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This study aimed to explore carbohydrate (CHO) knowledge, beliefs, and 
intended practices of endurance athletes who experience exercise-associated 
gastrointestinal symptoms (Ex-GIS) compared to those without Ex-GIS. A 
validated online questionnaire was completed by endurance athletes (n = 201) 
participating in >60 min of exercise that present with Ex-GIS (n = 137) or without 
(n = 64). Descriptive statistics were used for parametric and non-parametric data 
with appropriate significance tests. Associations between categorical data were 
assessed by Chi-square analysis, and post-hoc Bonferroni tests were applied 
when significant. A content analysis of open-ended responses was grouped into 
themes, and quantitative statistics were applied. Participants included runners 
(n = 114, 57%), triathletes (n = 43, 21%) and non-running sports (n = 44, 21%) who 
participate in recreational competitive (n = 74, 37%), recreational non-competitive 
(n = 64, 32%), or competitive regional, national, or international levels (n = 63, 31%). 
Athletes correctly categorized CHO (x̄ = 92–95%) and non-CHO (x̄ = 88–90%) 
food and drink sources. On a Likert scale of 1 (strongly disagree) to 5 (strongly 
agree) athletes typically agree or strongly agree that consuming CHO around key 
training sessions and competitions enhances athletic performance [median = 4 
(IQR, 4–5)], and they intend to consume more CHO around exercise [median = 3 
(IQR, 2–3)]. No differences in beliefs and intentions were found among athletes 
with or without Ex-GIS. To enhance athletic performance, most endurance 
athletes intend to consume more CHO around exercise. Adequate knowledge of 
CHO-containing food sources was apparent; however, specific CHO ingestion 
practices remain to be verified.
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TABLE 1 Participant demographics of endurance athletes with (n = 137) and without (n = 64) reported exercise-associated gastrointestinal symptoms 
with Chi-square comparisons for categorical data (sex) and independent samples t-test for normally distributed data (age).

Sex Age

Totals 
n

F
n, (%)

M
 n, (%)

Association 
within 

group and 
sex χ2 (p)

Association 
between 

groups and 
sex χ2 (p)

F 
Mean 
(± SD)

M 
Mean 
(± SD)

Within 
group 

Mean (± 
SD)

Within 
group 

Cohen’s 
d (p)

Between 
group 

Cohen’s 
d (p)

With Ex-GISa 137 86 (63) 51 (37) 0.7 (0.7) 2.3 (0.1) 42 (11) 41 (11) 42 (11) −0.1 (0.5) 0.2 (0.3)

Without Ex-GIS 64 33 (52) 31 (48) 1.5 (0.5) 40 (12) 40 (9) 40 (11) 0.1 (0.8)

aEx-GIS, exercise-associated gastrointestinal symptoms. 
F, female; M, male; n, number; SD, standard deviation; p, probability; % percentage; χ2, Chi-square statistic.

Introduction

Endurance athletes frequently report developing gastrointestinal 
symptoms around exercise, e.g., bloating, urge to defecate, burping, 
regurgitation, and diarrhea, referred to as exercise-associated 
gastrointestinal symptoms (Ex-GIS) (1–3). Ex-GIS develop through 
the gastrointestinal circulatory or neuro-endocrine pathways or via 
mechanical strain on the peritoneal cavity (2, 4). A description of 
Ex-GIS has been defined within the exercise-induced gastrointestinal 
syndrome model, outlining the complex pathophysiology involved in 
the development of Ex-GIS (5, 6). Many endurance athletes who 
report Ex-GIS implement strategies to manage symptomology (7–9), 
including reducing CHO-rich foods such as bread, cereals, milk, and 
yoghurt (7). Therefore, endurance athletes with Ex-GIS may 
be modifying their dietary intake to reduce Ex-GIS development, 
perhaps at the expense of their CHO intake. Given the critical role 
carbohydrates play as a substrate during exercise to support 
performance enhancement (10, 11), carbohydrate intake guidelines 
have been established for athletes, including total daily targets, plus 
specific guidance before, during, and after exercise (12, 13).

Endurance athletes typically train for >60 min several times a 
week. However, the recommended CHO intake ranges vary depending 
on the duration and intensity of exercise (12, 13). An individualized 
approach is recommended for CHO consumption, however as a 
general guideline of 3 g.kg−1.d−1 CHO for low-intensity or skill-based 
training, up to 8–10 g.kg−1.d−1 CHO for moderate to high-intensity or 
sustained exercise (12, 13). For key training sessions or competitions, 
10–12 g.kg−1.d−1 CHO, 24–36 h before sustained endurance events, is 
associated with improved performance (12, 13). During endurance 
exercise lasting 1–3 h, it is recommended that athletes consume 
30–60 g.h−1 CHO (12, 13). More extended endurance activities lasting 
>3 h, 90 g.h−1 CHO from multiple transportable CHO sources (i.e., 
glucose and fructose in a ratio of 2:1) to increase CHO availability and 
CHO oxidation efficiency, thereby reducing fatigue and improving 
athletic performance (12, 13). Despite these recommendations, many 
endurance athletes do not meet daily CHO targets leading up to 
competition (14) or during endurance events (3, 15, 16), possibly due 
to a lack of practicing with race day nutrition or experimenting with 
food and fluid quantities to determine feeding tolerance and 
preferences (17). Individuals who experience Ex-GIS may be more 
susceptible to not achieving CHO intake targets due to varied dietary 
strategies implemented to reduce symptomology (7–9).

Interestingly, athletes that present with Ex-GIS may benefit from 
the ingestion of CHO during exercise, as this strategy has been shown 

to reduce the development and severity of Ex-GIS and mitigate 
disruptions to the integrity of the intestinal epithelium (2, 18–22). 
CHO consumed during exercise increases portal vein blood supply, 
enhancing blood flow to the splanchnic region (23). This likely 
increases intestinal epithelial blood flow, thereby reducing intestinal 
injury and the subsequent development of gastrointestinal 
complications (18, 19). However, ingestion of CHO above an 
individual’s tolerance level may exacerbate Ex-GIS, irrespective of 
exercise duration or intensity (24).

This exploratory study investigates the CHO knowledge, beliefs, 
and intended practices of endurance athletes who report Ex-GIS. Due 
to the complex pathophysiology of the development of Ex-GIS, it is 
hypothesized that endurance athletes who experience Ex-GIS may 
have beliefs and intentions about CHO consumption that varies from 
sports nutrition guidelines or recommendations (10, 12, 13).

Methods

Participants

This exploratory study applied a validated online questionnaire 
investigating endurance athletes who report Ex-GIS and their CHO 
knowledge, beliefs, and intended practices (25) 
(Supplementary file 1), compared to a subgroup of athletes without 
Ex-GIS. Convenience sampling was used for athlete recruitment 
given researchers had associations with endurance athlete groups or 
professional contacts who support endurance athletes. Endurance 
athletes ≥18 years (y) of age, participating in endurance events 
≥60 minutes (min), were invited to participate in the study. Only 
questions related to CHO knowledge, beliefs, intended practices and 
sports nutrition strategies were included in this study. Specific 
questions regarding nutritional strategies for managing Ex-GIS, 
including the use of nutritional supplements were excluded, as this 
has been previously reported (26).

This study was approved by the Human Research Ethics 
Committee (University of the Sunshine Coast, Australia), ethics 
approval number S201402 and conducted in accordance with the 
Declaration of Helsinki for human research. Athletes accessed the 
questionnaire online through Qualtrics Core XM survey platform 
(RRID:SCR_016728) (Qualtrics LLC, 333 West River Park Drive, 
Provo, UT 84604, United States). Athletes were required to provide 
written informed consent and all data collected was anonymous. 
Demographic data collected included biological sex and age. Other 
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information collected included main sport, participation level, and 
event characteristics (single-day or multi-day).

Questionnaire

Using a dichotomous scale, 15 food and drink options were 
categorized as CHO or non-CHO food or drink sources to determine 
athletes CHO knowledge. Athletes rated their beliefs about consuming 
CHO for enhancing athletic performance at various time points 
around exercise on a Likert scale from 1 (strongly disagree) to 5 
(strongly agree). The time points assessed were 1–2 days before events 
lasting ≥90 min, in the last meal or snack before endurance training 
or events lasting ≥90 min, during endurance exercise or an event 
lasting ≥60 min, and within 30 min after endurance exercise when 
there is <8 h between events. Athletes also rated their intention to 
consume CHO at various time points around exercise on a Likert scale 
from 1 (intend to eat less), 2 (intend to eat the same) or 3 (intend to 
eat more). A content analysis was conducted on open-ended responses 
collected on self-selected nutritional strategies implemented around 
exercise, which were reviewed by the research team and categorized 
into themes (27).

Statistical analysis

To enable comparisons between larger data sets, cycling, 
swimming, walking, multisport, and other sports were collapsed into 
a new category called non-running sports. Additional data was 
collapsed when categories had more than 20% of the cells with less 
than an expected count of five, e.g., competitive regional, national, and 
international participation groups were collapsed into a new category, 
‘CompRNI’. The Shapiro Wilks test was used to determine normality 
of data and homogeneity of variances before other appropriate tests 
were applied. Parametric data were described as the mean ± standard 
deviation, and for non-parametric data, the median and interquartile 
range (IQR). For parametric data, continuous variables were analyzed 
using independent samples t-tests with Cohen’s d for effect sizes and 
the Mann–Whitney U test for non-parametric data. For categorical 
data, sex, main sport, participation level, and event characteristics, 
were assessed for associations using Chi-square analysis and 
Bonferroni post-hoc tests applied when significant. Open-ended 
responses were categorized into themes, with quantitative frequency 
statistics applied. Significance was accepted with α ≤0.05. Data were 
analyzed using IBM SPSS Statistics 27.0 (RRID:SCR_019096) (IBM 
Corporation New Orchard Road Armonk, NY 10504-1722, 
United States).

Results

Two hundred and one endurance athletes completed the validated 
online questionnaire (25), with 137 reporting Ex-GIS. No differences 
were found in responses regarding CHO knowledge, beliefs or 
intended practices in those athletes who also reported a diagnosed 
gastrointestinal disease or disorder (n = 15). Therefore, all responses 
from this subgroup were collapsed and included in data analysis for 
those with Ex-GIS.T
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TABLE 3 Carbohydrate knowledge comparisons between endurance athletes with (n = 137) and without (n = 64) reported exercise-associated gastrointestinal symptoms for 15 food and drink items classified as 
either carbohydrate or non-carbohydrate choices analyzed with Chi-squared comparison and post-hoc Bonferroni adjustment.

Foods and Drinks choices

Athletes with Ex-GISc Athletes without Ex-GIS
Group 

differences

Total response 
for CHOa, n (%)

Total response 
for non-CHOb,  

n (%)

Association 
between CHO or 

non-CHO 
choice, athletes 

with Ex-GIS χ2 (p)

Total response 
for non-CHO, 

n (%)

Total response 
for CHO, n (%)

Association 
between CHO or 

non-CHO 
choice, athletes 

without  
Ex-GIS χ2 (p)

Association 
between groups 
with and without 
Ex-GIS, CHO or 

non-CHO 
choices χ2 (p)

Carbohydrate foods

2 slices of wholemeal bread 137 (100) 0 (0) 0 (1) 64 (100) 0 (0) 0 (1) 0 (1)

1 cup of raw rolled oats 137 (100) 0 (0) 0 (0.2) 61 (95) 3 (5) 1.4 (0.1) 6.5 (0.01)†

1 cup cooked pasta 137 (100) 0 (0) 0 (1) 64 (100) 0 (0) 0 (1) 0 (1)

1 medium baked potato 136 (99) 1 (1) 0.1 (0.7) 64 (100) 0 (0) 0 (0.6) 0.5 (0.5)

1 cup cooked white rice 136 (99) 1 (1) 0.1 (0.7) 64 (100) 0 (0) 0 (0.6) 0.5 (0.5)

2 wheat biscuits (e.g., Weetbix) 133 (97) 4 (3) 0 (1) 62 (97) 2 (3) 0 (1) 0 (1)

1 large banana 128 (93) 9 (7) 5.3 (0.1) 50 (78) 14 (22) 4 (0.01)† 10.1 (0.001)†

300 ml of sports drink (e.g., Gatorade) 126 (92) 11 (8) 2.2 (0.2) 52 (81) 12 (19) 2.3 (0.1) 5 (0.1)

300 ml soft drink/ soda (e.g., cola) 106 (77) 31 (23) 0 (1) 49 (77) 15 (23) 0 (1) 0 (1)

Non-carbohydrate foods

100 g baked salmon 1 (1) 136 (99) 0.1 (0.7) 0 (0) 64 (100) 0 (0.6) 0.5 (0.5)

100 g grilled chicken 5 (4) 132 (96) 0.1 (0.8) 3 (5) 61 (95) 0.1 (0.7) 0.1 (0.7)

2 boiled eggs 11 (8) 126 (92) 0.2 (0.6) 3 (5) 61 (95) 0.8 (0.5) 0.8 (0.4)

1/2 a large avocado 14 (10) 123 (90) 0.2 (0.6) 4 (6) 60 (94) 0.8 (0.5) 0.8 (0.4)

4 large leaves of iceberg lettuce 24 (18) 113 (82) 0 (1) 12 (19) 52 (81) 0 (0.9) 0.1 (0.8)

1 cup raw broccoli 42 (31) 95 (69) 0.3 (0.6) 15 (23) 49 (77) 0.8 (0.4) 1.1 (0.3)

aCHO, carbohydrate.
bnon-CHO, non-carbohydrate.
cEx-GIS, exercise-associated gastrointestinal symptoms.
g, grams; mL, milliliter; n, number; p, probability value; χ2 chi-square statistic; % Percentage,†p < 0.05 significant after post-hoc Bonferroni adjustment.
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As this was an exploratory study, a post-hoc G*Power (version 
3.1.9.7 (RRID:SCR_013726) calculation was used to determine if the 
desired sample size was attained. A goodness-of-fit test was used 
with a medium effect size (w = 0.3), alpha (α) of 0.05 and total sample 
size of 201; this determined that adequate power of 0.92 was 
achieved (28).

Demographics and event characteristics

When comparing athletes reporting Ex-GIS with those without 
Ex-GIS, no significant group differences were found for sex and age 
within groups or between groups (Table 1). The mean age from the 
Ex-GIS cohort was 42 ± 11 y compared to 40 ± 11 y in those without 
Ex-GIS (t(129) = 1.1, p = 0.3, d = 0.2). More females with Ex-GIS (n = 86, 
63%) completed the questionnaire, however this was not significantly 
different to males (df = 1, x2 = 0.7, p = 0.7) (Table 1). After Chi-square 
analysis, no associations were found between main sport and 
participation level, event characteristics for both those with Ex-GIS 
and those without Ex-GIS (Table 2).

Carbohydrate knowledge

Athletes with Ex-GIS mostly categorized CHO and non-CHO 
food and drinks sources correctly, i.e., x ̄ = 95 and 88% respectively, 
which was similar for athletes without Ex-GIS, i.e., x ̄ = 92% and x ̄ 
= 90% (Table 3). No other significant differences were found in 
CHO knowledge between athletes with or without Ex-GIS for 
main sport, participation level, event characteristics or 
biological sex.

Carbohydrate beliefs and intended 
practices

The majority of athletes strongly agreed (5 on the Likert scale) or 
agreed (4 on the Likert scale) with consuming CHO around endurance 
exercise to enhance athletic performance at all time points assessed 
(Figure 1). There was no difference found between CHO beliefs in 
athletes with or without Ex-GIS for all time points assessed (Table 4). 
Athletes also intended to consume more CHO at all time points 
assessed (Figure  2), with median scores of 3 (IQR 2–3), and no 
differences were evident within and between groups (i.e., those with 
and without Ex-GIS) (Table 5).

Dietary strategies

Seventy-five percent (n = 103) of athletes reported implementing 
specific nutrition strategies around exercise. The content analysis of the 
top five open-ended responses was to increase CHO, reduce dietary 
fiber, and to increase protein, fluid and electrolytes, which were 
similarly reported in athletes with and without Ex-GIS (Figure 3). The 
most commonly reported dietary strategy was to increase CHO 
(n = 139, 58%) in both athlete groups, i.e., with Ex-GIS (n = 87, 57%) or 
without Ex-GIS (n = 52, 61%), particularly before exercise (Figure 3).

Discussion

This exploratory study aimed to investigate the CHO knowledge, 
beliefs, and intended practices of endurance athletes who report 
Ex-GIS. The main results from the study indicate that endurance 

A B

FIGURE 1

Box and whisker chart showing the median and 10–90th percentile range for endurance athletes with (n = 137) and without (n = 64) exercise-associated 
gastrointestinal symptoms (Ex-GIS) and their beliefs about consuming carbohydrates before, during, and after exercise in relation to enhancing athletic 
performance (i.e., timing of carbohydrate consumption). Data violates homogeneity of variances and is not normally distributed. Outliers are included 
to show variation in responses. Athletes’ beliefs about consuming carbohydrates to enhance performance are measured by the athlete’s level of 
agreement with each statement using a Likert scale, 1, strongly disagree; 2, disagree; 3, neither agree nor disagree; 4, agree; 5, strongly agree. Timing 
defined as: 1–2d before exercise = 1–2 days before an event ≥90 min; Before exercise = in last meal or snack before endurance training or an event  
≥90 min; During exercise = during endurance training or an event ≥60 min; After exercise = within 30 min after endurance exercise when there is ≤8 h 
between sessions; (A), athletes with reported Ex-GIS; (B), athletes without reported Ex-GIS; + mean; • outlier.
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athletes with reported Ex-GIS have similar carbohydrate knowledge 
scores, beliefs, intentions and nutrition strategies as endurance athletes 
without Ex-GIS. In contrast to our hypothesis, the majority of 
endurance athletes who report Ex-GIS strongly agreed or agreed that 
CHO consumed around exercise enhances athletic performance, and 
they also intend to consume more CHO around exercise to improve 
their athletic performance. Through a content analysis of open-ended 
responses, the most common self-reported dietary strategy 
implemented around exercise was increasing CHO intake, particularly 
before endurance exercise. These findings broadly align with 
recommended sports nutrition CHO guidelines (10, 12, 13); however, 
further research is required to determine specific CHO amounts 
endurance athletes with Ex-GIS plan to consume around exercise. It 
is acknowledged that when determining specific CHO intakes during 
exercise, an individualized approach is advocated to gauge the upper 
limits of whole-body CHO oxidation rates alongside glucose 
availability, Ex-GIS and feeding tolerance (24, 29).

In the current investigation, it has been established that endurance 
athletes with reported Ex-GIS appear to have the intent and CHO 
knowledge to increase their daily CHO intake in preparation for, 
during, and in the recovery period after exercise. However, this is not 
always the case. Findings from a recent investigation that used a 
validated questionnaire to determine endurance athletes’ knowledge 
of competition CHO guidelines show athletes scored less than 50% of 
total correct responses from five areas (30). The five areas investigated 
were knowledge about CHO storage and metabolism, pre-competition 

A

B

FIGURE 2

Bar chart showing endurance athletes with (n = 137) and without 
(n = 64) exercise-associated gastrointestinal symptoms (Ex-GIS) and 
their intended practices for consuming less, the same or more 
carbohydrates around various exercise times. Intention to consume 
carbohydrates is indicated by a Likert scale: 1, intention to consume 
less; 2, intention to consume the same; 3, intention to consume 
more. Timing defined as: 1–2 d before exercise = 1–2 days before an 
event ≥90 min; Before exercise = in last meal or snack before 
endurance training or an event ≥90 min; During exercise = during 
endurance training or an event ≥60 min; After exercise = within  
30 min after endurance exercise when there is ≤8 h between 
sessions; (A) athletes with reported Ex-GIS; (B), athletes without 
reported Ex-GIS.
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CHO loading, and CHO consumption before, during, and after 
competition (30). When comparing studies, confirming endurance 
athletes’ current sports nutrition knowledge level can be challenging 
due to the heterogeneity between questionnaires, e.g., questionnaire 
design, specific questionnaire tools used, or target population (31). 
Athletes with Ex-GIS likely require a greater level of nutrition 
knowledge to increase CHO intakes while moderating factors that 
may exacerbate Ex-GIS, such as dietary fiber or fermentable oligo-, 
di-, monosaccharide and polyols. Athletes may seek the support of an 
accredited practicing dietitian to assist them in negotiating the 
complex interaction that can result when attempting to increase 
carbohydrates for endurance exercise while moderating factors known 

to exacerbate Ex-GIS. Accredited dietitians are a preferred source of 
nutrition information for athletes with Ex-GIS (7); however, as with 
this study, it is likely that due to convenience sampling, athletes may 
have had prior exposure to dietetic expertise and therefore were more 
likely to understand fuel mechanics for endurance exercise, thereby 
resulting in high CHO knowledge scores.

Increasing CHO around endurance exercise was the most 
commonly self-reported dietary strategy. It is well-documented that 
consuming CHO around exercise improves athletic performance, 
reduces fatigue and facilitates muscle glycogen restoration after 
exercise (10, 12, 13). Furthermore, consuming CHO before and 
during exercise ameliorates intestinal epithelial damage and 

TABLE 5 Endurance athletes intentions to consume carbohydrate around exercise measured as the level of agreement using a three point Likert scale 
from eat less to eat more, for athletes with (n = 87) or without (n = 26) exercise-associated gastrointestinal symptoms.

Athletes with Ex-GISa n, (%) Athletes without Ex-GISa n, (%)

Timing of 
carbohydrate 
consumption 
around 
endurance 
exercise

Total, 
n

Less 
CHOb

Same 
CHO

More 
CHO

Assocc 
between 
intention 

to 
consume 

CHO, 
x2(p)

Total, 
n

Less 
CHO

Same 
CHO

More 
CHO

Assoc. 
between 
intention 

to 
consume 

CHO, 
x2(p)

Assoc. 
between 
athletes 
with and 
without 
Ex-GIS, 

and 
intention 

to 
consume 

CHO, 
x2(p)

1–2 days before 

exercise

87 1 (1) 24 (28) 62 (71) 0.1 (1) 26 0 (0) 8 (31) 18 (69) 0.1 (0.9) 0.4 (0.8)

Before exercise 87 8 (9) 19 (22) 60 (69) 1 (0.6) 26 0 (0) 10 (39) 16 (61) 1.2 (0.2) 4.7 (0.1)

During exercise 87 6 (7) 11 (13) 70 (80) 1.4 (0.6) 26 1 (4) 8 (31) 17 (65) 2.5 (0.2) 4.8 (0.1)

After exercise 87 6 (7) 28 (32) 53 (61) 0.1 (1) 26 2 (8) 10 (38) 14 (54) 0.3 (0.8) 0.4 (0.8)

aEx-GIS, exercise-associated gastrointestinal symptoms.
bCHO, carbohydrate.
cAssoc, association. 
d, day; n, number; p, probability; x2, chi-square statistic; Less CHO, athletes plan to eat less CHO around endurance exercise; Same CHO, athletes plan to eat the same amount of CHO around 
endurance exercise; More CHO, athletes plan to eat more CHO around endurance exercise; Timing defined as: 1–2 d before exercise = 1–2 days before an event ≥90 min; Before exercise = in 
last meal or snack before endurance training or an event ≥90 min; During exercise = during endurance training or an event ≥60 min; After exercise = within 30 min after endurance exercise 
when there is ≤8 h between sessions.

A B

FIGURE 3

Five most commonly reported responses by endurance athletes with and without exercise-associated gastrointestinal symptoms (Ex-GIS) and the 
specific nutrition strategies applied (i.e., changes to usual eating habits or changes to the types of foods and drinks usually consumed) before (not 
further defined by athletes), during, or after endurance training or an event. CHO = carbohydrate. (A), athletes with reported Ex-GIS; (B), athletes 
without reported Ex-GIS.
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permeability during exercise (21), leading to less reported Ex-GIS 
(18). Observational field studies on endurance athletes without 
Ex-GIS have also found that CHO consumed during endurance events 
had no or minimal relationship with the development of 
gastrointestinal symptoms (1, 14, 16) or performance times (32). 
However, most athletes were not consuming recommended CHO 
targets of up to 90 g.h−1 CHO for endurance exercise >3 h (1, 15, 
16, 32).

It is likely that to improve gastrointestinal tolerance (i.e., less 
Ex-GIS development) when consuming CHO during exercise, 
athletes may require a period of gut training (19, 20, 24). Studies 
implementing a gut-training protocol have shown less reported 
Ex-GIS and improved performance times (19, 20). Therefore, in an 
athlete’s nutritional plan, a period of gut training may be warranted 
to reduce Ex-GIS development during exercise and benefit from 
higher CHO oxidation rates due to greater exogenous CHO 
availability (19, 20).

The current study did not investigate the quantification of CHO 
intake among endurance athletes with Ex-GIS. Athletes have indicated 
they intend to increase their CHO intake around exercise to enhance 
performance. However, it is still unknown if they meet the 
recommended CHO targets for endurance training and recovery; as 
previous research indicates that many endurance athletes without 
pre-existing Ex-GIS are not meeting the recommended CHO targets 
(1, 15, 16, 33). This information would be valuable for practitioners 
when providing nutrition education and meal planning around CHO 
intakes to support athletic performance.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Human Research Ethics Committee (University of the 
Sunshine Coast, Australia), ethics approval number S201402. The 
patients/participants provided their written informed consent to 
participate in this study.

Author contributions

RS and GS: conceptualization and writing—original draft. RS, GS, 
RC, FP, and DL: methodology and writing—review and editing. RS: 
validation, formal analysis, investigation, and project administration. 
GS: supervision. All authors contributed to the article and approved 
the submitted version.

Funding

The work was supported by the University of the Sunshine Coast, 
Australia.

Acknowledgments

It is acknowledged that RS has received an Australian Government 
Research Training Program Scholarship for her research studies.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1133022/
full#supplementary-material

References
 1. Pfeiffer B, Stellingwerff T, Hodgson AB, Randell R, Pottgen K, Res P, et al. 

Nutritional intake and gastrointestinal problems during competitive endurance events. 
Med Sci Sports Exerc. (2012) 44:344–1. doi: 10.1249/MSS.0b013e31822dc809

 2. Costa RJS, Snipe RMJ, Kitic CM, Gibson PR. Systematic review: exercise-induced 
gastrointestinal syndrome-implications for health and intestinal disease. Aliment 
Pharmacol Ther. (2017) 46:246–5. doi: 10.1111/apt.14157

 3. Costa RJS, Snipe R, Camoes-Costa V, Scheer V, Murray A. The impact of 
gastrointestinal symptoms and dermatological injuries on nutritional intake and 
hydration status during ultramarathon events. Sports Med Open. (2016) 2:16. doi: 
10.1186/s40798-015-0041-9

 4. Gaskell SK, Rauch C, Costa RJS. Gastrointestinal assessment and management 
procedures for exercise-associated symptoms. Aspetar Sp Med J. (2021) 10:36–44. 
Available at: https://www.aspetar.com/journal/upload/PDF/202156132927.pdf in 
Úspetar sports medicine journal

 5. Costa RJS, Gaskell SK, McCubbin AJ, Snipe RMJ. Exertional-heat stress-associated 
gastrointestinal perturbations during Olympic sports: management strategies for 

athletes preparing and competing in the 2020 Tokyo Olympic games. Temp. (2020) 
7:58–88. doi: 10.1080/23328940.2019.1597676

 6. Costa RJ, Young P, Gill SK, Snipe RM, Gaskell S, Russo I, et al. Assessment of 
exercise-associated gastrointestinal perturbations in research and practical settings: 
methodological concerns and recommendations for best practice. Int J Sport Nutr Exerc 
Metab. (2022) 32:387–8. doi: 10.1123/ijsnem.2022-0048

 7. Scrivin R, Costa RJS, Pelly F, Lis D, Slater G. An exploratory study of the 
management strategies reported by endurance athletes with exercise-associated 
gastrointestinal symptoms. Front Nutrition. (2022):1003445:9. doi: 10.3389/
fnut.2022.1003445

 8. Lis DM, Ahuja KD, Stellingwerff T, Kitic CM, Fell J. Food avoidance in athletes: 
FODMAP foods on the list. Appl Physiol Nutr Metab. (2016) 41:1002–4. doi: 10.1139/
apnm-2015-0428

 9. Lis DM, Kings D, Larson-Meyer DE. Dietary practices adopted by track-and-field 
athletes: gluten-free, low FODMAP, vegetarian, and fasting. Int J Sport Nutr Exerc Metab. 
(2019) 29:236–5. doi: 10.1123/ijsnem.2018-0309

https://doi.org/10.3389/fnut.2023.1133022
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1133022/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1133022/full#supplementary-material
https://doi.org/10.1249/MSS.0b013e31822dc809
https://doi.org/10.1111/apt.14157
https://doi.org/10.1186/s40798-015-0041-9
https://www.aspetar.com/journal/upload/PDF/202156132927.pdf
https://doi.org/10.1080/23328940.2019.1597676
https://doi.org/10.1123/ijsnem.2022-0048
https://doi.org/10.3389/fnut.2022.1003445
https://doi.org/10.3389/fnut.2022.1003445
https://doi.org/10.1139/apnm-2015-0428
https://doi.org/10.1139/apnm-2015-0428
https://doi.org/10.1123/ijsnem.2018-0309


Scrivin et al. 10.3389/fnut.2023.1133022

Frontiers in Nutrition 09 frontiersin.org

 10. Stellingwerff T, Cox GR. Systematic review: carbohydrate supplementation on 
exercise performance or capacity of varying durations. Appl Physiol Nutr Metab. (2014) 
39:998–11. doi: 10.1139/apnm-2014-0027

 11. Podlogar T, Wallis GA. New horizons in carbohydrate research and application for 
endurance athletes. Sports Med. (2022) 52:5–23. doi: 10.1007/s40279-022-01757-1

 12. Burke LM, Castell LM, Casa DJ, Close GL, Costa RJS, Desbrow B, et al. 
International Association of Athletics Federations consensus statement 2019: nutrition 
for athletics. Int J Sport Nutr Exerc Metab. (2019) 29:73–84. doi: 10.1123/
ijsnem.2019-0065

 13. Thomas DT, Erdman KA, Burke LM. American College of Sports Medicine joint 
position statement. Nutrition and athletic performance. Med Sci Sports Exerc. (2016) 
48:543–8. doi: 10.1249/MSS.0000000000000852

 14. Masson G, Lamarche B. Many non-elite multisport endurance athletes do not meet 
sports nutrition recommendations for carbohydrates. Appl Physiol Nutr Metab. (2016) 
41:728–4. doi: 10.1139/apnm-2015-0599

 15. Wardenaar FC, de Vries JHM, Witkamp RF, Mensink MR. Nutrient intake by 
ultramarathon runners: can they meet recommendations? Int J Sport Nutr Exerc Metab. 
(2015) 25:375–6. doi: 10.1123/ijsnem.2014-0199

 16. Costa RJS, Gill SK, Hankey J, Wright A, Marczak S. Perturbed energy balance and 
hydration status in ultra-endurance runners during a 24 h ultra-marathon. Br J Nutr. 
(2014) 112:428–7. doi: 10.1017/S0007114514000907

 17. Costa RJS, Knechtle B, Tarnopolsky M, Hoffman MD. Nutrition for ultramarathon 
running: trail, track, and road. Int J Sport Nutr Exerc Metab. (2019) 29:130–0. doi: 
10.1123/ijsnem.2018-0255

 18. Snipe RMJ, Khoo A, Kitic CM, Gibson PR, Costa RJS. Carbohydrate and protein 
intake during exertional heat stress ameliorates intestinal epithelial injury and small 
intestine permeability. Appl Physiol Nutr Metab. (2017) 42:1283–92. doi: 10.1139/
apnm-2017-0361

 19. Costa RJS, Miall A, Khoo A, Rauch C, Snipe R, Camoes-Costa V, et al. Gut-
training: the impact of two weeks repetitive gut-challenge during exercise on 
gastrointestinal status, glucose availability, fuel kinetics, and running performance. Appl 
Physiol Nutr Metab. (2017) 42:547–7. doi: 10.1139/apnm-2016-0453

 20. Miall A, Khoo A, Rauch C, Snipe RMJ, Camões-Costa VL, Gibson PR, et al. 
Two weeks of repetitive gut-challenge reduce exercise-associated gastrointestinal 
symptoms and malabsorption. Scand J Med Sci Sports. (2018) 28:630–0. doi: 
10.1111/sms.12912

 21. Jonvik KL, Lenaerts K, Smeets JSJ, Kolkman JJ, Van Loon LJC, Verdijk LB. Sucrose 
but not nitrate ingestion reduces strenuous cycling - induced intestinal injury. Med Sci 
Sports Exerc. (2019) 51:436–4. doi: 10.1249/MSS.0000000000001800

 22. Flood TR, Montanari S, Wicks M, Blanchard J, Sharp H, Taylor L, et al. Addition 
of pectin-alginate to a carbohydrate beverage does not maintain gastrointestinal barrier 

function during exercise in hot-humid conditions better than carbohydrate ingestion 
alone. Appl Physiol Nutr Metab. (2020) 45:1145–55. doi: 10.1139/apnm-2020-0118

 23. Rehrer NJ, Goes E, DuGardeyn C, Reynaert H, DeMeirleir K. Effect of 
carbohydrate on portal vein blood flow during exercise. Int J Sports Med. (2005) 
26:171–6. doi: 10.1055/s-2004-820957

 24. Rauch CE, McCubbin AJ, Gaskell SK, Costa RJS. Feeding tolerance, glucose 
availability, whole-body total carbohydrate and fat oxidation in male endurance and 
ultra-endurance runners in response to prolonged exercise consuming a habitual mixed 
macronutrient diet and carbohydrate feeding during exercise. Front Physiol. (2022) 
12:2217. doi: 10.3389/fphys.2021.773054

 25. Scrivin RA, Costa RJS, Pelly FE, Lis D, Slater GJ. Development and validation of a 
questionnaire investigating endurance athletes practices to manage gastrointestinal 
symptoms around exercise. Nutrition Dietetics. (2021) 78:286–5. doi: 
10.1111/1747-0080.12674

 26. Scrivin RA, Slater GJ, Costa RJ, Pelly FE, Lis D. Endurance athletes sports nutrition 
beliefs, knowledge, information sources, and intended practices to manage 
gastrointestinal symptoms around exercise - questionnaire: Qualtrics Core XM survey 
software (2020) available at: https://uniofsunshinecoast.syd1.qualtrics.com/jfe/form/
SV_41wz4wGHK7ZbpB3 (accessed February 20, 2023).

 27. Kondracki NL, Wellman NS, Amundson DR. Content analysis: review of methods 
and their applications in nutrition education. J Nutr Educ Behav. (2002) 34:224–0. doi: 
10.1016/S1499-4046(06)60097-3

 28. Serdar CC, Cihan M, Yücel D, Serdar MA. Sample size, power and effect size 
revisited: simplified and practical approaches in pre-clinical, clinical and laboratory 
studies. Biochem Med (Zagreb). (2021) 31:010502. doi: 10.11613/BM.2021.010502

 29. Gaskell SK, Rauch CE, Costa RJS. Gastrointestinal assessment and therapeutic 
intervention for the management of exercise-associated gastrointestinal symptoms: a 
case series translational and professional practice approach. Front Physiol. (2021) 12:12. 
doi: 10.3389/fphys.2021.719142

 30. Sampson G, Pugh JN, Morton JP, Areta JL. Carbohydrate for endurance athletes 
in competition questionnaire (CEAC-Q): validation of a practical and time-efficient tool 
for knowledge assessment. Sport Sci Health. (2022) 18:235–7. doi: 10.1007/
s11332-021-00799-8

 31. Trakman GL, Forsyth A, Devlin BL, Belski R. A systematic review of athletes' and 
coaches' nutrition knowledge and reflections on the quality of current nutrition 
knowledge measures. Nutrients. (2016) 8:570. doi: 10.3390/nu8090570

 32. Lavoué C, Siracusa J, Chalchat É, Bourrilhon C, Charlot K. Analysis of food and 
fluid intake in elite ultra-endurance runners during a 24-h world championship. J Int 
Soc Sports Nutr. (2020) 17:1–12. doi: 10.1186/s12970-020-00364-7

 33. Martinez S, Aguilo A, Rodas L, Lozano L, Moreno C, Tauler P. Energy, 
macronutrient and water intake during a mountain ultramarathon event: the influence 
of distance. J Sport Sci. (2018) 36:333–9. doi: 10.1080/02640414.2017.1306092

https://doi.org/10.3389/fnut.2023.1133022
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1139/apnm-2014-0027
https://doi.org/10.1007/s40279-022-01757-1
https://doi.org/10.1123/ijsnem.2019-0065
https://doi.org/10.1123/ijsnem.2019-0065
https://doi.org/10.1249/MSS.0000000000000852
https://doi.org/10.1139/apnm-2015-0599
https://doi.org/10.1123/ijsnem.2014-0199
https://doi.org/10.1017/S0007114514000907
https://doi.org/10.1123/ijsnem.2018-0255
https://doi.org/10.1139/apnm-2017-0361
https://doi.org/10.1139/apnm-2017-0361
https://doi.org/10.1139/apnm-2016-0453
https://doi.org/10.1111/sms.12912
https://doi.org/10.1249/MSS.0000000000001800
https://doi.org/10.1139/apnm-2020-0118
https://doi.org/10.1055/s-2004-820957
https://doi.org/10.3389/fphys.2021.773054
https://doi.org/10.1111/1747-0080.12674
https://uniofsunshinecoast.syd1.qualtrics.com/jfe/form/SV_41wz4wGHK7ZbpB3
https://uniofsunshinecoast.syd1.qualtrics.com/jfe/form/SV_41wz4wGHK7ZbpB3
https://doi.org/10.1016/S1499-4046(06)60097-3
https://doi.org/10.11613/BM.2021.010502
https://doi.org/10.3389/fphys.2021.719142
https://doi.org/10.1007/s11332-021-00799-8
https://doi.org/10.1007/s11332-021-00799-8
https://doi.org/10.3390/nu8090570
https://doi.org/10.1186/s12970-020-00364-7
https://doi.org/10.1080/02640414.2017.1306092

	Carbohydrate knowledge, beliefs, and intended practices, of endurance athletes who report exercise-associated gastrointestinal symptoms
	Introduction
	Methods
	Participants
	Questionnaire
	Statistical analysis

	Results
	Demographics and event characteristics
	Carbohydrate knowledge
	Carbohydrate beliefs and intended practices
	Dietary strategies

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

