tendency for those triathletes who developed GIT symptoms during the run leg of the 

race to run slower than they had initially planned (P=0.094). The overall (P=0.440), 

swim (P=0.950) and cycle (P=0.812) relative predicted times were, however, similarly 

matched between the two groups (Appendix G Table G.3). Triathletes who developed 

lower GIT symptoms during the race did not show a significant difference in the 

relative predicted overall (P=0.273), swim (P=0.564), cycle (P=0.438) and run 

(P=0.120) times compared to the asymptomatic group (Appendix G Table G.4). 
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Table 3.3: The predicted, as reported in the pre-race questionnaire, and actual 
performance times of the GIT symptomatic and asymptomatic 
triathletes 

GITSGROUP GIT AS GROUP 
Co-varied P-value P-value a 

(N=35) (N=24) 

Predicted Times Overall (min) 746.2 ± 87.4 (26) 756.6 ± 110.7(19) 0.726 0.803 

Swim (min) 86.3 ± 16.6 (26) 83.7 ± 16.7 (19) 0.598 0.348 

Cycle (min) 385.6 ± 46.2 (26) 389.5 ± 49.4 (19) 0.787 0.755 

Run (min) 267.9 ± 44.1(26) 278.7 ± 49.6 (19) 0.446 0.866 

Actual Times Overall (min) 801.9 ± 98.4 (35) 784.1 ± 96.0 (24) 0.493 0.275 

Swim (min) 97.4 ± 18.3 (35) 93.8 ± 15.6 (24) 0.434 0.192 

Cycle (min) 394.7 ± 39.5 (35) 392.4 ± 41.2 (24) 0.831 0.584 

Run (min) 291.5 ± 53.7 (35) 279.3 ± 41.8 (24) 0.354 0.275 

% Predicted Times Overall (%) b 107.8 ± 11.7 (26) 104.2 ± 7.7 (19) 0.253 n.d. 

Swim (%) b 114.8 ± 14.4 (26) 114.0±13.7(19) 0.862 n.d. 

Cycle (%) b 101.8 ± 11.0 (26) 100.3 ± 6.4 (19) 0.599 n.d. 

Run (%) b 110.5 ± 17.4 (26) 101.9 ± 10.8 (19) 0.064 n.d. 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
a Co-varied for age. 
b Actual times expresses relative to the predicted split and overall times. 
n.d., not determined. 

3.3.3 Training and performance history 

The triathletes' swimming, cycling, running and total training duration and distances 

during the final 1 week and 15 weeks before the 2007 South African Ironman 

Triathlon, are shown in Table 3.4. There were no significant differences between the 

GIT Sand GIT AS groups with regard time spent swimming, cycling and running, as 

well as the overall training time, during the 15 weeks or 1 week before the race. 
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There were also no significant differences in their training swimming and cycling 

distances, as well as the overall distance trained, between the two groups during the 

15 weeks or the 1 week before the race. The GIT S group, however, covered on 

average significantly less running distance per week during the 15 weeks prior to the 

race than the GIT AS group (P=0.032 and P=0.016 when co-varied for age). 

Interestingly, there was no significant difference between these two groups in their 

running distance during the 1 week immediately before the race. The total hours 

worked in the 15 weeks preceding the race was also similar in both groups. 

Similarly, the triathletes who developed symptoms during the run leg of the race (37.6 

± 15.1 kmlwk, N=20, P=0.018), or developed only lower GIT symptoms during the 

race (38.9 ± 14.9kmlwk, N=15, P=0.046), also covered on average significantly less 

running distance per week during the 15 weeks prior to the race than the 

asymptomatic (50.1 ± 16.2km/wk, N=19) group (P=0.018). There were no significant 

differences in any of the other training variables between the various sub-groups 

(Appendix G Tables G.5 and G.6). 
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Table 3.4: The swimming, cycling, running and/or total training frequency, 
distances and durations for the 1 and 15 week period before the 
triathlon and the total hours worked in the 15 week period before the 
triathlon of the GIT symptomatic and asymptomatic triathletes 

GIT S GROUP GITASGROUP 
Co-varied P-value P-value a 

(N=35) (N=24) 

Training Frequency (days/wk) 5.6 ± 0.9 (24) 5.9 ± 0.6 (16) 0.236 n.d. 

15 week Working Time (hrs/wk) 45.7 ± 14.2 (20) 41,2±19.3(18) 0.423 n.d. 

15 week Training Time Swim (hrs/wk) 2.5 ± 1.0 (26) 3.0±1.1(19) 0.164 0.128 

Cycle (hrs/wk) 7.1 ± 2.6 (26) 7.5 ± 2.6 (19) 0.632 0.317 

Run (hrs/wk) 4.0 ± 1.5 (26) 4.7 ± 1.5 (19) 0.129 0.071 

Total (hrs/wk) b 13.7 ± 4.6 (26) 15.2 ± 3.9 (19) 0.246 0.104 

15 week Training Distance Swim (km/wk) 5.7 ± 2.5 (27) 6.7 ± 2.4 (19) 0.181 0.114 

Cycle (km/wk) 198.4 ± 98.2 (27) 204.2 ± 71.7 (19) 0.827 0.380 

Run (km/wk) 39.3 ± 15.8 (26) 50.1 ± 16.2 (19) 0.032 0.016 

Total (km/wk) b 245.4 ± 110.3 (26) 261.0 ± 79.0 (19) 0.602 0.232 

1 week Training Time Swim (hrs) 1.2 ± 0.9 (25) 1.4±1.0(18) 0.559 0.642 

Cycle (hrs) 3.9 ± 6.9 (24) 3.0 ± 4.3 (18) 0.621 0.566 

Run (hrs) 2.6 ± 7.0 (24) 1.0 ± 0.8 (18) 0.347 0.432 

Total (hrs) b 7.8 ± 14.4 (23) 4.5 ± 2.7 (17) 0.351 0.434 

1 week Training Distance Swim (km) 2.9 ± 1.9 (25) 2.7 ± 1.8 (19) 0.719 0.653 

Cycle (km) 55.6 ± 48.4 (24) 41.8 ± 34.6 (19) 0.302 0.363 

Run (km) 10.6 ± 6.4 (23) 9.8 ± 7.8 (18) 0.725 0.718 

Total (km) b 72.3 ± 54.4 (22) 50.1 ± 37.5 (18) 0.149 0.093 

Values are expressed as average ± standard deviation, with the number of subjects (N) in 
parentheses. n.d., not determined. 
a Co-varied for age. b The totals are the sum of the swim, cycle and run disciplines. 

Table 3.5 depicts the triathletes' career and recent personal best performances in 

triathlons (standard and lronman) and running distances (1 Okm, 21.1 km and 42.2km). 

There were no significant differences in the career personal best times for the 
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triathlon and road running events between the GIT Sand GIT AS groups. Similarly, 

when co-varied for age, there were no significant differences between the previous 

12 months and 15 weeks personal best times for triathlons or running events, 

respectively, of the two GIT groups. There were also no significant differences 

between the career and recent personal best performances in triathlons (standard 

and Ironman) and running distances (10km, 21.1km and 42.2km) between the GIT 

run symptomatic and asymptomatic sub-groups (Appendix G Table G.7), as well as 

between the lower GIT symptomatic and asymptomatic sub-groups (Appendix G 

Table G.B). 

Table 3.5: Triathlon (standard and Ironman) and running (10km, 21.1km and 
42.2km) career personal best times (PB) and best times achieved 
over the last 12 months or 15 weeks before the race of the GIT 
symptomatic and asymptomatic triathletes 

GITSGROUP Gil AS GROUP 
Co-varied P-value 

(N=35) (N=24) 

Triathlon Career PB Standard (min) 170.0 ± 73.7 (14) 147.3 ± 28.4 (12) 0.327 

Iron man (min) 765.5 ± 94.3 (15) 759.4 ± 80.3 (14) 0.853 

Triathlon 12 Months PB Standard (min) 165.9 ± 75.8 (13) 155.5 ± 31.0 (8) 0.717 

Ironman (min) 724.0 ± 133.2 (12) 774.7 ± 75.1 (10) 0.298 

Running Career PB 10km (min) 43.9 ± 7.9 (20) 41.8 ± 6.5 (16) 0.400 

21.1km (min) 94.7 ± 15.0 (20) 100.7 ± 25.3 (18) 0.371 

42.2km (min) 200.1 ±36.6(15) 215.5 ± 28.6 (17) 0.194 

Running 15 Weeks PB 10km (min) 48.0 ± 7.3 (12) 50.3 ± 7.2 (8) 0.505 

21.1km (min) 105.2 ± 15.2 (10) 118.3 ± 24.1 (9) 0.170 

42.2km (min) 233.1 ± 38.7 (7) 248.8 ± 19.7 (5) 0,429 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
a Co-varied for age. 
PB, personal best time; n.d., not determined. 
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When a sub-group of the triathletes' actual run time during the 2007 South African 

lronman Triathlon was expressed, relative to their recent 15 week 21.1 km personal 

best times, there was a tendency (P=0.060) for the GIT S group (2.8 ± 0.4, N=1 0) to 

run at a lower intensity (Le. slower relative to their recent personal best time) than the 

GIT AS group (2.4 ± 0.3, N=9). 

There were no significant differences between the two groups with respect to: 

• The number of standard and lronman Triathlons competed in during their careers 

or the previous 2 years 

• The year in which they started competing in standard and I ron man Triathlons. 

• The number of 10km, 21.1 km and 42.2km running races competed in during their 

careers 

• The year in which they started competing in these running events (Appendix G 

Table G.9) 

There was no significant difference in the race speeds of the GIT S (30.5 ± 

3.1km/hour N=17) and GIT AS (31.1 ± 2.6km/hour N=11) groups when the personal 

best times in a cycle race between 80 and 120km during the 15 weeks prior to the 

race were compared (P=0.589)(Appendix G Table G.10). Similarly, there were no 

significant differences in the race speeds when the triathletes who developed GIT 

symptoms during the run (P=0.604), or developed only lower GIT symptoms 

(P=O.640) during the race, were analysed (Appendix G Tables G.11 and G.12). 
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3.3.4 Personal general medical history 

Table 3.6 shows past and current medical history in the GIT symptomatic and 

asymptomatic triathlete groups. A history of previous GIT symptoms associated with 

exercise was not found to be a significant predictor of GIT symptoms during the race 

(P=0.629), GIT symptoms during the run leg (P=0.783) nor lower GIT symptoms 

during the race (P=1.000). A previous history of a specific GIT symptom as shown in 

Table 3.6 was not found to be a significant predictor of GIT symptoms during the 

race. 

Medication use during any triathlon andlor the week prior to the race was also not 

found to be significantly associated with GIT symptoms (P=0.789). Similarly, 

medication use during the 2007 South African lronman Triathlon was also not 

associated with GIT symptoms (P=0.349). Of the triathletes (N=59) who took 

medication during the race, 4 took GIT prophylactics which included Loperomlde HCI 

(Imodium) (N=2), Diphenoxylate HCII atropine sulphate (Lomotil), Hyoscine-N-

butyl bromide (8uscopan) (N=1) and Procholorperazine (Stemetil) (N=1). NSAIDS 

were taken by 17.1 % of the GIT symptomatic group and 33.3% of the asymptomatic 

group and were not found to be significantly associated with GIT symptoms 

(P=0.214). 

There was, however, a tendency for the GIT asymptomatic group to have a history of 

previous collapse associated with exercise (P=0.072). Two of the triathletes reported 
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previous abdominal surgery and both these triathletes experienced GIT symptoms 

during the race (P=0.498). 

Table 3.6: Past and current medical history of the GIT symptomatic and 
asymptomatic triathletes 

GIT S GROUP GITASGROUP 

(N=35) (N=24) 

History of GIT Symptoms 61.5 (26) 50.0 (20) 

History of Nausea 0(0) 0(0) 

History of Vomit 11.4 (4) 4.2 (1) 

History of Abdominal Cramps 22.9 (8) 20.8 (5) 

History of Diarrhoea 11.4 (4) 16.7 (4) 

History of Urge 5.7 (2) 4.2 (1) 

History of Bloat 8.6 (3) 4.2 (1) 

Medication Use during Triathlon Career a 30.1 (26) 30.0 (20) 

Medication Use during 2007 Ironman Triathlon 34.3 (35) 50.0 (24) 

GIT prophylactics 5.7 (35) 8.3 (24) 

NSAIDS 17.1 (35) 33.3 (24) 

History of Collapse 3.9 (26) 25.0 (20) 

History of Abdominal Surgery 7.7 (26) 0.0 (20) 

P-value 

0.629 

1.000 

0.639 

1.000 

0.704 

1.000 

0.639 

0.789 

0.349 

1.000 

0.214 

0.072 
" 
0.498 

Values are expressed as a frequency (%) with the maximum number of subjects (N) is in parentheses. 
a during the event and/or 1 week prior to the race. 

3.3.5 Pre- and post-race heart rate and blood pressure (systolic and diastolic) 

Figure 3.1 A shows the change in pre- and post-race heart rates in the GIT 

symptomatic and asymptomatic groups. There was a significant increase in post-

race compared with the pre-race heart rate (P<O.001) but there was no Significant 

difference between the two groups. The pre- and post-race systolic and diastolic 
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blood pressures in the two groups are shown in Figures 3.1 Band 3.1 C respectively. 

Although both the systOlic and diastolic blood pressures significantly decreased from 

pre- to post-race (P<O.001), there were no significant differences in blood pressure 

between the GIT S and the GIT AS groups. Similar heart rate and blood pressure 

results were obtained for the two subgroups: i) only those who reported GIT 

symptoms during the run leg of the race and ii) the subgroup reporting only lower GIT 

symptoms (P<O.001 for all analyses) (Appendix G Figures G.1 and G.2). 
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Figure 3.1 Pre- and post-race (A) heart rate, as well as, (B) systolic and (C) diastolic 
blood pressures of the triathletes in the GIT symptomatic and asymptomatic 
groups 
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3.3.6 Haemodynamic assessment of the SMA and the coeliac artery 

The pre- and post-race duplex Doppler ultrasound measurements, reflecting the 

haemodynamic changes in the SMA and coeliac artery, for the GIT S and the GIT AS 

groups are depicted in Figures 3.2 and 3.3 respectively. 

3.3.6.1. Blood vessel diameter 

There was a significant reduction in the post-race diameter of the SMA compared to 

pre-race diameter (P=O.003) (Figure 3.2A). This reduction in SMA diameter was 

similar in both the GIT Sand GIT AS groups. Similarly, there was a significant 

decrease in the post-race SMA diameter when only the run (P=O.005) and lower 

(P=O.021) GIT symptomatic sub-groups were analysed (Appendix G Figures G.3A 

and G.4A). 

3.3.6.2. Systolic velocity 

There was a significant decrease in post-race systolic velocity within the SMA 

(P<O.001) (Figure 3.2B), but not the coeliac artery (P=O.779) (Figure 3.3A), in both 

the GIT S and the GIT AS groups, with no difference between the two groups. Similar 

systolic velocity measurements were obtained when only the triathletes who reported 

GIT symptoms during the run leg and triathletes with lower GIT symptoms during the 

race were included in the analysis (Appendix G Figures G.3B, G.4B, G.5A and G.6A). 
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3.3.6.3. Diastolic velocity 

There was a significant post-race increase in the diastolic velocity within both the 

SMA (P=0.017) (Figure 3.2C) and the coeliac artery (P=0.005) (Figure 3.3B) in both 

the GIT S and the GIT AS groups, with no differences between the two groups. 

Except for the changes in diastolic velocity within the SMA (P=0.059) (Appendix G 

Figure G4C), a similar post-race increase in diastolic velocity within the coeliac artery 

(P=0.007) was obtained when only the triathletes who reported lower GIT symptoms 

during the event were analysed (Appendix G Figure G6B). Similar results were, 

however, obtained within the SMA when only the triathletes with lower GIT symptoms 

during the race were included in the analysis (Appendix G Figures G.3C, G.4C, G.5B 

and G.6B) 

3.3.6.4. Resistance Index (RI) 

The post-race RI within both the SMA (P<0.001) (Figure 3.20) and coeliac artery 

(P<0.001) (Figure 3.3C) decreased significantly in both the GIT S and the GIT AS 

groups, with no signi'ficant difference between the groups. Similar RI results were 

obtained when only the triathletes who reported GIT symptoms during the run leg and 

triathletes with lower GIT symptoms during the race were included in the analysis 

(Appendix G Figures G.3D, G.4D, G.5C and G.6C). 
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Of the triathletes (N=59) who took medication during the race, 4 took GIT 

prophylactic medication. When these 4 triathletes were removed from the analysis, 

haemodynamic findings remained unchanged (Appendix G Tables G13, 14 and 15). 
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Figure 3.2 Pre- and post-race (A) diameter, (8) systolic velocity, (e) diastolic velocity, 
and (D) RI of the superior mesenteric artery (SMA) in the GIT symptomatic 
and asymptomatic groups 
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3,3,7 Time delay from finishing the race to post-race haemodynamic 

assessment 

The time delay between finishing the race and the post-race haemodynamic 

assessment was 1.4 ± 0.5 hours (N=35) for the GIT symptomatic group and 1.5 ± 

0.5 hours (N= 24) for the asymptomatic group (P=0.402). Post-race haemodynamic 

measurements were not affected by the time delay and this is shown in Figures 3.4 

and 3.5. In addition, the time between last ingestion of fluid or food and the pre-race 

Doppler ultrasound in the GIT symptomatic group and the asymptomatic group was 

not significant (P=0.172). 
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Figure 3.4 Correlation matrices describing the relationship between the time delay 
after the Ironman Triathlon and the SMA (A) diameter, (B) systolic velocity, 
(C) diastolic velocity and (0) RI measurements 
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3.4 DISCUSSION 

The main aims of this prospective cohort study were 1) to determine jf the splanchnic 

blood flow measured before and after an lronman Triathlon are different in GIT 

symptomatic and asymptomatic triathletes, and 2) to identify the risk factors for 

developing GIT symptoms during an lronman Triathlon. 

The first finding of this prospective cohort study was that there were significant changes 

in the splanchnic haemodynamics after an Iron man Triathlon (notably a significant 

decrease in the post-race SMA diameter, and a significant post-race decrease in the RI 

of the SMA and the coeliac artery). Secondly, changes in the splanchnic 

haemodynamic measurements (including SMA diameter, SMA and coeliac artery 

systolic velocity, diastolic velocity and RI) were not significantly different between the 

triathletes who experienced G IT symptoms during the race compared with those who 

did not. 

The third finding of this study was that in this group of triathletes, younger age was the 

only independent risk factor for developing GIT symptoms during an Iron man Triathlon. 

Other previously postulated risk factors for the development of GIT symptoms during 

exercise, such as gender, high intensity exercise, poorly conditioned athlete, medication 

use and previous abdominal surgery, were not associated with the development of GIT 

symptoms in this group of triathletes. 

In this study, duplex Doppler ultrasound was used to assess the haemodynamic 

changes in the SMA and coeliac artery before and after an Ironman Triathlon. This was 
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a field study and, to our knowledge, the first study where measurements of splanchnic 

heamodynamics were undertaken in this field setting. The strengths of using this study 

design and setting were that 1) triathletes that were likely to develop GIT symptoms 

could be recruited and assessed before the event, 2) portable, non-invasive 

methodology could be used to measure splanchnic haemodynamics, 3) a large group of 

athletes could be recruited, 4) a number of potential risk factors for GIT symptoms could 

be assessed and 5) a competition setting during which GIT symptoms are more likely to 

occur existed. However, the main limitation of this field study design was the practical 

difficulty in minimising and, therefore, standardising the time delay between finishing the 

race and the post-race haemodynamic assessment. This problem was anticipated and 

therefore the splanchnic haemodynamic measurements were analysed according to the 

duration between finishing the race and the time of the post-race haemodynamic 

assessment. As indicated in the results, there was no relationship between time delay 

(finishing time to post-race haemodynamic assessment) and the changes in any of the 

splanchnic haemodynamic measurements. This indicated that the time delay did not 

influence the changes observed in the pre- to post-race splanchnic haemodynamic 

measurements in this study. However, it must also be noted that in previous studies the 

timing of post-exercise measurements were within a few minutes (2-30min) after 

exercise [97, 98], whereas, in this field study, the time delay from finishing the race to 

haemodynamic assessment varied from 54-120 minutes. Therefore interpretation of the 

post-race splanchnic haemodynamic measurements reported in this study has to take 

the time delay from finishing the race to haemodynamic measurement into account. 

It is also important to point out that other limitations of this field study were: 
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1) fluid intake, hydration status as well as food intake during the race could not be 

recorded accurately, 2) a number of different GIT symptoms were reported and could 

be analysed separately for lower and upper GIT symptoms only, 3) differences in 

severity of GIT symptoms were not accurately reported by the triathletes, and 4) 

splanchnic haemodynamic measurements were not necessarily performed at the time 

of development of the GIT symptoms in the GIT symptomatic group. 

Bearing these strengths and limitations in mind, the results of this study showed that 

there was a significant decrease in the diameter of the SMA post-race, compared with 

pre-race diameter. This finding supports previous observations in other prospective 

cohort studies that splanchnic vasoconstriction occurs during exercise, which results in 

redistribution of blood away from the GIT [12, 88, 104]. 

RI has been used to assess blood flow in the SMA in other studies [110]. It has been 

suggested that the RI is the most accurate and the most precise measurement of 

mesenteric hyperaemia [110]. In our study, RI was significantly decreased in the SMA 

and coeliac artery in Ironman triathletes after the race, and this reduced RI suggests 

mesenteric hyperaemia (an increase in blood flow). This is to our knowledge, the first 

study using RI as a measure of blood flow following prolonged exercise and, therefore, 

our findings cannot be compared to those from other similar studies. The precise 

reason/s for the decrease in vessel diameter, but yet an apparent increase in blood flow 

(reduced RI) are not clear. RI is calculated as 
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Systolic velocity - Diastolic velocity 

RI = 

Systolic velocity 

The observed reduction in RI in this study could, therefore, be as a result of reduced 

systolic velocity, increased diastolic velocity or both. In our study it appears that the 

observed decrease in RI was as a result of both a reduced systolic velocity as well as 

an increased diastolic velocity. However, the precise mechanisms underlying these 

changes are not clear but are most likely to reflect the post-exercise reduction in the 

sympathetic nervous system response to exercise. We postulated that the decrease in 

RI might be attributed to the reduction in systolic and diastolic blood pressures recorded 

in our study. Other studies using RI as a measure of flow did not report blood pressure 

change [110]. In our study of prolonged exercise duration, systolic and diastolic blood 

pressures were shown to be significantly reduced after the lronman Triathlon. Systolic 

blood pressure was more markedly decreased than diastolic blood pressure. Thus the 

changes in blood pressure may have resulted in the alteration in systolic and diastolic 

velocities and hence RI. This suggestion emphasises the dynamic nature of 

haemodynamics and that blood flow cannot be considered as a static model. Other 

possible mechanisms that may have contributed to a reduced RI are the response to 

food or fluid intake, and variations in other neurotransmitter concentrations such as 5-

hydroxytryptamine [110]. Our study was not designed to measure these possible 

mechanisms, and further studies are required to determine the mechanisms underlying 

these observations. However, the results from our study do appear to support the 

observations from other prospective cohort studies, which showed the physiological 
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vasoconstriction of the SMA, which occurs during exercise. In addition, if the decrease 

in RI can be explained by other factors, including the postulated influence of change in 

systolic and diastolic blood pressure, flow may indeed decrease and RI is an unsuitable 

measure of blood flow when other haemodynarnic variables are not static. However, 

this hypothesis does not alter our finding that there was no significant difference in 

haemodynamic measurements between the GIT symptomatic and asymptomatic 

triathletes. 

This study was primarily designed to determine whether the blood flow in the SMA 

and coeliac artery was significantly different between triathletes who experienced GIT 

symptoms during the lronman Triathlon and those triathletes who were 

asymptomatic. Although changes in splanchnic haemodynamic measurements from 

pre-race to post-race differed, there were no significant differences in splanchnic 

haemodynamic measurements between the GIT symptomatic and asymptomatic 

groups. Therefore the results of our study do not support the hypothesis that the 

altered splanchnic haemodynamics, which were observed post-exercise, are 

associated with the development of GIT symptoms during an lronman Triathlon. This 

is, to our knowledge, the first study where haemodynamic measurements were 

measured pre- and post-exercise in athletes who were GIT symptomatic and those 

who were not. 

Another novel element to this study is the prolonged time period over which the 

exercise took place. Most previously published studies that have measured 

splanchnic blood flow during exercise were laboratory based and were of much 

shorter exercise duration [97, 98]. In a case control study, 16 subjects underwent a 
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duplex Doppler ultrasound of the SMA following a 30 minute rest period and then 

following a 15-minute exercise session (treadmill walking at 5km/hr at a 20% incline) 

[97]. Post-exercise measurements were taken immediately on cessation of exercise 

and then at 5-, 10-, 15- and 30-minutes post-exercise. In another study, 19 subjects 

underwent duplex Doppler ultrasound measurement of SMA blood flow while cycling 

at 75% V02max for 30 minutes [98]. The ultrasound was recorded and 5 

measurements were taken on the video between the 15- and 30-minute mark of 

cycling. In comparison, triathletes in our study exercised for between 10 hours and 

17 hours. Due to the field nature of this study, haemodynamic measurement during 

exercise was practically not feasible. Post-exercise haemodynamic assessment was 

used to represent blood flow during exercise as used by other investigators [97]. We 

were unable to demonstrate a difference in the post-race splanchnic haemodynamic 

measurements between GIT symptomatic and asymptomatic triathletes. This finding 

suggests that the pathophysiology of GIT symptoms associated with exercise is not 

related to alteration in post-race blood flow measurements. As mentioned, the nature 

of this field study did not allow us to measure splanchnic haemodynamics during 

exercise or to measure splanchnic haemodynamics at the precise time of the 

development of GIT symptoms. As previously mentioned, the time delay between 

finishing the race and the post-race haemodynamic assessment should also be 

considered. The results, therefore, have to be interpreted with these limitations in 

mind. However, it is likely that the splanchnic haemodynamic changes (such as 

decreased vessel diameter) that were shown post-exercise, were also present during 

exercise as the changes we observed post-exercise are in keeping with that of other 

studies where changes were measured immediately post-exercise (and up to 30min 

post-exercise) [97]. 
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As already mentioned, the purpose of this study was not to investigate possible 

mechanism/s for altered post-exercise splanchnic haemodynamics. However, it is 

known that splanchnic haemodynamics are mainly influenced by the autonomic 

nervous system but may also be altered by other factors including dehydration and 

blood hormone concentrations. Future studies would need to be conducted to 

determine the possible mechanisms for the changes we observed post-exercise in 

the triathletes. 

This study was also designed to determine possible risk factors that could be 

associated with the development of GIT symptoms irllronman triathletes. The main 

finding of this component of the study was that younger age was an independent risk 

factor for the development of GIT symptoms in triathletes. Younger age as an intrinsic 

risk factor has been shown to be a significant predictor of the development of GIT 

symptoms in other cross-sectional studies (marathon runners and in six other 

endurance sports) [7,15,18]. Once again, the precise reasons for this finding are not 

known, and have not been investigated in this study. However, as mentioned 

previously (Chapter 2), the postulated explanations for this are that younger 

athletes 1) may perform exercise at a higher relative intensity than older 

athletes [18], 2) have a poorly "conditioned" GIT compared to older athletes 

[18], or 3) may be more prone to dehydration due to lack of experience [6]. 

Vertical impact sports, such as running, have been suggested to be associated with 

GIT symptoms [8, 39]. The results of our study showed that most GIT symptoms 

occurred during the run leg of the triathlon. Other studies including cross-sectional 
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and case-control studies have also shown that running is associated with more GIT 

symptoms than other non-impact sports such as cycling [7,39]. It should, however, 

be noted that the run leg of the triathlon occurs at the end of the race and therefore 

the role of increased sympathetic drive associated with fatigue, dehydration, and 

other factors - other than running itself - should also be considered as possible 

reasons for the observation that GIT symptoms were more commonly reported in the 

running leg of the triathlon. 

Other factors which have been proposed as potential risk factors for the development 

of GIT symptoms were also analysed in our study. These factors include female 

gender, high intensity exercise, poorly conditioned athlete, medication use and 

previous abdominal surgery. 

Female gender was not shown to be a significant intrinsic risk factor in this 

prospective cohort study and is supported by the findings from another prospective 

cohort study where a group of subjects were studied while training for 18 months for 

a marathon [31]. Other cross-sectional stUdies have found female gender to be a risk 

factor but these stUdies had limitations and are not considered as strong evidence­

based research [18, 19] (Chapter 2). 

In this study, we found intensity of exercise (as measured by finishing times) was not 

a significant risk factor in the development of GIT symptoms. Actual performance 

times of the overall race and of each leg of the race were compared with the 

predicted times for each. It was found that the GIT symptomatic group ran slower 

during the race than they had predicted they would. Similarly, when a triathlete's run 
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times were expressed relative to their personal best time for a 21.1 km race during the 

15 weeks preceding the lronman Triathlon, it was found that the GIT symptomatic 

triathletes ran at a lower intensity than the asymptomatic group. Both these findings 

are likely to be as a result of the GIT symptoms that the triathletes were experiencing 

during the run leg of the race. 

Triathletes reported the distance and the finishing time of a cycle race in which they 

participated during the 15 weeks prior to the lronman Triathlon. Speed was 

calculated and this was compared to the actual cycling speed during the race. This 

relative speed was then used as an indicator of intensity. There was no significant 

difference demonstrated between the GIT symptomatic and asymptomatic groups. 

Other prospective cohort studies have shown varied results with regard to the 

relationship between intensity of exercise and the development of GIT symptoms 

during exercise [30, 31,34]. The greatest limitation in these studies is that there is no 

standardised measure of exercise intensity that was used in all the studies. An 

objective measure of exercise intensity in a field study is particularly challenging and 

therefore use of finishing times and self reported performance times in the 15 weeks 

prior to the race were chosen as the most representative measure of exercise 

intensity in this study. 

In this study, training history was not found to be a significant predictor of GIT 

symptoms associated with exercise in the lronman triathletes. Training histories were 

similar in the GIT symptomatic and asymptomatic groups. However, the GIT 

symptomatic group was found to have a lower training distance in the 15 weeks 

preceding the race, but the same duration of running compared with the 
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asymptomatic group. This difference was not significant in the 1 week prior to the 

race. There are anecdotal reports that untrained subjects appear to experience more 

GIT symptoms than trained athletes [6]. However, studies where this factor has been 

investigated in trained runners participating in marathon events have not shown less 

training to be a significant risk factor for GIT symptoms [18, 19]. However the 

marathon runners and our triathletes were all well conditioned for their events but 

further research comparing sedentary subjects with athletes may be more prudent in 

addressing this risk factor. 

In our study, the use of medication, in particular NSAIDS was not a significant 

extrinsic risk factor in the development of GIT symptoms. Other prospective cohort 

studies have also not found an association between the use of NSAIDS and GIT 

symptoms associated with marathon running [30, 42]. In our cohort, 4 triathletes 

reported using some form of GIT prophylactic medication. Out of the 4 triathletes, 2 

experienced GIT symptoms and the other 2 were asymptomatic. These 4 triathletes 

were excluded from the cohort and the data re-analysed. There was still no significant 

difference with regard the splanchnic haemodynamic measurements between the two 

groups. 

In a previous cross-sectional study a history of abdominal surgery was found to be a 

predictor of GIT symptoms associated with exercise [7]. Our study did not show this 

to be a significant risk factor in lronman triathletes. 

GIT symptoms during triathlon and endurance running have been shown to be common 

[7, 15, 18]. In our study, the incidence of GIT symptoms in the cohort of lronman 
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triathletes was 59%. The sample of triathletes in our study was not random, and 

selection bias cannot be excluded. Therefore the incidence of 59% of triathletes 

experiencing GIT symptoms during the lronman Triathlon is likely to be an 

overestimate. However, in another cross-sectional study of 110 triathletes a prevalence 

of 50% of GIT symptoms was reported [2]. The study design of these two studies differs 

considerably, which makes the interpretation of the results difficult. 

In our study. lower GIT symptoms were more commonly reported than upper GIT 

symptoms. This finding is in keeping with the findings from a number of other cross­

sectional studies in marathon runners and athletes participating in 6 different 

endurance sports [7, 15, 18]. In our study, triathletes experienced lower GIT 

symptoms most commonly during the run leg of the lronman Triathlon. Vomiting was 

shown to be the most common upper GIT symptom occurring mainly in the swim leg 

of the race. This may be related to motion sickness as the swim leg took place in the 

sea and sea conditions on race day were rough. The most common GIT symptom 

during the race was abdominal cramps, which was experienced equally during 

cycling and running. Blood in the stool was not reported by any triathlete after the 

race. This may be due to the fact that triathletes were not asked directly about this 

symptom and privacy was limited. Also, triathletes reported GIT symptoms as soon 

as they had finished the race at the post-race assessment and therefore it may have 

been too soon for the symptom of GIT bleeding to become evident to the triathlete. 

The occult nature of GIT bleeding also may influence subjective reporting of this GIT 

symptom. 
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As previously mentioned, in a cohort study of this nature, subjects are self- selected 

and therefore it is possible that triathletes with a history of GIT symptoms associated 

with exercise were more likely to volunteer for the study. However, this study relied 

upon subjects experiencing GIT symptoms in order to compare symptomatic to 

asymptomatic groups and, therefore, may have been beneficial. This possible 

selection bias would not have influenced the main results of this study, which were 

related to changes in blood flow before and after the lronman Triathlon between the 

two groups. Of importance, is that a past history of GIT symptoms was not found to 

be a significant predictor of GIT symptoms during the lronman Triathlon and therefore 

selection bias was not of importance in this study. The cohort was also shown to be 

matched with the rest of the field competing in the race with regard age and gender. 

This prospective cohort study is a novel field study investigating triathletes over a 

prolonged period of exercise and a study of this kind is, to our knowledge, original. 

The splanchnic haemodynamic measurements used (diameter, systolic velocity, 

diastolic velocity and thus RI) are objective assessments and are reproducible in 

future studies. 

In summary, the data presented in this study showed that there is a significant 

change in splanchnic haemodynamic measurements post-exercise compared with 

pre-exercise. However, there is no difference in splanchnic haemodynamic 

measurements in triathletes who experience GIT symptoms and those who do not 

during an lronman Triathlon. These findings indicate that the underlying 

pathophysiology for the development of GIT symptoms associated with exercise may 

not be related to blood flow. Other hypotheses of pathophysiology should therefore 
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be investigated in future research studies in order to explain the underlying 

mechanism for GIT symptoms associated with exercise. 
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Chapter 4 

Summary and conclusion 

GIT symptoms are common in endurance athletes such as the lronman triathletes 

investigated in this study. Training sessions and racing events can be disrupted and 

performance can be compromised by GIT symptoms, which range from mild to 

severe in nature. Therefore knowledge of the risk factors, underlying pathophysiology 

and possible preventative measures are essential for future management of this 

common problem. Research of GIT symptoms associated with exercise is, to date, 

still limited. 

In this study, a cohort of triathletes was recruited prior to an lronman Triathlon. In this 

cohort, pre- and post-race duplex Doppler ultrasound was used to measure 

splanchnic haemodynamics. Pre-race questionnaire surveys were also collected, and 

GIT symptoms and medication use were reported post-race. 

There were four main findings in this study. Firstly, there was a significant change in 

splanchnic haemodynamics from pre- to post-race (decreased SMA diameter, 

decreased SMA and coeliac artery RI). 

Secondly, there was no significant difference in these haemodynamic measurements 

between the GIT symptomatic and asymptomatic triathletes. These data do not 

support the hypothesis that altered blood flow to the GIT is a cause of GIT symptoms 

during exercise, as previously suggested. 
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The third finding confirms the findings of other investigators that younger age is a 

significant risk factor for the development of GIT symptoms. Finally, the results of this 

study show that other proposed risk factors, including female gender, previous 

abdominal surgery, high intensity exercise, a poorly conditioned athlete and 

medication use, were not associated with the development of GIT symptoms during 

the Ironman Triathlon. 

Future research should be directed at investigating other possible pathophysiological 

mechanisms to determine the possible causes of GIT symptoms associated with 

exercise. Further prospective cohort and case control studies investigating intrinsic 

and extrinsic risk factors, especially the effect of dietary factors on GIT symptoms, 

are necessary. 

The clinical implications determined in this study include the following: 

• GIT symptoms are common in triathletes and were observed in 59% of triathletes 

competing in an lronman Triathlon 

• A younger age has been shown to be a significant risk factor for developing GIT 

symptoms during exercise 

• From a review of the available evidence, dehydration may be a predisposing factor 

for the development of GIT symptoms during exercise, although this was not 

assessed in this study 

• PartiCipation in an Ironman Triathlon is associated with significant post·exercise 

changes in blood flow to the GIT, but findings from this study do not confirm that 

altered blood flow was associated with the development of GIT symptoms during 

exercise. 
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Appendices 

Appendix A 

Invitation to participate in the Medical Research at Ironman 2007 

Once again, the medical research team will conduct studies at the 2007 Ironman in Port Elizabeth. We 
anticipate that the findings ultimately will assist you in improving your performance and improving the 
standard of your medical treatment at future triathlons and other endurance events: 

Research results from Ironman 2006 

Attached is a summary of the main results from the research we conducted last year at the Ironman 
2006 (please download the attachment). A number of the research projects are ongoing, and the same 
or similar questions will again be examined this year. 

What are the research questions the team wishes to answer? 

The following research questions have been identified and will be investigated: 
1. What is the best treatment of a collapsed triathlete? 
2. Does training affect the risk of developing Exercise Associated Muscle Cramping in Ironman 

triathletes? 
3. Why can Ironman triathletes cope so well with pain and discomfort during training and 

competition? 
4. How does your genetic make-up affect your performance and possible medical complications 

during an Ironman triathlon? 
5. Does your brain become exhausted during an Ironman event - what is the evidence? 
6. What are the causes of gastro-intestinal (GIT) distress in Ironman triathletes ? (It was very evident 

from the research findings of 2006, that this is a very common problem) 

How can you volunteer to participate in the research studies in 2007? 

As a participant in the Port Elizabeth IRONMAN 2007 triathlon, you will be given the unique 
opportunity to participate in this research effort. The following are very important: 
• Please understand that your participation is entirely voluntary 
• You will be given the opportunity to participate in any number, or all components of the study 
• Brief information of each component is given below, but more details of the research studies and 

precise instructions on how to participate in the research are attached 
• Please download and read the following documents: 

1. Subject information sheet (this will give you detailed information about each component of the 
research) 

2. Informed consent form (If you wish to participate, this document needs to be signed in the 
presence of a member of the research team - at the time of registration in Port Elizabeth) 

3. Medical and training questionnaire (Please complete this questionnaire in the 2-3 weeks 
before registration, and bring it with you to the research stand at the registration area - this 
questionnaire can be completed even if you do not wish to participate in all the research 
studies) 

• We acknowledge that the questionnaire is long, and we therefore suggest that you complete it 
over a few days and perhaps section by section. Your assistance is MUCH appreciated. 
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Brief information on each component of the research study 

1. Treatment of the collapsed triathlete 
In this study we wish to determine which of two commonly used forms of treatment (drinking fluids, or 
receiving fluids into you vein through a "drip") are most effective in the treatment of collapsed athletes. 
Under the expert care of the medical team in the medical tent, you will be able to voluntarily participate 
in this study (either before, or on admission to the medical tent). 

2. Exercise associated muscle cramping 
In this study, we wish to determine whether there is a training-related factor that may playa role in the 
risk of developing cramping. Information for this study will be obtained by completing the medical 
questionnaire and by getting your "effort rating" during the race (this will be explained to you). Further 
information will also be obtained from those of you that have your own recording and down-Ioadable 
type heart rate monitor. If you are interested in participating in this study, please start (or continue if 
you already do this) monitor your heart rate during training in the 4-6 weeks before the race and during 
the race. It will be necessary to download the heart rate data and then to submit this to us via email, or 
you can bring the data on your flash-drive to registration. We could even get this information from you 
after the event! 

3. Pain coping strategies in Ironman trlathletes 
As you are aU well aware, intense training and competing in an extreme endurance event such as the 
Ironman is associated with discomfort and physical pain. In this study, we wish to identify strategies 
used by triathletes to cope with pain experienced during extreme physical exercise. This information 
will be obtained by a questionnaire (completed before the race), and by testing your level of 
concentration, heart rate variability and your pain threshold before the race (20-30 min test). This 
information will be determined 1-4 weeks before the race at a research centre in Cape Town or it can 
be done at registration before the race. Some of these tests will be repeated after the race. 

4. Genetic make-up and performance, phYSiological responses and medical complications 
during an Ironman triathlon 
In this study, we wish to determine whether genetic markers are associated with performance and 
medical complications during an Ironman triathlon. Information for this study will be obtained by 
completing a questionnaire. In addition, we will need volunteers to donate a small blood sample (1 
teaspoon) from which your genetic material (DNA) will be extracted for the identification of gene 
variants. This information and the blood sample will be obtained at registration before the race. 

5. Brain "exhaustion" after an Iron man Triathlon 
In this study, we wish to measure the effect of the Ironman on brain and nerve processing and the 
nerve activity that, for instance, controls your heart rate. Using an electroencephalogram (EEG) 
machine (measured through a cap, similar to a swim cap, that has electrodes that only record nerve 
activity) we will be measuring brainwave patterns and heart rate variability during a simple mental test 
before and immediately after (within 60min of completing) the Ironman. This test is not painful, and 
takes about 20-30 min. It will be conducted 1-4 weeks before the race at the Sports Science Institute in 
Cape Town, or at the registration area before the race. 

6. Possible causes of gastro-Intestlnal (GIT) distress In Ironman Trlathletes 
In this study we wish to find out why such a large percentage of triathletes suffer from stomach and 
other abdominal upsets during training and raCing. Volunteers for this component of the study will be 
asked to complete the questionnaire. In addition, in a smaller group of volunteers, we wish to measure 
the blood flow to the intestines using an ultrasound machine (such as used in scans during pregnancy 
or when we scan the tendons) before the race (during registration In Port Elizabeth) and then again 
immediately after the race (particularly In those triathletes who regularly develop abdominal problems). 
This scan is not painful, and will take about 10 minutes. 

A final word from the medical team and the research team 

One of the main components of the projects is the completion of a detailed medical questionnaire. The 
information obtained form this questionnaire will be very useful for the medical team and can lead to 
improvements in medical care if you need it. We therefore encourage ali of you to complete the 
questionnaire, and also consider participating in some (or all) of these other tests. 
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Appendix B 

SUBJECT INFORMATION SHEET 

Dear Tri-athlete 

We have the privilege to inform you that scientific research at the Port Elizabeth Spec-Savers 

Ironman South Africa triathlon has been planned in collaboration with the MRC/UCT 

Research Unit for Exercise Science and Sports Medicine based at the Sports Science 

Institute of South Africa. This will provide a unique opportunity for a research programme to 

address important medical and physiological problems associated with the Ironman triathlon. 

Each participant will be able to access a summary of the findings of the study, once it has 

been completed. The research study will concentrate on the following 6 main components 

that will ultimately lead to an improvement in medical and physiological knowledge 

which may improve training strategies and medical treatment at future triathlons and 

other endurance events: 

• Management of the collapsed tri-athlete 

• Causes of exercise associated muscle cramping (EAMC) in Ironman triathletes 

• Pain coping strategies in Iron man Triathletes 

• Genetic basis for performance, physiological responses and medical complications during 

an Ironman Triathlon 

• Neural fatigue following an Ironman Triathlon 

As a participant in the Port Elizabeth Spec-Savers Ironman South Africa triathlon, you will be 

given the choice to participate in this research effort. Your participation is entirely voluntary. 

Please read through the details of the following six components of the study. You will be 
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given the opportunity to partICipate In one or more components 01 the study The ($elaHs of 

each component are exptalned in lhis document. and ~ you wish to partiCipate In one or rn;)fl,! 

components of the study. please read through and sign the INFORMEO CONSENT FORMS 

that relate to each oomponent of \he study Please feel free to contact members of the 

researdlteam should you have any questlOlls related \0 the sludy (Of any component of the 

study) Contact details of the researdlteam all,! as follows Ironman@spol'ts,uctac.zaor 

(021 ) 650 4561 



SUBJECT INFORMATION SHEET: 

COMPONENTS OF THE RESEARCH STUDY TO BE CONDUCTED AT 

THE 2007 IRON MAN TRIATHLON IN PORT ELIZABETH 

The research study at the 2007 Spec-Savers Iron man South Africa 

triathlon, comprise of six components. The detailed information on 

each of these components of the study is as foll ows: 

Component 1: Management of the collapsed Tri-athlete 

Genoral information: 

The aim of this stlldy IS to evaillate the optimum treatment stralegies for wh ich to Ireat 

collapsed Iri -athletes. after an Ironman race Although Intra venous (fluKi Ihat tS Infused 

Through a needle into one of your veIns - also referred TO as IV Ouid) fluid replacement Is a 

common practice In tho treatmen t of col lapsed tri-ath letes medical personnel need to be 

adVised 01 a treatment methOd that wi ll prevent possib le lIuid overload, wh iCh can cause 

hyponatraemia Hyponatraemia can be a very severe cond ition Your part icipation In thIS trial 

wol l aId 11 the understanding and management of hOW best 10 correct any Auid Imbalance 

fo llowing IhlS race. 



If you collapse during or after the Ironman Triathlon and are brought into the medical tent, 

you will be evaluated and treated according to the current best standard of care principles. 

Your legs will be elevated and your heart rate, blood pressure, mental status and serum 

sodium concentration will be measured. If you are confused and your sodium level is normal, 

other laboratory tests will be performed such as an evaluation of your body temperature and 

blood sugar levels. If your body temperature is normal and do not have evidence for another 

treatable medical condition, a small needle and tube will be placed into a vein in your arm. 

The appropriate fluid (into your vein or drinking normally by mouth) (ad libitum - you chose 

how much you wish to drink) - will be given to you until you recover and can leave the 

medical tent without assistance. Your discharge will be at the discretion of the supervising 

medical officer. If your condition deteriorates at any time, you will be immediately removed 

from the trial, treated appropriately and transported to the nearest hospital. At all stages of 

the research study and medical care, the highest standard of safety and medical country as 

practised in this country will be adhered to. 

The risk of adverse affects of placement of an intravenous line include: infection, delayed 

healing, bruising, physical pain, mental discomfort and possible injury to a nerve or vessel. 

The risk of these adverse effects are rare and every attempt to minimize these risks will be 

undertaken by the use of sterile technique and use of disposable, single use, material. Your 

blood will be used for evaluation of serum sodium or blood glucose concentration only. No 

other tests will be performed on your blood and your blood samples will be appropriately 

discarded after these tests are performed. 

We will obey the strict practices of confidentiality and anonymity. Each subject's identity will 

be known only to the researchers and numbers will be assigned to each sample in lieu of 

names. No results will be publicly available and the scientific publication of results will never 

disclose subject identity. Upon specific request, data such as electrolyte analyses will be 

made available to subjects. 
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Potential risks of this component of the study 

• The completion of personal details, racing, training, equipment use, medical, supplement 

use, fluid use and lifestyle history questionnaires are not associated with any risk. 

Completion of self-rated behavioural questionnaires has not previously been shown to be 

associated with risk. A potential risk is that people who have experienced significant past 

trauma will find questionnaires on this uncomfortable. The questions within the 

behavioural questionnaires are asking are about temperament and none of the scales are 

directed at picking up psychopathology. Questionnaire and other clinical data (paper and 

electronic) will be kept confidential, will be kept secure, and will not be made available to 

any party other than the research team without the consent of the individual subjects. 

• The risks associated with participation in this component of the study do not exceed the 

risks associated with competing in the Ironman competition. The administration of fluid 

into your vein will involve an invasive placement of an intravenous line (a small needle 

and tube). The risks associated with the placement of an intravenous line include: 

infection, delayed healing, hematoma, physical pain, mental discomfort and injury to a 

nerve or vessel. These risks will be minimized by the use of trained phlebotomists, sterile 

technique and disposable, single use materials. If at any time the condition of a collapsed 

tri-athlete deteriorates, the most appropriate treatment will be initiated, the trial terminated 

and the patient will be transported to the local hospital if necessary. The support form the 

local hospital is part of the normal standard medical care associated with this event. 

Potential benefits of this component of the study 

• The data collected in this component of the study will aid in the development of optimal 

treatment strategies for collapsed tri-athletes. Although fluid replacement directly into 

your vein is a common practice in the treatment of collapsed tri-athletes, medical 

personnel need to be advised of a more judicious approach to treatment as to avoid the 

deleterious effects of fluid overload (hyponatraemia). This information will aid in the 
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understanding and management of serum sodium disorders in collapsed tri-athletes by 

scientifically 1) evaluating the efficacy of fluid replacement directly into your vein versus 

oral rehydration and 2) assessing if the normalization of serum sodium levels are 

important in the recovery of collapsed tri-athletes. 

Component 2: Causes of Exercise Associated Muscle Cramping 

(EAMC) in Ironman Triathletes 

General information 

The purpose of this component of the study is to determine the possible cause of exercise 

associated muscle cramping (EAMC) in endurance athletes. Tri-athletes will be contacted as 

soon as possible and given the opportunity to volunteer to participate in this component of 

the study. Anyone who owns a recording heart rate monitor will be eligible to participate. 

Details of the stlJdy are as follows: 

• A questionnaire detailing personal particulars, training and racing history, psychological 

and behavioural, medical information, and history of muscle cramping will be completed. 

• Each triathlete will be asked to send a file via email to the Sports Science Institute of their 

weekly heart rate data as recorded during their training and racing using their personal 

recording heart rate monitors. 

• You will be asked to complete a questionnaire on your training habits for swimming, 

cycling and running in preparation for the Ironman and your personal best times for the 3 

disciplines. 

• You will be familiarised with the subjective scores for "perception of effort rating" before 

the race. During the race researchers will be allocated to about 12 stages throughout the 

race. As you swim, run or cycle past these researchers they will hold up a board with the 
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scores for" perception of effort rating': You will be asked to shout out your score as you 

go past them and they win record these scores against your race number. 

Potential risks of this component of the study 

• The completion of personal details, racing, training, equipment use, medical, supplement 

use, fluid use and lifestyle history questionnaires are not associated with any risk. 

Completion of self-rated behavioural questionnaires has not previously been shown to be 

associated with risk. A potential risk is that people who have experienced significant past 

trauma will find questionnaires on this uncomfortable. The questions within the 

behavioural questionnaires are asking are about temperament and none of the scales are 

directed at picking up psychopathology. Questionnaire and other clinical data (paper and 

electronic) will be kept confidential, will be kept secure, and will not be made available to 

any party other than the research team without the consent of the individual subjects. 

• Data for this component of the study will involve contact with subjects during the race. 

There is a potential risk that in the process of data collection, the performance of subjects 

in the race will be interfered with. This risk will be minimal, as the nature of the data 

collection is such that subjects will only be asked to shout out a number as they pass 

members of the research team at designated points in the race. However. should tri­

athletes feel that this affects their performance during the race, they will be free to 

withdraw from this component of the study during the race. There will be no interference 

with other race participants during this data collection process. 

Potential benefits of this component of the study 

• The anticipated benefits of this component of the study are that the results will further our 

understanding of the possible cause/s of EAMC in endurance athletes. In particular, once 

the aetiology of EAMC is better understood, this will improve our ability to prevent this 

condition. 
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Component 3: Pain coping strategies in Ironman Triathletes 

General information 

The purpose of this component of the research study is to determine if athletes participating 

in an endurance event (such as the Ironman) use a common coping strategy to endure pain 

that is related to exercise. 

• Before the race you will be required to visit a centre, designated to your area (either in 

Cape Town, Port Elisabeth, Durban, Bloemfontein or Johannesburg), where you will be 

asked to complete a questionnaire with personal details, training details, past injury, pain 

and medical details, details about family history and a psychological questionnaire. You 

will also be asked to perform a stroop test. The stroop test is a simple, computer based 

test. The mental concentration that is required for the test is relevant for the data 

collection and not the outcome of the test. During the test your heart rate variability will be 

recorded. This procedure entails wearing a heart rate monitor strapped around your 

chest. This procedure is not associated with any discomfort. While the EEG recordings 

themselves are completely painless, a slight (1) measure of discomfort may be 

experienced when the electro-cap is pulled (2) over the scalp - similar to pullh19 a 

swimming cap over the scalp. (3) When the electro gel is applied it may feel cold and 

sludgy - cleaning towels and water will be available to freshen up afterwards. In addition, 

your pain threshold will be assessed with a digital probe. As the onset of pain will be 

assessed, this procedure is associated with minimal discomfort. You will also be 

familiarised with the subjective scores for "perception of effort rating" and "pain 

assessment" before the race. 

• During the three days of registration before the event and immediately after the event, the 

Stroop test and the concomitant recording of the heart rate variability will be repeated. 
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• The assessment of the pain threshold level will be repeated immediately before and after 

the race, together with a recording of the athletes' feelings/mood. 

• During the race researchers will be allocated to about 12 stages throughout the race. As 

you swim, run or cycle past these researchers they will hold up two boards with the 

scores for "perception of effort rating" and "pain assessment'~ You will be asked to shout 

out their respective scores as they go pass. 

Potential risks of this component of the study 

• The completion of personal details, racing, training, equipment use, medical, supplement 

use, fluid use and lifestyle history questionnaires are not associated with any risk. 

Completion of self-rated behavioural questionnaires has not previously been shown to be 

associated with risk. A potential risk is that people who have experienced significant past 

trauma will find questionnaires on this uncomfortable. The questions within the 

behavioural questionnaires are asking are about temperament and none of the scales are 

directed at picking up psychopathology. Questionnaire and other clinical data (paper and 

electroniC) will be kept confidential, will be kept secure, and will not be made available to 

any party other than the research team without the consent of the individual subjects. 

• There is no risk associated with the recording of the heart rate variability. 

• There is no risk associated with the assessment of the pain threshold with the digital pain 

probe. As the onset of pain is determined, the discomfort is minimal. 

• During the race researchers will be allocated to about 12 stages 'throughout the race. As 

the athletes swim, run or cycle past these researchers they will hold up two boards with 

the scores for "perception of effort rating" and "pain assessment". The athletes will be 

asked to shout out their respective scores as they go past them and these scores will be 

recorded against the athlete's race number. Data for this component of the study will 

involve contact with subjects during the race. There is a potential risk that in the process 

of data collection, the performance of subjects in the race will interfere with. This risk will 

162 



be minimal, as the nature of the data collection is such that subjects will only be asked to 

shout out two numbers as they pass members of the research team at designated points 

in the race. However, should tri-athletes feel that this affects their performance during the 

race; they will be free to withdraw from this component of the study. There will be no 

interference with other race participants during this data collection process. 

Potential benefits of this component of the study 

• The identification of coping strategies in athletes with regards to pain will help to teach 

similar coping strategies to patients with chronic pain conditions in order to improve their 

quality of life. 

Component 4: Genetic basis for performance, physiological 

responses and medical complications during an Iron man Triathlon 

This study will be conducted by the UCT/MRC Research Unit for Exercise Science and 

Sports Medicine at the University of Cape Town in Cape Town, South Africa, in conjunction 

with the Molecular Genetics Department B and Laboratory of Forensic Genetics of the 

Cyprus Institute of Neurology and Genetics in Nicosia, Cyprus. 

The study involves donate ten millilitres (2 teaspoons) of venous blood and this will be done 

at one of the pre-race facilities (either in Cape Town, Port Elisabeth, Durban, Bloemfontein or 

Johannesburg) or at race registration. The sample will be used for the extraction and analysis 

of genetic material (DNA). 

The DNA will only be used for scientific research purposes relating to the genetic basis of (1 ) 

athletic ability, (2) physiological response to and (3) medical complaints during ultra-
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endurance events. Personal particulars and sporting and medical questionnaires will have to 

be completed and this information will be treated with the strictest confidentiality and will only 

be used for scientific research purposes. All data will be analysed anonymously and DNA 

samples will be destroyed on completion of the study. 

Part of the DNA extracted form the donated blood sample will be sent to the Cyprus Institute 

of Neurology and Genetics in Cyprus for analysis. DNA samples will be shipped to and 

analysed in Cyprus anonymously. DNA will be genotyped (analysed) for variations 

(polymorphisms) within genes relating to the genetic basis of athletic ability, physiological 

response to and (3) medical complaints during ultra-endurance events. 

Potential risks of this component of the study 

• The completion of personal details, racing, training, equipment use, medical, supplement 

use, fluid use and lifestyle history questionnaires are not associated with any risk. 

Completion of self-rated behavioural questionnaires has not previously been shown to be 

associated with risk. A potential risk is that people who have experienced sjgnificant past 

trauma will find questionnaires on this uncomfortable. The questions within the 

behavioural questionnaires are asking are about temperament and none of the scales are 

directed at picking up psychopathology. Questionnaire and other clinical data (paper and 

electronic) will be kept confidential, will be kept secure, and will not be made available to 

any party other than the research team without the consent of the individual subjects. 

• The potential risks to you during blood collection are minimal and are related to 1) blood 

sample collection technique, and 2) the volume of blood collected prior to racing and the 

potential risk of a decreased performance in the race. The potential risks associated with 

blood collection technique from the ante-cubital veins are: infection, delayed healing, 

haematoma, physical pain, mental discomfort and injury to a nerve or a vessel. These 

risks are small and will be minimized by the use of trained phlebotomists, use of sterile 
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techniques and the use of disposable, single use materials. The risk of decreased 

performance as a result of blood collection will be reduced by not subjecting any 

participant to the collection of a blood volume exceeding 15ml prior to the race. 

Potential benefits of this component of the study 

• There is not direct benefit in participating in this component of the study. The long term 

anticipated benefits of this component of the research study are to identify genetic factors 

that may predispose to 1) improved performance or 2) increased risk of medical 

consequences (such as abnormal electrolyte imbalances). This information will eventually 

assist tri-athletes in predicting and improving their performance, and decrease their risk of 

medical complications during participation in triathlon. 

Component 5: Neural fatigue following an Iron man Triathlon 

The aim of this study is to increase our understanding of the extent of neural processing 

slowdown/changes and arousal changes that occur in tri-athletes having just completed an 

exhaustive Ironman Triathlon. Since this component of the study requires completion of a 

familiarisation test 6 weeks prior to the event, in Newlands, Cape Town, only Cape Town 

based competitors will be considered for this component. 

The way we will test for neural proceSSing changes is by way of a repetitive reaction time 

cognitive test - a computer generated Stroop test - whereby participants have to respond to 

the colour of 4 different colour words presented in the centre of the laptop screen. The 4 

colour words, red, blue, green and yellow will be presented on the screen in a different colour 

to what the word says, e.g. red written in blue ink, or green written in yellow. To ensure that 

participants read the words, 20% of the 4 colour words will be presented in grey - in this 

case participants have to respond to the word (Le. not the colour). 
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Arousal changes will be determined from heart rate variability (HRV) and the 

electroencephalogram (EEG) power spectrum. 

A familiarisation test will be conducted 6 weeks prior to the Ironman in the EEG room at the 

MRC/UCT Research Unit for Exercise Science and Sports Medicine, which is located at the 

Sports Science Institute of South Africa. A further pre-event test will be conducted the day 

before the Ironman during registration in a separate tent; and finally a post-event test will be 

done within 30 min of completing the Ironman in the same tent. 

We will be using a portable Biopac MP150 W System to record the EEG and HRV data. The 

measurements are completely non-invasive and harmless and will be collected by way of a 

neoprene scull cap containing 20 electrodes for the EEG data and 3 electrodes attached to 

both wrists and the left ankle to record HRV data. 

The anticipated benefits of this component of the study are that the results will further our 

understanding of the deterioration of neural processing in athletes completing extreme 

endurance exercise. If significant deterioration in brain processing is indeed found, strategies 

can be implemented to combat this, whether by dietary, training or psychological means. 

Potential risks of this component of the study 

• The completion of a questionnaire is not associated with any risk. Completion of self­

rated behavioural questionnaires has not previously been shown to be associated with 

risk. A potential risk is that people who have experienced significant past trauma will find 

questionnaires on this uncomfortable. The questions within the behavioural 

questionnaires are asking are about temperament and none of the scales are directed at 

picking up psychopathology. Questionnaire and other clinical data (paper and electronic) 
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will be kept confidential. will be kept secure. and will not be made available to any party 

other than the research team without the consent of the individual subjects. 

• There is no risk associated with the recording of the heart rate variability. 

• There is no risk associated with the recording of the Stroop test 

• There is no risk associated with the recording of an EEG 

Potential benefits of this component of the study 

• There is not direct benefit in participating in this component of the study. The long term 

anticipated benefits of this component of the research study are to identify genetic factors 

that may predispose to 1) improved performance or 2) increased risk of medical 

consequences (such as abnormal electrolyte imbalances). This information will eventually 

assist tri-athletes in predicting and improving their performance. and decrease their risk of 

medical complications during partiCipation in triathlon. 

Component 6: Factors associated with gastro-intestinal (GIT) 

distress in Iron man triathletes 

It is well established that gastrointestinal (GIT) symptoms (nausea, vomiting. abdominal 

cramps. urge to defecate (passing a stool). diarrhoea or blood in the stool) are common 

amongst endurance athletes. In a study conducted by our Unit during the 2006 Ironman 

triathlon about 40% of athletes indicated that they suffered from GIT symptoms. Furthermore. 

most of the symptoms were lower GIT symptoms (urge to defecate. diarrhoea or blood in the 

stool). However. we do not yet know the precise causes of these symptoms It is believed that 

lower GIT symptoms could be related to a decrease in blood flow to the small and large 

bowel. because blood flow is diverted from the GIT to the working muscle during exercise. 

Furthermore. dehydration may add to this problem. Other possible mechanisms are dietary 
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(increased fibre intake), psychological stress, mechanical movement of the bowel (mainly 

during running) and hormonal (increased secretion of hormones affecting gastro-intestinal 

motility). In this component of the research project, we wish to identify some of the possible 

mechanism for these symptoms, so that medical care can be improved. 

The main aims of this study is to identify possible aetiological factors that are associated with 

GIT complaints experienced by the triathletes. More specifically, the following will be 

measured: 

• To establish an association between the development of GIT symptoms during the race 

and pre-race dietary habits, pre-race emotional stress factors and other medical 

conditions (past history of surgery, past history of GIT disease, age, gender, training etc.) 

(obtained through a pre-race questionnaire) 

• To establish whether there is a significant difference in the blood flow to the small and 

large bowel (celiac artery and superior mesenteric artery blood flow immediately pre- and 

post-exercise and between triathletes who developed GIT symptoms and those who did 

not develop any GIT symptoms during the race 

• To establish whether the athletes with GIT complaints during the race have a higher risk 

of blood in a post-race stool sample 

• To ascertain whether GIT symptoms are associated with dehydration (as measured by 

changes in pre- post-race body weight) 

This study involves the following. You will be contacted prior to the event via email or will be 

given information at the time of registration. Once you have volunteered, and have given 

consent to participate, you will be asked to complete a Medical Questionnaire (Appendix). 

You will also be contacted again two weeks after the race via email and asked to answer 

another brief medical questionnaire. 
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At either a designated research centre, or at registration in Port Elizabeth, you will have a 

Doppler abdominal ultrasound to determine blood flow in your celiac artery (CA) and superior 

mesenteric artery (SMA) (prior to the race during the registration). This procedure is similar to 

the ultrasound done in pregnant women to screen for abnormalities in the baby. You will be 

asked to lie on an examination couch on your back with the abdomen (rib cage to the pubic 

bone exposed). A gel will be applied to your skin, and the radiologist will move the scanning 

probe across the skin. This is not associated with any pain or discomfort and the procedure 

lasts about 5-10 minutes. Your heart rate and brachial artery blood pressure will be obtained 

at the same time as the ultrasound. 

After the race you will be asked to have a repeat ultrasound, immediately on completing the 

event. Heart rate and brachial artery blood pressure will again be obtained at the same time 

as the ultrasound. 

Stool samples will be obtained from you (should you agree to this part) after the race. This 

involves collecting a sample from you after the race, in a designated container, which you 

can hand to the research staff for analysis for traces of blood. 

Potential risks of this component of the study 

• The completion of the medical questionnaire is not associated with any risk. 

Questionnaire and other clinical data (paper and electronic) will be kept confidential, will 

be kept secure, and will not be made available to any party other than the research team 

without the consent of the individual subjects. 

• Abdominal ultrasound: There are no known risks of an abdominal ultrasound in healthy 

individuals. 
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Potential benefits of this component of the study 

• There is not direct benefit in participating in this component of the study. The long term 

anticipated benefits of this component of the research study are to identify factors that 

may cause gastrointestinal symptoms in triathletes. This information may lead to 1) lower 

risk of developing these symptoms and 2) improved medical care of triathletes that 

develop these symptoms. 
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Appendix C 

INFORMED CONSENT FORM 

I, , agree voluntarily to participate in the following 

components (DELETE THOSE COMPONENTS YOU DO NOT AGREE TO PARTICIPATE 

IN) of the UCT/MRC Research Unit for Exercise Science and Sports Medicine's, University of 

Cape Town, research project titled:-

1. "A study on the management of the collapsed tri-athlete", 

2. "A study to determine the cause of Exercise Associated Muscle Cramping (EAMC)" 

3. "A study on the management of pain in triathlon athletes", 

4. "A study to determine the genetic basis for performance, physiological responses and 

medical complications during an Ironman Triathlon" 

5. "A study to determine the extent of neural fatigue in athletes immediately post 

Ironman triathlon" 

6. "Factors associated with gastro-intestinal (GIT) distress in Ironman triathletes" 

I understand that my participation in this research project has no direct benefits to me during 

the Ironman 2007 competition. However, I understand that my participation in the research 

project will advance the medical and scientific knowledge related to endurance sports. 

Therefore, information gathered through my participation in this project could advance the 

future medical care, training advice and performance of endurance athletes. 

I have read the subject information sheets and the following procedures and concepts have 

been explained to me in full: 
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(DELETE THOSE COMPONENTS YOU DO NOT AGREE TO PARTICIPATE IN) 

1. Completion of a questionnaire: (all components) 

The completion of personal details, racing, training, equipment use, medical, supplement 

use, fluid use and lifestyle history questionnaires are not associated with any risk. 

Completion of self-rated behavioural questionnaires has not previously been shown to be 

associated with risk. A potential risk is that people who have experienced significant 

past trauma will find questionnaires on this uncomfortable. The questions within the 

behavioural questionnaires are asking are about temperament and none of the scales are 

directed at picking up psychopathology. Any personal identification of subjects (names 

and surnames), questionnaire data and other clinical data (paper and electronic) will be 

kept confidential, will be kept secure, and will not be made available to any party other 

than the research team without the consent of the individual subjects. 

I agree that the all the questionnaire information, my performance during the Ironman 

triathlon, together with all the other data collected from the various components of this 

trial may be used to answer scientific questions about the medical conditions, 

physiological responses and measures of performance associated with the participation 

in and completion of an Ironman triathlon. 

2. Treatment if I collapse after the race: (only for the collapsed athlete component) 

If I collapse during or after the race I might receive either fluid replacement directly into 

your vein or oral fluids ad libitum (as much as I want) but according to my post-race blood 

sodium level. Optimum care will be provided to me according to the current standard of 

care. Treatment will cease when my laboratory values have returned to normal and I am 

alert and oriented. I will be transported to the local hospital if my condition requires more 

urgent medical attention. 
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3. Pre- and post-race serum electrolyte (salt) levels and weights (only for the 

collapsed athlete component) 

I have agreed to donate 5 milliliters (1 teaspoons) of venous blood during registration and 

immediately after completing the race in the medical facility. The sample will be used to 

measure my serum electrolyte (blood salt) levels. The potential risks to subjects of blood 

collection ar I have agreed to donate ten milliliters (2 teaspoons) of venous blood. The 

sample will be used for the extraction and analysis of genetic material (DNA). mal and are 

related to 1) blood sample collection technique, and 2) the volume of blood collected prior 

to racing and the potential risk of a decreased performance in the race. The potential 

risks associated with blood collection technique from the ante-cubital veins are: infection, 

delayed healing, haematoma, physical pain, mental discomfort and injury to a nerve or a 

vessel. These risks are small and will be minimized by the use of trained phlebotomists, 

use of sterile techniques and the use of disposable, single use materials. The risk of 

decreased performance as a result of blood collection will be reduced by not subjecting 

any participant to the collection of a blood volume exceeding 15 ml prior to the race. 

Body weight will be measured on the morning before the start of the race and 

immediately after completing the race in the medical facility using a standard electronic 

scale, and there is no risk associated with this procedure. 
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4. Measurement of heart rate data: (only for the cramps component) 

This will be done with the subjects own heart rate monitor used during training and 

racing. The stored files will be emailed to the researcher at the Sports Science Institute, 

and will be kept confidential. 

5. Score of perceived exertion during the race: (only for the cramps and the 

management of pain components) 

During the race researchers will be allocated to about 12 stages throughout the race. As 

you swim, run or cycle past these researchers they will hold up two boards with the 

scores for "perception of effort rating'~ You will be asked to shout out your respective 

scores as you go past them and they will record these scores ~gainst your race number. 

Data for this component of the study will involve contact with subjects during the race. 

There is a potential risk that in the process of data collection, the performance of subjects 

in the race will interfere with. This risk will be minimal, as the nature of the data collection 

is such that subjects will only be asked to shout out two numbers as they pass members 

of the research team at designated points in the race. However, should tri-athletes feel 

that this affects their performance during the race; they will be free to withdraw from this 

component of the study during the race. There will be no interference with other race 

participants during this data collection process. 

6. Pain during the race: (only for the management of pain components) 

During the race researchers will be allocated to about 12 stages throughout the race. As 

you swim, run or cycle past these researchers they will hold up two boards with the 

scores for ''pain assessment': You will be asked to shout out your respective scores as 

you go past them and they will record these scores against your race number. Data for 

this component of the study will involve contact with subjects during the race. There is a 

potential risk that in the process of data collection, the performance of subjects in the 

race will interfere with. This risk will be minimal, as the nature of the data collection is 
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such that subjects will only be asked to shout out two numbers as they pass members of 

the research team at designated points in the race. However, should tri-athletes feel that 

this affects their performance during the race; they will be free to withdraw from this 

component of the study during the race. There will be no interference with other race 

participants during this data collection process. 

7. Recording of heart rate variability during stroop test: (only for the management of 

pain components) 

The stroop test is a simple, computer based test. The mental concentration that is 

required for the test is relevant for the data collection and not the outcome of the test. 

There is no risk associated with the recording of the heart rate variability 

8. Pain threshold with a digital pain probe: (only for the management of pain 

components) 

There is no risk associated with the assessment of the pain threshold with the digital pain 

probe. As the onset of pain is determined, the discomfort is minimal. 

9. Brain wave measurements: (only for the neural fatigue) 

There are no potential risks associated with brain wave measurements, since we are 

merely recording the underlying electric activity generated by the brain and not 

stimulating the brain in any way. Similarly, there are also no potential risks associated 

with measuring the electrical activity generated by the heart. There may be some 

discomfort experienced by the EEG gel needed to increase the conductivity of the electric 

signal, but no more so than what would be experienced by applyingbhair gel to flatten 

your hair. 
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10. Blood sample collection for genetic studies: (only for the genetics component) 

At one of the pre-race facilities or at race registration, I have agreed to donate ten 

milliliters (2 teaspoons) of venous blood. The sample will be used for the 

extraction and analysis of genetic material (DNA). 

The potential risks to subjects of blood collection are minimal and are related to 1) blood 

sample collection technique, and 2) the volume of blood collected prior to racing and the 

potential risk of a decreased performance in the race. The potential risks associated with 

blood collection technique from the ante-cubital veins are: infection, delayed healing, 

haematoma, physical pain, mental discomfort and injury to a nerve or a vessel. These 

risks are small and will be minimized by the use of trained phlebotomists, use of sterile 

techniques and the use of disposable, single use materials. The risk of decreased 

performance as a result of blood collection will be reduced by not subjecting any 

participant to the collection of a blood volume exceeding 15 ml prior to the race. 

The DNA will only be used for scientific research purposes relating to the genetiC basis of 

(1) athletic ability. (2) physiological response to (3) medical complications during ultra­

endurance events. I have also agreed to complete personal particulars, training, 

sporting, measures of behavioural endophenotypes and medical questionnaires and 

understand that all the information that is collected during the study will be treated with 

the strictest confidentiality and will only be used for scientific research purposes. 

Questionnaire and other clinical data (paper and electroniC) will be kept confidential, will 

be kept secure, and will not be made available to any party other than the research team 

without the consent of the individual subjects. I also understand that all data will be 

analysed anonymously and my DNA sample will be destroyed on completion of the study. 
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I understand that some of the DNA extracted form the donated blood sample will be sent 

to the Cyprus Institute of Neurology and Genetics in Cyprus for analysis. I understand 

that the DNA samples will be shipped to and analysed in Cyprus anonymously. I 

understand that the DNA will be genotyped (analysed) for variations (polymorphisms) 

within genes relating to the genetic basis of athletic ability, tendon and ligament overuse 

injuries and dysnatraemia during ultra-endurance events only. 

I understand that whilst there is no direct benefit to myself. if a genetic predisposition for 

(1) athletic ability, (2) physiological response to and (3) medical complications during 

ultra-endurance events can be established, then future generations will be able to 

establish their risk for this condition. This may allow better prevention and treatment 

options in the future. I understand that I will receive the overall results of the study. 

I have read (or, where appropriate, have had read to me) and understood the information 

about this study, and any questions I have asked have been answered to my satisfaction. 

I agree to partiCipate in the study, realising that I have the right to request that my DNA 

sample be destroyed at anytime. I agree that research data provided by me or with my 

permission during the project may be included in a thesis. presented at conferences and 

published in journals on the condition that neither my name nor any other identifying 

information is used. 

11. Abdominal ultrasound to determine blood flow to the abdominal organs (only for 

the GIT component) 

I agree to having a pre-and post-race abdominal ultrasound to measure the blood flow to 

my abdominal organs. 

I have read the preceding subject information sheet and understand the testing procedures 

outlined therein. I understand any accompanying risks and discomforts. Knowing these risks 
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and discomforts and having had the opportunity to pose questions answered to my 

satisfaction, I hereby consent to participate in this study. I understand that I may withdraw 

from this study at any time without further question. I have been informed that the individual 

data derived from my participation in these protocols will remain confidential. I understand 

that the medical staff and the research team have professional medical insurance. 

Name of the tri-athlete: 

Signature of tri-athlete 

Date: 

Name of investigator: 

Signature of Investigator: 

Date: 

___ Prof Martin Schwellnus __ 
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Appendix D 

Department of Human Biology 
UCTIMR C RESEAAC H UNll FOR exERCISE SCIE~E & SPOIIl$ MEOICINE 

Faculty of Hflalll1 Sc*'C<lS l"'NtifSII1 01 Cape Town 
Pn'l3t" Bag. Rondebo$cll7700. South "'Inca 

Tel • 27216SO.!;6t 
Fa •• 2721 8B6 7530 

2006 IRONMAN - MEDICAL AND TRAINING QUESTIONNAIRES 

Th&se questionnaires have been constructed by the Medical Research team, in conjunction w ith 
the Medical Director of the Ironman 2006. The information obtained from these questionnaire. i. 

essential for the planning of medical ca,e during events such as the Ironman 2006. We 
acknowledge that the questionnaires are long, but we ara asking about 20 minutes of your 
valuable lime to complete them. The completion of the questionnaires is voluntary, all the 

Information will be kept confidential and wUl only be used for research and medical care planning 
purposlI!I. We suggest that you consider completing this before the event. or al the t ime of 

registrat ion. 

Prof Martin 5chwetlnus (Chalrmil rl, Research Team) 
Dr Pel..,. Schwartz (Medical Director. lronman 2006) 

Instructions 

YOIl can either complele the qU8$IIOnne~CS elecVorueaIly USltlQ M1CfOSQ/l won! or II<IIlI lhe qu&stlonnalfes and 
complete them manualv PIe ___ eadI quesliOr'l bv r.w;ng III the details In the aaocaled space or checking 
one Of lTIOfe of the option boxes. 

If )'OJ oomple!e the queslIOnnare elllctronicaliv lISl'Ig Mocroscft wad, please a·mad the completed forms 10 
wonrnan@sportSucUczaandbmg the ~gned eonsenl lorm to the research tab le 81 ,ace regnma!ion 

If you oomple\e lIle ques\lOf\"la.e maoullilV. please brtng the completed {Ofms logether wLlh the signO!(j consent 
form 10 the ,esearch table at ,ace 'BglSl,ooon 

Please complete sections A, B. C, D and E 

Section A Personal Details Page 2 

Section B RaCing. Training and Equipmenl Use H,story Pages 3-5 

Section C 
History of Medication, Supp~ment and Fluid Use as Pages 6-7 
well as Lifestyle and Habits History 

Section 0 Family Medical History PageS 

Seclion E General Personal Medical History Pages 9-10 

Please complete only the relevant questions in tile following section 

Section F Additional Detailed Medical History Pages 11-21 
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TPQ I Tel (96 s hared items) 

e~en ,n SituatiOns 1 Tlue[] False 0 
" . Tlue[] False 0 

,,, 
TrueD False D 

'rn<O False D 

False D 

True[] Fillse 

True[] Fa lse D 

" 'rn<O FalseD 

False 0 
True[] Fa lse D 

" True[] Fillse D 

, rn<O False D 

1rueD False 0 

" 
Trn<O Fal5c 0 
True[] False 0 

", " Trn<O False 0 
',m Trn<O False 0 

False 

,. 
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Trn.{] F"I"~O 

False D 

" False D 
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TrueD FalseD 

~'m TrueD FalseD 

FalwD 

"..0 raiseD 

_~oo 

Fal" 

True[] False D 
True(] hlSeD 

01 lrY False 

'ru.(] falSe D 

"..0 fal5e D 

True[] FaffieD 

" True[] False D 

True[] fal~e D 

hue[] fa l ~e D 

"..0 falseD 

, . .(] FaiseD 
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" 
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Fa~eO 

False 0 

FaI~O 

".,.[] Fa~O 

T,ucC] Fal!le 

'...0 Fat,eO 

,~.o Fal!leO 

~~ 

TrueD FaI$e 0 

ral!;i! 0 



'" 

A litlle Somttlime of 
All 01 

III the past four wH ks ; of the 
th." .... 

~. 
,,~ time 

, , , S 

, , , , S 

, , , , S 

, , , , S 

• , , • S 
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E~crc1S6 assodatnd muscle 
tfalllPS 

~ 
tlC~, Ihe roiil!Onshlp of thai pef1lon 10 you (Yo u may lic k 

Fath.e( 

Srster 

Grandfather 

o Father 

Indlcale the 

o Molner o Brothflr o Chdd o G'aodmO\rler 

o Brother 

Ntgh\ ml/scle cramps Y~s 0 No 0 0 Stslcr 

1----------l-~----_l~D~G~,~.""'~.~',.~'c!i~""'''"''~''~' "o.r -;;;;;;;-1 
Fathf!r Motf>er BI 

Chrome Achilles tcodon D Ds C'''''' Yes No ,Slcr "." Injury 

Ach,nes teoollO ruptu re Yes 0 No 0 

Grandfathflr 

Father 

S'5ter 

f----------t-----+C~ Graodfather 
Filther 

Sister 
GrandfaU'I<!r 

Any lIg.ament WljUry 

Heart Dise"se 

Di<lbe:e5 

DepresSiort Arouel)' attacks, 
Persona lrty disorder 

Gas\r<'Hntesl;nal (G IT) 
d"e"",, 

Yes 0 No 0 

vesDNoD 

Ves D Na 0 

YesDNoD 

YesD NoD 

YesDNoD 

YesDNoD 

Fall'er 

Sisler 
Grandfa:her 

Falher 

Soster 
Grllndfather 

Fmoor 

SiSler 
Gr.mdfather 

Father 

S 'Sler 
Grandfather 

o Father 

o 5rSter o Grandfather 

Father 

Stslf!! 

Grandlather 
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Grandmother 

Motr.er 
C~, 

o Brot"er 

:t:~othe~j;:;;;;;:--i 
Ch,11I LI 

Mmoo, ' o.~ 
Chold 
Grandmother 

Mother 
Child 

Grandmother 

Mathe, 

Child 
Grandmother 

Mo:her 
Ch·11I 
Grafldmother 

o Mother o Ch,ld o Grandmolher 

Mother 

Child 
Graodmother 

o Broth.e( 

o Brothe, 

o BIOlher 

o Brother 

o Brother 



Section F. Personal general medical history 

In this section, you are asked to read through ,4 questions about your personal general medictl 
history. If you answer ·'yes'· to any of questions, to '2. ple .. se complete the addltion .. 1 question • 
.. I the end olthe section (secliOfl G on page 18). 

~; ;;;-;; ;;;;;;;;-;;;;-~, ---,---:---i 
bloc' ,,11 0( ru rvlY nose. cough. whe~e. Yes 0 No 0 

2 Have)'Ol.J!!:!!!! In Illatnion career suffe-r&d from muscle cramp·ng (paInful. 
or 'mme<j~tely {W1!hln 6 

", 

, 

5 

, 
• 

, 
I . 

I fuo<;uon 
" 

8 Have you ~ In yoor tr1athlon career su!fere<j from tymptoms of aUgrRI" 
Indudlng nose an"fQl"S (nay fever). aUofgfC sil"tuslus. aNergic asthma, ~in 
anergies. a past rustOfy oI38etglfls to medicallon, plant mateltal 01" anImal 
matenal? 

• 

10 Have you ever collapsed ( because an 
medIcal attention) tr or aher a race or I 

, "', from any §Ymploms of Injury In the muscles. tendons, 

Sunburn 
S~," cal\Cl!f 

YesONoD 

y""ONOO 

VesDNoD 

YesONo D 

YesONoD 

VesO NoO 

vesO No D 

YesONoD 

YeSONOO 

YesDNoO 

Other skin damage fesult lflg sun eXp05lKe Yes 0 No 0 
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~ o..~ "_"'" 
o Oesophageal (swallo""ng p<pel 

"""'- o large bo~ (colon) 

Redum o Gallb la<kje< 

PlII'lCn!3S OLIve.' 

o AoOom~ (general! DWrisl 

B:: r~ 13.Plcaw tcl. ,n winch anaton'oea/ alea Lower b(lc~ 

you ,,\ttl. had .urgery perfOOT'ecl o Face H<, § Front ehesl "'" Back cnest D ,-
''''' .. B Lowe. leg o UpPf!I' arm Achilles 

Do_ D Ankle 

o FOIe"'m o Foot o Othef (Speedy , 
\4 MaMgemenl 01 parn OUtIng me lit$! 3 months 

143 Dod )'OU3Iter ()( SlOI) 'fO'X tram'rl9 sc»eduk! due to pam 1M My vesD No[] P¥l of yay. bOdy? 

II yes For how long 0." 
01('1 you aoapt yotJf 1r,,'nnQ KheOu'e IOf a whde wtle<1 Yes 0 No[J 
\"<lUI' inJuryttflneu "'all healed'" 

It does not tlothe! me ",uch 

t 4b How (10 )'O'J feeI ... l'len you Mg' 
FrUSiralcd 

e.~.enc:e p"",'" (\IOU can ."". Dep1'essed more INO or>e OpbOn) 
RCllc",ful 

O~nelmed 

AdjuSi IOU' 1''''''119 sctIeOUle § Stop lIainll1g 

14cWhen you ,,_peroence pam 
Slowly get "D3Ck 0fI uack - 01 your u"mmQ scnedvle 

T ,a.n hartll!f 10 make up for tile ",IS~ed ttam"'l1 ser.sl()ns 
(10 you? (IOU can,o "..ore than 
ene OP!IOfl) § tgno<e the Pilon ",lid OJllWlue 10 If""" 

Fee1 Kafe<:l to (IQ anyttong lila! could aggravate tNt pOlIn 

0 ;"'"" 11\;11 lhe 1><1'" means mal)lOU hiI'<'e II 5C'1ere In""y 
Tell e_ abcoJt It 

15 Fe<nale athletes only' 
f'leas.e comple1e ~~!!.QlIoWIng quetltOOO$ (143 to Hlg.) tetatoO to ~ ... IT'eosttual cycle 30(l otnet 

ocaI nlst 

lSa At wlialege did you star1 your ~1Ods (menstruating)' (V·ms) 

15b I~ It!!:: ~~l 1 ~ !ll201~~, how many ll'enslNal cyQe$ do(! you have? 

'5c Have VOl.! e\IC ' had l<1'egut ... menstrv.al penods In \/'Ie PMt' 
YeaO NoO (exdud 'f1\l pregoal1(;y)~ 



'" Ha-..e you had a hyslerectomy.Qvare<:!omy? Yes DNo 0 

,s. How many bm&s have you ooen Pfegnam? (l imes) 

lSf Whatlarm of comra<;eptkm afe you o None 
(:um:trnly usirog? § Oral contraC<lpl ive pIli 

InJecllOn 
Inrra-uterl ne devtCe B Steril izatIOn Ilubes tied) 

en," 
o Not appltC<lh'" , 

'" lSI 300\1<'1. for!l!i!! o Dermatologk:a l , I. for whal reason was o Conlraceplron , , o RegUla te period 

o Other 

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE 

II Y9Y nave answer(!c YES to any 01 the f irst I ' quest'ons of Itle Personal Ge"'Mal Me<:l .. a! History 
<;LJes\tQona ire (seeMn Fl olease complete ttl<? ,,,,lev;"'1 add,l"onal queslions thai !oIIQW,n sec!lO~ G 

Plf!ase bnng the <::ompleloo form s together ""Ih the srgned co""",n! form to the pre-race fac il ity or the 
f~eafcl'1 table at r<le .. registratIon 
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Section G. Addilional detailed medical tll5l0ry 

(Ploau compiele.II Ihe nctl",IS to which you Illswered ~Yes" In /hI Persoll,,1 genlNlll m~icill 
hlslory) 

I. Flu symptoms in lhe Inl 6 weeks 

If you an5~red YES to question 1 m 5ectlon F, please complete the loU""",f'Q IWO ~t0Qr5,p1ld to 
flu symPComlln tI1e last 6 week, 

o Fe,_ D_, o JOn! paIns 

( t a) Please lock whICh rJ tkMe I'Iu o Blocked IlOSe OWhee'llng o Sofe TIVOIII 
symPI()ffi5 you suffered Ifom III Ih.e o Runny nc.e o Musele aches 
Ii'S! 6 wuks o Any 0I1lef nu S)'OlO'.QIllfi 

(Spedy ) 

OFevet o Cough o Jon! paIns 
(Ib) PI_ tIck whICh oIll'oe$e flu o Btocl<ed oose O~zl/lg o Sore Throat 
~ymptoms you suffered from tn Ihe B Runoy nose 0 Muscle acnes 
last 1 days Any OIlW flu ')<t1DlOo'm 

,s.-,. . ) 



2. Muscl, cramping 

II J'OU arosweu!d to quesllon 2 on se(:tlon F. rIIease complele 1M fo ll ow ing questlOlls (2a to 2m 
related 10 

For how many yeatS have you suffered rrom Clampong? {)'I!arsj 

(2b) Did you suffer rrom crampmg durtng o. aher etercos' In the la!it 12 mon!hs? Yes D No D 

(2<:) W,th what !YR' o r ell',rcis! .s)lOU' cran'ping 
as~ted (You can tIck more!/18fI OIle lorm of et e .. :ose)? D SWlmmlrtg D Cycling D RUfll111'9 

Ra<;es 

Tra ln.ng sess ions 
'" 

--'" 

(2f) At w hat eo!n t in the ..... , 9f Iralning 
run d<J you usually lorSI exper;ern;:e 
aamplng? 

do yoo usually 
by the one 
(115 I) anll 

D Strmch lng 0 Resr.ng 

D Dr inking nUid Dice apphcatlon o Massage 0 M391es.um o Sail (tablets or solutIon) 

o Other (SpeedY' 

FUI quarter Quarter 

Alter the race 

o Calves o Hamstrings o Ouadncep5 (lh'9h) o Foot mUScleS o Other (SpeofY' ". , 
YesDNoD 

o M,ld < 5 minutes and J'OU [lfe able to conlin'" exerCiSing o Moderate 5-1 5 mInutes and you are able to conunua exerCIsing o Severe ~15 minutes or ·1 )'<lu have te STOP ".,reising 

) 



(3b) Please lICIt wIlIch 
!taamontl. 'IQAJ h3lie 
InJUred? (next colu."n 
on Ille \fight ) 

AI$O indicate If \lOur 
$pI'alned Of compietloJ)' 
tore rhe IIg8m""1 

Itndun 

Shoulder 

Oli1e( 

I.; 

Sho.lder IIS.",,,nl' 

I lbow h~.m.nl' 

\.\ "" 11,.",.,,1> 

I 'iii'" hpn.....,. 
Kne. (\ell 
K_I\1(11 

Knee (PCl ) 
K~e (l Cl) , 
SpIrIa! hg8mem~ 

A, illl 1e« lnl<l"n 

r,hlsh, Il"".,., ..... 

\."'~ hn 
Ru"ture 

(3c) Please lICk If ~O<J lI.we you ever 
"",!fared from any of \hOI follovmg IOInI 

I .,Ju .... ~? 

Acute Wl:>Ulder dtslOC3hon 

Ctl'OIlIC IhouIder ""'3D11~y 

AnI<yIo$lf>{l Spo~. 

AsCI/II'tVIIII'f'COIo1"""un. , ... au I 

SeI'lCOl t S"ldhlff" 

CtohnIOl5!!M8 

00k0IcI LupuS E..,.._~ 

Elllell-o.mo. lyn!lr0rt>8 (EOS) 

t.o ... 1OIhIIC: r_ 
a. .... Cel IT _'3Il Mhntl 

"", 
li1P8Ol,e" .... V.--

""'" 
y~ 0 No 0 ("""'10 tne h$1 OIl tile ned "age) 
(If jeS $j!eaIy 

M3Ifa/1 Symro.ne 

M0rie6 KI"Y H;w SrndI'O"'" 

~"""""'­
M)'CIIMtM$ ani! ~ 

0cIIr0n0s0s /Homoc:ys ........ 1 

OsIltotj11>e8S ij,'*""<:tlIOII 

~~SN~ 

PoI)mj'3Op RhournaliCi> 

~& Delmatoon.,os.hS 

-, 
R6ac1IYe ...... ,I\IS 

Re .... ·sS)'IKl,,"'. 

ReIii!poo"'l ~tS -. 
SIogron S SynlltQme 

S~~ L~ ErythotrmloSul (SLE) 

SfS!e/!'c ScIe'OSIS 

w8Q8tl<ll's Grionulomil_ 



4. Use of medicln .. to lreal an Injury before o. during partl, lpation 

If you ans ... wed yeS 10 question 4 .... Section F please eomplete the fo llOWIng tWIJ questlont related 10 
medoone ~ f", ..... Ie! bef",e '" dunog races 

o Paracetantoi (e g Panado. T)'Ienol) 

(4a) WhICh 01 tne foIO\'¥1Il11 o Non·steroidal anl .. l1IIamm::llo",s (I g Volta,en. Catanam) 

medlcrnes haYe you r.:sed ,n B Corusonelpols) 
lhe pasl 10 !rUt an nJIIfY in Corl,~ ~toon 
thl ....... Just berOfI iii Bcoo.~ -' Anb·inflii!mmatory gelrJereamsJpatc;hes 

o Any01I'ler pall! kollcrs (Specd~ 
~ 

, 
o Paraetrlamol Ie \I Panado, T)o1enol) o Non-sterolda! ant!~nllammar",," (e g VoIta,en, Cata1l3m) 

\4b) Wlllch 01 t~ fofo¥,.ng o Corl'$Of11 (pitls) 
med.one~ h3ve you used ,n 

~ COrt,_ .,K""" the pa.$llo Ireat an "'JUrY 
du,lng a r59? COO.~ 

Antl-lnftammatory geIsIereamsipalCl\e, 

Any 0I/lII paon killers {Spec4fy , 
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S. Gut,0lntest jnlll11mptornl 

~ 
-, 
~ 

__ ..,"-tMl ~ I!!.!t!!!sI 

'-dim. ...... ""'''' ..... ,..., ........ cw! ,..., ...... ...a -:;;~: 
S1mptom ... ()fl "1""_ hOO _ .....cat. ". - ....... 1' o' .'" a.f ''11''111'0'" "",_ ,2 ryrn""",," ... : .. <IUmg ........ -- _W,..,. 

, . ttt!M) rcktrnq 'OCI.I ~ 
NauMla ''''"1 

,~ 

~., , 
, 

Hear1bt.irn :t; , ,-
paln 

plln -
O ... rrtloeil 1--",--) 

~ 
, 

I ~'"the ,--"'---1 
"i"r' 

PI<.Iase 1f\d.;;118 t l'Ou prevr0USl1 sun.NOd fl'Q'n 01 h3d ..., ollhe foiowlng d_r, 
(you ma1 Lo:;k mor. than oot)1 

6, Oi ... I" of the "ervcws 111tern 

-,..., ... ... VES '" ..... I'on"~ _ F. ",,_.- ""'"" .......... _. IV"'pIOm' _ .... 0(1 .... ""n~ ....... 
durir>g • • !f5>H_. _"-'>.....,.," ....... I' __ ",!hi" 10_\ _"' _~01_"" 

Numbef olt,mes ," Number ol bmElS 
Symplorn Ih9 1a~1 1 2 monl" In "'$1 to raclls Tick type of e~erc)1& 

Illy,lnll. - . " I .. ! IdY[11:!1I 'I!enl -- o Sw.mm'ng. 0 CyCl',,!!. 0 Run","'J 

NeNe hnglong In o Sw.mmi!1g, 0 Cyo 'l\g. 0 Runmng 1he hands 
L05$ of se<l'l3uon o Sw,mm,ng, 0 C)d,"9. 0 Run"l19 ",100 nands 



7. G ... ital t,act Injury du,lng .. y .. llng 

K~_~Yt=~: whId'1 symptom, 01 gen,tallraa 1Oj .. ,. 
/\alta you 5Uffered f,om ; how (ill lhe last 10 sesSIOn'), how Iorg .. 

tim .. ;n Pleau indiute Please ind, .. ",. lf any of the follow,ng reduce Or Symptom lhelMl10 wh ... th. symptoms , ~o' 
pt ........ the symptom" tun UC:k mote Inan one) 

o Only dunng ,,..., 
o Our"'9 end up 10 ""~" 

Gerutal 1 hour <tier cyclong 

~: 
, 

"'~ rombneu, DOunngaOOI-24 
hours after cyd,og o Ourong 300 > 24 J 
ho<lt$ aller , 

~~_;:; dunng § Chanll'ng 1M saddla Iypa 

UPIO Chang.ng Iha Yddla PO$'1lOn 

GaMal 1 hout af:e< f;)d1r19 U&ong padded cycling shorts 
00_ o Our,..g and 1·24 § Wearll19 no un~rwear 

g~uafler c~mg Weanng addItional undswaar 

~ 
Other (SplIC~y ) 

Only durong o Chan \l,ng tha saddle type 

Outing and up 10 Changing \lie liKldle pOSItion 

Geortill atlat c-,.;l't\9 U11ng paodded cycling ,1\0(11 
bnltloing Dunng and 1·24 Weanllll no underwear 

[~u~'te , eyc1lt!g Wearmg add,tIOnai unde<wear 
Outong and > 24 Othel (Specofy ) 
afte~ 

., o Up 10 1 hour afte, Changing the ,ad<j le Iype 

0'" Changing the &addle pO!;lloon 
1-24 hours alte, USing padded Cycl ing $horl s 

0'" no underwear 
> 24 I'IOutS alter aodd,llonai unllQl'We ... 

c:)Cllng ) 



" 
If you answered YES 10 qucstion a in seaton F, pI",".e comple!e the following quesl'QIlS (8a to 8e ) 
related 10 your CI,Irrent BOO paS! history 01 a~el\lles 

(aa) Pleue Indicate how long (years) ha~1I you bCiln lj:uf!ering ; J ~ 
(ab) Pleaso Il<:k which IWO" 01 allergy do you currently suffer from 

Nosl! I hay fever) Yes 0 No 0 S.nu~lll s YesD No D 

~ 
YesDNoD 

Skin allerglBs YesDNoD Eye aPefgie~ Ye5 D NoD YesD NoD 

~" " 
Allergy to foods YesDNoD 

, 
YesD No D YesDNoD , 

(8<;) PleBs"lick which 1~1!" of alterAl! do you curronlll( !ako medication lor 

Nose (hay fever) YesD NoD S,nuSltJS YesD NoD 

~ 
YesDNoD 

Skin alie<gHls YesD NoD Eye allerg ies Yes 0 No 0 , YesDNoO 

Allergy to fOOds YesONoO 
, 

VIIsDNoD YesDNoD , 
(8d) Pl ..... tick which type of medication do you ![urren!ly taka 

CQ{I'sOIle nose YesONoD COtt'SOOfl nase res 0 No 0 ~', YesDNoD spray Iohalll( 

Contsone cream Ye.D No D AnIHuslarm'lll 
YesO No D YesD NoD O'eijm ~ 

~8e) Please tick whIch umptoms of allergy do you cyrreolly suffer f.om 

",0;;;0 YMDNoD IIt;hy fUf1J1Y r>OS<l , .. g:; 
I Itchy pa lale , .. ~,. [ ~O~ YesDNoD 

'" ::J No [ Blocked nose 
I ,.,~ ~ . .. ' " , ,. 

I , YesD NoD ,-, ,. 
I '" """,,, , ,. 
I ::)=,:.,;~ D Jan B Fe::. D March D Apnl D May DJune 

II . JIIcl< 1 , D July Aug D SOP! D Ocl D Nov DOlle 

~Bf) Please lick whiCh Iyee of allo.gy did you suffer from In the past (NOT currenily) 

'~""" f •• ~) ", 0 '" 0 S,"",,", ,,, 0 ,. 0 = YesDNoD 

Skll1 allc.goes YesD Na D Eye allergtes Ye5D NoD " YesDNoD , 

Allergy to fOOdS YesDNoD 
, 

YesD NoD " YcsDNoD 
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9. A$thma history 

If you answer&d YES 10 question 9 In $e'ClJOn F !>Iease complete me loIIow"'tl quest()n$ (9i1 109k..) 
'e4i1te<l to ~0Uf eurtent h istory 01 asthma 

(9<.1) [)g you C!Jrtently sllfter from as1hm.n vesDNoD 

(9b) How m"",y )'flars nave ygu suffered from asthma" (years) 

(Sc) How WllS your asthma o A doctor tak.ng a h,story and perlormm9 an examonallon 
diagoose'P o Lung funcllon leSI (blow test) bul!'OJ exerow o Lung funet",n test (bioI\' lest) before ano after exerc,!e o Metachollfle chal:enge test o EucapniC hypervent,lahon lest! rebreilthlng lest) 

D Other test [Spec,fy' I 

(9d) Which t~!!!! 01 is1hm1l B Asthma Ihat OCOJrs al any time t>ut rot dUfln9 .. xergs!! 
do you eurrenUy suffer Asthmillhat occurs al any time 1l1<:llI(I,ng d"",ng exerCise 
from'> o Asthmil that 2!!!Y occurs g~,,~ ~x!l!c'~!: 

(!Ie) Please Indlcate how Daytime symptoms (per week) 

frequently do you D<2/week 0204 I wee~ D >41 wee~ D All the lime 
currently uperiern;G the Night time symptoms (pe. mOflth) 
symptoms of asthma 
(o;hor1ness 01 breath. D<:l l month 02.31 month 0:::41 month o All the time 
wheeZIng. rough'ng 0' EXorcise ,elatOO symptoms (par 10 axe.cise sessions) 
COU!jIhiog afler exel'Clse)? 

0<1 per 10 sesSIOnS 02.3 per 10 5e5'>oons 0:::4 per 10 .asSlonS 

(91) Please .,<llta!.., II you o No hosp'tal aem'SSlOn lor asthma ,n the last 12 months 
nad symPtom~ of asthma 
!hat wern se_ere e/'lO"9h to 0,-2 hospi1il1 admiSSIOns fOfasthm~ In the last 12 monlhs 
neeesMate hospll al D 34 hosp ital admi.OIons for asthma In the last 12 monlhs 
admission In tl>e lasl 12 
month, 0,.4 hosp,lal adm'sslOns 101 asthma ,n lhe last 12 monlhs 

(9g) WhlClt ,ymptoms 01 o WheezJn9 D Dry cough o StlOrtne.s of breath 
asthma do you cu.rnnH~ o TKJht thesl D Chest pain 
suffer from? o Other (Specify- I 



(90) WhlN! do you wi!! your 
modiellion for ~our 
asthma') 

lisa )'QUI 
aSlhma? 

CortJsooe ""'ale< (eg Secl<IIe Beclolone, BecodlSks, BeGo!lUI, 
Bodeflam FloQbde,lnftamml(!e PulmG)r1, 0\1"" elc) 

o Salbutamol Ibrorlc:IlOOI3Ioj W1aier \eg Ventol.." Vente2e Voma~ 
Alrom ... Aslha'ienl elc) 

o Salmeterol (!J'onchod~iIUII') ,male< (Se<evenl) 

o FenotemI (bmndIodiIaIor\lnIlaief (Be-OIec) 

o Terbulakne (toronchodolalOr) intIaler ( Br-.ean~) 
o FOfmOleroI (broncI1ooolator)lnhaIer Ie II Foradll. Foralec, O~G\ 
o Ipratro~m (bronchodilator) inhale< {Alfovenlj 

o T ootropium (bronchoO.alOI) inll3ler (SI)IIl'IiI) o Combooed COflIIOre iW1G bf(n:ho1l 'Il> Inhaler Ie II Alr~1 
Berodua~ Com!Jrvl'N. [)uoIin Duo.....,l, Se<ehoe Symboco<d) """""'" , .... 
BtonchOdil3lor 13bielll 

Leukolnene re<:eplor 8Oltagonlsllablets (e II menlate, S,n~J 
OIhefinll3ler 

o ~y before Ixerccse 
) 

(9k) Have YO<J obtained TUE (lherapellHc "Ie exemption forml) fo, your asthma 
medlCalion? YesONoD 



10. H1story o f pr .... lous coll~p • • 

If you answerOd YES to qu."ion 10 In Secl oOn F. pjeas.e complete \he fg/\gy.1'l9 quesllOni (lOa to 100 • 
rebtllll 10 VOV Cutrlll'11 hoSlory 01 aSWl111 

§ ".0", 
(10al Ha~e you ever coIIa~ durtng 11'1111'''09 or rac'o9? R~", 

T ra.n'ng and '!lClng 

( 1Ob) How mlW1y times havO )'OU collapsed '" 1'3lO1flg SCSSlllfl - tra,n'ng &eSsOon 

I)< r !lC85 dUring the las! fin: ~url? ,~~ 

(l OC) How many tll1'lltS /\!lYe )CU C()IjIlpSCd '" train'"!! __ 
or races during 11M! lall I a m2!!lhl ( I year)? 

( 1Odl When 'IO\J coHapse doe. II mOitly OCCU' before 01 all. a Belore the I,n,Sh 
IhII f,"lsh lino I completIOn of \he tr..ung 5CS11On? All .. the I ,nosh 

Oehyd'lIllOn 

Heel iIInesl 

(100) Whclt 'I the cause of you Hypona:remoa 
collapse? Low blood pressure 

Low bOOOd augat 
orner (:OI1(\nJOn (Specly , 



tt . H",OlY of .. ny cu"en1lnjury {h .. 1 you suffer Irom 

If you answered YES to question t t 'n sectIOn F. please campl!!!e too lo-IlawHlgqoestions (Ila 10 It9.) 
related to each 01 your curre-nt Wljuryflf!5 (Space IS provided lor two InjUl'1eS) 

Injury t 

( I tal What was the approXImate date when you firs! became aware 01 Month Year 
the ,rIjUrY? 

( t Ib) "Iease IrldlCa!e whICh we of ywr body IS Irljured (II applicable ) o Rogh1 o L.ft 

B Hood BE'bow Hamstring 

Noc< Forearm Ou~nceP$ 

B Face a Wrist ' 00. 
p Ie) Ple~ Ifl(llcale whoch anatomical area Front chest Finger Shin 
15 CUfren dy irl)1"ed B BackcheSI § Lowf!r back Acnttles 

Shoulder H,p a Anktf! o Upper arm Tt-Ogh FOOl 

Other 15!'ecdy' I 

(\ Id) Please Indicate the tyne 01 strllCture 
B Muscle 

Terldon 
B ligament 

'om 
thaI was InjUr"'" o Boo. 

Other ISpeedy ) 

(11 el Ptease IndICate In which , pori 
o RUfU\lng o Cycling 

(dlscipllrle) the InJUfY occuned o Swimmil1g 

Other {Spec,fy; I 
I only e~pericnee symptoms afler eXOf"(.I$'· Grade t 

(I If} Plea5e Indicate I el<perlence symptoms dunng exeo-cose. but It does not inter/flIe WIth exerC'$e 
the $f!_rty of lhe . """" 2 
I1Jut)' (Iidl one box o I u per,ence l";mploms dUfirtg eurCOH that may Interfere WIth my !f8lnong 
please) compflUl.on - Grade 3 

I nl am so paiOluj that I m. flOC be able 10 !faon or comllllle· Gfade 4 

R." o Table" 
Strelches § Corl>5one 1,.e<:loOn 

(Ilg) Plea!.e 'ndlCate how your l1jury was Ph)lS>Olherapy Other IIIj8CbOn 

lre3:ed 10 date (you can I~ more !han Surgery """" .. 
~I' Strengthenong eXf!rQiseJ 

Equ'pment chanQe 

Other (Specofy I 



Injury 2 

(11a) Whal was Ihe apprc~imate date when yoo 111'81 be(:ame ",,-are of 
Month ,,¥ 

Ihe Injury? 

(11 b) Please Indicate which side of )'C'Jr body IS injured (If app!1Cable) o R>ght o left 

8 ",," o Elbow o Hamstring 

N"" o Fore(l{m o Q~ri<;eps 
D'~ D Wflsl DK_ 

(llc) Please indicate whICh ilnlltOffioca[ area o Front chest § ',ogo' B SO," 
IS currently Inj\J/ed o Back chest lower back Achliles o Shoulder HIp 0 Ankle o Uwer (l{m o Thi9h o Fool 

Other (Speedy: I B Mu5Cle o Ligament 
(II d) Please Indicate the type 01 structure Tendon o JOIn\ 
\hat was ,nlUred 0"", 

Other (Spec.ty- I 
o RlJI'lmng OCyding 

(11 e) Please ,ndlcale 'n whr<:h sporl o S\\'Immmg (d,selphnelthe lI1)llry occurred 
Other (Specofy' I 

I on ly expe"'IJ1ce s)'fIlptoms aflM exercise - Grade 1 

(1 t f) Ple..se indlCale I experience symptoms d\King eXlircise, bul ,t does not lntene<e With exerCISe 
lhe severity of the _ Grade 2 
Injury (lick one box o 1 experoence symptoms during eXII'osll that may Interfere Wllh my t.ainongl 
.,!ease) I n competiUon - G ... de 3 

I am so painfu l that I may rot be able 10 train or compete - G.ade 4 

o Re.1 o Tablets 

o Slre1ch6s o Cortisone Inje<:tlon 

( I tQI Please Indicate now your '''IUI)' was B Physiotherapy o Other In)e<:t.on 
treated to date (you can lick more than '"''''" o OrlhotlCs 
-l' 8 Slrengthenong exe,coses 

Eq .. "pment change 

Other (Specify I 
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Appendix F1 

GASTROINTESTINAL RESEARCH PRE· RACE 

ULTRASOUND 

DATE 

RACE NUMBER 

NAME 

AGE 

""" 
SEX M 

Medication What 

W",,, 

TIme sir'lCflla$\ meal 

Q'E BP 

HR 

Abdom ..... examll'\8lJ011 

Ult.aswnd 

D,amete. 

SystOhC v~oc,ty 

DI1I$IoIic veloc~y 

R' 

, 
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Table G.3: The predIcted, as reported In the pre-race questionnaire, and actual 
performance times of the Gil Run symptomatic and asymptomatic 
triathletes 

GIT RUN S 
GIT AS GROUP 

SUB·GROUP P·vah.e 
(N; 24) 

(N;26) 

P • ..:Iicl..:l Times Overall (m",) 756 0 1 83 5 (20) 7566:l 110 7(19) "" 
Swim (m,o) 863 .1 15 .9 (20) 637!167(19) 0625 

Cycle (mlo) 3896.1413(20) 3895± 49 4 P9) "" 
Run (m,n) 27o.a 1 43 2 (20) 2787 1 496(19) "" 

Ac tual Times Overall (m..,) 606 0 .1 101.5 (26) 78411960(24) 0.399 

Swim (mIll) 961 t 16.5(26) 93.6 . 156(24) 0611 

CVde (m .... ) J96.0 1 41 0 (26) 39241412(24) 0634 

Ruo (min) <:9481513(26) 279,31: 41 .8 (24) 0249 

'" Pr..:lk:I..:I Timn Overall ( .... ). 1063 .186(20) 1042.177(19) "' 
Swim ("")' 1143:1.140{2O) 11 4 0.1'137 (19) "' 
Cycle (%). 100 8 1:5 3 (20) 1003.1.64(19) "' 
Ruo (%). 1088~'37(20) 1019 ± 108( 19) "' 

Values _ e~prqsed ItS _rago.t .laIldard deviMlOfl. wllh lhe OI.HnOO. of $ub)ee~ (n) In 

""", ...... 
• AcillBltJIMS o~prl!l_ rolalNe 10 \lie predic1ed ,()!~ and ovefilll IImCII 
n d noI dctcnn,ned 



Table G.4: The predicted, as reported in the pre-race questionnaire, and actual 
performance times of the Lower GIT symptomatic and 
asymptomatic triathletes 

LOWER GIT S 
GITAS GROUP 

SUB-GROUP 
P-value 

(N=22) (N=24) 

Predicted Times Overall (min) 738.3 ± 52.3 (15) 756.6 ± 110.7(19) 0.561 

Swim (min) 85.7 ± 15.9 (15) 83.7 ± 16.7 (19) 0.728 

Cycle (min) 380.3 ± 32.0 (15) 389.5 ±49.4 (19) 0.539 

Run (min) 264.0 ± 27.3 (15) 278.7 ±49.6 (19) 0.312 

Actual Times Overall (min) 803.6 ± 98.3 (22) 784.1 ± 96.0 (24) 0.501 

Swim (min) 97.0 ± 18.4 (22) 93.8 ± 15.6 (24) 0.529 

Cycle (min) 395.5 ± 42.3 (22) 392.4 ± 41.2 (24) 0.800 

Run (min) 292.1 ± 50.0 (22) 279.3 ± 41.8 (24) 0.348 

% Predicted Times Overall (%) a 107.5 ± 9.7 (15) 104.2 ± 7.7 (19) n.d. 

Swim (%) a 116.8 ± 14.0 (15) 114.0±13.7(19) n.d. 

Cycle (%) a 101.8 ± 4.4 (15) 100.3 ± 6.4 (19) n.d. 

Run (%) a 109.1 ± 15.4 (15) 101.9 ± 10.8 (19) n.d. 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
a Actual times expresses relative to the predicted split and overall times. 
n.d., not determined. 

213 



Table G.5: The swimming, cycling, running and/or total training frequency, 
distances and durations for the 1 and 15 week period before the 
triathlon and the total hours worked in the 15 week period before 
the triathlon of the GIT Run symptomatic and asymptomatic 
triathletes 

GIT RUN S 
GITAS GROUP 

SUB-GROUP P-value 
(N=24) 

(N=26) 

Training Frequency (days/wk) 5.5 ± 1.0 (18) 5.9 ± 0.6 (16) 0.166 

15 week Working Time (hrs/wk) 45.7± 15.7 (15) 41,2 ± 19.3 (18) 0.473 

15 week Training Time Swim (hrs/wk) 2.5 ± 0.9 (20) 3.0± 1.1 (19) 0.167 

Cycle (hrs/wk) 6.8 ± 2.4 (20) 7.5 ± 2.6 (19) 0.388 

Run (hrs/wk) 3.9 ± 1.4 (20) 4.7 ± 1.5 (19) 0.076 

Total (hrs/wk) a 13.2 ± 4.1 (20) 15.2 ± 3.9 (19) 0.128 

15 week Training Distance Swim (km/wk) 5.7 ± 2.6 (21) 6.7±2.4(19) 0.216 

Cycle (km/wk) 182.0 ± 78.2 (21) 204.2 ± 71.7 (19) 0.357 

Run (km/wk) 37.6 ± 15.1 (20) 50.1 ± 16.2 (19) 0.018 

Total (km/wk) a 227.0 ± 89.7 (20) 261.0 ± 79.0 (19) 0.218 

1 week Training Time Swim (hrs) 1.1 ±0.7(19) 1.4±1.0(18) 0.246 

Cycle (hrs) 3.9 ± 7.8 (19) 3.0 ± 4.3 (18) 0.646 

Run (hrs) 2.8 ± 7.8 (19) 1.0 ± 0.8 (18) 0.346 

Total (hrs) a 7.9 ± 16.2 (18) 4.5±2.7(17) 0.394 

1 week Training Distance Swim (km) 2.6 ± 1.8 (19) 2.7 ± 1.8 (19) 0.858 

Cycle (km) 50.8 ± 49.9 (19) 41.8 ± 34.6 (19) 0.525 

Run (km) 8.7 ± 5.1 (18) 9.8 ± 7.8 (18) 0.635 

Total (km) a 65.5 ± 56.0 (17) 50.1 ± 37.5 (18) 0.343 

Values are expressed as average ± standard deviation, with the number of subjects (N) in 
parentheses. 
a The totals are the sum of the swim, cycle and run disciplines. 
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Table G.6: The swimming, cycling, running and/or total training frequency, 
distances and durations for the 1 and 15 week period before the 
triathlon and the total hours worked in the 15 week period before 
the triathlon of the Lower GIT symptomatic and asymptomatic 
triathletes 

LOWERGITS 
GITASGROUP SUB-GROUP 

P-value 

(N=22) 
(N=24) 

Training Frequency (dayslwk) 5.6 ± 1.0 (16) 5.9 ± 0.6 (16) 0.219 

15 week Working Time (hrs/wk) 45.9 ± 17.6 (12) 41,2 ± 19.3 (18) 0.118 

15 week Training Time Swim (hrslwk) 2.4 ± 0.8 (15) 3.0±1.1 (19) 0.081 

Cycle (hrs/wk) 6.8 ± 1.9(15) 7.5 ± 2.6 (19) 0.373 

Run (hrs/wk) 3.9± 1.5 (15) 4.7 ± 1.5 (19) 0.137 

Total (hrslwk) a 13.1 ± 3.7 (15) 15.2 ± 3.9 (19) 0.118 

15 week Training Distance Swim (kmlwk) 5.4 ± 2.6 (16) 6.7 ± 2.4 (19) 0.142 

Cycle (kmlwk) 186.6±79.1 (16) 204.2 ± 71.7 (19) 0.486 

Run (km/wk) 38.9 ± 14.9 (15) 50.1 ± 16.2 (19) 0.046 

Total (km/wk) a 233.1 ± 88.6 (15) 261.0 ± 79.0 (19) 0.339 

1 week Training Time Swim (hrs) 1.0 ± 0.6 (14) 1.4±1.0(18) 0.246 

Cycle (hrs) 2.6 ± 2.0 (15) 3.0 ± 4.3 (18) 0.755 

Run (hrs) 1.2 ± 0.9 (14) 1.0±0.8(18) 0.537 

Total (hrs) a 4.7 ± 2.6 (14) 4.5±2.7(17) 0.837 

1 week Training Distance Swim (km) 3.0 ± 1.9 (14) 2.7 ± 1.8 (19) 0.681 

Cycle (km) 64.7 ± 57.1 (15) 41.8 ± 34.6 (19) 0.159 

Run (km) 10.2 ± 6.2 (13) 9.8 ± 7.8 (18) 0.864 

Total (km) a 84.3 ± 63.8 (13) 50.1 ± 37.5 (18) 0.071 

Values are expressed as average ± standard deviation, with the number of subjects (N) in 
parentheses. 
a The totals are the sum of the swim, cycle and run disciplines. 
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Table G.7: Triathlon (standard and Ironman) and running (10km, 21.1km and 
42.2km) career personal best times (pe) and best times achieved 
over the last 12 months or 15 weeks before the race of the GIT Run 
symptomatic and asymptomatic triathletes 

GIT RUN S 
GITAS GROUP 

SUB-GROUP P-value 
(N=24) 

(N=26) 

Triathlon Career PB Standard (min) 171.0 ± 78.2 (12) 147.3±28.4 (12) 0.335 

Ironman (min) 777.3 ± 101.5 (11) 759.4 ± 80.3 (14) 0.628 

Triathlon 12 Months PB Standard (min) 169.5 ± 78.0 (12) 155.5 ± 31.0 (8) 0.638 

Ironman (min) 727.8 ± 151.6 (9) 774.7 ± 75.1 (10) 0.397 

Running Career PB 10km (min) 44.7 ± 78.2 (16) 41.8 ± 6.5 (16) 0.281 

21.1km (min) 94.2 ± 14.3 (15) 100.7±25.3 (18) 0.380 

42.2km (m in) 201.2 ± 37.8 (12) 215.5 ± 28.6 (17) 0.256 

Running 15 Weeks PB 10km (min) 48 .. 3 ± 7.6 (11) 50.3 ± 7.2 (8) 0.574 

21.1km (min) 106.3 ± 15.4 (7) 118.3 ± 24.1 (9) 0.271 

42.2km (min) 241.5 ± 34.8 (6) 248.8 ± 19.7 (5) 0.688 

Values are expressed as average ± standard deviation, with the number of subjects (n) In 
parentheses. 
PB, personal best time; 
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Table G.8: Triathlon (standard and Ironman) and running (10km, 21.1km and 
42.2km) career personal best times (PB) and best times achieved 
over the last 12 months or 15 weeks before the race of the Lower 
GIT symptomatic and asymptomatic triathletes 

LOWERGITS 
GITASGROUP 

SUB-GROUP 
P-value 

(N=22) 
(N=24) 

Triathlon Career PB Standard (min) 183.2 ± 84.2 (10) 147.3 ± 28.4 (12) 0.180 

Ironman (min) 792.5 ± 83.6 (12) 759.4 ± 80.3 (14) 0.315 

Triathlon 12 Months PB Standard (min) 182.1 ± 94.5 (8) 155.5 ± 31.0 (8) 0.462 

Ironman (min) 746.8 ± 157.4 (8) 774.7±75.1 (10) 0.625 

Running Career PB 10km (min) 45.4 ± 8.0 (12) 41.8 ± 6.5 (16) 0.202 

21.1km (min) 96.9 ± 13.7 (13) 100.7 ± 25.3 (18) 0.624 

42.2km (min) 215.9 ± 30.8 (9) 215.5 ± 28.6 (17) 0.972 

Running 15 Weeks PB 10km (min) 50.7 ± 8.3 (6) 50.3 ± 7.2 (8) 0.922 

21.1km (min) 112.3 ± 11.4 (7) 118.3 ± 24.1 (9) 0.552 

42.2km (min) 241.5 ± 34.8 {6} 248.8 ± 19.7 (5) 0.688 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
PB, personal best time; 
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Table G.9: The number of triathlon (standard and Ironman) and running events 
(10km, 21.1km and 42.2km) competed In career and the past 2 years 
and the year in which competing began in the GIT symptomatic and 
asymptomatic triathletes 

GITSGROUP GITASGROUP 
P-value 

(N=35) (N=24) 

No. of triathlons In career Standard 

Ironman 3 ± 2 (25) 2.±2(19) 0.384 

No. of trlathlons in 2 years Standard 

Ironman 2 ± 1 (24) 2±1(18) 0.123 

Year started triathlon events Standard 

Ironman 2004 ± 3 (26) 2004 ± 2 (19) 0.740 

No. of running events in career 10km 25± 30 ± (32) 32 ± 75 (28) 0.651 

21.1km 19 ± 23 (33) 27 ± 58 (26) 0.460 

42.2km 17 ± 26 (26) 27 ± 47 (28) 0.365 

Year started running events 10km 1996 ± 8 (35) 1993 ± 11 (40) 0.226 

21.1km 1998,± 7 (35) 1993 ± 9 (36) 0.025 

42.2km 1998 ± 7 (26) 1996 ± 8 (31) 0.228 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
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Table G.10: Personal best distance, time and speed in a cycle race between 80 
and 120km during the 15 weeks prior to the race in the GIT 
symptomatic and asymptomatic triathletes 

GIT SGROUP GITASGROUP 
P-value 

(N=35) (N=24) 

Distance (km) 105.1 ±16.5(17) 116.2 ± 23.0 (11) 0.151 

Time (min) 209.8 ± 50.1 (17) 223.7±37.1 (11) 0.435 

Speed (km/hr) 30.5±3.1 (17) 31.1 ± 2.6 (11) 0.589 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 

Table G.11: Personal best distance, time and speed in a cycle race between 80 
and 120km during the 15 weeks prior to the race in the GIT Run 
symptomatic and asymptomatic triathletes 

GIT RUN S 
GIT AS GROUP 

SUB-GROUP P-value 
(N=24) 

(N=26) 

Distance (km) 101.0±6.9(14) 116.2±23.0(11) 0.028 

Time (min) 199.7 ± 20.1 (14) 223.7±37.1 (11) 0.050 

Speed (km/hr) 30 ± 2.9 (14) 31.1 ± 2.6 (11) 0.604 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
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Table G.12: Personal best distance, time and speed in a cycle race between 80 
and 120km during the 15 weeks prior to the race in the Lower GIT 
symptomatic and asymptomatic triathletes 

LOWERGITS GITASGROUP 
P-value 

SUB-GROUP (N=22) (N=24) 

Distance (km) 101.3±8.5(10) 116.2 ± 23.0 (11) 0.070 

Time (min) 192.5 ± 17.7 (10) 223.7±37.1 (11) 0.026 

Speed (km/hr) 31.7 ± 2.7 (10) 31.1 ±2.6(11) 0.640 

Values are expressed as average ± standard deviation, with the number of subjects (n) in 
parentheses. 
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Figure G.1: Pre- and post-race (A) heart rate as well as, (8) systolic and (e) 
diastolic blood pressures of the triathletes in the Gil run 
symptomatic and asymptomatic sub-groups 
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Figure G.2: Pre- and post-race (A) heart rate as well as, (8) systolic and (C) 
diastolic blood pressures of the triathletes in the Lower Gil 
symptomatic and asymptomatic groups 
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Figure G.3: Pre- and post-race (A) diameter, (8) systolic velocity, (C) diastolic 
velocity, and (0) RI of the SMA in the GIT Run symptomatic and 
asymptomatic groups 
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Figure G.4: Pre- and post-race (A) diameter, (8) systolic velocity, (C) diastolic 
velocity, and (0) RI of the SMA in the Lower GIT symptomatic and 
asymptomatic groups 
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Figure G.S: Pre- and post-race (A) systolic velocity, (8) diastolic velocity, anti 
(C) RI of the coeliac artery in the GIT Run symptomatic and 
asymptomatic groups 
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Figure G.6: Pre- and post-race (A) systolic velocity, (8) diastolic velocity, and 
(C) RI of the coeliac artery in the Lower GIT symptomatic and 
asymptomatic groups 
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Genepop Result 

Results from GENEPOP 

Thu Nov 13 17:08:52 WST 2008 

Genepop web version of 3.4 Option: Hardy-Weinberg test 

File: 170852 (COL5Al 

Number of populations detected: 4 
Number of loci detected: 1 

Estimation of exact P-values 
by the Markov chain method 

Markov chain parameters for all tests 
Dememorization : 1000 
Batches : 100 
Iterations per batch : 1000 

Hardy weinberg: Probability test 

==================================================== 
Results by locus 

==================================================== 

Locus: DpnII-FMFM 

Fis: 
------------------------

POP 

ACLOOl 
ACL002 
ACL104 
ACL100 
All (Fisher's method) 
chi2 : 7.693882 
Df : 9 
Prob: 0.463929 

Normal Cnding. 

P-val S.E 
------ ------
0.1320 0.0021 
0.7950 0.0017 
0.4291 0.0038 
0.4800 0.0040 

httn:/lP"~enon_cllrtln.f",dn_Rn/cP"i-hln/P"enenon_cP"i 

W&C R&H Matr 
------ ------ ------
-0.267 -0.270 

0.056 -0.056 
-0.097 -0.098 
-0.078 - 0.078 
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