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Case Study: Utilizing a Low FODMAP Diet to Combat 
Exercise-Induced Gastrointestinal Symptoms

Dana Lis, Kiran D.K. Ahuja, Trent Stellingwerff, Cecilia M. Kitic, and James Fell

Athletes employ various dietary strategies in attempts to attenuate exercise-induced gastrointestinal (GI) 
symptoms to ensure optimal performance. This case-study outlines one of these GI-targeted approaches via 
the implementation of a short-term low FODMAP (Fermentable Oligosaccharides, Disaccharides, Monosac-
charides and Polyols) diet, with the aim to attenuate persistent running specific GI symptoms in a recreationally 
competitive multisport athlete (male, 86 kg, 57.9 ml⋅kg⋅min-1 V02max, 10–15 hr/week training, with no diagnosed 
GI disorder). Using a single-blinded approach a habitual diet was compared with a 6-day low FODMAP inter-
vention diet (81 ± 5g vs 7.2 ± 5.7g FODMAP s/day) for their effect on GI symptoms and perceptual wellbeing. 
Training was similar during the habitual and dietary intervention periods. Postexercise (During) GI symptom 
ratings were recorded immediately following training. Daily GI symptoms and the Daily Analysis of Life 
Demands for Athletes (DALDA) were recorded at the end of each day. Daily and During GI symptom scores 
(scale 0–9) ranged from 0–4 during the habitual dietary period while during the low FODMAP dietary period 
all scores were 0 (no symptoms at all). DALDA scores for worse than normal ranged from 3–10 vs 0–8 in 
the habitual and low FODMAP dietary periods, respectively, indicating improvement. This intervention was 
effective for this GI symptom prone athlete; however, randomized-controlled trials are required to assess the 
suitability of low FODMAP diets for reducing GI distress in other symptomatic athletes.

Keywords: runner, short-chain carbohydrates, lactose, fructose, runners gut

Gastrointestinal (GI) symptoms are common in up to 
70% of endurance athletes (de Oliveira & Burini, 2009), 
and aside from mechanical, psychological and physi-
ological triggers, several dietary factors are believed to 
influence symptoms (de Oliveira et al., 2014). Strategies 
to improve GI symptoms in athletes include: lower fiber 
(low residue) or fat intake; reduced fructose load; mini-
mizing dehydration, and; consuming multiple transporter 
carbohydrates (de Oliveira et al., 2014). Training the gut 
to tolerate increased amounts of carbohydrate and fluids 
has also been shown to increase carbohydrate oxidation 
and may theoretically reduce the likelihood of GI distress 
(Cox et al., 2010). In some cases, regardless of the inter-
vention, GI symptoms persist and novel individualized 
dietary approaches need to be employed. In the current 
case study, conventional interventions to reduce exercise-
induced GI symptoms were unsuccessful. Therefore, a 
dietary approach utilizing a low FODMAP (Fermentable 
Oligosaccharides, Disaccharides, Monosaccharides and 
Polyols) diet was trialed over 6 days (3-day lead-in and 3 
days of intense running-dominant training) in an attempt 
to mitigate GI issues.

FODMAPs, a family of short-chain carbohydrates, 
are in foods including wheat (fructans), pears (excess fruc-
tose), cow’s milk (lactose), legume beans (Galacto-oligo-
saccharides; GOS), and nectarines (polyols) (Shepherd et 
al., 2013). A low FODMAP diet is often implemented in 
clinical practice as a potentially efficacious treatment for 
irritable bowel syndrome (IBS; Shepherd et al., 2013). In 
IBS patients, the malabsorption of FODMAPs increases 
colonic fluid and gas, which subsequently may trigger 
or amplify GI symptoms including bloating, flatulence, 
abdominal pain, loose stool or diarrhea (Staudacher et 
al., 2014). The GI-related symptomology experienced 
in individuals with IBS is analogous to those reported 
by athletes under conditions of exercise stress where 
splanchnic hypoperfusion, gut ischemia, altered motil-
ity, reduced intestinal absorption and mechanical factors 
compromise gut integrity (Gisolfi, 2000; van Wijck et al., 
2012). Despite some GI-adaptions in trained individuals, 
splanchnic blood flow is still reduced by up to 80% at 70% 
VO2max (Qamar & Read, 1987). Given the compromised 
gut environment common during strenuous exercise (ter 
Steege & Kolkman, 2012), it is plausible that high intakes 
or residual presence of FODMAPs in the colon may trig-
ger or amplify GI symptoms during or after exercise. This 
case study intervention is an attempt to assess the impact 
of a low FODMAP diet on a recreationally competitive 
athlete with persistent exercise-induced GI distress. The 
outcome was favorable and provides an impetus for larger 
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systematic research of low FODMAP diets in athletes 
with GI distress.

Presentation and Assessment  
of Athlete

This 31-year-old recreationally competitive athlete 
(86 kg, 183.7 cm, 10% body fat, 57.9 ml⋅kg⋅min-1 VO2max, 
training 10–15 hr/week) has a history of GI distress and 
is currently training for multisport events, culminating 
with Ironman Melbourne 2016. Ongoing nutrition support 
by an accredited sport dietitian (lead author) revealed 
persistent GI symptoms during and after high intensity 
or endurance training (heart rate >155 bpm or training > 
60 min), primarily experienced during running. Previous 
screening was negative for celiac disease (tTg IgG and tTg 
IgA antibodies) and there was no history of self-reported 
functional bowel disorders, self-diagnosed GI condition 
or food intolerance. Prior self-implemented interventions 
aimed at reducing GI symptoms included: avoidance of 
spicy foods and caffeine before training, and sports drink 
and all foods during training. He had also previously 
trialed a gluten-free diet (GFD) without success. It is not 
possible to quantify the fructan or GOS intake during that 
GFD period. Consequently, FODMAPs were considered 
as a potential symptom modulator (Gibson et al., 2015) 
and investigated.

After the collection of the screening information 
(Figure 1), an assessment of FODMAP intake via 
Complete Nutrition Assessment Questionnaire (CNAQ; 
Barrett & Gibson, 2010) and background GI symptom 
questionnaire evaluation, quantifying frequency of 
symptoms (0: never to 9: always) was conducted (Lis 
et al., 2015; Pfeiffer et al., 2009). The presence and 
severity of upper and lower abdominal symptoms were 
determined using a 10-point scale ranging from 0: no 
problem at all to 9: the worst it has ever been, as pre-
viously applied (Lis et al., 2015). The response from 
the background GI symptom questionnaire indicated 
moderate to severe (> 4) upper and lower abdominal 
symptoms (Table 1). FODMAP intake was estimated 
to be 50.8 g FODMAP.day-1 (Table 2), which is con-
sidered to be a high FODMAP diet (Ong et al., 2010). 
Based on the result of the background GI question-

naire and CNAQ analysis the athlete was requested 
to record a detailed habitual diet and exercise log 
alongside questionnaires assessing GI symptoms and  
perceptual wellbeing.

Habitual Dietary Period

The 6-day habitual diet was analyzed for FOD-
MAPs, average energy and macronutrient intake 
(FoodWorks Professional 7 Xyris, Brisbane, Australia; 
Table 2). During the habitual diet, GI symptom question-
naires were completed at the end of each day (Daily; GI 
symptoms occurring outside of exercise) and also imme-
diately postexercise (During; GI symptom occurring 
during exercise). Information about life stressors and 
symptoms of stress were also collected daily using the 
Daily Analysis of Life Demands in Athletes (DALDA) 
over a range of training sessions, including cycling, 
swimming, and various running intensities/durations. 
DALDA requires participants to rate each variable as 
worse than normal, normal, and better than normal and 
is a pragmatic tool to evaluate stress and stress response 
(Rushall, 1990).

Low FODMAP Intervention

To minimize potential bias of reported GI symptoms, 
the athlete was blinded to the intervention. This was 
achieved by informing the athlete that “specific carbo-
hydrates” would be modified in the intervention period 
but that the intervention may worsen, improve or have 
no effect on symptoms. This dietary intervention period 
took place the week following the habitual dietary period 
on identical days of the week with similar training loads 
(Tuesday-Sunday).

Nutritional intervention consisted of a detailed meal 
plan that simulated the foods, nutrient profile and fluids 
taken during the habitual period, but exchanged high 
FODMAP foods for alternative foods low or void of 
FODMAPs. For example, habitual breakfast consisted 
of dried fruit and nut muesli with cow’s milk yogurt and 
milk. The intervention low FODMAP breakfast included 
low FODMAP muesli, consisting of a small quantity of 
oats, seeds, puffed rice mixed with lactose-free yogurt 
and milk.

Figure 1 — Case study intervention timeline
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Table 1  Baseline, Daily and During GI Symptoms Scores for Running Training Days*

Section Symptom Background (Baseline)

Habitual Low FODMAP

Min Max Min Max

Daily

Upper

  reflux/heartburn 2 1 2 0 0

  belching 2 1 2 0 0

  bloating 4 1 3 0 0

  upper ab cramp 4 0 1 0 0

  vomiting 0 0 0 0 0

  nausea 0 0 0 0 0

Lower 1 3 0 0

  lower ab cramp 4 1 3 0 0

  side stitch 2 0 2 0 0

  flatulence 7 3 4 0 0

  urge to defecate 5 0 3 0 0

  diarrhea 5 0 0 0 0

  intestinal bleeding 0 0 0 0 0

During Exercise

Upper 0 0

  reflux/heartburn 0 2 0 0

  belching 0 2 0 0

  bloating 0 0 0 0

  upper abdominal cramp 0 0 0 0

  vomiting 0 0

  nausea 0 0 0 0

Lower 0 0

  lower abdominal cramp 0 3 0 0

  side stitch 0 3 0 0

  flatulence 0 4 0 0

  urge to defecate 0 3 0 0

  diarrhea 0 3 0 0

  intestinal bleeding 0 0 0 0

*Day 4,5 and 6 of the habitual and Low FODMAP dietary periods

GI symptom scores >4 are considered moderate to severe.

Training was also simulated throughout both dietary 
phases to ensure the stress placed on the gut was con-
sistent. Training was monitored and closely replicated 
using Garmin Connect and included: swim 60 min 
(Tuesday); cycle 60 min (Wednesday); rest (Thurs-
day); run intervals 70 min (Friday); cycle 180 min and 
steady state run 65 min (Saturday) and; run intervals 
65 min (Sunday). Three days of a low FODMAP diet 
leading into the first of three running-focused training 
days was chosen with the goal to transit any residual 
FODMAPs through the gut before the first strenuous 
running day (Friday). Dietary and exercise log, GI 

symptoms and DALDA questionnaires were recorded 
and analyzed in the same manner as the habitual  
dietary period.

Outcomes

Nutrient and FODMAP Intake

Daily food intake was effectively replicated from 
the habitual dietary record with the only meaningful 
variance being in FODMAP foods (Table 2). FODMAP 
intake during the habitual diet was 81.0 ± 5.0 g FOD-
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MAPs/day while the intervention diet provided 7.2 ± 
5.7g FODMAPs/day.

GI Symptoms (Background, Daily, and 
During Exercise) and DALDA

Table 1 shows individual minimum and maximum 
symptoms scores reported for Daily and During GI 
symptoms for days 4, 5 and 6; the days when strenuous 
running training sessions were completed and GI symp-
toms were more severe. Compared with the habitual diet, 
the Daily GI symptoms severity scores were lower on 
the low FODMAP diet (0–4 during vs 0; no symptoms 
at all); indicating a measureable improvement (Table 1). 
Similar improvement was observed for the During GI 
symptom severity scores (0–4 during the habitual diet 
vs 0; no symptoms at all during the low FODMAP diet). 
DALDA scores of “worse than normal” ranged from 3–10 
(average 6.1) during the habitual diet compared with 0–8 
(average 3.7) during the low FODMAP diet.

The cumulative GI symptoms scores for Daily and 
During (Figure 2) further show that total symptoms 
scores were higher each day of the habitual diet than 
on the low FODAMP diet. This illustrates higher Daily 
and During GI symptoms throughout the habitual diet, 
in particular on intensified running days. However, on 
day 6, During GI symptoms scores were zero for the 
habitual diet. This may have been the result of the self-

selected breakfast (eggs, milk, banana) on the day-6 
(preexercise meal) being lower in fructan and lactose 
content compared with his usual breakfast (muesli, milk 
and yogurt). It is plausible that the lowered FODMAP 
quantity in breakfast on day-6 contributed to the absence 
of During GI symptoms in the habitual period. Although 
during the habitual dietary period GI symptoms scores 
were predominantly minor, the athlete, blinded to the 
intervention, verbally confirmed an improvement in 
symptoms supported by his statement; “symptoms were 
remarkably better compared to habitual period and were 
basically non-existent during exercise or during the day 
throughout the intervention period.”

Reflections
Many endurance athletes who struggle with per-

sistent exercise-induced GI distress fail to resolve these 
potentially debilitating symptoms through commonly 
recommended dietary approaches. Although a subjective 
measure, GI symptoms have the potential to negatively 
impact performance (Jeukendrup et al., 2000) and thus 
it may be important to assess even lower severity symp-
toms (<3), particularly at the elite level where very small 
changes can have important performance impacts (Hop-
kins, 2005). Athletes and some practitioners believe that 
interventions such as low-residue or GFDs will improve 
GI issues (de Oliveira et al., 2014; Lis et al., 2014). GFDs 

Table 2  Composition of Dietary Intake During the Habitual and Low FODMAP Dietary Periods

Dietary Component *CNAQ Background Macronutrient and FODMAP Intake Habitual Low FODMAP

Total energy (kcal) 2456 2586 ± 416 2527 ± 407

Total carbohydrate (g) 242 295 ± 68 303 ± 69

Total protein (g) 119 136 ± 9 132 ± 24

Fat (g) 93 88 ± 22 85 ± 28

Fiber (g) 25.9 34 ± 9 33 ± 6

Total FODMAPs (g) 50.8 81.0 ± 5.0 7.2 ± 5.7

Fructose (g) 23.5 20.9 ± 7.9 8.8 ± 4.0

Excess fructose (g) 3.4 0.5 ± 0.6 0.3 ± 0.1

Lactose (g) 42 70.3 ± 3.1 0.5 ± 0.7

Total oligosaccharides (g) 3 7.1 ± 3.9 6.2 ± 6.0

Fructo-oligosaccarides (g) 1.6 6.5 ± 4.0 5.9 ± 5.7

Galacto-oligosaccarides (g) 1.2 0.6 ± 0.2 0.3 ± 0.5

Raffinose (g) 0.3 0.4 ± 0.2 0.3 ± 0.5

Stachylose (g) 0.9 0.2 ± 0.1 0.1 ± 0.1

Total Polyols (g) 2.6 3.1 ± 2.2 0.2 ± 0.4

Sorbitol (g) 1 0.3 ± 0.2 0.2 ± 0.3

Mannitol (g) 1.6 2.7 ± 2.1 0.0 ± 0.1

Note. Dietary macronutrients and fiber were calculated using FoodWorks dietary software, which is based on the Australian Food Composition tables. 
Total FODMAPs = excess fructose + lactose + sorbitol + mannitol + fructans + galacto-oligosaccharides (GOS). All values are represented as mean 
(SD) for the two 6-day dietary periods (habitual and low FODMAP intervention). Bold text indicates additive constituents for total FODMAPs.

*Complete Nutrition Assessment Questionnaire (CNAQ)
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are naturally low in fructan and GOS, and may actually be 
the modulating factors in reported symptom improvement 
and not gluten itself (Gibson & Muir, 2013). However, 
the athlete in this case study indicated no improvement 
with a previous GFD. Instead the results suggest a low 
FODMAP intervention as a potentially novel approach to 
improve GI symptoms occurring with strenuous exercise, 
where the gut is compromised (van Wijck et al., 2012).

Through this case study, we are unable to identify 
whether an individual FODMAP or a combination of 
foods rich in FODMAPs were responsible for the GI dis-
tress reported by the athlete during the habitual diet. The 
habitual diet was extremely high in lactose and lactose 
may be a primary trigger, however, the athlete had not 
reported lactose intolerance. In an athletic population it is 
important to note that lactose intakes may be greater than 
the general population (Barrett & Gibson, 2010; Halmos 
et al., 2014) due to heavy dependence on dairy as a source 
of high quality protein and to replace sweat calcium loses 
(Haakonssen et al., 2015). Reliance on dairy protein has 
also been shown to support an increase or maintenance 
of lean body mass and support bone collagen formation 
during period of energy restriction (Josse et al., 2012). 
Low energy availability (33.4 kcal/FFM) reported by this 
athlete may point toward dairy consumption as a means to 
reduce the catabolic effects of an energy deficit or a con-

tributing factor to gastrointestinal symptoms (Melin et al., 
2014). In conjunction with a short-term low FODMAP 
diet before races or key running training sessions, self-
administration of low doses of lactose containing foods 
(e.g., 1/2 cup of cow’s milk) were subsequently recom-
mended assess tolerance.

Several factors should be considered with the imple-
mentation of a low FODMAP dietary approach in ath-
letes pertaining to assessment, counseling strategies and 
execution of the diet. Counseling strategies that curtail a 
“placebo effect” are integral to measuring real symptom 
change and the magnitude of change verses the influence 
of the belief in an intervention (Beedie et al., 2015). Before 
implementing a low FODMAP diet, integration of appro-
priate dietetic and medical practitioners is imperative, 
particularly with severe or persistent cases of GI distress, 
to rule out functional GI disorders and other triggers (e.g., 
nutritional, physiological or psychological). Similarly, a 
low FODMAP diet for athletes should be administered 
by a dietitian experienced in sport nutrition and low 
FODMAP diet administration. This intervention is also 
best tested in the off-season and trialed under conditions 
where symptoms occur. For athletes that respond positiv-
ity to a low FODMAP diet the intervention length should 
be minimized to reduce unnecessary dietary restriction. 
Food choice is key to the successful implementation of 

Figure 2 — Cumulative Daily and During GI symptoms scores; HAB = habitual, LFOD = low FODMAP
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low FODMAPs diet as it has the potential to be lower in 
prebiotics, which may influence the microbiome compo-
sition (Wu et al., 2011). Limited research regarding the 
nutritional adequacy of a low FODMAP diet and long-
term effects raises concern surrounding the nutritional 
suitability of this diet, especially for athletes, if appropri-
ate variety and quantity is not integrated (Staudacher et 
al., 2012). An objective of the intervention should also 
include identifying, via strategic reintroduction of foods, 
specific high FODMAP foods that trigger symptoms, as 
not all FODMAPs may be culprits. Therefore, our recom-
mendation to the athlete was to follow a low FODMAP 
diet 2–3 days before events or critical training sessions to 
alleviate symptoms, namely; bloating, intestinal cramps, 
flatulence, urge to defecate.

Psychological stresses also conceivably influence 
GI symptoms and were therefore additionally monitored. 
DALDA responses of “worse than normal” were higher 
during the habitual dietary period alongside more severe 
GI symptoms compared with the low FODMAP period, 
plausibly indicating a perceived reduction in gut distress. 
Several studies have found unique gut-brain axis rela-
tions associating psychological stress with increased GI 
disorders and symptoms (Bermon et al., 2015; Koloski 
et al., 2012; Tache et al., 2001). The reverse may also 
occur, as psychological stress levels are likely to increase 
with GI symptoms, especially in competitive situations. 
Therefore, monitoring stress triggers and stress response 
should correspondingly be part of an athlete nutrition plan 
relating to GI distress.

Overall, a reduced FODMAP diet led to a success-
ful resolution of GI symptoms that were predominantly 
triggered during running for the athlete. These results 
provide a foundation and practical approach to initiate 
extended research investigating the effects of FOD-
MAPs in athletes with persistent exercise-induced GI 
symptoms.

Acknowledgments

The athlete has read, approved and provided written permission 
to partake in the single blinded intervention used and for publi-
cation of the case study, conforming to the principal approval for 
case studies within the International Journal of Sports Nutrition 
and Exercise Metabolism. The authors would like to thank Dr 
Jane Muir, School of Medicine Nursing and Health Sciences, 
Monash University, Australia for generously providing expertise 
and access to FODMAPs analysis using their FoodWorks data-
base. The authors would also like to thank the Canadian Sport 
Institute Pacific for their collaboration and support.

References
Barrett, J.S., & Gibson, P.R. (2010). Development and 

validation of a comprehensive semi-quantitative food 
frequency questionnaire that includes FODMAP intake 
and glycemic index. Journal of the American Dietetic 
Association, 110(10), 1469–1476. PubMed doi:10.1016/j.
jada.2010.07.011

Beedie, C., Foad, A., & Hurst, P. (2015). Capitalizing on 
the Placebo Component of Treatments. Current Sports 
Medicine Reports, 14(4), 284–287. PubMed doi:10.1249/
JSR.0000000000000172

Bermon, S., Petriz, B., Kajeniene, A., Prestes, J., Castell, 
L., & Franco, O.L. (2015). The microbiota: an exercise 
immunology perspective. Exercise Immunology Review, 
21, 70–79. PubMed

Cox, G. R., Clark, S. A., Cox, A. J., Halson, S. L., Hargreaves, 
M., Hawley, J. A., . . . Burke, L. M. (2010). Daily training 
with high carbohydrate availability increases exogenous 
carbohydrate oxidation during endurance cycling. J 
Appl Physiol (1985), 109(1), 126-134. doi: 10.1152/jap-
plphysiol.00950.2009

de Oliveira, E.P., & Burini, R.C. (2009). The impact of physical 
exercise on the gastrointestinal tract. Current Opinion in 
Clinical Nutrition and Metabolic Care, 12(5), 533–538. 
PubMed doi:10.1097/MCO.0b013e32832e6776

de Oliveira, E.P., Burini, R.C., & Jeukendrup, A. (2014). 
Gastrointestinal complaints during exercise: prevalence, 
etiology, and nutritional recommendations. Sports Medi-
cine (Auckland, N.Z.), 44(Suppl. 1), 79–85. PubMed 
doi:10.1007/s40279-014-0153-2

Gibson, P.R., & Muir, J. (2013). Not All Effects of a Gluten-Free 
Diet Are Due to Removal of Gluten. Gastroenterology, 
145(3), 693. PubMed doi:10.1053/j.gastro.2013.06.056

Gibson, P. R., Muir, J. G., & Newnham, E. D. (2015). Other 
Dietary Confounders: FODMAPS et al. Digestive Dis-
eases, 33(2), 269-276. doi:10.1159/000371401 PubMed

Gisolfi, C.V. (2000). Is the GI System Built For Exercise? News 
in Physiological Sciences, 15, 114–119. PubMed

Haakonssen, E.C., Ross, M.L., Knight, E.J., Cato, L.E., Nana, 
A., Wluka, A.E., . . . Burke, L.M. (2015). The effects of a 
calcium-rich pre-exercise meal on biomarkers of calcium 
homeostasis in competitive female cyclists: a randomised 
crossover trial. PLoS One, 10(5), e0123302. PubMed 
doi:10.1371/journal.pone.0123302

Halmos, E. P., Power, V. A., Shepherd, S. J., Gibson, P. R., 
& Muir, J. G. (2014). A diet low in FODMAPs reduces 
symptoms of irritable bowel syndrome. Gastroenterology, 
146(1), 67-75 e65. doi:10.1053/j.gastro.2013.09.046

Hopkins, W. D. (2005). How to Interpret Changes in an Athletic 
Performance Test Sportscience, 8, 1-7.

Jeukendrup, A., Vet-Joop, K., Sturk, A., Stegen, H.J.J.C., 
Senden, J.A., Saris, W.H.M., & Wagenmakers, A.J.M. 
(2000). Relationship between gastro-intestinal complaints 
and endotoxaemia, cytokine release and the acute-phase 
reaction during and after a long-distance triathlon in 
highly trained men. Clinical Science, 98, 47–55. PubMed 
doi:10.1042/cs0980047

Josse, A.R., Atkinson, S.A., Tarnopolsky, M.A., & Phillips, S.M. 
(2012). Diets higher in dairy foods and dietary protein sup-
port bone health during diet- and exercise-induced weight 
loss in overweight and obese premenopausal women. The 
Journal of Clinical Endocrinology and Metabolism, 97(1), 
251–260. PubMed doi:10.1210/jc.2011-2165

Koloski, N.A., Jones, M., Kalantar, J., Weltman, M., Zagu-
irre, J., & Talley, N.J. (2012). The brain–gut pathway in 
functional gastrointestinal disorders is bidirectional: a 

D
ow

nl
oa

de
d 

by
 U

ni
v 

B
ri

tis
h 

C
ol

um
bi

a 
on

 0
3/

24
/1

7,
 V

ol
um

e 
26

, A
rt

ic
le

 N
um

be
r 

5

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20869485&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2010.07.011
http://dx.doi.org/10.1016/j.jada.2010.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26166052&dopt=Abstract
http://dx.doi.org/10.1249/JSR.0000000000000172
http://dx.doi.org/10.1249/JSR.0000000000000172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25825908&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19535976&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19535976&dopt=Abstract
http://dx.doi.org/10.1097/MCO.0b013e32832e6776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24791919&dopt=Abstract
http://dx.doi.org/10.1007/s40279-014-0153-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23900108&dopt=Abstract
http://dx.doi.org/10.1053/j.gastro.2013.06.056
http://dx.doi.org/10.1159/000371401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25925934&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11390892&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25970439&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0123302
http://dx.doi.org/10.1053/j.gastro.2013.09.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10600658&dopt=Abstract
http://dx.doi.org/10.1042/cs0980047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22049177&dopt=Abstract
http://dx.doi.org/10.1210/jc.2011-2165


IJSNEM Vol. 26, No. 5, 2016

Low FODMAP diet in runner with GI distress    487

12-year prospective population-based study. Gut, 61(9), 
1284–1290. PubMed doi:10.1136/gutjnl-2011-300474

Lis, D., Stellingwerff, T., Kitic, C.M., Ahuja, K.D., & Fell, 
J. (2015). No Effects of a Short-Term Gluten-free Diet 
on Performance in Nonceliac Athletes. Medicine and 
Science in Sports and Exercise. PubMed doi:10.1249/
MSS.0000000000000699

Lis, D., Stellingwerff, T., Shing, C.M., Ahuja, K.D., & Fell, 
J. (2014). Exploring the Popularity, Experiences and 
Beliefs Surrounding Gluten-Free Diets in Non-Coeliac 
Athletes. International Journal of Sport Nutrition and 
Exercise Metabolism, 25, 37–45. PubMed doi:10.1123/
ijsnem.2013-0247

Melin, A., Tornberg, A.B., Skouby, S., Faber, J., Ritz, C., Sjodin, 
A., & Sundgot-Borgen, J. (2014). The LEAF question-
naire: a screening tool for the identification of female 
athletes at risk for the female athlete triad. British Journal 
of Sports Medicine, 48(7), 540–545. PubMed doi:10.1136/
bjsports-2013-093240

Ong, D.K., Mitchell, S.B., Barrett, J.S., Shepherd, S.J., Irving, 
P.M., Biesiekierski, J.R., . . . Muir, J.G. (2010). Manipula-
tion of dietary short chain carbohydrates alters the pattern 
of gas production and genesis of symptoms in irritable 
bowel syndrome. Journal of Gastroenterology and Hepa-
tology, 25(8), 1366–1373. PubMed doi:10.1111/j.1440-
1746.2010.06370.x

Pfeiffer, B., Cotterill, A., Grathwohl, D., Stellingwerff, T., & 
Jeukendrup, A.E. (2009). The effect of carbohydrate gels 
on gastrointestinal tolerance during a 16-km run. Interna-
tional Journal of Sport Nutrition and Exercise Metabolism, 
19(5), 485–503. PubMed doi:10.1123/ijsnem.19.5.485

Qamar, M.I., & Read, A.E. (1987). Effects of exercise on mes-
enteric blood flow in man. Gut, 28(5), 583–587. PubMed 
doi:10.1136/gut.28.5.583

Rushall, B. (1990). A tool for measuring stress tolerance in elite 
athletes. Journal of Applied Sport Psychology, 2, 51–66. 
doi:10.1080/10413209008406420

Shepherd, S.J., Lomer, M.C., & Gibson, P.R. (2013). Short-
chain carbohydrates and functional gastrointestinal disor-

ders. The American Journal of Gastroenterology, 108(5), 
707–717. PubMed doi:10.1038/ajg.2013.96

Staudacher, H.M., Irving, P.M., Lomer, M.C., & Whelan, K. 
(2014). Mechanisms and efficacy of dietary FODMAP 
restriction in IBS. Nature Reviews. Gastroenterology 
& Hepatology, 11(4), 256–266. PubMed doi:10.1038/
nrgastro.2013.259

Staudacher, H.M., Lomer, M. C., Anderson, J. L., Barrett, 
J. S., Muir, J. G., Irving, P. M., & Whelan, K. (2012). 
Fermentable carbohydrate restriction reduces luminal 
bifidobacteria and gastrointestinal symptoms in patients 
with irritable bowel syndrome. The Journal of Nutrition, 
142(8), 1510–1518. PubMed doi:10.3945/jn.112.159285

Tache, Y., Martinez, V., Million, M., & Wang, L. (2001). Stress 
and the gastrointestinal tract III. Stress-related alterations 
of gut motor function: role of brain corticotropin-releasing 
factor receptors. American Journal of Physiology. Gas-
trointestinal and Liver Physiology, 280(2), G173–G177. 
PubMed

ter Steege, R.W., & Kolkman, J.J. (2012). Review article: 
the pathophysiology and management of gastrointesti-
nal symptoms during physical exercise, and the role of 
splanchnic blood flow. Alimentary Pharmacology & Thera-
peutics, 35(5), 516–528. PubMed doi:10.1111/j.1365-
2036.2011.04980.x

van Wijck, K., Lenaerts, K., Grootjans, J., Wijnands, K.A., 
Poeze, M., van Loon, L.J., . . . Buurman, W.A. (2012). 
Physiology and pathophysiology of splanchnic hypoper-
fusion and intestinal injury during exercise: strategies for 
evaluation and prevention. American Journal of Physiol-
ogy. Gastrointestinal and Liver Physiology, 303(2), G155–
G168. PubMed doi:10.1152/ajpgi.00066.2012

Wu, G.D., Chen, J., Hoffmann, C., Bittinger, K., Chen, Y.Y., 
Keilbaugh, S.A., . . . Lewis, J.D. (2011). Linking long-
term dietary patterns with gut microbial enterotypes. 
Science, 334(6052), 105–108. PubMed doi:10.1126/
science.1208344

D
ow

nl
oa

de
d 

by
 U

ni
v 

B
ri

tis
h 

C
ol

um
bi

a 
on

 0
3/

24
/1

7,
 V

ol
um

e 
26

, A
rt

ic
le

 N
um

be
r 

5

View publication stats

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22234979&dopt=Abstract
http://dx.doi.org/10.1136/gutjnl-2011-300474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25970665&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000699
http://dx.doi.org/10.1249/MSS.0000000000000699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24901744&dopt=Abstract
http://dx.doi.org/10.1123/ijsnem.2013-0247
http://dx.doi.org/10.1123/ijsnem.2013-0247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24563388&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2013-093240
http://dx.doi.org/10.1136/bjsports-2013-093240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20659225&dopt=Abstract
http://dx.doi.org/10.1111/j.1440-1746.2010.06370.x
http://dx.doi.org/10.1111/j.1440-1746.2010.06370.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19910651&dopt=Abstract
http://dx.doi.org/10.1123/ijsnem.19.5.485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3596339&dopt=Abstract
http://dx.doi.org/10.1136/gut.28.5.583
http://dx.doi.org/10.1080/10413209008406420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23588241&dopt=Abstract
http://dx.doi.org/10.1038/ajg.2013.96
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24445613&dopt=Abstract
http://dx.doi.org/10.1038/nrgastro.2013.259
http://dx.doi.org/10.1038/nrgastro.2013.259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22739368&dopt=Abstract
http://dx.doi.org/10.3945/jn.112.159285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11208537&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11208537&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22229513&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2036.2011.04980.x
http://dx.doi.org/10.1111/j.1365-2036.2011.04980.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22517770&dopt=Abstract
http://dx.doi.org/10.1152/ajpgi.00066.2012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21885731&dopt=Abstract
http://dx.doi.org/10.1126/science.1208344
http://dx.doi.org/10.1126/science.1208344
https://www.researchgate.net/publication/301549601

