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with the most avoided food group being refined sugar

(73.5%). Food intolerances were experienced by 71.1% of
the study population, with gluten or wheat intolerance the
most frequently reported (70.4%). The majority of patients
had accessed a healthcare professional due to gastrointes-
tinal or dietary concerns (86.8%). Significant associations
were observed between HRQoL with gastrointestinal symp-
toms, food intolerance, and food avoidance; however, no
definitive conclusions could be deduced.

Conclusion: Gastrointestinal symptoms were frequently
reported by Australian ME/CFS patients in this study and
appear to have a noteworthy impact on both daily activities
and diet. Dietary modification and food intolerance were
also commonly reported. Therefore, it is integral to consid-
er patients’ gastrointestinal health and diet in the manage-
ment of ME/CFS.

Introduction

Myalgic Encephalomyelitis (ME), commonly referred to as
Chronic Fatigue Syndrome (CFS), is a debilitating illness estimat-
ed to affect between 0.4% and 1.0% of the global population [1]
and approximately 0.04% of Australians [2]. Persistent fatigue
is the hallmark symptom of ME/CFS [3-8]. Although the debili-
tating fatigue associated with ME/CFS cannot be explained by
exercise, exertion and prolonged periods of standing or sitting
with upright posture appear to worsen symptoms [6,7]. This is
known as post-exertional neuroimmune exhaustion and may
follow physical or mental exertion [6].

The clinical presentation of ME/CFS also involves a variety of
systemic symptoms including cognitive disturbances, disturbed
and unrefreshing sleep, bodily pain, thermostatic intolerance,
and autonomic dysfunction [1,9-11]. The current absence of
a laboratory test or clinical biomarker complicates diagnosis
[1,9,10,12-14]. As a result, diagnosing the condition is largely
dependent on the elimination of other possible medical condi-
tions [1,10]. The most widely-accepted case definitions are the
Fukuda criteria [3], Canadian Consensus Criteria (CCC) [4] and
International Consensus Criteria (ICC) [5]. The Fukuda defini-
tion is broader and less stringent, where a diagnosis of ME/CFS
according to the ICC definition is associated with more severe
cases of the illness [15].

Gastrointestinal manifestations (including nausea, abdomi-
nal pain, and abnormal bowel activity) are commonly reported
by ME/CFS patients [16]. As a result, patients are often inclined
to alter their diet in an attempt to alleviate their symptoms
[16,17]. New dietary sensitivities and food intolerances are
also frequently observed among ME/CFS following illness on-
set [10,16,18-20]. Although several explanations to the gastro-
intestinal manifestations associated with ME/CFS have been
proposed, the pathomechanisms underlying gastrointestinal
symptoms in ME/CFS remain unclear [21-25].

There is limited information regarding gastrointestinal symp-
toms in the Royal Australasian College of Physicians’ Clinical
Practice Guidelines for Chronic Fatigue Syndrome [26]. Poten-
tial gastrointestinal symptoms that may be observed in ME/CFS
are restricted to ‘altered bowel habits’ and ‘abdominal pain and
bloating’ [26]. Thus, the role of gastrointestinal symptoms in
the presentation of ME/CFS is not sufficiently highlighted in the
clinical guidelines, which also neglect to discuss the commonly-
associated gastrointestinal comorbidities associated with ME/

CFS, such as Irritable Bowel Syndrome (IBS) and small intesti-
nal bacterial overgrowth (SIBO) [16,27,28]. As a result, the lack
of information regarding gastrointestinal manifestations in the
clinical guidelines creates the potential for patients’ gastrointes-
tinal symptoms to be overlooked.

With no currently available curative treatments, the dis-
abling, multi-system illness imposes a serious burden on the
lives of patients, rendering them unable to perform their nor-
mal pre-morbid daily activities [10,29,30]. Australian and in-
ternational studies have identified that HRQoL is significantly
compromised in ME/CFS patients when compared with healthy
individuals [31-34]. Dietary modification has been posited to
manage ME/CFS symptoms; however, the efficacy of this man-
agement strategy remains questionable [16].

The gastrointestinal manifestations and dietary habits of
ME/CFS patients have not yet been well-described in the Aus-
tralian or international patient populations. Therefore, the pri-
mary aim of this investigation is to describe the gastrointesti-
nal symptoms, food intolerances, and dietary habits of ME/CFS
patients in Australia. Although the prevalence of gastrointes-
tinal manifestations has been examined in Australian ME/CFS
patients, specific gastrointestinal symptoms and dietary hab-
its have not been well-described. Therefore, this investigation
aims to analyse the prevalence of gastrointestinal symptoms
in greater detail than previous Australian studies to ameliorate
this gap in the literature. This research will serve to update the
current Australian clinical guidelines for ME/CFS and ultimately
ensure gastrointestinal symptoms are more readily recognised
and treated to improve patient quality of life.

Additionally, this study will also describe the dietary habits
and food intolerances among Australian ME/CFS patients for
the first time. This study will also contribute to the wider field
of ME/CFS knowledge by analysing the relationship between
patients’ health-related quality of life (HRQoL) with gastroin-
testinal symptoms, dietary modification, and food intolerance,
which has not yet been investigated. It is hoped that this study
will elucidate the role of gastrointestinal manifestations and
food intolerances in the presentation of ME/CFS to aid in the
management of these symptoms and improve patient quality
of life. Additionally, it is also hoped that this study will identify
potentially beneficial dietary habits worthy of further investiga-
tion to develop appropriate dietary recommendations for ME/
CFS patients.

Methods
Study design and setting

This investigation employs a cross-sectional study design
to enquire into the gastrointestinal symptoms, dietary habits,
healthcare access, and HRQoL of ME/CFS patients in Australia
over a one-year period from 2019 to 2020. This study serves to
collect patient-level data to investigate the role of gastrointesti-
nal manifestations and dietary habits in ME/CFS at the National
Centre for Neuroimmunology and Emerging Diseases (NCNED).
Participants were recruited based on voluntary response to on-
line advertisements. Eligibility criteria for this study required
patients to be: (i) previously diagnosed with ME/CFS by a
healthcare professional; (ii) aged between 18 and 65 years; and
(iii) a resident of Australia.

Online questionnaire

Respondents to the online advertisements were assessed for
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eligibility by completing an online questionnaire via LimeSur-
vey (LimeSurvey, Carsten, Schmitz, Hamburg, Germany) [35].
This questionnaire was generated by members of the NCNED
research team and queried respondents’ sociodemographic in-
formation and HRQoL. The eligibility questionnaire also investi-
gated respondents’ presentation of ME/CFS by employing com-
ponents of the Fukuda, CCC, and ICC case definitions.

Eligible participants were subsequently invited to com-
plete an online questionnaire that was similarly administered
through Lime Survey. The items of this questionnaire were
also generated by members of the NCNED research team and
included gastrointestinal symptoms, dietary habits, food intol-
erances, and healthcare access in relation to diet and gastro-
intestinal manifestations. Following participants’ completion of
the online questionnaire, participants were anonymised with
an alphanumeric code.

Before exporting the results of the questionnaire to SPSS
v26 [36] for statistical analysis, participants were screened to
omit the results of those who met the study’s exclusion crite-
ria. Those with a Body Mass Index (BMI) under 18.5, those with
current smoking status, and those having received a diagnosis
of Coeliac disease, ulcerative colitis, or Crohn’s disease were ex-
cluded from the study. Additionally, patients with a pre-existing
chronic illness other than ME/CFS (including but not limited to
autoimmune diseases, hypothyroidism, and diabetes) were also
excluded. Such participants were excluded from this study to
reduce the potential for confounding as a result of other clini-
cal conditions. Those under the age of 18 or over the age of 65
were also excluded from the study.

Study variables
Sociodemographic characteristics

Sociodemographic data collected from the survey partici-
pants included their (i) gender (male, female, or other), (ii) age,
(iii) age of onset, (iv) BMI, (v) location (by Australian state or
territory), (vi) current employment (unemployed, part-time, or
full-time), and (vii) education. BMI (kg/m?) was calculated us-
ing participants’ self-reported height and weight at the time of
completing the questionnaire. Participants were then catego-
rised as per the BMI classifications outlined by the World Health
Organization [37]: Underweight (<18.5), normal weight (18.5 to
24.9), overweight (25.0 to 29.9), and obese (230.0). Education
was measured in terms of the highest level of education ob-
tained (primary school, high school, professional training other
than university, undergraduate, or postgraduate or doctoral).

Gastrointestinal symptoms

The subsequent component of the questionnaire pertained
to participants’ gastrointestinal symptoms. The occurrence of
gastrointestinal manifestations was reported as either yes or
no. Chronic gastrointestinal illnesses that are common co-mor-
bidities associated with ME/CFS, including IBS and SIBO, were
also queried. The presence of these conditions was assessed
in terms of the diagnosing healthcare professional, comprising
a General Practitioner (GP), specialist, allied health profession-
al, or if a self-diagnosis was made. It should be noted that, in
this study, ‘allied health professionals’ refers to dietitians, nu-
tritionists, chemists, and naturopaths. Specific gastrointestinal
symptoms were then investigated among the participants re-
porting gastrointestinal manifestations. The frequency of each
symptom was assessed with a four-point scale: Never, multiple
times per month, multiple times per week, and multiple times

per day. The impact of gastrointestinal manifestations on the
daily life of those participants experiencing gastrointestinal
symptoms was also examined using a five-point scale: not at all,
a little bit, fairly, quite a bit, and significantly.

Dietary habits

Following gastrointestinal symptomatology, the question-
naire enquired into participants’ dietary habits. Participants
were required to report if they had changed their diet (yes or
no) due to (i) gastrointestinal manifestations or (ii) reasons oth-
er than gastrointestinal symptoms. Among those participants
who reported changing their diet, the impact of this change was
assessed with the same five-point scale used to evaluate the im-
pact of gastrointestinal symptoms as outlined above. Addition-
ally, all participants were asked if a specific diet plan was being
followed (yes or no) and, among those participants following
a specific diet plan, the type of diet being followed. Similarly,
the questionnaire also investigated if certain food groups were
being avoided (yes or no) and, among those participants avoid-
ing certain food groups, which food groups were being avoided.
Participants were then categorised depending on the length
of time for which they had been following a particular diet or
avoiding a particular food group as per the following: less than
six months, between six months and one year, or greater than
one year.

Food intolerances

The prevalence of food intolerances among the study popu-
lation was also examined, in which participants were required
to report if they experienced food intolerances (yes or no).
Participants who reported food intolerance were subsequently
asked if they were intolerant to a series of food groups (yes or
no).

Healthcare access

The final component of the questionnaire assessed par-
ticipants’ healthcare service access regarding diet or gastroin-
testinal manifestations. Healthcare access was examined on a
three-point scale: none, within the last six months, or prior to
the last six months. Participants having accessed a healthcare
professional within the last six months were subsequently re-
quired to provide their frequency of accessing a GP, specialist,
allied health professional, or another health professional on a
three-point scale: no, one to three times, or four or more times.

Health-related quality of life

Items from the 36-Item Short Form Health Survey (SF-36)
[38] were utilised in the online eligibility questionnaire to exam-
ine patients’ HRQoL. These items employed Likert scales from
zero to 100 (in which the scores returned are directly propor-
tional to the study participants’ HRQolL) to assess HRQoL across
seven domains: (i) physical functioning (PF); (ii) the role of limi-
tations due to physical health problems (RP); (iii) bodily pain
(BP); (iv) social functioning (SF); (v) general mental health (MH);
(vi) the role of limitations due to emotional problems (RE); and
(vii) general health perceptions (GH).

Statistical analysis

This study includes descriptive statistics of the data gener-
ated from the aforementioned online questionnaire. Frequency
statistics were calculated using SPSS v26 [36]. All data are pre-
sented as the number of participants (percentage of total par-
ticipants) unless stated otherwise. ME/CFS classification data is
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provided as the most severe ME/CFS criteria met.

Multiple linear regression analysis was also performed to
investigate the relationship of HRQoL with gastrointestinal
symptoms, diet, food intolerance, and food avoidance. Regres-
sion models were generated for the seven HRQoL domains
and were adjusted for age, gender, BMI, education, and em-
ployment. The dependent variables used in the forward step-
wise procedure included all gastrointestinal symptoms, diet
plans, food intolerances, and avoided food groups. Depen-
dent variables were included within the regression model if
P < 0.10, as per the lowest Akaike Information Criterion. The
standardised f3, t-value, and P-value for the dependent vari-
ables, as well the R?>-value, adjusted R*-value, and P-value for
the regression models, are tabulated below; however, com-
plete statistics (including the unstandardised B (95% confidence
intervals) and standard error of B (SE(B))) can be found in the
Supplementary Tables provided.

Results

During the one-year study period from February 2019 to Jan-
uary 2020, 150 participants responded to the online advertise-
ments released by the NCNED and were assessed for eligibility.
Of these respondents, 40 patients met the inclusion criteria for
the study and were invited to complete the online question-
naire. Two patients who had successfully completed the online
questionnaire were excluded due to having a diagnosis of Co-
eliac disease (an exclusion criterion for this study).

Sociodemographic characteristics

The sociodemographic data of the 38 patients that met the
study inclusion criteria are outlined in Table 1. All participants
had received a formal diagnosis of ME/CFS by a healthcare pro-
fessional prior to participating in the online questionnaires.
Over half of the study population met the ICC case definition
(52.6%), 31.6% of patients fulfilled the CCC definition and 15.8%
met the Fukuda criteria. Most of the study participants were fe-
male (78.9%), of normal weight (55.3%), unemployed (60.5%),
and had obtained an undergraduate level of education (52.6%).
The average age of study participants was 42.8 years, with an
average age of onset of 30.7 years. Victoria was the most com-
monly-reported place of residence (28.9%).

Table 1: Frequency of sociodemographic characteristics.

N =38 (%)

Classification

Fukuda 6 (15.8%)

Cccc 12 (31.6%)

ICC 20 (52.6%)
Gender

Female 30 (78.9%)

Male 7 (18.4%)

Other 1(2.6%)
Age (years, mean * SD) 42.8+10.8
Age of onset (years, mean £ SD) 30.7+11.4
BMI (kg/m?)

Underweight (<18.5) 0 (0.0%)
Normal weight (18.5 — 24.9) 21 (55.3%)
Overweight (25.0 — 29.9) 15 (39.5%)
Obese (230.0) 2 (5.3%)
Location
New South Wales 8(21.1%)
Victoria 11 (28.9%)
Queensland 10 (26.3%)
South Australia 1(2.6%)
Western Australia 4 (10.5%)
Northern Territory 0 (0.0%)
Australian Capital Territory 2 (5.3%)
Tasmania 2 (5.3%)
Employment
Unemployed 23 (60.5%)
Part-time 11 (28.9%)
Full-time 4 (10.5%)
Education
Primary school 0 (0.0%)
High school 4 (10.5%)
Professional training 5(13.2%)
Undergraduate 20 (52.6%)
Postgraduate 9 (23.7%)

Abbreviations: CCC Canadian Consensus Criteria; ICC: International
Consensus Criteria; BMI: Body Mass Index.

Gastrointestinal symptoms

The frequency of gastrointestinal symptoms and their im-
pact on patients’ daily life is summarised in Table 2. The major-
ity of the study population reported having experienced gas-
trointestinal symptoms (97.4%), with over half of the sample
having received a diagnosis of IBS (57.9%). Of the participants
experiencing gastrointestinal manifestations, bloating was the
most frequently reported symptom (94.6%). The majority of the
gastrointestinal symptoms investigated were most frequently
experienced multiple times per month. This was observed
for diarrhoea (37.8%), constipation (35.1%), stomach cramps
(40.5%), flatulence (40.5%), and nausea (40.5%). For bloating,
however, there was a bimodal distribution of patients, with
27.0% experiencing bloating multiple times per month and an
equal proportion suffering from bloating multiple times per day.
Blood in stool and early satiety were infrequently experienced
among the study participants, with 81.1% and 27.9% of patients
experiencing gastrointestinal symptoms never suffering from
these symptoms respectively. Twelve participants reported oth-
er gastrointestinal symptoms (32.4%).

Furthermore, 35.1% of the patients reporting gastrointes-
tinal manifestations declared that their gastrointestinal symp-
toms had a fair impact on their daily activities. It should also be
noted that 21.6% of participants reported that their gastroin-
testinal symptoms impacted their daily life significantly.
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Table 2: Frequency of gastrointestinal symptoms and overall

impact on daily activities.

N =38 (%)

Gastrointestinal symptoms

Yes 37 (97.4%)
No 1(2.6%)
Diagnosis of IBS
General practitioner 8(21.1%)
Specialist 9 (23.7%)
Allied health professional 1(2.6%)
Myself 4 (10.5%)
No 16 (42.1%)

Diagnosis of SIBO

General practitioner 1(2.6%)

Specialist 1(2.6%)

Allied health professional 1(2.6%)

Myself 1(2.6%)

No 34 (89.5%)
:{r:‘opr:i rt:sose reporting gastrointestinal N =37 (%)
Diarrhoea

Never 6(16.2%)

Multiple times per month

14 (37.8%)

Multiple times per week

15 (40.5%)

Constipation

Never

4(10.8%)

Multiple times per month

13 (35.1%)

Multiple times per week

17 (45.9%)

Multiple times per day 3(8.1%)
Stomach cramps
Never 4 (10.8%)

Multiple times per month

15 (40.5%)

Multiple times per week

15 (40.5%)

Multiple times per day 3(8.1%)
Flatulence
Never 4 (10.8%)

Multiple times per month

15 (40.5%)

Multiple times per week

13 (31.5%)

Multiple times per day 5(13.5%)
Bloating
Never 2 (5.4%)

Multiple times per month

10 (27.0%)

Multiple times per week

15 (40.5%)

Multiple times per day

10 (27.0%)

Blood in stool
Never 30 (81.1%)
Multiple times per month 5(13.5%)
Multiple times per week 2 (5.4%)
Multiple times per day 2 (5.4%)

Multiple times per day 0 (0.0%)
Nausea

Never 8(21.6%)

Multiple times per month 15 (40.5%)

Multiple times per week 10 (27.0%)

Multiple times per day 4 (10.8%)
Early satiety

Never 11 (29.7%)

Multiple times per month 10 (27.0%)

Multiple times per week 12 (32.4%)

Multiple times per day 4 (10.8%)

Other gastrointestinal

Never 25 (67.6%)
Multiple times per month 4 (10.8%)
Multiple times per week 8(21.6%)
Multiple times per day 0 (0.0%)

Impact of gastrointestinal symptoms on daily activities

Not at all 2 (5.4%)

A little bit 7 (18.9%)
Fairly 13 (35.1%)
Quite a bit 7 (18.9%)
Significantly 8(21.6%)

Abbreviations: IBS: Irritable Bowel Syndrome; SIBO: Small Intestinal
Bacterial Overgrowth.

Dietary habits

Table 3 summarises patient responses in relation to diet,
food avoidance, and the impact on dietary changes on patients’
daily life. The majority of participants reported having changed
their diet due to their gastrointestinal symptoms (78.9%), with
44.7% of patients stating that their gastrointestinal symptoms
had influenced their diet significantly. A large portion of partici-
pants reported that symptoms other than gastrointestinal man-
ifestations played a role in the changing of their diet (60.5%).
Half of the study population followed a specific diet plan, with
73.7% of these participants following a wheat or gluten-free
diet. Dairy or lactose-free and low-sugar diets were also fre-
quently reported by the study participants following a diet plan
(63.2%). Among these commonly-followed diets, study par-
ticipants most frequently reported having followed the diet in
question for at least one year. Interestingly, over half of dieting
patients had adhered to a wheat or gluten-free diet for at least
12-months (52.6%).

Additionally, food avoidance was observed in a consider-
able percentage of the study population (89.5%). Refined sugar
was the most frequently-reported food group avoided by par-
ticipants avoiding at least one food, food group, or ingredient
(73.5%). Equal proportions of patients avoiding at least one
food, food group, or ingredient avoided dairy or lactose and
wheat or gluten (64.7%). Processed foods or preservatives,
greasy or fried foods, and alcohol were also frequently avoided
within the study population (67.6%, 58.8%, and 55.9% respec-
tively). Similarly to that of diet, the majority of patients avoiding
at least one particular food group had been doing so for at least
one year. Most of the study population reported that changing
their diet or avoiding a particular food, food group, or ingre-
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dient improved their gastrointestinal manifestations (68.4%),
with 23.7% reporting a significant improvement in their gastro-

intestinal symptoms following dietary modification.

Table 3: Frequency of diet and dietary habits.

N =38 (%)

symptoms on diet)

Changed diet due to gastrointestinal symptoms (impact of gastrointestinal

Greater than one year 6 (31.6%)

No 7 (36.8%)
Low sugar and low yeast or anti-Candida diet

Less than six months 1(5.3%)

Between six months and one year 0(0.0%)

Greater than one year 1(5.3%)

No

17 (89.5%)

Vegetarian diet

Yes 30 (78.9%)
Not at all 0(0.0%)
A little bit 4(10.5%)
Fairly 4 (10.5%)
Quite a bit 5(13.2%)
Significantly 17 (44.7%)

No 8(21.1%)

Changed diet due to other symptoms (impact of other symptoms on diet)

Less than six months 0(0.0%)
Between six months and one year 1(5.3%)
Greater than one year 4(21.1%)
No 14 (73.7%)
Vegan diet
Less than six months 1(5.3%)
Between six months and one year 1(5.3%)
Greater than one year 1(5.3%)

No

16 (84.2%)

Gluten or wheat-free diet

Less than six months

3(15.8%)

Between six months and one year

1(5.3%)

Greater than one year

10 (52.6%)

Yes 23 (60.5%)
Not at all 1(2.6%)
A little bit 4(10.5%)
Fairly 3(7.9%)
Quite a bit 4 (10.5%)
Significantly 11 (28.9%)
No 15 (39.5%)
Following a specific diet plan
Yes 19 (50.0%)
No 19 (50.0%)
Avoidance of food, food group, or ingredient
Yes 34 (89.5%)
No 4(10.5%)

Impact of diet change or food avoidance on gastroi

ntestinal symptoms

No 5 (26.3%)
Dairy or lactose-free diet
Less than six months 3(15.8%)
Between six months and one year 0(0.0%)
Greater than one year 9 (47.4%)
No 7 (36.8%)
Other diet
Less than six months 0(0.0%)
Between six months and one year 0(0.0%)
Greater than one year 6 (31.6%)

No 13 (68.4%)
::r(:;gi:::se avoiding a food, food group, or N =34 (%)
Avoidance of refined sugar*
Less than six months 3(8.8%)
Between six months and one year 2 (5.9%)

Greater than one year

19 (55.9%)

Worsened 0(0.0%)
No change 9 (23.7%)
Slightly 17 (44.7%)
Significantly 9 (23.7%)
Neither changed diet nor avoided a food, food
group, or ingredient 3(7.9%)
Among those following a diet plan N =19 (%)
Paleo diet
Less than six months 0(0.0%)
Between six months and one year 1(5.3%)
Greater than one year 0(0.0%)

No

18 (94.7%)

Low FODMAP or IBS diet

No 9 (26.5%)
Avoidance of greasy or fried foods*

Less than six months 1(2.9%)

Between six months and one year 1(2.9%)

Greater than one year

17 (50.0%)

Less than six months 1(5.3%)
Between six months and one year 1(5.3%)
Greater than one year 7 (36.8%)

No

14 (41.2%)

No

10 (52.6%)

Avoidance of processed foods or preservatives*

Low sugar diet

Less than six months

1(2.9%)

Less than six months

3 (15.8%)

Between six months and one year

2 (5.9%)

Between six months and one year

3 (15.8%)

Greater than one year

19 (55.9%)

No

11 (32.4%)
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Avoidance of fruit*

Less than six months 1(2.9%)
Between six months and one year 0 (0.0%)
Greater than one year 9 (26.5%)
No 23 (67.6%)
Avoidance of gluten or wheat*
Less than six months 3(8.8%)
Between six months and one year 2 (5.9%)
Greater than one year 15 (44.1%)
No 12 (35.3%)

Avoidance of dairy or lactose*

Less than six months 2 (5.9%)

Between six months and one year 2 (5.9%)

Greater than one year 17 (50.0%)

No 12 (35.3%)

Avoidance of meat products*

Less than six months 1(2.9%)
Between six months and one year 0 (0.0%)
Greater than one year 6(17.6%)
No 26 (76.5%)
Avoidance of animal products*
Less than six months 1(2.9%)
Between six months and one year 1(2.9%)
Greater than one year 6(17.6%)
No 25 (73.5%)
Avoidance of caffeine
Less than six months 3(8.8%)
Between six months and one year 0 (0.0%)
Greater than one year 9 (26.5%)
No 22 (64.7%)
Avoidance of salt or overly salty foods
Less than six months 1(2.9%)
Between six months and one year 0 (0.0%)
Greater than one year 2 (5.9%)
No 31(91.2%)
Avoidance of alcohol
Less than six months 0 (0.0%)
Between six months and one year 1(2.9%)

Greater than one year 18 (52.9%)

No 15 (44.1%)

Avoidance of other foods, food groups, or ingredients*

Less than six months 3(8.8%)
Between six months and one year 1(2.9%)
Greater than one year 7 (20.6%)
No 22 (64.7%)

Abbreviations: FODMAP: Fermentable Oligo- Di- Mono- Saccharides
And Polyols; IBS: Irritable Bowel Syndrome.

*Proportions do not add to 100%, as questions were left unanswered
in survey.

Food intolerances

The frequencies of food intolerances among the study par-
ticipants are displayed in Table 4. Most of the study participants
reported at least one food intolerance (71.1%). The majority of
participants who reported food intolerance were intolerant of
wheat or gluten (70.4%). Dairy or lactose intolerance was also
frequently reported (63.0%).

Table 4: Food intolerances.

N =38 (%)

Food intolerances

Yes 27 (71.1%)

No 11 (28.9%)
Among those reporting food intolerance N =27 (%)
Gluten or wheat

Yes 19 (70.4%)

No 8(29.6%)
Dairy or lactose

Yes 17 (63.0%)

No 10 (37.0%)
Animal or meat products

Yes 7 (25.9%)

No 20 (74.1%)
Preservatives or highly processed foods

Yes 4 (14.8%)

No 23 (85.2%)
Fructose, fructans, or high-FODMAP foods

Yes 6(22.2%)

No 21 (77.8%)
Greasy, fried, or high-fat foods

Yes 4 (14.8%)

No 23 (85.2%)
Sugar or high-sugar foods

Yes 7 (25.9%)

No 20 (74.1%)
Food additives

Yes 5(18.5%)

No 22 (81.5%)
Other

Yes 21 (77.8%)

No 6(22.2%)

Abbreviations: FODMAP: Fermentable Oligo- Di- Mono- Saccharides
And Polyols.

Healthcare access

The study participants’ healthcare access habits in terms of
gastrointestinal symptoms and diet are outlined in Table 5. Most
of the study population (86.8%) had accessed a healthcare pro-
fessional in relation to their gastrointestinal symptoms or diet.
Among the patients accessing a healthcare professional within
the last six months (42.1%), GPs were the most frequently ac-
cessed, with 64.7% visiting a GP between one and three times
and 23.5% at least four times within the last month. Interest-
ingly, 47.1% of participants accessing a healthcare professional
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within the last six months reported visiting a specialist. Allied
health professionals also appear to be frequently accessed by
ME/CFS patients, with 47.1% of those accessing a healthcare
service in the six months visiting an allied health professional
between one and three times and 17.6% at least four times in
the last month.

Table 5: Healthcare access habits

N =38 (%)

Healthcare professional consultation regarding diet or gastrointestinal
symptoms

Within the past six months 17 (44.7%)

Prior to the past six months 16 (42.1%)

No 5(13.2%)
Among those accessing a healthcare professional
within the past six months N=17 (%)
GP

One to three times 11 (64.7%)

Four or more times 4 (23.5%)

No 2 (11.8%)
Specialist

One to three times 8 (47.1%)

Four or more times 0(0.0%)

No 9 (52.9%)
Allied health professional

One to three times 8 (47.1%)

Four or more times 3(17.6%)

No 6 (35.3%)
Other heath professional

One to three times 1(5.9%)

Four or more times 2 (11.8%)

No 14 (82.4%)

Abbreviations: GP: General Practitioner.
Health-related quality of life

The results of the multiple linear regression analysis for the
seven HRQoL domains are presented in Table 6 and Table 7. Ta-
ble 6 provides the statistics returned for the physical HRQoL do-
main models (including PF, RP, BP, and GH), where Table 7 sum-
marises the mental HRQoL domain models (including SF, MH,

and RE). Complete statistics for each of the regression models
generated are provided in Supplementary Tables.

Five of the seven models generated for the HRQoL domains
were statistically significant. No significant associations were
observed for RE (adjusted R?*=-0.173, P= 0.874). The avoidance
of fruit and ‘other’ food intolerances were associated with high-
er BP scores (P=0.033 and P= 0.014 respectively); however, the
model for BP was also not significant (adjusted R?= 0.301, P=
0.072).

The model generated for PF was significant (adjusted R’=
0.919, P <0.001). Higher PF scores were associated with consti-
pation, flatulence, blood in stool, and an intolerance to preser-
vatives or processed foods (P < 0.001, P < 0.001, P = 0.003, and
P < 0.001 respectively). PF also displayed significant negative
associations with nausea and the avoidance of gluten or wheat
(P=10.018 and P=0.027 respectively). Age, gender, BMI, and ed-
ucation were significant confounders of PF (P < 0.001), whereby
age was associated with increased PF scores, PF scores were
higher among males, and PF was negatively associated with BMI
and education. RP was positively associated with the avoidance
of processed foods or preservatives (P= 0.035), as well as the
avoidance of salt or overly-salty foods (P < 0.001). A positive as-
sociation was also observed between RP and bloating (P=0.018).
Gender was a significant confounder of the RP model (with males
returning higher RP scores (P= 0.003)) and 71.3% of the model’s
variance could be explained by the independent variables (ad-
justed R?=0.713, P < 0.001). The GH model was also significant
(adjusted R*= 0.606, P= 0.006). GH was positively associated
with intolerance to greasy, fried, or high-fat foods and the avoid-
ance of animal products (P= 0.014 and P < 0.001 respectively),
and was negatively associated with the avoidance of alcohol
(P= 0.009). Education was a significant confounder of RP, in
which higher levels of education were associated with de-
creased GH scores (P= 0.011).

Statistically significant regression models were returned for
the SF and MH mental HRQoL domains (adjusted R?>= 0.806, P <
0.001 and adjusted R?= 0.359, P= 0.047 respectively). Constipa-
tion, bloating, and the avoidance of salt or overly-salty foods
were associated with higher SF scores (P =0.008, P < 0.001, and
P= 0.016 respectively). SF was indirectly proportional to the
avoidance of fruit (P < 0.001). The SF model was confounded
by age, gender, and employment (P < 0.001, P < 0.001 and P =
0.004 respectively). Improved MH scores were associated with
intolerance to ‘other’ foods (P = 0.012), with no significant con-
founding variables.
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Table 7: Multivariate analysis of mental HRQoL domains.

SF MH RE

Sociodemographic data

Age (years) 0.831 | 5.445%** <0.001 -0.037 -0.134 0.895 = -0.035 -0.119 0.907

Gender 0.788 5.157%** <0.001 -0.254 -1.278 0.221 -0.066 -0.253 0.803

BMI (kg/m?) -0.307 -1.898 0.082 -0.134 -0.642 0.531 0.318 1.181 0.254

Employment -0.427 -3.519** 0.004 -0.218 -1.168 0.261 -0.034 -0.142 0.889

Education -0.003 -0.017 0.987 -0.406 -2.065 0.057 0.074 0.289 0.776

Gastrointestinal symptoms

Diarrhoea -0.396 -2.120 0.051

Constipation 0.425 3.178** 0.008

Stomach cramps

Flatulence

Bloating 0.626 5.062*** <0.001

Blood in stool

Nausea

Early satiety

Other

Food intolerance

Greasy, fried, or high-fat foods

Wheat or gluten

Dairy or lactose

Animal or meat products

Preservatives or highly-processed
foods

Fructose, fructans, or high-FODMAP 0.288 1.936 0.077
foods

Sugar or high-sugar foods

Food additives

Other 0.742 2.841* 0.012

Food avoidance

Refined sugar

Greasy or fried foods

Processed foods or preservatives

Fruit -0.606 -4.556%** <0.001

Gluten or wheat

Dairy or lactose

Other

Meat products

Animal products

Caffeine

Salt or overly-salty foods 0.441 2.798* 0.016

Annals of Epidemiology and Public health 11



MedDocs Publishers

Alcohol

Other
R? 0.894 0.563 0.094
Adjusted R? 0.806 0.359 -0.173
P-value <0.001*** 0.047* 0.874

Abbreviations: SF Social Functioning; MH General mental health; RE Role of limitations due to emotional problems

*P<0.05, **P<0.01, ***P <0.001

Discussion

This study served to describe the role of gastrointestinal
manifestations, dietary habits, and food intolerances in the
presentation of ME/CFS in an Australian cohort. Gastrointesti-
nal health and dietary sensitivities, such as the development of
multiple new sensitivities (including food intolerances, as well
as chemical and drug sensitivities), have previously bene re-
ported by ME/CFS patients and are suggested to be implicated
in the illness’ clinical presentation [18-20,39]. This study also
served to describe the relationship between patients’ gastroin-
testinal symptoms, food intolerances, and food avoidance hab-
its with their HRQoL, as this has not yet been investigated in
an Australian ME/CFS patient population. The primary findings
of this study include that gastrointestinal manifestations are a
prominent component of ME/CFS symptomatology. Additional-
ly, dietary modification and food intolerance are both frequent
among ME/CFS patients. It also appears that gastrointestinal
symptoms, food intolerances, and food avoidance influence pa-
tients’” HRQoL.

The sociodemographic distribution of the study participants
was consistent with the current literature, including both the
findings of investigations at the NCNED and international re-
search [10,31,39-41]. The majority of participants were female
with an average age of 42.8 years, as similarly observed in
previous studies [10,31,41]. Over half of the study population
was of normal weight, which reflected the BMI distribution of
other epidemiological studies [10,31,40]. As similarly observed
in other studies [31,39], approximately 60% of the study popu-
lation was unemployed. Interestingly, over half of the sample
population had obtained an undergraduate level of education,
a notably higher proportion when compared with other studies
[10,31,39]. Despite this, the sociodemographic structure of this
study population is consistent with the current literature.

A key novel finding of this study was the high prevalence of
gastrointestinal symptoms among ME/CFS patients. Almost all
participants in the study reported having experienced gastroin-
testinal manifestations (97.4%). Long-term signs or symptoms
involving the gastrointestinal system were observed in 0.6%
of 21,315 Australians of all ages participating in the National
Health Survey from 2017 to 2018 [42]. Thus, as the prevalence
of gastrointestinal symptoms among the current study par-
ticipants is substantially greater that of the general Australian
population, it appears that gastrointestinal manifestations are a
noteworthy component of ME/CFS presentation.

The prevalence of gastrointestinal symptoms observed in
the present study is also considerably higher than other stud-
ies that commented on gastrointestinal symptoms among ME/
CFS patients [10,31,40]. Moderate to severe gastrointestinal
manifestations were reported by 55.2% of patients included in

a recent study conducted by Eaton-Fitch et al. [31]. Similarly to
the present investigation, the Eaton-Fitch et al. study utilised
a cross-sectional study design where patients were recruited
based on voluntary participation. However, the sample size was
considerably higher (N= 480) when compared with the present
study, which may explain the noticeably higher percentage of
patients experiencing gastrointestinal symptoms in the current
study population. Additionally, those experiencing mild gastro-
intestinal symptoms were grouped with patients who did not
report gastrointestinal manifestations in the Eaton-Fitch et al.
study. Thus, the true proportion of patients experiencing gas-
trointestinal symptoms may be higher than reported by Eaton-
Fitch et al.

The results of the current study also suggest that bloating
is a key component of the gastrointestinal symptomatology
associated with ME/CFS. Bloating was the most frequently ex-
perienced gastrointestinal symptom, with 92.1% of all study
participants (and 94.6% of study participants experiencing gas-
trointestinal manifestations) reporting this symptom. Johnston
et al. observed bloating in only 34.8% of study participants
meeting the Fukuda or ICC case definitions [10]. Similarly to
the present investigation, the authors employed a cross-sec-
tional study design that relied on voluntary participation; how-
ever, the Johnston et al. study had a considerably larger study
population (N= 535). A 2014 study with a smaller sample size
(N=94) reported gastrointestinal manifestations in 62% of ME/
CFS patients meeting the Fukuda criteria [43]. Interestingly,
Johnston et al. observed a decreased prevalence of bloat-
ing among ME/CFS patients meeting only the Fukuda criteria
(30.9%) when compared with those meeting the ICC case defi-
nition (38.6%) [10].

Also, a considerable proportion of patients experiencing
gastrointestinal symptoms in the present study reported diar-
rhoea (81.6%). Stomko et al. observed this in only 40.6% of pa-
tients meeting the Fukuda criteria (N = 69) in Poland surveyed
between 2014 and 2016 [40]. Furthermore, Slgmko et al. ob-
served that 37.7% of ME/CFS patients reported gastrointestinal
pain [40], which was similarly observed in 35.4% of Fukuda and
ICC patients in the Johnston et al. study [10]. Stomach cramps
were reported by approximately 86.8% of participants experi-
encing gastrointestinal symptoms in the present study, as was
constipation, which was only reported by 30.4% of patients in
the Polish cohort [40].

The comparatively high prevalence of specific gastrointesti-
nal symptoms among the current study participants is likely at-
tributable to the small sample size. Also, the present study may
have seen a higher prevalence of bloating, diarrhoea, stomach
cramps, and constipation than previously observed, as the self-
administered questionnaire in this study queried the frequency
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of gastrointestinal symptoms on a four-point scale and, there-
fore, may have been more sensitive than the reporting methods
employed by other studies. In addition to the varying sample
sizes, it should be noted that cultural differences in diet may
also explain inconsistencies in the prevalence of gastrointesti-
nal symptoms between these geographically different ME/CFS
patient populations [44].

Over half of the patients included in the current study re-
ported being diagnosed with IBS (57.9%), where a diagnosis of
SIBO was reported by only 10.5% of patients. The prevalence of
gastrointestinal comorbidity was noticeably lower among the
general population compared with the present study. Of the
Australians participating in the 2017-18 National Health Sur-
vey, 1.3% suffered from IBS or another gastrointestinal disease
other than ulcers, hernias, and gallstones [42]. Thus, it appears
that gastrointestinal comorbidity is also an important compo-
nent of ME/CFS presentation. However, there exists dispar-
ity in the prevalence of gastrointestinal comorbidity between
ME/CFS patient populations in the current literature. Despite
Stomko et al. reporting IBS in only 17.7% of study participants
[40], the results of the present study are supported by an inves-
tigation conducted in Spain between 2008 and 2015 [39], which
observed intestinal dysbiosis or IBS in 71.3% of participants.

Therefore, a large proportion of study participants in the
present study experienced gastrointestinal symptoms and a
considerable percentage of patients reported gastrointestinal
comorbidity. Coupled with this, 94.6% of patients experiencing
gastrointestinal symptoms noted that these symptoms impact-
ed their daily activities, with 21.6% reporting that this impact
was significant. Thus, it appears that gastrointestinal distur-
bances have a noteworthy role in the clinical presentation of
ME/CFS.

The current study also identified novel research findings
that dietary modification was common among Australian ME/
CFS patients. Gastrointestinal symptoms were responsible for a
change in diet among 78.9% of patients, with 44.7% of patients
reporting that their gastrointestinal manifestations had a sig-
nificant influence on their dietary habits. Additionally, 60.5% of
study participants reported that symptoms other than gastro-
intestinal disturbances contributed to their change in diet. Al-
though only half of the study population followed a specific diet
plan, 89.5% of study participants reported avoiding at least one
food, food group, or ingredient. There is limited literature avail-
able that examines dieting and food avoidance among ME/CFS
patient populations to compare with the results of this study.
However, 13% of Australians over the age of 15 years who par-
ticipated in the Australian Health Survey (AHS) from 2011 to
2012 were following a specific diet plan [45]. Dietary modifica-
tion has been posited as a potentially beneficial intervention for
the management of ME/CFS symptoms [16,18], which may ex-
plain the large proportion of patients reporting having altered
their diet when compared with the general population.

Similarly, food intolerance was also frequently reported
among the study population (71.1%). Approximately 17% of
Australians over the age of two years who participated in the
AHS reported avoiding a food due to allergy or intolerance [45].
It should be noted that, for both the AHS population and the
current study participants, that the prevalence of food intoler-
ances relied on self-reported food intolerances and does not
correspond to physiologically-confirmed food allergies. As a re-
sult, the prevalence of food intolerance may be overestimated
among both the Australian population and the study partici-

pants.

It is known that the clinical presentation of ME/CFS involves
new dietary sensitivities [18-20]. However, the prevalence of
food intolerance in this investigation is relatively large when
compared with other studies. The study conducted by John-
ston et al. observed food intolerances in 33.9% of patients [10].
Additionally, Castro-Marrero et al. reported that only 10.6% of
ME/CFS patients meeting both the Fukuda and CCC definitions
experienced food intolerances [39]. As all study participants in
the Castro-Marrero et al. study met the CCC case definition, this
study population may be less heterogeneous in clinical presen-
tation than the Johnston et al. study, which investigated ME/CFS
patients meeting the Fukuda or ICC definitions. Also, the size of
the Castro-Marrero et al. study population was over three times
greater than that of the Johnston et al. study (N=1,757). Thus,
both the Castro-Marrero et al. and Johnston et al. studies had
a considerably larger sample size than the present study, which
may explain the noticeably higher prevalence of food intoler-
ance in the current study population. Additionally, the current
study population is likely more heterogeneous in clinical pre-
sentation when compared with study participants in the Castro-
Marrero et al. and Johnston et al. studies, as the present study
investigated ME/CFS patients meeting the Fukuda, CCC, or ICC
definitions.

Gluten or wheat intolerance was the most frequently-report-
ed food intolerance by the study participants (70.4%), closely
followed by self-reported dairy or lactose intolerance (63.0%).
Similar results were observed by Trabal et al. in a 2012 study,
whereby 78.6% of study participants avoided dairy and 53.6%
avoided gluten-containing grains due to symptom exacerbation
[46]. Interestingly, neither gluten or wheat nor dairy or lac-
tose were the most frequently avoided food group, as refined
sugar was avoided by 72.7% of patients that avoided at least
one food, food group, or ingredient. Sugar avoidance has been
proposed in the suppression of yeast infections associated with
ME/CFS; however, there remains a lack of conclusive evidence
[17]. Thus, the avoidance of refined sugar observed in this study
may pertain to fatigue symptoms, rather than gastrointestinal
disturbances. Following refined sugar, gluten or wheat and
dairy or lactose were the most commonly avoided food groups,
with equal proportions of the study participants avoiding these
food groups (64.7%). Cow’s milk or dairy and gluten were the
most frequently avoided foods due to intolerance or allergy by
Australians who participated in the AHS; however, avoidance of
these food groups among the general population was consid-
erably less prevalent when compared with the present study
population (4.5% and 2.5% respectively) [45].

Multiple linear regression analysis returned significant as-
sociations between patients’ HRQoL and their gastrointesti-
nal symptoms, food intolerances, and food avoidance habits.
However, many of the associations returned by the multivari-
ate analysis were unexpected, which is likely attributable to the
study’s small sample size. Unusually, higher HRQoL scores were
associated with many gastrointestinal symptom and food intol-
erance variables. Although PF scores were negatively associated
with nausea, positive associations were observed between con-
stipation, flatulence, blood in stool, and intolerance to preser-
vatives and processed foods with PF, bloating with RP, intoler-
ance to greasy, fried, or high-fat foods with GH, constipation
and bloating with SF, and intolerance to ‘other’ foods and MH.

The effect of food avoidance on ME/CFS patients’ HRQoL
also remains unclear. Higher HRQoL scores were associated
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with the avoidance of processed foods or preservatives (RP),
salt or overly-salty foods (RP and SF), and animal products (GH).
Interestingly, food avoidance was also found to be detrimen-
tal to HRQoL, in which the avoidance of fruit was associated
with reduced SF scores. The negative association between glu-
ten or wheat avoidance with PF was unexpected given the high
prevalence of gluten or wheat intolerance in the study popula-
tion. Additionally, as reduced tolerance to alcohol is a known
component of ME/CFS presentation [47], it appears unusual for
alcohol avoidance to be associated with reduced HRQoL (GH).
Therefore, the effect of patients’ gastrointestinal symptoms,
food intolerances, and food avoidance habits on their HRQoL
remains unclear.

Healthcare access in terms of gastrointestinal and diet con-
cerns was also investigated by this study, in which 86.8% of pa-
tients reported consulting a healthcare professional regarding
their gastrointestinal symptoms or diet. Thus, it is clear that
gastrointestinal health and diet are of concern to many ME/CFS
patients and should be taken into consideration in the manage-
ment of the condition. Additionally, the access of a specialist by
just under half of patients who accessed a healthcare profes-
sional in the past six months further highlights the burden of
gastrointestinal and diet concerns on ME/CFS patients.

Finally, it should be noted that this study is not without limi-
tations. The small sample population is an important limitation
when analysing the results, particularly when comparing these
results with studies that observed a lesser burden of gastroin-
testinal symptoms on ME/CFS patients [10,31,39,40]. Addition-
ally, although population data was available, the individual data
could not be accessed. As a result, statistical analysis could not
be performed to determine if the prevalence of gastrointestinal
symptoms, gastrointestinal comorbidity, dieting, and food intol-
erance among ME/CFS was significantly different to that of the
general Australian population. Misalighment between the on-
line questionnaire employed in the present study and the two
population surveys further restricted comparison between the
study participants and the general population.

Despite this, the current investigation is a pilot study that
reports novel findings concerning the gastrointestinal symp-
toms and dietary habits of Australian ME/CFS patients and fore-
grounds the potential implications of gastrointestinal manifesta-
tions in ME/CFS. This study also investigates the relationship of
gastrointestinal symptoms and dietary habits on HRQol for the
first time in an Australian ME/CFS patient population. Finally,
this study comments on patients’ healthcare access in relation
to gastrointestinal symptoms and diet, thereby highlighting the
burden of gastrointestinal manifestations and dietary changes
associated with ME/CFS on the healthcare system. The use of
online self-administered questionnaires is also an advantage of
this study. Administering the questionnaires online aimed to re-
duce some selection bias by increasing accessibility to potential
study participants (particularly severe or house-bound patients)
who may find difficulty in presenting for an interview in person
or completing a telephone interview due to the disabling na-
ture of ME/CFS. Finally, although this investigation could not be
compared with similar studies (due to being a pilot study), this
research has elucidated avenues for future research. Thus, this
pilot study has foregrounded the extent to which gastrointesti-
nal manifestations are involved in ME/CFS presentation and the
potential role of diet in ME/CFS management.

It is recommended that future research with a larger study
population be undertaken in this area to further support the

observations reported in this current pilot investigation. The ef-
fect of gastrointestinal symptoms and dietary habits should also
be investigated further with a larger study population to more
accurately describe the burden and impact of gastrointestinal
symptoms, food intolerances, and food avoidance habits on
ME/CFS patients’ HRQoL. Additionally, it is also recommended
that a prospective study be performed to observe changes in
patients’ gastrointestinal symptoms over disease progression.
A prospective study design would also provide greater evidence
to support the potential role of gastrointestinal symptoms, food
intolerance, and food avoidance in ME/CFS patients’” HRQoL.
Such studies would be useful for formulating validated diet rec-
ommendations for managing ME/CFS to improve patient prog-
nosis.

Conclusion

This cross-sectional study highlights the extent to which
gastrointestinal symptoms and diet are implicated in the clini-
cal presentation of ME/CFS in an Australian cohort. The preva-
lence of gastrointestinal symptoms among patients in this study
was considerably higher than previously observed, with 97.4%
of study participants reporting gastrointestinal manifestations.
Gastrointestinal symptoms impacted daily activities in 94.6%
of patients experiencing gastrointestinal manifestations, with
21.6% of such patients reporting this impact as significant. This
study also identified that a large proportion of patients sought
advice from a GP or other healthcare professional in relation to
their gastrointestinal manifestations or diet. Thus, gastrointesti-
nal health and diet appear to be integral factors that should be
considered in the management of ME/CFS to facilitate a greater
quality of life among patients. Multivariate analysis returned
significant associations between HRQoL with gastrointestinal
symptoms, dietary modification, and food intolerance; how-
ever, the role of dietary habits on ME/CFS patients’ HRQoL re-
mains unclear. Thus, there is a need for further research in this
area with a larger sample size to confirm the trends identified
by this study.
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