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Fructan, Rather Than Gluten, Induces Symptoms in Patients With
Self-Reported Non-Celiac Gluten Sensitivity
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This article has an accompanying continuing medical education activity, also eligible for MOC credit, on page e19. Learning
Objective: Upon completion of this CME activity, successful learners will be able to (1) distinguish patients with celiac disease from
patients with non-celiac gluten sensitivity (NCGS); (2) differentiate between fructans and gluten as possible symptom inducing
wheat components; and (3) explain strengths and limitations with cross-over study design and double-blind placebo-controlled
intervention.
See Covering the Cover synopsis on page 457;
see editorial on page 471.

BACKGROUND & AIMS: Non-celiac gluten sensitivity is char-
acterized by symptom improvement after gluten withdrawal
in absence of celiac disease. The mechanisms of non-celiac
gluten sensitivity are unclear, and there are no biomarkers
for this disorder. Foods with gluten often contain fructans, a
type of fermentable oligo-, di-, monosaccharides and polyols.
We aimed to investigate the effect of gluten and fructans
separately in individuals with self-reported gluten sensitivity.
METHODS: We performed a double-blind crossover challenge
of 59 individuals on a self-instituted gluten-free diet, for
whom celiac disease had been excluded. The study was per-
formed at Oslo University Hospital in Norway from October
2014 through May 2016. Participants were randomly
assigned to groups placed on diets containing gluten (5.7 g),
fructans (2.1 g), or placebo, concealed in muesli bars, for 7
days. Following a minimum 7-day washout period (until the
symptoms induced by the previous challenge were resolved),
participants crossed over into a different group, until they
completed all 3 challenges (gluten, fructan, and placebo).
Symptoms were measured by Gastrointestinal Symptom
Rating Scale Irritable Bowel Syndrome (GSRS-IBS) version. A
linear mixed model for analysis was used. RESULTS: Overall
GSRS-IBS scores differed significantly during gluten, fructan,
and placebo challenges; mean values were 33.1 ± 13.3,
38.6 ± 12.3, and 34.3 ± 13.9, respectively (P ¼ .04). Mean
scores for GSRS-IBS bloating were 9.3 ± 3.5, 11.6 ± 3.5, and
10.1 ± 3.7, respectively, during the gluten, fructan, and pla-
cebo challenges (P ¼ .004). The overall GSRS-IBS score for
participants consuming fructans was significantly higher than
for participants consuming gluten (P ¼ .049), as was the GSRS
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

This double-blind placebo-controlled crossover challenge
in participants with self-reported gluten sensitivity found
no effect of gluten on group level, and only 13 of 59 had
their highest symptom response to gluten.

NEW FINDINGS

The study indicates that fructans are more likely to induce
symptoms as overall symptom score was highest after
fructan challenge on group level.

LIMITATIONS

The role of the double-blind placebo-controlled gluten
challenge for diagnostic purpose is questionable due to
a high placebo response.

IMPACT

The finding weakens the use of the term “non-celiac
gluten sensitivity” and raises doubts about the need for
a gluten-free diet in individuals that self-report gluten
sensitivity.
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bloating score (P ¼ .003). Thirteen participants had the
highest overall GSRS-IBS score after consuming gluten, 24 had
the highest score after consuming fructan, and 22 had the
highest score after consuming placebo. There was no differ-
ence in GSRS-IBS scores between gluten and placebo groups.
CONCLUSIONS: In a randomized, double-blind, placebo-
controlled crossover study of individuals with self-reported
non-celiac gluten sensitivity, we found fructans to induce
symptoms, measured by the GSRS-IBS. Clinicaltrials.gov no:
NCT02464150.
Keywords: FODMAP; NCGS; Wheat; Intestine; Challenge.
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gastrointestinal symptom rating scale irritable bowel syndrome; IBS,
irritable bowel syndrome; NCGS, non-celiac gluten sensitivity; SD,
standard deviation; SF-36, Short form-36; VAS, visual analogue scale.
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Tgluten sensitivity has risen worldwide. Interna-
tional consensus statements have defined non-celiac gluten
sensitivity (NCGS) as a condition in which ingestion of
gluten induces gastrointestinal and extra-intestinal symp-
toms in the absence of celiac disease or wheat allergy.2,3

The condition represents a diagnostic problem because
there are no reliable biomarkers and the clinical picture
overlaps with irritable bowel syndrome (IBS).2 A stan-
dardized double-blind placebo-controlled food challenge
(DBPCFC) has been proposed as a diagnostic tool to confirm
NCGS.4 However, the clinical value of DBPCFC is
questionable.2,5,6

The pathogenesis of NCGS is not completely under-
stood. Negative serology for specific antibodies and lack of
association with HLA DQ2/DQ8 suggest a limited involve-
ment of adaptive immune mechanisms.7 A higher expres-
sion of toll-like receptors in intestinal mucosa of NCGS
patients compared with celiac disease patients indicates a
stronger role of innate immune mechanisms in NCGS.7

Studies have shown increased intraepithelial lympho-
cytes, changes in intestinal permeability, and cytokine
response after challenge, but all findings have been
considered unreliable as diagnostic biomarkers.7,8 Thus,
the diagnosis is predominantly based on exclusions and
self-statements.

Gluten-containing cereals can induce symptoms, but the
culprit molecule is unknown. Wheat contains more than one
potential symptom inducer, such as gluten, fructans (an
oligosaccharide of the FODMAPs [fermentable oligo-, di-,
monosaccharides and polyols]) and soluble proteins.8,9

Gluten has been shown to induce symptoms in some
studies,10,11 but not in placebo-controlled cross-over
studies.12–15 Further, a-amylase trypsin inhibitors (ATI)
have been proposed as possible symptom triggers, although
there are no supporting data in humans.16 FODMAP
restriction in study diets has resulted in symptom reduc-
tion,12,17 but FODMAPs alone have not been re-introduced
in any study of participants with self-reported NCGS. In
this randomized double-blind, placebo-controlled, cross-
over study we aimed to investigate the effect of gluten
and fructan separately on gastrointestinal symptoms in non-
celiac individuals with self-reported gluten sensitivity.

Methods
Participants

Eligible participants were adults aged 18–80 years who
self-instituted in gluten-free diet. They were required strict diet
adherence for at least 6 months. They were asked on a re-call
basis for relief of gastrointestinal and extra intestinal symp-
toms. Celiac disease was considered adequately excluded if the
duodenal biopsy was normal while on gluten-containing diet or
if the individual was negative for both HLA-DQ2 and HLA-DQ8.
Wheat allergy was considered excluded if serology showed
negative wheat-specific IgE levels. Exclusion criteria were
pregnancy or lactation, use of immunosuppressive agents, in-
flammatory bowel disease or other gastrointestinal comorbid-
ity, substantial infection, women of fertile age with inadequate
contraceptives, long travel distance, or allergy to nuts or ses-
ame seeds.

The study took place at Oslo University Hospital, Rik-
shospitalet, Oslo, Norway, from October 2014 to May 2016.
Participants were recruited by advertisements on the web page
of the University of Oslo, the Norwegian Celiac Association
including their Facebook pages, and by referrals from general
practitioners and local hospitals.

Study Design and Intervention
We recorded the medical background of all participants,

including additional diseases, food intolerances, and recall of
gluten-related symptoms. State of IBS was assessed as defined
by the Rome III criteria.18 Further baseline measurements
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included gastroscopy with duodenal biopsy, blood tests, and a
7-day food record. Nutrient intake was calculated by the
nutrition software Diet Planner, Version 1 (Norwegian Food
Safety Authority and the Norwegian Directorate of Health,
Oslo, Norway). Intakes of total FODMAP and fructans were
calculated by the nutrition software Foodworks, Version 7
(Xyris Software Australia Pty Ltd, Highgate Hill, QLD,
Australia). FODMAPs were quantified via laboratory analysis
using high-and ultra-performance liquid chromatography and
enzymatic assays as described previously.44 Gluten-free diet
adherence was assessed at baseline by trained dietitians,
evaluated by a standardized, locally developed questionnaire,
and confirmed by the 7-day food record. Adherence during the
study was not re-evaluated, but the participants were asked to
keep their diet consistent with the baseline diet throughout
the study.

Participants were randomized to 1 of 3 7-day challenges
(gluten, fructan or placebo), followed by a minimum of 1-week
washout period (Supplementary Figure 1). The washout
period was extended until the symptoms induced by the
previous challenge were resolved before starting the next
challenge. This was ensured by a study team member who
evaluated the washout symptoms recordings against baseline
symptom level and decided prolonging of the washout period
when needed.

The challenge vehicle was a 50 g, 220 kcal low-FODMAP
gluten-free muesli bar developed and produced by the Mon-
ash University, Melbourne (Supplementary Tables 1–2), eaten
once daily. Fructo-oligosaccharides (Orafti; Oligofructose,
Beneo, Tienen, Belgium) 2.1 g was added to the fructan bar, and
gluten 5.7 g was added to the gluten bar, both of which
mimicked the amount in 4 slices of sandwich wheat bread. The
gluten used was commercially available, carbohydrate-depleted
wheat gluten (Vital Wheat Gluten; Manildra Group, Gladesville,
New South Wales, Australia). The muesli bars had similar
appearance and taste as 12 healthy adults were not able to
differentiate their content in a pre-test (data not shown).

To detect and quantify prolamins in the gluten-containing
muesli bar, they were analyzed by R5-ELISA Ridascreen
Gliadin (R-Biopharm AG, Darmstadt, Germany) and by mass-
spectrometry (nano-LC-MS/MS) (data not shown).19 Gluten-
derived peptides including the 33-mer long peptide described
by Shan et al20 were confirmed present in the gluten-containing
bar, and absent in the fructan-containing or placebo bar. Pep-
tides corresponding to ATIs as described by Junker et al16 were
not detected. The fructan bar was not analyzed for its fructan
content.

Outcomes
Outcome measures were recorded retrospectively at the

end of baseline, challenge, and washout periods, and daily
during each period. The primary outcome was gastrointestinal
symptoms as measured by the Gastrointestinal Symptom Rat-
ing Scale, Irritable Bowel Syndrome (GSRS-IBS), recorded
retrospectively to reflect the last 7 days.21 GSRS-IBS is a self-
administered 13-items questionnaire, with a 7-point Likert
scale for each item ranging from 1 ¼ ‘no symptoms’ to 7 ¼
‘severe symptoms,’ and with an overall score range of 13–91.
There are 5 GSRS-IBS sub-dimensions with their respective
score ranges: pain (2–14), bloating (3–21), constipation (2–14),
diarrhea (4–28), and satiety (2–14). The secondary outcome
was daily gastrointestinal symptoms prospectively measured
by a 100-mm visual analogue scale (VAS) for pain, bloating,
passage of wind, nausea, stool dissatisfaction, and overall
gastrointestinal symptoms.

Other secondary outcomes were health-related quality of
life measured by Short Form-36 (SF-36) and depression and
anxiety symptoms measured by Hospital Anxiety and Depres-
sion Scale.22,23 Fatigue was measured by the 6 complaints
within the exhaustion subscale of the Giessen Subjective
Complaint List and by VAS; weakness, sleepiness, exhaustion,
tiredness, dizziness, and fatigue.24

Sample Size
Sample size calculation was based on paired t-test of dif-

ferences between 2 challenges within the same subject. The
total level of significance was set to .05 (2-sided), and we used
.02 for the pairwise comparisons (.05/3, Bonferroni multiple
comparison correction). A previous study found a GSRS-IBS
mean difference of 1.5 units and a standard deviation (SD) of
3.2.25 With 80% power and anticipated drop-out of 30%, 66
participants were required to detect such a difference.

Randomization and Blinding
The study statistician with no clinical involvement in the

study prepared the randomization sequence for the 3 chal-
lenges to be given in 3 periods of 6 sequences (ABC, ACB, BAC,
BCA, CAB, and CBA) by using a Web-based service (http://
randomization.com/, second generator, balanced permuta-
tions, accessed September 26, 2014). Block size was equal to
trial size.26 All participants and study team members were
blinded throughout the study. The allocation concealment was
carried out according to a procedure approved by the Depart-
ment of Clinical Research Support. Seven muesli bars of each
type were packed into 3 separate envelops marked with indi-
vidual codes 1–66 and week (period) numbers 1–3, according
to the randomization sequence. Sealed envelopes were handed
out to the participants one week at a time. The participants
recorded eaten muesli bars in a diary and returned uneaten
bars. Un-blinding was conducted after the statistical analyses of
primary and secondary outcomes.

Statistical Methods
Descriptive results are presented as frequency (%), mean

(SD), and median (interquartile range). Differences between the
challenge responses were analyzed by linear mixed model.
Participants were modelled as random with a random intercept
at participant level. Challenge, period, and sequence were
modelled as fixed effects. Because we found no significant effect
of sequence for any of the outcome variables, sequence was
removed from the models. Baseline values were included as
covariates. Day was included in the analysis of VAS symptom
scores. We tested for interaction between challenge and period
and, when significant, effect of challenge was analyzed by a
linear mixed model within each period. Differences between
baseline and washout were analyzed with one-way analysis of
variance (ANOVA), and differences between participants with
and without thyroid disease were analyzed by independent
samples t-test. Differences in gluten and fructan response
from placebo were analyzed by paired t-test. Variables with
skewed distribution were transformed using natural logarithm.

http://randomization.com/
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Multiple pairwise comparisons with Bonferroni correction
were performed when appropriate. All analyses were carried
out using IBM SPSS, version 24.0 (SPSS Inc, Chicago, IL) and a P
value <.05 was considered statistically significant.

Ethics and Approvals
The study was conducted in accordance to the Helsinki

Declaration. Written informed consent was obtained from all
participants, and the study was approved by the Regional
Committee for Medical and Health Research Ethics September
16, 2014, with the identification 2013/1237 REC South East A.
The study is registered in ClinicalTrials.gov (registration num-
ber NCT02464150). The manuscript was prepared according to
the Consolidated Standards of Reporting Trials (CONSORT)
statement (http://www.consort-statement.org). All authors had
access to the study data and reviewed and approved the final
manuscript.

Results
Recruitment

Of 232 participants assessed, 68 were eligible (Figure 1).
Reasons for the 111 participants not meeting the inclusion
criteria were: celiac disease not properly excluded (n ¼ 61),
long travel distance (n ¼ 20), not following a gluten-free
diet (n ¼ 21), symptomatic on gluten-free diet (n ¼ 4), ce-
liac disease (n ¼ 2), or already investigated for NCGS
(n ¼ 3). Two participants were in excess of the predefined
66 participants needed and excluded from the final analysis
to avoid violation of the randomization protocol and the size
Figure 1. Participant flow. IBD, inflammatory bowel disease;
WA, wheat allergy; HLA, human leukocyte antigen.
of the sequences. These two completed the full protocol
fully aware from the start that we could not include them in
the statistical analysis. Three participants were excluded
because of protocol violations. One had a biopsy compatible
with active celiac disease at the baseline gastroscopy
despite a gluten-free diet and previous negative biopsy on a
gluten-containing diet and was later given a celiac disease
diagnosis. Two were positive for the celiac disease-
associated HLA types (HLA-DQ2 and -DQ8), were on a
strict gluten-free diet, but did not have celiac disease ruled
out. The remaining 59 participants completed all 3 chal-
lenges and were included in the statistical analysis. Of these,
gluten and fructan challenges were prematurely ceased by 7
participants each, after 5–6 days. Placebo challenge was
prematurely ceased by 4 participants, after 2–6 days.
Cessation was because of omission or unbearable symptoms
and did not exclude the participant from analysis. No par-
ticipants experienced severe adverse effects of the chal-
lenges. During the challenges all participants self-reported
strict adherence to gluten-free diet, and 98% of the muesli
bars were consumed.
Baseline Data
Baseline characteristics of the study sample are pre-

sented in Table 1. According to recall information the last 3
months, 18 participants fulfilled the Rome III criteria for
IBS, despite reporting symptom relief on gluten-free diet.
IBS was not an exclusion criterion. Two participants had
IgG-deamidated gliadin peptide above the cut-off (20 U/ml),
22 and 38 U/ml, respectively. They carried the genotype
HLA DQ2.5 or DQ8, but had negative duodenal biopsy while
on gluten-containing diet. Five participants had changes
Table 1.Baseline Characteristics (n ¼ 59)

Female/male, n 53/6
Age (y), mean (SD) 43.7 (12.1)
Body mass index (kg/m2), mean (SD) 24.4 (4.0)
Duration of gluten-free diet (mo), median (IQR) 20.0 (10, 48)
Previous gastroscopy, n (%) 43 (74)
Family member with celiac disease, n (%) 15 (25)
IBS by Rome III, n (%) 18 (31)
Food allergy or intolerance, n (%) 14 (24)
Other food exclusions, n (%) 38 (64)
Additional diseases, n (%) 40 (68)
Thyroid disease, n (%) 16 (27)
Symptoms before gluten-free diet
Gastrointestinal symptoms, n (%) 59 (100)
Extra intestinal symptoms, n (%) 45 (76)
Celiac disease characteristics
HLA DQ2/DQ8 negative, n (%) 25 (42)
Elevated tissue transglutaminase (IgA), n 0
Elevated deamidated gliadin peptide (IgG), n (%) 2 (3)
Study gastroscopy, n (%) 47 (84)

Marsh 0 42 (85)
Marsh 1 5 (11)

NOTE. Marsh 1: >25 intraepithelial lymphocytes/100 EC.29

IBS, irritable bowel syndrome; IQR, interquartile range;
SD, standard deviation.

http://ClinicalTrials.gov
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equivalent to Marsh-Oberhuber type 1 in the baseline
duodenal biopsy.27 Two of these had celiac disease ruled out
by negative HLA DQ2/DQ8 and 3 had previous negative
duodenal biopsy.

Self-reported thyroid disease was present in 27% of the
participants, reflected by significantly different thyroid
stimulating hormone values in this group compared with
the rest (mean [SD] 0.5 (0.8) vs 1.5 (0.9) IU/L, respectively;
P < .001) but free T4 levels did not differ significantly (16.7
(4.1) vs 15.0 (2.3) pmol/L, respectively P ¼ .13). However,
there were no significant differences in gastrointestinal or
extra-intestinal baseline symptoms between participants
with and without thyroid disease, except that SF-36 general
health scale was lower in participants with thyroid disease
than in those without thyroid disease, 37 (22) vs 65 (26),
respectively (P ¼ .05).

Participants adhered strictly to the gluten-free diet at
baseline, except 1 individual who reported 1 accidental
transgression by intake of rye crisp bread and 1 individual
who ate barley porridge on 2 occasions, both during the
Figure 2.Mean scores
(95% confidence intervals)
for overall and sub di-
mensions of Gastrointes-
tinal Symptom Rating
Scale-Irritable Bowel Syn-
drome version (GSRS-IBS)
after gluten, fructan, and
placebo challenge
(n ¼ 59). Differences be-
tween challenges were
analyzed by linear mixed
model, and P values are
given for the overall test of
challenge effect.
7-day baseline food record. They were otherwise diet-
adherent. Based on the 7-day food record, the mean (SD)
individual fructan intake was 2.5 g (2.1) per day.
Primary Outcome
There was a significant difference in mean overall GSRS-

IBS across gluten, fructan, and placebo challenges; mean
(SD) scores were 33.1 (13.3), 38.6 (12.3), and 34.3 (13.9),
respectively (P ¼ .04, Figure 2). Corrected for multiple
comparisons, the overall GSRS-IBS was borderline signifi-
cant for fructan vs gluten (P < .049). No significant differ-
ences were found for fructan vs placebo (P ¼ .19) and
gluten vs placebo (P ¼ .99).

There was also a significant difference in GSRS-IBS
bloating across gluten, fructan, and placebo challenge,
where mean (SD) scores were 9.3 (3.5), 11.6 (3.5), and 10.1
(3.7), respectively (P ¼ .004). Corrected for multiple com-
parisons, the GSRS-IBS bloating was significantly different
for fructan vs gluten (P ¼ .003), but not for fructan vs
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placebo (P ¼ .07) or for gluten vs placebo (P ¼ .84). The
fructan challenge induced the highest score in the GSRS
dimensions pain, diarrhea and satiety, but the differences
were not significant (.07 � P � .15). No significant differ-
ence was found for the dimension of constipation (P ¼ .93,
Figure 2). There were no significant effects of period (.23 �
P � .81), and no significant interactions between challenge
and period (.13 � P �.66). However, when we studied the
effect of challenge within each period, mean overall GSRS-
IBS was consistently highest after the fructan challenge in
all 3 periods, significantly so in period 2 (P ¼ .03,
Supplementary Figure 2). In the overall GSRS-IBS in period
2, there was significant difference for fructan vs placebo
(P ¼ .03), while no significant differences were found for
gluten vs fructan (P ¼ .10) or gluten vs placebo (P ¼ .78).

The difference from placebo was significant for the
fructan challenge, but not for the gluten challenge, P ¼ .04
and P ¼ .55, respectively (Figure 3). The difference fructan
minus placebo was significantly higher than the difference
gluten minus placebo. This difference was found also for the
GSRS-IBS dimensions bloating (P ¼ .002) and diarrhea
(P ¼ .04, data not shown).

We did a post-hoc observation of individual courses
according to the overall GSRS-IBS stratified by those scoring
highest and lowest on gluten, and those who scored highest
after fructan and placebo challenge (Figure 4). Thirteen
participants scored highest after gluten challenge. Four of
these had a difference in score between gluten and placebo
above 30%. According to a previously suggested diagnostic
tool, these 4 would have been defined as gluten-sensitive.4

Lowest score after gluten was found in 27 participants.
Highest score after fructan and placebo challenge was found
in 24 and 22 participants, respectively.

Subject-related factors were added as fixed factors in the
linear mixed model, and no effect was found of age, gender,
duration of gluten-free diet, body mass index, HLA-DQ sta-
tus, thyroid disease, or IBS (.17 � P � .78). Mean (SD)
Figure 3.Mean difference in gluten and fructan response
from placebo (95% confidence intervals) for overall Gastro-
intestinal Symptom Rating Scale-Irritable Bowel Syndrome
version (GSRS-IBS) (n ¼ 59). Differences were analyzed by
paired t-test.
duration of the first and second washout periods were 9
(7.2) days and 13 (7.2) days, respectively. There was no
significant difference between baseline and washout
symptom scores for overall GSRS-IBS (P ¼ .76) or GSRS-IBS
dimensions (.38 � P � .96).

Secondary Outcome
Overall gastrointestinal symptoms scored by VAS were

consistently higher after fructan challenge than after gluten
and placebo challenge from day 1 to day 7 (Figure 5A).
However, there was a significant interaction between chal-
lenge, period, and day (Pinteraction ¼ .01), thus we present
results for overall symptoms stratified by period
(Figure 5B-D).

In period 1, there was a significant difference across the
gluten, fructan, and placebo challenge (P ¼ .04), but no
pairwise comparisons were significantly different (.52 �
P � 1.00). In period 2, the fructan scores were highest and
placebo scores lowest all days, and, at day 3, 6, and 7, the
differences across the 3 challenges were significant
(P < .008 for all comparisons). On these days the fructan
scores were significantly higher than the placebo scores
(P < .006). ANOVA also indicated differences between
fructan and placebo at day 2 and 4 (P ¼ .09 and P ¼ .07,
respectively). No other comparisons in period 2 were
significantly different (.07 � P � .99). The fructan scores
seemed to increase more than gluten and placebo scores
from day 1 to day 7. However, no challenge effect was found
by linear mixed model (P ¼ .48; Figure 5C). In period 3,
there was significant interaction between challenge and day
illustrated by the crossing lines in Figure 5D (Pinteraction ¼
.02). VAS bloating scores were also consistently higher after
fructan challenge than after gluten and placebo challenge
from day 1 to day 7 (data not shown). However, there was a
significant interaction between challenge, period, and day in
the VAS measurements of bloating (Pinteraction ¼ .02). There
were no interactions for the other VAS measurements (.06
� Pinteracton � .84). There were no significant challenge by
period, challenge by day or period by day interactions for
pain, wind, and stool dissatisfaction (.06 � Pinteraction � .88),
but for nausea there was a significant challenge by period
interaction (Pinteracton � .02). There were no significant ef-
fects of challenge on abdominal pain, wind, and stool
dissatisfaction by VAS (.23 � P � .88, data not shown).

In regards to other secondary outcomes, there was a
significant difference in SF-36 vitality scale scores across
gluten, fructan, and placebo challenge, and lowest vitality was
found after fructan challenge, mean (SD) 44.3 (25.2), 38.2
(23.4), and 44.4 (24.3), respectively (P¼ .04; Supplementary
Table 3). The Giessen Subjective Complaint List dimension,
weakness, was significantly different across gluten, fructan,
and placebo challenge, and highest weakness was found after
fructan challenge, 32.8 (30.0), 42.5 (26.6), and 33.5 (29.7),
respectively (P ¼ .02). In the pairwise comparisons, the vi-
tality score was significantly lower and weakness signifi-
cantly higher after fructan challenge than after gluten
challenge (P ¼ .04 and P ¼ .02, respectively). No significant
differences were found for fructan vs placebo or gluten vs
placebo for these 2 variables (.11 � P � .99). No significant



Figure 4. Individual cour-
ses according to overall
Gastrointestinal Symptom
Rating Scale-Irritable
Bowel Syndrome version
(GSRS-IBS) stratified by
those scoring highest and
lowest after gluten,
and highest after fructan
and placebo challenge
(n ¼ 59).
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differences were found for the other SF-36 scales and mea-
sures for fatigue, or for other extra-intestinal symptoms (.10
� P � .96; Supplementary Table 3).
Discussion
This randomized double-blind placebo-controlled cross-

over study aimed to investigate the effects of gluten
(without fructan) and fructan (without gluten) on gastro-
intestinal symptoms in individuals with self-reported gluten
sensitivity. No significant effect of gluten was found as
compared with placebo and fructan. In contrast, a small
daily dose of 2.1 g of fructans induced greater symptoms on
multiple criteria, including the overall GSRS-IBS, after a
7-day challenge. On group level, the difference from placebo
was significantly higher after fructan challenge than after
Figure 5.Mean scores
(95% confidence interval)
for gastrointestinal symp-
tom measured daily by vi-
sual analogue scale (VAS)
after gluten, fructan, and
placebo challenge, shown
by the overall result in A
(n ¼ 59) and the result
within each period in B–D
(18 � n � 21). Differences
between challenges were
analyzed by linear mixed
model within each period,
and P values are given for
the overall test of chal-
lenge effect where there
was no significant interac-
tion. Day-by-day differ-
ences between the
challenges in period 2
were analyzed by inde-
pendent samples t-test.
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gluten challenge. Thirteen participants had their highest
symptom score after gluten, while 27 had their lowest score
after gluten challenge. Fructan and placebo challenge
induced highest score in 24 and 22 participants,
respectively.

We deliberately challenged our participants with mod-
erate doses of gluten and low doses of fructans to resemble
the clinical situation as closely as possible. The baked muesli
bars mimicked gluten-containing food and enabled suc-
cessful blinding. To date, no studies have used this challenge
vehicle. As an evidence of an active immunogenic gluten
component in the musli bars, participants with biopsy-
proven celiac disease who were challenged with the
gluten bars for 14 days in a related study developed sig-
nificant increase in intraepithelial lymphocyte count and
significant reduction in villous height to crypt depth ratio in
duodenal biopsies by the end of challenge.28 Further, anal-
ysis of the bars confirmed that they specifically contained
the food components of interest without other potential
culprit food components.

With such confidence in the challenge bars, the lack of
gluten-specific responses according to both GSRS-IBS and
VAS supports the assumption that gluten plays a less
prominent role in symptom generation than initially antic-
ipated.29 Additional support is that only 13 of 59 partici-
pants had their highest symptom score after gluten
challenge and 27 had the lowest score after gluten chal-
lenge. The moderate dose of 5.7 g gluten is believed to be
adequate because previous studies have been able to
demonstrate symptom responses on equivalent and lower
amounts of gluten.13,14 The re-challenge methodology,
however, cannot exclude gluten sensitivity in some in-
dividuals because of possibly stronger placebo response.

The effect of fructans on overall gastrointestinal symp-
toms by GSRS-IBS was found both on a group level and in
individuals. In the current study, the fructan challenge
almost doubled their habitual daily fructan exposure. The
effect of FODMAPs on symptoms in patients with IBS is
dose-dependent and the doubling of amount received is
sufficient to cause symptoms.30 By comparison, in a recent
pilot study, 21 healthy adults did not experience gastroin-
testinal response to 5 g of fructo-oligosaccharides.31 Hence,
it is likely that the fructan effect in 24 of 59 participants
who had their highest symptom score after fructan chal-
lenge represents a causal relationship.

However, symptoms may depend on combined expo-
sure to gluten and fructans with synergistic actions. The
combination reflects the clinical scenario when patients
report symptoms after intake of wheat. This combination
has not been studied. It is also possible that fructans
naturally present in the food matrix behave differently to
supplements of pure fructo-oligosaccharides added to the
diet. Further, the fructo-oligosaccharide added in the
muesli bars originated from chicory roots and might have a
different effect from the fructo-oligosaccharide in wheat.
Other components of wheat, such as the ATIs and the
lectin, wheat germ agglutinin, were not considered in the
current study (apart from not being able to detect the
ATIs).16 In vitro studies have found effect on cell activation
of these components,16,32 but in IBS and NCGS patients the
pathogenic role of ATIs and wheat germ agglutinin is
unexplored.

Although the differences in the symptoms induced
across the challenges were small, the fructan effect was
distinct and consistent for many symptoms. Bloating is
frequently reported by IBS and NCGS patients and was the
only GSRS-IBS sub dimension that showed significant
response of the fructan challenge. This result is supported
by significant improvement of bloating as a response to low
FODMAP diet in IBS patients.17 Likewise, the present lack of
fructan effect on bowel habits supports the lack of effect on
appearances and fecal water content in a feeding
intervention.33

The effect of the fructan challenge was not restricted to
abdominal symptoms. The SF-36 vitality scale was signifi-
cantly lower and VAS weakness significantly increased as
response to the fructan challenge compared with gluten and
placebo. Improvement in quality of life in IBS patients has
been found as an effect of low FODMAP diet.34 Whether
improvement in vitality and weakness are directly related to
fructan exposure or secondary to the higher degree of
gastrointestinal symptoms cannot be ascertained.

The results of the current study weaken the role of
gluten as a symptom inducer in patients with self-reported
NCGS, supported by the report by Biesiekierski et al12 in a
blinded re-challenge study where the participants were
receiving a low FODMAP diet with tight control of back-
ground confounders. In the initial run-in to the blinded re-
challenges, Biesiekierski et al taught the subjects how to
minimize FODMAPs in their diets, which caused a uniform
reduction of symptoms. This may have been a placebo effect,
but the findings of the present study support that it was
a specific effect of the reduction of total FODMAPs.
Biesiekierski et al were not able to find any specific or
dose-dependent effect of gluten in their randomized double-
blind placebo-controlled challenge study.

A possible role of gluten as a symptom inducer in par-
ticipants with self-reported NCGS has been shown in ran-
domized double-blind placebo-controlled challenge
studies.13–15 The authors may conclude justly that some
participants are gluten-sensitive, but methodologic issues
make it difficult to rely on the finding as a correct identifi-
cation of the gluten-sensitive individuals. The current find-
ings contrast these previous studies and weaken the role of
gluten as a symptom trigger in individuals intolerant of
wheat, rye, or barley. Rather, the results indicate that fruc-
tans are more likely the culprits.30 These findings raises
issue regarding the use of the term “NCGS” and its distinc-
tion from IBS. This is consistent with studies that report that
some IBS patients do benefit from a gluten-free diet.11,35

However, the improvement seen with a gluten-free diet
may not be caused by removal of the gluten protein per se,
but rather the reduction of wheat fructans.

Large placebo response, as seen in previous studies,
demonstrates how difficult it is to correctly identify which
patients should be gluten-free.13–15 Our DBPCFC also
resulted in 22 of 59 participants with placebo response. It
is therefore appropriate to question whether the DBPCFC
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in clinical practice is a good tool or even necessary to
identify these individuals. Re-challenges of participants
with gluten-specific score above a cut-off are usually not
done, and not suggested as a diagnostic tool.4 It was done
in the study of Biesiekierski et al, but the gluten specificity
was lost.12

A common clinical approach when food is suspected to
induce symptoms is the elimination of the suspected trigger
followed by a clinician-supervised open, systematic re-
challenge with symptom monitoring. The method is used
for patients on a low FODMAP diet, not for diagnostic pur-
pose, but the approach serves as confirmation of the IBS
diagnosis according to the ROME IV criteria. The DBPCFC
would not be suitable in a re-challenge of FODMAPs because
of the impossibility of blinding. Still, the DBPCFC is currently
the preferred method to define food intolerances. It may
work for the purpose of proving the existence of a condition,
but is less useful as a clinical tool.5 As long as NCGS is a
poorly defined condition with strongly subjective symp-
toms, standardized open food challenges are meaningful
enough for the clinical practice.5,36 Followed by long-term
monitoring by experienced clinicians, this open-ended
perspective could be superior to a conclusive DBPCFC
with risk of false-negative and false-positive results without
the possibility to contrast with objective biomarkers.5

The general influence of confounding factors in the
present study was reduced by using the randomized
crossover design.37 However, the design is complex and
demanding. Therefore, dietary and adherence assessment
was done before challenge, and not continued through the
challenges. Unobserved dietary changes might have
occurred during the study. A fructan restriction could have
been conducted in the run-in period to reduce the het-
erogeneity of the fructan intake before challenge. However,
we abstained from manipulating their normal diet to better
represent the clinical setting, an approach also used by
Laatikainen et al.38 The heterogeneity of the participants is
a common characteristic of the NCGS population,39 but
must also be considered as possible disturbance in inter-
pretation of the results. We deliberately abstained from
manipulating the study sample to make the participants
present as close to a clinical setting as possible. However,
in regards to gender, thyroid disease, IBS, and celiac dis-
ease in close family, our sample was very much alike the
samples described in other challenge and cross-sectional
studies.12,13,15,40–42 Further, we did not find any effect of
any of these factors on the challenge outcome. Regarding
adequate exclusion of celiac disease and celiac disease
serology, our sample was more homogenous than in pre-
vious challenge studies.12,13 Recall bias may occur when
recording symptoms 7 days retrospectively by GSRS-IBS.
However, the method is established as a tool to monitor
response during gluten challenge in celiac disease and
NCGS patients.25,43 Further, the daily scored VAS scales
that have been used in similar challenge studies12,14

confirmed the main findings of GSRS-IBS in the present
study.

The significant interaction effect between challenge,
period, and day indicated that the effect of challenge
differed between periods and days for overall symptoms by
VAS. It is not likely that the period effect was caused by a
carry-over effect. Washout and baseline symptom scores
were similar, indicating that the washout periods were of
adequate length. The period effect is a hurdle of the cross-
over design12,13 and might be a cause of participant ex-
pectancy commonly observed in participants with a strong
preconception of food intolerances.37 This expectancy is
often highest in the first period.12,13 Theoretically, repeated
placebo-controlled challenges may be an approach to
overcome the period effect.

In conclusion, the current randomized, double-blind
placebo-controlled crossover challenge in participants with
self-reported NCGS found no effect of gluten on group level.
The study indicates that fructans are more likely to induce
symptoms in those reporting sensitivity to wheat, rye, and
barley. The finding weakens the use of the term “NCGS” and
raises doubts about the need for a gluten-free diet in such
patients.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2017.10.040.
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Supplementary Figure 2.Mean scores (95% confidence intervals) for overall Gastrointestinal Symptom Rating Scale-Irritable
Bowel Syndrome version (GSRS-IBS) after gluten, fructan, and placebo challenge within each period (18 � n � 21). Differences
between challenges were analyzed by 1-way ANOVA, and P values are given for the overall test of challenge effect.

Supplementary Figure 1. Study design and time line.

Supplementary Table 1.Muesli Bar Formulations g per 100 g

Ingredient Placebo Gluten Fructan

Maple syrup 16.8 15.4 12.8
Rice malt 16.4 14.9 16.4
Quinoa flour 15.6 0 15.5
Soft brown sugar 15.4 14.1 15.4
Sesame seeds 7.7 6.8 7.7
Pecans 7.3 6.4 7.3
Quinoa flakes 5.4 4.6 5.4
Pepitas 5.4 4.6 5.4
Puffed quinoa 3.9 3.3 3.9
Macadamia oil 3.1 2.7 3.1
Rice puffs 3.0 2.5 3.0
Gluten flour 0 15.2 0
White chia seeds 0 9.6 0
Fructose 0 0 0.2
Galactooligosaccharides 0 0 0.1
Fructoologisaccharides 0 0 3.8
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Supplementary Table 3.Mean (SD) Scores for Short Form-36 (SF-36) Scales, Beck Depression Inventory Version 2 (BDI-II),
Hospital, Anxiety and Depression Scale (HAD), Giessen Subjective Complaint List (GBB), and
Selected Extra-intestinal Symptoms by 100 mm Visual Analogue Scale (VAS) at Baseline and After
Gluten, Fructan, and Placebo Challenge (n ¼ 59)

Symptoms
Baseline Gluten Fructan Placebo P

valueMean (SD) Mean (SD) Mean (SD) Mean (SD)

SF-36
Mental health 76.2 (15.0) 76.7 (17.4) 74.6 (15.6) 73.5 (17.8) .36
Vitality 49.4 (25.5) 44.7 (25.3) 38.6 (23.5) 44.0 (24.4) .04
Bodily pain 62.4 (21.1) 59.5 (22.5) 59.0 (21.1) 56.7 (23.9) .73
General health 60.8 (26.2) 66.8 (23.6) 65.6 (23.5) 65.2 (24.5) .62
Social functioning 78.2 (26.9) 78.0 (25.6) 78.2 (23.0) 78.6 (24.2) .96
Physical functioning 88.2 (15.8) 86.0 (19.5) 86.0 (17.0) 86.6 (16.8) .94
Role physical 61.6 (41.8) 58.0 (38.2) 59.1 (43.7) 64.7 (39.8) .63
Role emotional 74.7 (37.1) 82.4 (31.8) 73.9 (38.3) 76.8 (36.5) .23

BDI-II 9.3 (8.1) 7.5 (8.2) 8.5 (7.7) 9.4 (8.9) .27
HAD overall 9.1 (6.5) 7.8 (6.4) 9.1 (6.6) 8.9 (7.2) .39
HAD anxiety 5.5 (3.7) 4.3 (3.6) 5.1 (3.8) 5.3 (4.7) .40
HAD depression 3.8 (3.6) 3.4 (3.5) 3.8 (3.3) 3.8 (3.7) .60
GBB 8.0 (6.3) 9.2 (6.4) 9.6 (6.6) 9.4 (6.7) .71
EI symptoms by 100 mm VAS

Weakness 34.1 (29.1) 32.4 (30.0) 41.7 (27.1) 33.4 (29.7) .02
Sleepiness 30.7 (28.9) 31.5 (28.8) 36.1 (27.3) 30.7 (27.5) .18
Fatigue 37.0 (30.3) 34.9 (29.7) 39.8 (27.6) 36.9 (29.6) .28
Tiredness 40.0 (30.5) 39.3 (29.5) 46.4 (29.4) 39.3 (27.7) .10
Dizziness 27.0 (25.6) 27.7 (28.6) 28.4 (23.5) 27.0 (29.3) .91
Exhaustion 33.7 (30.0) 34.9 (30.7) 36.6 (27.6) 31.9 (29.9) .45

NOTE. Higher scores in SF-36 indicate better health. Differences between gluten, fructan, and placebo were analyzed by linear
mixed model and P values are given for the main effect of challenge.
EI, extra-intestinal; SD, standard deviation.

Supplementary Table 2.Nutritional Content of Vital Glutena

and the Muesli Barsb per 100 g

Nutrient Vital gluten Placebo Gluten Fructan

Energy (kcal) 402.3 438.1 393.7
Protein (g) 75 7.3 18.1 7.3
Fat (g) 6 15.8 18.1 15.8
Carbohydrate (g) 9 58.2 49.3 55.9
Sugars (g) 5 33.9 27.9 31.7
Fibre (g) 3 2.5 3.2
Water (g) 9 8.1 10.8 6.8
Ash (g) 1 n/a 1.2 n/a

aAnalyzed by Dairy Technical Services Ltd Food,
Laboratories, Flemington, Australia.
bFoodworks, Version 7 (Xyris Software Australia Pty Ltd,
Highgate Hill, QLD, Australia.
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