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Abstract
Background: The popularity of the gluten- free diet and sales of gluten- free products 
have increased immensely.
Aims: To investigate whether gluten induces gastrointestinal symptoms, measured by 
self- reported questionnaires, as well as mental health symptoms in adolescents from 
a population- based cohort.
Methods: The eligible participants (n = 273) were recruited from a population- based 
cohort of 1266 adolescents and had at least four different gastrointestinal symptoms. 
Phase one (n = 54) was a run- in phase where the participants lived gluten- free for 
2 weeks. If they improved they continued to phase 2 (n = 33), a blinded randomised 
cross- over trial. Participants were blindly randomised either to start with 7 days of 
gluten, eating two granola bars containing 10 g of gluten or to 7 days on placebo, 
eating two granola bars without gluten, followed by the reverse and separated by a 
7- day washout period. The effects of the intervention on gastrointestinal symptoms 
and mental health symptoms were assessed.
Results: In total, 54/273 participants entered the run- in phase and 35 were eligible 
for randomization. A total of 33 were randomised and 32 completed the trial. The me-
dian age was 20.3 (IQR 19.2– 20.9) and 32/33 participants were females. Compared 
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1  | INTRODUC TION

The gluten- free diet (GFD) has gained increasing popularity among 
healthy people without the coeliac disease (CeD) or wheat allergy. 
Survey- based studies show that those following a GFD are more 
likely to be female, well- educated, and younger (<50 years old).1,2 
The main reasons for following a GFD as explored in these surveys 
are weight control, the perception that a GFD is healthier, and the 
presence of symptoms after gluten ingestion.3– 5

Concurrently, the global consumption of gluten- free products 
has increased and is expected to reach a value of 8.5 billion USD by 
2025.6 However, following a GFD is often expensive and inconve-
nient and carries an inherent risk of inducing macro-  and micronutri-
ent deficiencies.7

Non- coeliac gluten sensitivity (NCGS) is a newly described dis-
ease entity, where the individual shows signs of sensitivity to gluten, 
but with no evidence of IgE- mediated wheat allergy or coeliac dis-
ease (CeD).8 The diagnosis is based on a food challenge, preferably 
blinded, with relief of symptoms on a GFD and a worsening of symp-
toms on a gluten- containing diet.8 The clinical picture of NCGS is 
broad and can resemble the clinical presentation of CeD, with both 
gastrointestinal and extra- gastrointestinal symptoms, and irritable 
bowel syndrome (IBS) but without growth insufficiency and bio-
chemical abnormalities as seen in CeD.9,10 The reported prevalence 
of self- diagnosed NCGS shows wide variation, from 0.9% to 14% 
in survey- based studies,5,11 possibly due to varying perceptions of 
symptoms in different populations. In general, the number is even 
higher for gluten- avoidance.12

Only a limited number of studies have explored the effect of glu-
ten on gastrointestinal symptoms, and none in adolescents, and so 
far the results have been inconclusive.13 This may be a result of het-
erogeneous study designs or the inclusion of highly selective partic-
ipants with self- diagnosed NCGS, which carries the risk of a nocebo 
effect.10,14– 24

The present study aimed to address the hypothesis that adding 
gluten to the diet results in a self- reported worsening of gastrointes-
tinal symptoms (primary outcome) and mental health (key secondary 
outcomes) in a well- characterised group of adolescents.

To this end, we performed a randomised cross- over trial compar-
ing the effects of a gluten- containing diet to an equivalent control 
diet (placebo) by having participants eat two granola bars with or 
without gluten per day for 1 week, separated by a 1- week washout 
period.

2  | MATERIAL AND METHODS

2.1 | Participants

We recruited the adolescents from the GlutenFunen cohort, which is a 
cohort based on an unselected subsample of the Danish National Birth 
Cohort comprising approximately 96,000 children.25 The GlutenFunen 
cohort included 1266 out of the 7431 eligible participants (17%) age 15– 
21 y who were examined for CeD. The participants in the GlutenFunen 
cohort answered a questionnaire about their gastrointestinal symptoms, 
and a score based on the number of gastrointestinal symptoms was cal-
culated. The maximum symptom score was 10. The criterion for inclusion 
in the present study was more than three gastrointestinal symptoms and 
normal values of tissue transglutaminase and total IgA to exclude CeD, 
a total of 273 participants. All participants were contacted by phone by 
the author (NS or CC) and invited to an introductory meeting where the 
study design was further explained. Exclusion criteria were known wheat 
allergy or CeD, transglutaminase IgA higher than reference range as an 
indicator of CeD, known IBD, and current antibiotic treatment.

2.2 | Study design

This was a double- blinded randomised cross- over trial that took 
place from September to October 2020 at Hans Christian Andersen 
Children’s Hospital at Odense University Hospital, Denmark. The 
study was arranged in two phases. The first phase began with 2 weeks 
of a GFD. If the participants responded to the GFD, defined as at least 
a 25% reduction in symptoms, they proceeded to phase 2. Phase 2 
was a double- blinded randomised trial with cross- over (Figure 1) and 
consisted of three periods, each lasting 7 days: the first period was 
a challenge with gluten/placebo, then a wash- out phase, and finally 
the second challenge with placebo/gluten. The participants followed 
a strict GFD throughout the entire trial. At the introductory meeting, 
participants were informed by a trained dietician experienced in in-
structing adolescents in following a GFD. Throughout the entire study, 
participants could obtain help with regard to following the GFD by 
contacting the dietician by telephone or email. Adherence was not 
evaluated during the trial, but participants were asked to note whether 
they had accidentally eaten gluten and were sent a daily text message 
encouraging them to stick to their GFD.

To ensure compliance with the study and to overcome COVID- 19 
restrictions, the study was designed with only one clinical visit on day 

the Parker Institute is supported by a core 
grant from the Oak Foundation (OCAY- 
18- 774- OFIL). Novo Nordisk Foundation 
Center for Basic Metabolic Research is 
supported by Novo Nordisk Foundation 
(grant number NNF18CC0034900). 
Dr. Joseph Murray has received study 
grants from Nexpep/ImmusanT, National 
Institutes of Health, Immunogenix, Takeda 
Pharmaceutical, Allakos, Oberkotter, and 
Cour.

with a placebo, gluten did not induce gastrointestinal symptoms. The difference in 
the average VAS was −0.01 (95% confidence interval −2.07 to 2.05). Nor did we find a 
difference in the outcomes measuring mental health.
Conclusion: Compared with placebo, adding gluten to the diet did not induce gas-
trointestinal symptoms or worsened mental health in adolescents recruited from a 
population- based cohort. The trial registration number is NCT04639921.
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F I G U R E  1   A flow chart illustrating the trial profile
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1 in the randomised trial (phase 2), where all the participants came at 
different time slots to collect their granola bars and had a blood sam-
ple taken, testing for IgE specific to wheat.

2.3 | Questionnaires

Gastrointestinal symptoms were recorded on day 1 and 13 in phase 
1 and daily during the randomised trial. Gastrointestinal symptoms 
were measured with a 10- item self- administered questionnaire 
that represented a modified gastrointestinal symptom rating score 
(Supplementary information). Symptoms were assessed on a 100- mm 
visual analogue scale (VAS) (1– 100), where 1 indicated no symptoms 
and 100 represented the worst symptoms ever experienced. The ques-
tionnaire included 10 questions about abdominal pain, bloating, borbo-
rygmi, diarrhoea, flatulence, constipation, nausea, dyspepsia, incomplete 
evacuation after a toilet visit, and burping. The symptom scale has been 
used previously in a similar trial.17 Mental health was measured using 
the Short Form 36 (SF36)26 and Warwick- Edinburgh Mental Well- being 
Scale (WEMWBS).27 In phase 1, we also asked 18 questions about body 
perception. The questions were identical to questions from the 11 years 
follow up in the Danish National Birth Cohort.25 The symptom question-
naire was sent as a link to the participants in a daily text message.

2.4 | The granola bars

The participants had to eat two granola bars every day except dur-
ing the washout period. The granola bar was lactose- free and low in 
FODMAPs, and the gluten- containing granola bar contained 5.0 g 
of gluten. The recipe was kindly provided by Professor Knut Lundin, 
University of Oslo.22 The source of gluten was “Beneo Vital Wheat 
Gluten (Südzucker Zeitz)” without FODMAPs. A triangle test with 12 
volunteers showed no difference regarding taste, look, or consist-
ency between the gluten and the placebo granola bar.

2.5 | Outcome measures

The primary outcome was the average modified VAS score after glu-
ten compared to placebo. Key secondary outcomes were the SF- 36 
mental component score (mcs), SF- 36 physical component score (pcs), 
both scored from 0 to 100 (100 being the best), and WEMWBS which 
ranged from 14 to 70 (70 being the best). Other secondary outcomes 
were every individual symptom score (scored from VAS 0 to 100 mm). 
Gluten responder status was defined as a 30% increase in median VAS 
score compared to placebo and likewise, placebo responder status was 
defined as a 30% increase in median VAS score compared to gluten.

2.6 | Randomisation and blinding

The participants were randomised to placebo- gluten or gluten- 
placebo in blocks of four by the randomization module in the 

electronic database REDCap28 administrated by the data manager of 
the study. The kitchen facility at Odense University Hospital baked 
the granola bars and packed them in boxes with either red or white 
colour to ensure the blinding of the study for the investigators and 
participants. The randomization code was not revealed before the 
end of the trial.

2.7 | Statistical analysis

Descriptive statistics are described as means (SD), frequencies (%), 
or medians and interquartile ranges, depending on the empirical 
data distribution. The difference between groups was estimated 
based on the intention- to- treat population using a repeated- 
measures linear mixed- effects model, with participants modelled 
as random effects, whereas period, group, and the interaction pe-
riod × group acted as fixed effect factors. Primary and sensitivity 
analyses were performed as suggested by White et al.29 with the 
main analysis based on the plausible Missing At Random (MAR) as-
sumption about missing data followed by sensitivity analyses (incl. 
Non- responder imputation). The analyses were carried out using 
STATA version 15 and SAS Studio (version 9.4). Results are reported 
for each group as Least Squares Means with standard errors, while 
the differences between groups are reported with corresponding 
95% confidence intervals (95% CI). All 95% confidence intervals 
and P values were two- sided; no explicit adjustments for multiplic-
ity were applied. Instead, we analysed and interpreted the primary 
and secondary outcomes in prioritised order (as described in the 
Statistical Analysis Plan; see Supplemental material): The analyses 
of the secondary outcomes were performed in sequence until one 
of the analyses failed to show a difference, at a statistical signifi-
cance level of 0.05.

Primary sample size calculation was based on McNemar’s test 
for comparison of two related proportions, specifying discordant 
proportion. The sample size was calculated to 29 participants as-
suming that 30% would be positive (a 30% increase in mean VAS 
score compared to placebo) to the challenge with gluten and 1% 
to the challenge with placebo. The level of significance was set 
to 0.05, the power to 80% and an expected drop- out rate of 5%. 
However, while preparing the statistical analysis plan (before look-
ing at the actual data) it was decided to use the difference in the 
average VAS as the primary endpoint. A sample size of 30 partic-
ipants (i.e. 30 paired samples) would correspond to a statistical 
power of 88.8% to detect (p < 0.05) a difference of 15 VAS units 
assuming a standard deviation of 25, with a correlation between 
measures of 0.5.

2.8 | Ethics and approvals

The study was approved by The Regional Committees on Health 
Research Ethics for Southern Denmark (project no S- 20160061) 
and the Danish Data Protection Agency (2008- 58- 0018). The manu-
script was prepared in compliance with the CONSORT statement.30 
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The trial was registered at clini caltr ial.gov NCT04639921. All au-
thors had access to the study data and reviewed and approved the 
final manuscript.

3  | PATIENT AND PUBLIC INVOLVEMENT

The participants were recruited from the Glutenfunen cohort, which 
was established to explore CeD in adolescents. In the process of pa-
tient involvement in designing the Glutenfunen cohort, participants 
expressed a desire for non- coeliac gluten sensitivity to be investi-
gated and were thus involved in designing the research question and 
the study. In October 2019, a pilot project for the conduction of the 
randomised trial with cross- over was undertaken. The first author 
performed semi- structured interviews with one mother and six par-
ticipants to improve the study design, which included how the par-
ticipants interpreted the questionnaires and the burden of the trial.

4  | RESULTS

4.1 | Recruitment

A total of 273 participants (22%) from the GlutenFunen cohort had 
more than three gastrointestinal symptoms in the questionnaire 
and were considered for eligibility (Figure 1). Of these 54 (20%) 
consented to a 2- week gluten- free diet (phase 1). Three dropped 
out for unknown reasons and 16 (30%) failed to reach an improve-
ment of 25% in their average VAS score. Thus, 35 participants were 
eligible for randomization. Two participants refused randomization, 
leaving 33 randomised participants, 16 to placebo- gluten and 17 to 
gluten- placebo. In the first period, one participant dropped out from 
the placebo- gluten group for unspecific reasons, and thus 17 in the 
gluten- placebo group and 15 in the placebo- gluten group completed 
the intervention, totalling 32. None of the participants experienced 
severe adverse events during the intervention period. The partici-
pants self- reported that all granola bars were consumed during the 
trial period.

4.2 | Recruitment and baseline data

Baseline characteristics of the participants are presented in 
Table 1. Out of the 33 participants, 32 were females with a me-
dian age of 20 years. Four participants were positive for IgE wheat, 
two of which had a cross- reaction to IgE grass, and they were all 
randomised to the placebo- gluten group. Very few (2/33) had au-
toimmune disease among their first- degree relatives. From the 
questions about body perception before the trial, we found that 
most participants were afraid of weight gain or wanted to be slim-
mer and that most of them did exercise to lose weight despite 
the fact that the median BMI was 22.0 (interquartile range (IQR) 

20.6;24.4). At the beginning of phase 1, the median average VAS 
was 55 (IQR 43– 61). At the beginning of phase 2, following 2 weeks 
of a GFD, the baseline median average VAS was 21 (IQR 9– 29). The 
drop in the median average VAS was significant (p < 0.0000). The 
SF- 36 mcs was 47.0 (SD 11.2), which was slightly lower compared 
to the reference value 53.0 (SD 7.5) for females. The SF- 36 pcs was 
52.4 (SD 8.0), almost identical to reference value 54.3 (SD 5.8).31 
WEMWBS baseline score after 2 weeks of a GFD was 51.1 (SD 6.8) 
compared to a norm value of 51.3 (95% confidence interval 50.9 
to 51.7).27 The three most dominating symptoms at baseline were 
flatulence, borborygmi, and the feeling of incomplete evacuation 
after toilet visits, with median average VAS values of 27, 26, and 
23, respectively. Determination of HLA status revealed that 55% 
(18/33) were HLA DQ2 and/or HLA DQ8 positive.

4.3 | Primary outcome

During the first period, the gluten group had a higher average VAS 
of 24.4 (SE 2.2) although the difference from the placebo group with 
an average VAS of 21.8 (SE 2.2) was minor. In the third period, the 
gluten group had a lower average VAS of 19.6 (SE 2.2) compared to 
placebo, which was 22.1 (SE 2.2). There was no effect of period × 
group, and therefore no carry- over effect, but an expected effect 
of period (see Table 2). Overall, there was no difference, −0.01 (95% 
confidence interval −2.07 to 2.05), in the average VAS between eat-
ing gluten or placebo (Table 3) (Figure 2). This was confirmed in the 
non- responder imputation sensitivity analysis with a difference be-
tween gluten and placebo of −0.1 (95% confidence interval −2.0 to 
1.8).

By categorising the participants who had experienced a 
“worsening” effect of either gluten or placebo, defined as a 30% 
increase in the median VAS for gluten compared to placebo, or 
vice versa, 12 participants were defined as gluten responders, 
and 13 as placebo responders. Among the gluten responders, 
64% were HLA DQ2 and/or DQ8 positive. Likewise, 54% of the 
placebo- responders were HLA DQ2 and/or DQ8 positive. None 
of the participants with positive IgE wheat was gluten or placebo 
responders. Based on the Salerno criteria, 36% could be diagnosed 
with NCGS, and 36% with placebo- sensitivity, whereas 24% did 
not experience a difference in their gastrointestinal symptoms be-
tween placebo and gluten.

4.4 | Secondary outcomes

In the outcomes measuring mental health (SF- 36 mcs, SF- 36 pcs 
and WEMWBS), no difference was observed between periods and 
groups. The differences were −0.7 (95% confidence interval −3.1 to 
1.6) for SF- 36mcs, 1.0 (95% confidence interval −0.19 to 2.2) for SF- 
36pcs, and 1.0 (95% confidence interval −0.8 to 2.7) for WEMWBS. 
See Tables 2 and 3.

http://clinicaltrial.gov
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TA B L E  1   Baseline demographic and clinical characteristics

Period 1
Gluten
N = 17

Period 1
Placebo
N = 16

Baseline total 
combined

Basic characteristics

Age, yearsa 19.8 [18.9;20.8] 20.5 [20.1;20;9] 20.3 [19.2;20;9]

Sex, females (n%)b 17 (100%) 16 (94%) 32 (97%)

Height, SD- scorec −0.7 [−1.0;0.7] −0.5 [−1.1;0.1] −0.4 [−1.1;0.5]

Weight, SD- scorec 0.0 [−0.4;0.9] −0.5 [−1.1;0.3] −0.1 [−0.7;0.6]

Body- Mass- Index (BMI) kg/m2,d 22.7 [21.0;24.4] 21.6 [20.6;24.4] 22.0 [20.6;24.4]

BMI, SD- scorec 0.4 [0.0;1.3] 0.1 [−0.7;1.1] 0.3 [−0.1;1.2]

Number of gastrointestinal symptoms (at least 4 out of 10)e 5 [4;6] 5 [4;6] 5 [4;6]

IgE Wheat positive (n%)f 0 (0%) 4 (25%)* 4 (12%)

On diet to obtain weight loss (n%)g 5 (29%) 0 (0%)* 5 (15%)

Medication, fasting, or vomiting to obtain weight loss (n%)h 2 (12%) 0 (0%) 2 (6%)

Wanting to be thin or afraid of weight gain (n%)i 12 (71%) 14 (88%) 26 (79%)

Exercising to obtain weight loss (n%)j 11 (65%) 10 (63%) 21 (64%)

Autoimmune disease among first- degree relatives (n%)j 0 (0%) 2 (13%) 2 (6%)

HLA status, positive HLA DQ2 / DQ8 (n%) 11 (65%) 7 (47%) 18 (55%)

Primary outcome

VAS Symptom Score at baseline, 0- 100 mm 19 [6– 26] 21 [14– 29] 21 [9– 29]

VAS symptom Score at the beginning at Phase 1, 0- 100 mm 55 [50– 61] 54 [43– 60] 55 [43– 61]

Key secondary outcomes

SF- 36 Mental Component Score, score: 0- 100k 48.1 (10.9) 45.9 (11.8) 47.0 (11.2)

SF- 36 Physical Component Score, score: 0- 100k 53.3 (8.2) 51.5 (8.0) 52.4 (8.0)

WEMWBS: 14- 70k 52.1 (5.2) 50.1 (8.0) 51.1 (6.8)

Other secondary outcomes

VAS1, / Abdominal pain, 0- 100 mm 4 [0– 38] 18 [3– 23] 16.5 [0– 28]

VAS2, / Bloating, 0- 100 mm 19 [9– 29] 22 [10– 35] 19 [10– 31]

VAS3 / Flatulence, 0- 100 mm 24 [16– 17] 38 [24– 44] 27 [19– 44]

VAS4, / Borborygmi, 0- 100 mm 20 [11– 49] 28 [15– 75] 26 [11– 57]

VAS5, / Diarrhoea, 0- 100 mm 0 [0– 10] 10 [0– 29] 2 [0– 23]

VAS6, / Constipation, 0- 100 mm 11 [0– 34] 18 [0– 43] 17 [0– 39]

VAS7, / Incomplete evacuation after toilet visit, 0- 100 mm 11 [0– 33] 31 [17– 56] 23 [0– 42]

VAS8, / Nausea, 0- 100 mm 14 [0– 28] 8 [0– 14] 10 [0– 26]

VAS9, / Burping, 0- 100 mm 1 [0– 17] 4 [0– 14] 0 [0– 16]

VAS10, / dyspepsia, 0- 100 mm 0 [0– 4] 2 [0– 13] 0 [0– 13]

Note: Values are means ± SDs, or median and interquartile range (depending on the empirical data distribution); unless otherwise stated. Significant 
differences (p < 0.05) are marked with an asterisk (*).
aThe age was calculated as the age of the participants on September 1, 2020.
bBased on the Danish personal identification number.
cHeight, weight, and BMI were reported as SD scores to allow for age and sex using the Danish references for growth.49 The values are obtained from 
the Glutenfunen cohort, including participants from 2018 to 2020.
dBased on the questionnaire to the participants in the Glutenfunen cohort. The score reflects the number of gastrointestinal symptoms, with the 
maximum being 10. To be included in this study, a symptom score higher than 3 was necessary.
eThe values are obtained from the Glutenfunen cohort, including participants from 2018 to 2020.
fIgE wheat was measured at day 0. Higher than 0.35 kU/l was considered positive
gWas considered positive if the participants answered “every day,” “often,” or “several times” and negative if participants answered “a couple of 
times,” “never,” or “do not know.” The time scale was the last year.
hWas considered positive if the participants answered “every day,” “several times per week,” “once a week,” or “1- 3 times per month,” and negative if 
they answered “never,” “do not know,” or “less than once per month.”
iWas considered positive if the participants answered “every day,” “often,” or “sometimes,” and it was considered negative if they answered, “rarely,” 
“never,” or “do not know.”
jBased on the questionnaire to the participants in the GlutenFunen cohort.
kMeasured at day 0.
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4.5 | Other secondary outcomes

To investigate whether specific symptoms were dominant, we 
evaluated each specific symptom. Overall, we could not detect a 
difference in any of the specific symptoms during the gluten and 
placebo periods. However, there was a significantly higher dif-
ference in the placebo group on the VAS score for feeling incom-
plete evacuation after a toilet visit, 4.1 (95% confidence interval 
0.2 to 8.0).

5  | DISCUSSION

In this double- blinded randomised cross- over trial with the aim of 
investigating the potential detrimental effect of gluten on gastroin-
testinal symptoms in young adolescents recruited from a population- 
based cohort, it was not possible to detect a difference in symptoms 
between gluten and placebo at a group level. The very narrow 95% 
confidence interval for the difference between gluten and placebo 
demonstrates that the negative finding cannot be attributed to 

TA B L E  3   Summary of results for each intervention group derived from the cross- over design (i.e. all periods included)

Gluten (active)
Control 
(placebo)

Difference between groups (95% 
confidence interval) p- value

Primary outcome

Average VAS, 0- 100 mm 22.0 (2.2) 22.0 (2.2) −0.01 [−2.1 to 2.1] 0.99

Key secondary outcomes

SF- 36 Mental Component Score, score: 0– 100 49.8 (1.7) 49.1 (1.7) −0.7 [−3.1 to 1.6] 0.54

SF- 36 Physical Component Score, score: 0- 100 50.8 (0.8) 51.9 (0.8) 1.0 [−0.2 to 2.2] 0.10

WEMWBS: 14– 70 51.1 (1.1) 52.1 (1.1) 1.0 [−0.8 to 2.7] 0.28

Other secondary outcomes

VAS1, /abdominal pain, 0- 100 mm 24.0 (3.4) 23.2 (3.4) −0.9 [−4.6 to 2.9]

VAS2 / Bloating, 0- 100 mm 33.3 (4.1) 32.6 (4.1) −0.7 [−4.6 to 3.2] 0.72

VAS3 / Flatulence, 0- 100 mm 32.7 (3.8) 32.7 (3.8) −0.1 [−4.1 to 4.0] 0.97

VAS4, / Borborygmi, 0- 100 mm 23.5 (3.4) 23.3 (3.4) −0.2 [−3.5 to 3.1] 0.92

VAS5, / Diarrhoea, 0- 100 mm 15.3 (3.0) 14.6 (3.0) −0.6 [−4.2 to 2.9] 0.72

VAS6, / Constipation, 0- 100 mm 17.2 (3.2) 18.0 (3.2) 0.9 [−2.8 to 4.5] 0.64

VAS7, / Incomplete evacuation after toilet visit, 
0- 100 mm

29.1 (3.8) 33.2 (3.8) 4.1 [0.2 to 8.0] 0.04*

VAS8 / Nausea, 0- 100 mm 23.4 (3.6) 21.5 (3.6) −1.9 [−5.9 to 2.1] 0.34

VAS9 / Burping, 0- 100 mm 12.4 (2.5) 12.3 (2.5) −0.1 [−2.8 to 2.7] 0.97

VAS10 / dyspepsia, 0- 100 mm 9.7 (2.0) 9.5 (2.0) −0.2 [−2.6 to 2.2] 0.87

Notes: Values are Least Squares Means (SE) unless otherwise stated. Statistical tests are based on Repeated- Measures Linear Mixed- Effects Model 
(participants modelled as a random effects variable). Significant differences (p < 0.05) are marked with an asterisk (*).

F I G U R E  2   Average vas score (95% 
confidence intervals) between gluten 
and placebo. Values are least squares 
means (SE). Statistical tests are based on 
repeated- measures linear mixed- effects 
model (participants modelled as a random 
effects variable)
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statistical error. On an individual level, we found a comparable num-
ber of gluten responders and placebo responders, underscoring the 
insignificant difference between gluten and placebo.

To date, 12 studies with blinded placebo- controlled cross- over 
trials with gluten have been published and have shown divergent 
outcomes.10,14– 24 Five studies found an effect of gluten on gastro-
intestinal symptoms in adults,10,14,16,17,21 and one study found an 
effect of gluten in children with gastrointestinal symptoms.18 Six 
studies observed no effect or demonstrated a larger effect of pla-
cebo or fructan.15,19,20,22– 24 In general, the studies are characterised 
by patient recruitment from gastroenterological clinics or individuals 
self- diagnosed with NCGS.32 The recruitment of participants with 
self- diagnosed NCGS carries a high risk of a nocebo effect since it 
is probable that a diagnosis of NCGS is expected.33 In this trial, the 
adolescents were recruited based on the presence of gastrointes-
tinal symptoms rather than a diagnosis to reduce the nocebo ef-
fect. Despite this precaution, we found a substantial nocebo effect. 
Furthermore, all previous studies except for one, have been limited 
to adults.13 Our study stands out because we investigated the ef-
fect of gluten in adolescents, which according to a survey among 
adolescents might be the age of onset of symptoms.34 The het-
erogeneous study results reflect the different study designs, such 
as the varying amounts of gluten ranging from 2 to 16 g daily.15,19 
It is plausible to expect that challenging with too little amount of 
gluten results in negative results.15,19 Thus, in the present trial we 
challenged with 10 g of gluten, which is the standard daily gluten 
intake in the Danish population.35 Furthermore, some of the placebo 
vehicles, especially among studies that found no result, contained 
FODMAPs, which might have blurred the results.19,24 Therefore, the 
placebo vehicle in this trial was low in FODMAPs and free of lac-
tose. Another variation is the discrepancy in the primary outcome— 
only five studies15,16,20,22,23 reported an overall symptom score of 
gluten compared to placebo, even though it is recommended by the 
CONSORT guidelines.30

5.1 | Gluten- free diet in the general population

During the last decade, adhering to a GFD, without having CeD or 
any other medical reason, has gained popularity.36 Concurrently, 
there has been a tremendous increase in the market for gluten- free 
products.6

The exact prevalence of gluten avoidance in the population is 
unknown. Previous trial participants were typically recruited from 
tertiary centres or were self- diagnosed with NCGS, resulting in a 
highly selected population.16,17 In this study, the adolescents were 
recruited from a population- based cohort, which may better reflect 
the general population despite the possibility of selection bias. Our 
baseline data support that our participants, in general, were healthy, 
had normal BMI and had mental health compared to the reference 
population. However, the majority of participants were concerned 
about keeping their weight low, but such behaviour could very well 
be normal for the age group. It is possible that NCGS does exist in 

highly selected patient groups, but our trial demonstrates that a GFD 
in the general population has no beneficial effect on gastrointestinal 
symptoms. Nor did we observe any differences in outcomes measur-
ing mental health, although this could have been hampered by the 
short duration of the time periods. Looking on an individual level, 36% 
(12/36) of the participants could be defined as having NCGS accord-
ing to the Salerno criteria8 in accordance with previous studies10,17,24 
but the same number could be defined as placebo- responders. We 
found that the proportion of HLA DQ2 and/or DQ8 among the par-
ticipants was comparable to the known frequency of HLA DQ2 and/
or DQ8 in the Danish adult population.37 Furthermore, we found 
no significant difference in the frequency of HLA DQ2 and/or DQ8 
among either the gluten or placebo- responders. These data suggest 
that HLA DQ2 and/or DQ8 does not play an important role in ado-
lescents with gastrointestinal symptoms.

5.2 | The health effects of the gluten- free diet

Presumably, people adhere to the GFD because they perceive it as 
healthier.38 In a randomised controlled study with cross- over but 
no blinding which compared a high gluten diet to a low gluten diet 
in healthy adults, a moderate change of the intestinal microbiota 
was associated with a drop in self- reported bloating. However, the 
change was probably due to a qualitative change in fibre and not 
gluten itself,39 which may explain the beneficial effect of a GFD. Still, 
in this study, we were not able to detect a difference when looking 
specifically at the symptom of bloating. In phase 1, the non- blinded 
part, most of the participants had an improvement of gastrointesti-
nal symptoms on a GFD. However, in phase 2, when the study was 
blinded, we were not able to reproduce these findings.

The participants in our study had at least a 25% decrease in their 
gastrointestinal symptoms when adhering to the GFD in phase 1. If 
the improvement was due to the GFD, one would expect a differ-
ence between gluten compared to placebo in phase 2. This suggests 
a substantial nocebo effect of gluten in phase 1. Another possibility 
is that, rather than the GFD, the decrease in symptoms could be due 
to a healthier lifestyle in general. In addition, a general awareness 
of their lifestyle could be expected solely due to the health- related 
questions being asked. A third possibility is a reduction of the intake 
of FODMAPs which happens in some cases when people change to 
GFD. It would have strengthened our study to have kept food fre-
quency records, especially in phase 1, but this was counterbalanced 
by the risk of further complicating the study.

IBS has many of the characteristics of NCGS, and there has been 
considerable interest in the potential beneficial effects of a GFD for IBS 
patients. In two prospective studies, a GFD reduced gastrointestinal 
symptoms, particularly diarrhoea, in patients with IBS.40,41 However, 
these studies were not blinded, and further research is needed before 
drawing any conclusions, especially due to the large placebo effect 
demonstrated in food trials.13 In our trial, IBS was not an exclusion 
criterion and a potential effect of GFD in patients with IBS may blur 
the results. However, when looking at the symptom of diarrhoea, we 
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detected no significant difference. Furthermore, the aim was to inves-
tigate the effect of gluten on gastrointestinal symptoms in a population 
mirroring the general population, and not under specific conditions.

5.3 | The adverse effects of a GFD

In our study, there was an equal number of placebo responders com-
pared to gluten responders, and this raises an important question: Why 
not follow a GFD if it results in better well- being? There are several 
adverse consequences of following a GFD, the two most serious being 
the possible micro-  and macronutrient deficiencies42 and the psycho-
social consequences. A recent study following 35 participants without 
CeD on a GFD demonstrated that the mean intake of fibre, calcium, 
and iron was lower than recommended.43 Additionally, some studies 
have shown that a GFD in CeD is associated with increased weight44 
and non- alcoholic fatty liver disease. However, the results are conflict-
ing45 and in contrast, people adhering to the GFD may obtain a better 
cardiovascular risk profile.1 The psychosocial consequences of the GFD 
is illustrated in a study of adolescents with CeD where half of the par-
ticipants managed the GFD with maladaptive eating behaviours leading 
to diminished quality of life.46 It may be concluded that the long- term 
consequences of a GFD in a healthy population are unknown.

5.4 | Factors other than gluten

The pathogenesis of NCGS is still unexplained and thus, there are no 
established NCGS biomarkers.36 Furthermore, some authors claim 
that the reaction to gluten is instead due to other components of 
wheat such as fructans22 and wheat amylase trypsin inhibitors.47 In 
IBS, a well- defined low FODMAP diet is now recommended in the 
clinical guidelines from the American College of Gastroenterology.48 
In this trial, we did not control for FODMAP content and although 
we asked the participants not to change their diet between phase 
1 and phase 2 (the randomised trial), we cannot rule out a possible 
effect of FODMAPs. So far, two studies have investigated the as-
sociation between NCGS and FODMAPs. In a Norwegian study, the 
authors concluded that fructan rather than gluten induces gastroin-
testinal symptoms, but they found no significant difference between 
fructan and placebo in their primary outcome. However, in their sec-
ondary outcome, measuring gastrointestinal symptoms on a VAS 
score, a difference between placebo and FODMAPs occurred, still 
with a significant nocebo response.22 The effect of FODMAPs was 
also demonstrated in the study where a reduced FODMAP diet di-
minished the gastrointestinal symptoms induced by gluten observed 
in patients with NCGS.15

5.5 | Strengths

The major strengths of this study are the trial design and setting, with 
a blinded randomised controlled trial with cross- over and repeated 

measurements and the recruitment of participants from a population- 
based cohort. These characteristics are contrary to several of the stud-
ies that found an effect of gluten, where the participants were only 
asked about symptoms at the end of each period, possibly inducing 
recall- bias or not allowing for correlation between participants.17,18,24

Another major strength is that the study was easy to complete. 
The communication, including the questionnaires to the participants, 
was done via text messages and the authors were able to provide 
immediate answers when there were doubts, which resulted in high 
compliance. Only a single clinical visit at the hospital was planned, 
where the granola bars were distributed and blood samples were 
drawn to determine S- IgE for wheat, with the latter resulting in four 
participants being randomised even though they had elevated IgE 
for wheat. However, during the trial, the results were blinded for the 
participants as well as for the authors.

5.6 | Limitations

The major limitation of this study is that we did not clinically control 
the GFD by measuring gluten peptides in urine or by administer-
ing food frequency questionnaires. It was important for us to keep 
the trial simple to maintain high compliance, which meant that we 
decided not to use food frequency questionnaires, as we had ex-
perienced in our pilot study that the participants were reluctant to 
complete more questionnaires. Furthermore, we did not assess for-
mally for other gastrointestinal diseases such as a peptic ulcer or IBS 
since the aim of this study was not a diagnosis but to investigate the 
effect of gluten in healthy adolescents with gastrointestinal symp-
toms. We believe that severe gastrointestinal symptoms would have 
led to a health contact. However, there remains the possibility that 
IBS is the important driver in the gastrointestinal symptoms, espe-
cially since symptoms such as incomplete evacuation, flatulence and 
constipation were some of the most severe symptoms at baseline.

Indeed, a participation criterion was the presence of more than 
three complaints, and fewer but more severe symptoms could theo-
retically qualify for NCGS.

6  | CONCLUSION

In this blinded, placebo- controlled, randomised trial with cross- over 
in adolescents with gastrointestinal symptoms, no effect of adding 
gluten to the diet was detected.
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