& frontiers | Frontiers in Medicine

‘ @ Check for updates

OPEN ACCESS

Stefano Guandalini,
The University of Chicago,
United States

Marco Silano,

National Institute of Health (ISS), Italy
Maria Ines Pinto-Sanchez,

McMaster University, Canada

Antonio Carroccio
acarroccio@hotmail.com

TThese authors have contributed
equally to this work and share first
authorship

This article was submitted to
Gastroenterology,

a section of the journal
Frontiers in Medicine

15 July 2022
13 September 2022
28 September 2022

Seidita A, Mansueto P, Giuliano A,
Chiavetta M, Mandreucci F, Soresi M,
Pistone M, Compagnoni S,
Castellucci D, Bisso G, Faraci F,
Maestri S, Disclafani R, Sapone A,
Fasano A and Carroccio A (2022)
Potential tolerability of ancient grains
in non-celiac wheat sensitivity
patients: A preliminary evaluation.
Front. Med. 9:995019.

doi: 10.3389/fmed.2022.995019

© 2022 Seidita, Mansueto, Giuliano,
Chiavetta, Mandreucci, Soresi, Pistone,
Compagnoni, Castellucci, Bisso, Faraci,
Maestri, Disclafani, Sapone, Fasano and
Carroccio. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Medicine

Original Research
28 September 2022
10.3389/fmed.2022.995019

Potential tolerability of ancient
grains in non-celiac wheat
sensitivity patients:

A preliminary evaluation

Aurelio Seiditalf, Pasquale Mansuetof, Alessandra Giuliano?23,
Marta Chiavetta?3, Francesca Mandreucci?3,

Maurizio Soresi!, Mattia Pistone!, Stella Compagnoni?3,
Daniele Castellucci?3, Gianluca Bisso?3, Francesco Faraci?3,
Salvatore Maestri23, Rosaria Disclafani4, Anna Sapones,
Alessio Fasano® and Antonio Carroccio?3*

tUnit of Internal Medicine, Department of Health Promotion Sciences, Maternal and Infant Care,
Internal Medicine and Medical Specialties (PROMISE), University of Palermo, Palermo, Italy, 2Unit
of Internal Medicine, "V. Cervello” Hospital, Ospedali Riuniti “Villa Sofia-Cervello”, Palermo, Italy,
SDepartment of Health Promotion Sciences, Maternal and Infant Care, Internal Medicine

and Medical Specialties (PROMISE), University of Palermo, Palermo, Italy, *Istituto Zooprofilattico
(1ZSS), Palermo, ltaly, °Division of Pediatric Gastroenterology and Nutrition, Mucosal Immunology
and Biology Research Center, Center for Celiac Research, Harvard Medical School, Massachusetts
General Hospital for Children, Boston, MA, United States

Background and aims: A wheat-free diet (WFD) represents the elective
treatment for Non-celiac Wheat Sensitivity (NCWS) patients. Preliminary
reports have shown a possible better tolerability of ancient grains in these
subjects. The aim of this observational study was to evaluate the frequency of
consumption of ancient grains and its correlation with clinical manifestations
in NCWS patients.

Methods: 223 NCWS patients were recruited, and their consumption of
ancient grains was monitored. Participants were first administered a modified
version of the Pavia/Biagi questionnaire to investigate their adherence to
"modern WFD.” The appearance/exacerbation of symptoms after ingestion of
ancient grains was then assessed with WHO toxicity grading scale.

Results: 50.2% of the recruited patients reported consuming ancient grains
before NCWS diagnosis; the diagnostic delay in this group was significantly
higher than in non-consumers [median (range) 72 (6-612) vs. 60 months (3—
684), P = 0.03] and these patients reported lower frequency of constipation
(P = 0.04). Of the 107 patients with optimal adherence to modern WFD, 14
reported eating ancient wheat after NCWS diagnosis. Among them, 5 reported
milder symptoms than those caused by modern wheat intake and 3 had
an excellent tolerability without symptoms. Timilia/Tumminia variety was the
most frequently used ancient grain.

Conclusions: NCWS patients who consume ancient grains may receive
a late diagnosis due to the possible clinical benefit (tolerability) obtained
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with these grains. Even after diagnosis, 10% of the patients still consumed

ancient grains and had mild or

no symptoms. Further studies are

required to define the pathophysiological mechanism behind their putative
greater tolerability.

Non-celiac Wheat Sensitivity (NCWS), ancient grains, wheat free diet, wheat
tolerability, Amylase-Trypsin Inhibitors (ATls)

Introduction

The consumption of gluten- and wheat-free foods, even
without a diagnosis of celiac disease (CD) or wheat allergy
(WA), has greatly increased in recent years. Indeed, more
and more people are self-reporting intestinal symptoms
[ie., irritable bowel syndrome (IBS)-like symptoms, such as
abdominal pain, diarrhea, constipation, abdominal bloating,
meteorism| and extra-intestinal manifestations (headaches,
dermatitis, fatigue, etc.) secondary to wheat ingestion and, at the
same time, referring the clinical benefits obtained when avoiding
gluten- and wheat-containing products. Starting from this self-
reported condition, about 10 years ago a panel of experts defined
a new gluten-related disease, which was labeled at first as “Non-
celiac Gluten Sensitivity” (1), and, subsequently, “Non-celiac
Wheat Sensitivity” (NCWS) (2).

In fact, NCWS is unlike CD, where there is a clear
autoimmune condition characterized by a specific serological
and histological profile triggered by gluten ingestion in
genetically predisposed individuals (HLA-DQ2/DQ8 positivity
and non-HLA genes) (3), and it has not yet been established
whether or not gluten is the real trigger in NCWS. Some authors
have also suggested a role for Fermentable Oligosaccharides,
Disaccharides, Monosaccharides and Polyols (FODMAPs) (4, 5)
while other studies have focused their attention on the activation
of both innate and acquired immunity in inducing symptoms (6,
7). In this context, it has been highlighted that wheat contains
Amylase-Trypsin Inhibitors (ATIs), proteins able to activate
innate immunity via Toll-like receptor 4 (TLR4) on myeloid
cells (8). The epidemiology of NCWS is difficult to estimate
because of the absence of specific biological markers. However,
in tertiary centers, its frequency seems 3/6-fold that of CD,
and women aged between 20 and 50 years are most affected
(E:M = 6:1) (9, 10).

Abbreviations: anti-Ttg, anti-tissue transglutaminase antibodies; ATI,
amylase/trypsin Inhibitors; BMI, body mass index; CD, celiac disease;
DBPCC, double-blind placebo-controlled challenges; EmA, anti-
Endomysium antibodies; FODMAPs, fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols; HLA, human leukocyte
antigens; IBS, irritable bowel syndrome; Ig, Immunoglobulin; NCWS,
non-celiac wheat sensitivity; SD, standard deviation; TLR4, toll-like
receptor 4; WA, wheat allergy; WFD, wheat-free diet.
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of IBS, hand, is
heterogeneous; traditionally, focus has been on abnormalities

The pathogenesis on the other
in motility, visceral sensation, brain-gut interaction, and
psychosocial distress. More recently, alterations in gut immune
activation, intestinal permeability, visceral hypersensitivity and
the intestinal and colonic microbiota have been identified in
some IBS patients (11-16).

Preliminary in vitro and in vivo data suggest that the
consumption of ancient grain varieties could be better tolerated
by NCWS and IBS patients (17-19), thus, making it plausible
that other wheat components, different from gluten, may play
a leading role in NCWS pathogenesis. However, it is necessary
to underline that these ancient grains are typically consumed
as whole grain products, thus it cannot be ruled out that the
possible benefits could be due to this practice rather than to their
intrinsic composition (20). Moreover, leavened breads made
with ancient wheat are usually produced with natural yeast,
which contains Lactobacilli that degrade ATIs (21).

The purpose of this study was to evaluate the frequency of
consumption of ancient grains and its correlation with clinical
manifestations in a population of NCWS patients diagnosed
by double-blind placebo-controlled challenges (DBPCCs)
with modern wheat.

Materials and methods

Our observational study consisted of a retrospective and a
prospective part. In the first, retrospective part, a large group of
230 patients with NCWS, diagnosed by DBPCC with modern
wheat in 3 clinical departments of Internal Medicine (“P.
Giaccone” University Hospital, Palermo, Italy, “V. Cervello”
Hospital, Palermo, Italy, and “Giovanni Paolo II” Hospital,
Sciacca, Italy), between January 2011 and December 2020, were
included. All the data from our medical records were reviewed
and collected in a digital database.

In the second, prospective part of the study, all the included
NCWS patients were contacted by experienced physicians
between November 2021 and April 2022, at a median time
of 24 months after the first recruitment, and invited to
answer a questionnaire to investigate their current adherence
to the modern wheat-free diet (WFD), their well-being
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and health conditions, their consumption of ancient wheat
(before and/or after NCWS diagnosis), and the kind of
ancient wheat consumed.

Inclusion criteria

Inclusion criteria for the NCWS patients were: (A) age
between 18 and 65 years old; (B) reported intestinal and/or
extra-intestinal wheat-related symptoms; (C) negative serum
anti-tissue transglutaminase (anti-tTG), Immunoglobulin (Ig)A
and IgG antibodies; (D) absence of duodenal villous atrophy,
sampled in all patients with the DQ2 or DQ8 HLA haplotypes,
and assessed when they had a minimum intake of 100
grams of pasta and/or bread per day for at least 45 days
or when considered clinically appropriate; (E) exclusion of
WA, diagnosed by negative skin prick tests and/or serum
specific IgE for wheat, gluten and gliadin detection; (F)
resolution of symptoms on a strict standard elimination diet
(i.e., oligoantigenic diet, without wheat, cow’s milk, egg, tomato,
chocolate, and other foods reported as causing symptoms by the
patients themselves), lasting at least 4 weeks, and followed by the
reappearance of the same symptoms after DBPCCs with modern
wheat (for details of the elimination diet and challenge methods
see Supplementary File 1); (G) follow-up duration longer than
12 months after the initial diagnosis, with at least 2 outpatient
visits during this period; (H) complete medical records.

Exclusion criteria

(A) self-exclusion of

gluten/wheat from the diet and refusal to reintroduce it

The exclusion criteria were:

for diagnostic purposes before entering the study; (B) anti-
endomysium antibody (EmA) positivity in the culture medium
of duodenal mucosa samples (EMA-biopsy), even in the
presence of a normal villus/crypt ratio in the mucosa; (C)
incomplete clinical records; (D) pregnancy; (E) abuse of
alcohol and/or drugs; (F) treatment with corticosteroids and/or
NSAIDs in the 2 weeks prior to duodenal biopsies (when
performed); (G) diagnosis of chronic inflammatory bowel
disease or other organic pathologies affecting the digestive
system; (H) coexisting infectious diseases.

Outcome measures

For each patient, the following data were extracted from the
medical records and then analyzed: gender, age at diagnosis,
diagnostic delay, body mass index (BMI), IBS-like symptoms
presence and subtypes (diarrhea, constipation or mixed bowel
movements), dyspepsia, body weight loss (established by an
at least 10% reduction in body weight in 6 months or less),
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presence and kind of extra-intestinal symptoms, presence of
autoimmune diseases, coexistence of other atopic diseases
(allergic rhino-conjunctivitis and/or allergic asthma and/or
atopic dermatitis), and any other comorbidities.

Adherence to the modern WFD was assessed according to a
modified version of the “Pavia” or “Biagi” score (22).

In detail, the following score was used: 0 = no adherence
to the modern WFD; 1-2 = poor adherence to the modern
WEFD; 3-4 = “strict” adherence to the modern WFD (for
details, see Supplementary File 2). The score was applied to the
consumption/avoidance of modern wheat; the contemporary
consumption of pasta or bakery products made with ancient
wheat flour was not considered a “transgression.” Patients
were then asked about the specific ancient wheat flours they
consumed: Perciasacchi, Senatore Cappelli, Timilia/Tumminia,
Russello, Khorasan (hereafter referred to as “Kamut®,” as it is the
commercial name best known to our patients), spelt, or others.
The first four above-mentioned wheat varieties are among
the most frequently cultivated and consumed ancient varieties
in Sicily. The frequency of ancient wheat flour consumption
was graded as frequent (>3 times per week, 50 grams at
least), moderate (1-2 times per week) or rare (<1 time per
week). The clinical tolerability of ancient grains was assessed
according to the World Health Organization toxicity grading

TABLE1 Demographic and clinical features of NCWS patients.

NCWS
(n =223) (%)

Sex
Females 199 (89.3)
Males 24 (10.8)
Age at diagnosis (years, mean %+ SD) 383+ 124
Diagnostic delay (months, median and range) 60 (3-684)
BMI (Kg/m?)
< 18.5 (underweight) 18 (8.1)
18.5-24.9 (normal weight) 131 (58.7)
25.0-29.9 (overweight) 41 (18.4)
> 30.0 (obesity) 33 (14.8)
IBS-like symptoms presence and subtypes
None 28 (12.6)
IBS-Diarrhea 109 (48.9)
IBS-Constipation 32(14.3)
IBS-Mixed 54 (24.2)
Dyspepsia 140 (62.8)
Body weight loss 68 (30.5)
Extraintestinal symptoms 153 (68.6)
Neuropsychiatric symptoms 105 (47.1)
AD 70 (31.4)
Hashimoto thyroiditis 47 (21.1)
Other AD than Hashimoto thyroiditis 34 (15.2)
Coexistent atopic disease 62 (27.8)
Other comorbidities 198 (88.8)

AD, Autoimmune disease; BMI, Body Mass Index; IBS, Irritable Bowel Syndrome;
NCWS, Non-Celiac Wheat Sensitivity; SD, Standard Deviation.
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scale (23, 24) and both intestinal (abdominal pain, altered
bowel movements, nausea/vomiting, etc.) and extra-intestinal
symptoms (headache, fatigue, myalgia, etc.) were investigated.

In detail, the following grading scale was used: 0 = absence
of symptoms; 1 = mild symptoms; 2 = moderate symptoms,
3 = severe symptoms, and 4 = life threatening.

Statistical analysis

Data were expressed as mean + standard deviation (SD)
when the distribution was Gaussian, and Student’s ¢ test was
used to evaluate differences between group means. Comparisons
between more than 2 groups were performed by ANOVA,
followed by a post hoc analysis using the Bonferroni tests.
Otherwise, data were expressed as median and range and
analyzed with the Kruskal-Wallis and Mann-Whitney U tests.
The %? test and Fishers exact test were used to compare
the frequency values in the various population groups. The
McNemar test for paired data was performed to analyze the
frequency of changes in symptoms (IBS-like, dyspepsia and
extra-intestinal) before and after modern WFD, according to
adherence: “poor adherence” and “strict adherence.”

The study was registered on clinicaltrials.gov (registration
number n. NCTO03024775) and approved by the Ethics
Committee of the AOUP "P. Giaccone" hospital of Palermo.
Recruited patients gave their informed consent to the study.

NCWS patients
(n=230)

10.3389/fmed.2022.995019

Results

Of the initial 230 NCWS patients, 4 were excluded due to
the presence of other gastrointestinal diseases at the time of the
questionnaire, and another 3 patients were excluded because
they refused to answer the questionnaire. Thus, data from 223
patients were analyzed.

Table 1 shows the demographic and clinical features of
the NCWS patients. Most of the patients were female (89.3%),
aged between the third and fourth decade of life, and with a
significant diagnostic delay following the onset of symptoms
[median and range 60 (3-684) months].

When contacted, 82 (36.9%) patients were no longer
following the modern WFD (Score 0), 34 (15.2%) had poor
adherence to the modern WFD (Score 1-2), and 107 (48.0%)
had a Score of 3-4, which represents a strict adherence to the
modern WED (Figure 1).

The patients were then interviewed about the persistence of
symptoms, which was inversely correlated with the adherence
score, and NCWS patients on a strict modern WFD reported
a very high frequency of symptom disappearance. Of note,
even poor adherence to the modern-WFD was able to
improve both IBS-like (P < 0.02 vs. P < 0.0001, respectively,
in poor-adherents and strict-adherents) and extraintestinal
(P < 0.0005 vs. P < 0.0001, respectively, in poor-adherents and
strict-adherents) symptoms in a part of the NCWS subjects,
albeit with a lower significance than strict adherence; this was

Refusal to answer
questionnaire
(n=3)

\

Other organic gastrointestinal
pathology or not clear diagnosis of
NCWS at time of questionnaire

(n=4)

Adherence score 1-2
(n=34)

Adherence score 0
(n=82)

Adherence score 3-4
(n=107)

I

Consumers of
ancient grain

(n=14)

Non consumers of
ancient grain

(n=93)

[ |

3 patients reporting great
tolerability after
consumption

2 patients reporting mild
symptoms after
consumption

(Toxicity Grading Scale 0) (Toxicity Grading Scale 1)

4 patients reporting
moderate symptoms after
consumption

(Toxicity Grading Scale 2)

0 patients reporting

symptoms requiring

hospitalization after
consumption

5 patients reporting
severe symptoms after
consumption

(Toxicity Grading Scale 3)

(Toxicity Grading Scale 4)

FIGURE 1

Flow-chart of the study, showing patient adherence to a modern wheat-free diet and consumption of ancient grains after Non-celiac Wheat

Sensitivity (NCWS) diagnosis.
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not proved for dyspepsia (P = 0.15 vs. P < 0.0001, respectively,
in poor-adherents and strict-adherents).

Figure 2 shows the number of patients reporting IBS-
like symptoms (Figure 2A), dyspepsia (Figure 2B) and extra-
intestinal symptoms (Figure 2C) before and after the WFD,
according to the degree of adherence to this diet. In the group
reporting strict adherence to the modern WFD, the frequency
of IBS-like symptom disappearance was significantly higher
than in the NCWS subjects with no or poor adherence to
the modern-WFD (87.0% vs. 5.8%; P < 0.0001), and this
also applied to dyspepsia (89.7% vs. 0.0%; P < 0.0001) and
extraintestinal symptoms (88.9% vs. 18.5%; P < 0.0001). Table 2
shows the demographic and clinical features of the 223 NCWS
patients according to ancient grain consumption before NCWS
diagnosis 112 (50.2%) patients reported habitual consumption
of ancient grains before NCWS diagnosis. A higher diagnostic
delay was observed in these patients compared to those who
had never consumed ancient grain products [72 (6-612) months
vs. 60 months (3-684), P = 0.03]; moreover, a higher frequency
of constipation was observed in the patients who had never
consumed ancient wheat (19.8% vs. 8.9%, P = 0.04). No other
statistically significant differences were demonstrated.

When contacted for the prospective study, in the subset of
patients who declared a strict adherence to the modern WFD
(107 subjects), 14 (13.1%) reported consuming ancient wheat
at least once after NCWS diagnosis. Their individual data are
shown in Table 3. Three patients reported excellent tolerability
(toxicity grading scale 0), and grain consumption was in the
form of whole grain products. Furthermore, 2 patients had mild
symptoms (toxicity grading scale 1), 4 had moderate symptoms
(toxicity grading scale 2), and 5 patients had severe symptoms
(toxicity grading scale 3) after consuming products based on
either refined or whole ancient grains. Among the 11 consumers
of ancient wheat with consequent symptoms, 5 (45.5%) defined
symptoms as more tolerable than those caused by eating modern
grain products. Overall, the NCWS patients with adherence
score 3—4 tried ancient grain products after a median time of
24 (range 1-48) months on a strict WED. As regards the reason
for consuming ancient wheats, patients reported their better
palatability and lower cost compared to wheat-free products.

Finally, Figure 3 shows the kinds of ancient grains
consumed by the NCWS patients with adherence score 3-4:
Timilia/Tumminia (71.4%), Perciasacchi (50.0%), and Kamut®

(42.9%) were the most frequent.

Discussion

Treatment of NCWS essentially consists of prescribing a
WED, but due to the problematical nutritional, economic, social
and psychological implications of adopting a classic WED, there
is growing interest in finding other viable options suitable for
NCWS sufferers. For many people, and according to some
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FIGURE 2

Symptom changes before and after the wheat-free diet (WFD)
according to a modern WFD adherence score. Patients with an
adherence score between 0 and 2 were classified as non- or
poorly adherent to the wheat-free diet. Patients with an
adherence score of 3—4 were considered as strictly adherent to
the diet. Panel (A) shows the number of patients reporting
Irritable Bowel Syndrome-like (IBS) symptoms, before and after
the WFD. Panel (B) shows the number of patients reporting
dyspepsia, before and after WFD. Panel (C) shows the number of
patients reporting extraintestinal symptoms, before and after
WED.

preliminary scientific reports, the most plausible alternative
would seem to be a diet that simply replaces “modern” with
“ancient” grains (25). However, no studies to date have evaluated
the real frequency of ancient wheat variety consumption in
NCWS patients diagnosed by the rigorous DBPCC method, or
the putative higher tolerability of these wheats in this wheat-
related disease.

In our study, we evaluated 223 NCWS patients, diagnosed
by DBPCC, to assess the frequency of a dietary intake of ancient
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TABLE 2 Demographic and clinical features of NCWS patients
according to ancient grain consumption before NCWS diagnosis.

Non- Consumers P
consumers (n=112)
(n=111) (%) (%)

Sex
Female 98 (88.3) 101 (90.2) NS
Male 13 (11.7) 11 (9.8) NS

Age at diagnosis (years, 385+ 124 3824126 NS

mean + SD)

Diagnostic delay (months, 60 (3-684) 72 (6-612) 0.03

median and range)

BMI (Kg/m?) NS
< 18.5 (underweight) 7 (6.3) 11 (9.9) NS
18.5-24.9 (normal weight) 68 (61.3) 63 (56.2) NS
25.0-29.9 (overweight) 17 (15.3) 24 (21.4) NS
> 30.0 (obesity) 19(17.1) 14 (12.5)

IBS-like symptoms presence and

subtypes
None 13 (11.7) 15 (13.4) NS
IBS-Diarrhea 55 (49.5) 54 (48.2) NS
IBS-Constipation 22(19.8) 10 (8.9) 0.04
IBS-Mixed 25(22.5) 29 (25.9) NS

Dyspepsia 68 (61.3) 72 (64.3) NS

Body weight loss 35 (31.5) 33 (29.5) NS

Extraintestinal symptoms 76 (68.5) 77 (68.8) NS

Neuropsychiatric symptoms 49 (44.1) 56 (50.0) NS

AD 37(33.3) 33(29.5) NS

Hashimoto’s thyroiditis 26 (23.4) 21 (18.6) NS

Other AD than Hashimoto’s 18 (16.2) 16 (14.3) NS

thyroiditis

Coexistent atopic disease 31(27.9) 31(27.7) NS

Comorbidity 101 (91.0) 97 (86.6) NS

AD, Autoimmune disease; BMI, Body Mass Index; IBS, Irritable Bowel Syndrome;
NCWS, Non-celiac Wheat Sensitivity; SD, Standard Deviation.

grains, before and/or after diagnosis, and the possible effects on
NCWS-related symptoms.

The demographic and clinical characteristics of the recruited
NCWS patients are in agreement with existing reports in the
scientific literature and with our own previous studies (26-32).
Our patients showed a good, but not very high percentage of
strict adherence to the modern WFD (48.0%), likely reflecting
a strong self-perceived relationship between the recurrence
of symptoms and the intake of modern wheat, and their
attenuation or disappearance thanks to the elimination diet. Asa
matter of fact, all our patients with adherence score 3-4 reported
a strong reduction or a complete disappearance of symptoms
when following the modern WED. It is interesting to note that
in our study group even the patients with poor adherence to
the diet (Score 1-2) reported a significant improvement in IBS-
like and extra-intestinal symptoms in comparison to the period
before the NCWS diagnosis. Nevertheless, about one third of all
the patients had stopped following the WFD.
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Regarding the consumption of ancient grains, 50.2% of our
patients reported that they had habitually consumed ancient
grains before NCWS diagnosis. A greater diagnostic delay was
statistically more frequent in these subjects, a finding which
could be the result of a putative clinical benefit obtained, which
could have led patients to postpone the “diagnostic contact” with
physicians. In addition, the lower frequency of constipation in
these patients is interesting, and it could be linked to the very
frequent use of ancient wheat flours in the form of whole grain
products, thus with a higher fiber content compared to modern
ones, which are much more frequently used refined. However,
the consumption of additional vegetable fibers and water intake
(which might influence bowel movements) was not investigated.

To assess the potential tolerability of ancient grains in
NCWS patients after diagnosis, we evaluated only the recruited
patients with adherence scores 3-4, thus eliminating any
modern wheat intake effects. In this way, we selected only
patients that had completely eliminated modern wheat from
their diet and were, therefore, clinically completely well. In this
subset of patients, the percentage of ancient grain consumers
was 13.1% (14 patients). Despite being aware that they were
breaking the WFD by consuming ancient grains, these patients
reported that they had done so to evaluate their tolerability of
the ancient grains because of the greater palatability they offered,
and the lower cost compared to wheat-free products. The
decision to try ancient grains was made after a median period of
24 months following NCWS diagnosis and in conditions of well-
being. Only 3 patients reported excellent tolerability (toxicity
grading scale 0). Among the patients who developed symptoms,
45.5% reported more tolerable symptoms than those secondary
to modern wheat intake, and 36% consumed ancient grains
more than once a week. As regards the various grain varieties
consumed, we recorded a high consumption of Kamut® (42.9%)
and of ancient Sicilian varieties, in particular Timilia/Tumminia
(71.4%) and Perciasacchi (50.0%). In addition, all patients with a
toxicity grading scale 0 ate wholegrain products, while 63.6% of
patients with toxicity grading scale 1-3 consumed refined ones.

No definitive conclusions can be drawn from this study due
to the small sample population of NCWS patients consuming
ancient grains. Moreover, tolerability to the intake of ancient
grains in these patients was variable, probably as a result of the
different varieties of ancient grains consumed and the use of
either whole grain or refined products. Nevertheless, the present
study integrates findings already reported in the literature and
confirms the need to further investigate the pathophysiology of
NCWS, as it would appear to indicate that gluten is not the
only “culprit.” Indeed, some data, mainly in vitro, suggest that
a fair percentage of patients with NCWS could better tolerate
certain varieties of ancient grains (17, 18). According to other
authors, the symptoms in these patients might be linked not only
to gluten but also to the presence of FODMAPs and/or ATIs in
ingested wheat (2, 4, 5, 8, 33). It could be hypothesized that, the
better tolerance to some ancient grains could be explained by the
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TABLE 3 Tolerability and consumption of ancient grains after NCWS diagnosis in 14 patients with strict adherence to modern WFD, according to toxicity grading scale order.

e 32 eupres

Patient’s Toxicity Frequency of Time from diagnosis Kind of ancient Whole or Intestinal Are the symptoms
initials Grading consumption to starting grain refined and/or caused/triggered by ancient
Scale consumption of consumed products extraintestinal grains more tolerable than
ancient grains symptoms those caused/triggered by
(months) modern grains?

M.C. 0 Frequent 48 Russello grain Whole No NA
CS. 0 Frequent 1 Perciasacchi, Whole No NA

Senatore Cappelli,

Timilia/Tumminia,

Russello

RA. 0 Moderate 1 Perciasacchi, ‘Whole No NA

Senatore Cappelli,
Timilia/Tumminia,
Russello, Kamut®,

spelt
G.G. 1 Moderate 24 Perciasacchi, Refined Both Yes
Timilia/Tumminia
AV. 1 Rare 6 Perciasacchi, Whole Both Yes
Timilia/Tumminia,

Russello, Kamut®,

spelt
R.D. 2 Rare 48 Perciasacchi, Refined Both Yes
Senatore Cappelli
M.M. 2 Frequent 24 Perciasacchi, ‘Whole Both Yes
Senatore Cappelli,
Timilia/Tumminia
L.O. 2 Rare 24 Timilia/Tumminia Refined Intestinal No
B.S. 2 Rare 0 Kamut® Refined Intestinal Yes
G.T. 3 Moderate 24 Perciasacchi, ‘Whole Both No

Senatore Cappelli,
Timilia/Tumminia,
Russello, Kamut®,

spelt
T.C. 3 Rare 3 Timilia/Tumminia, Refined Both No
Kamut®
F.R. 3 Rare 96 Timilia/Tumminia, Refined Both No
Kamut®
LI 3 Rare 24 Spelt Refined Both No
D.R. 3 Moderate 48 Timilia/Tumminia Whole Both No

NA, Not Applicable; NCWS, Non-celiac Wheat Sensitivity; WFD, Wheat-Free Diet.
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Kind of ancient grains consumed by patients with strict adherence to the modern wheat-free diet.

W Russello mKamut ® Spelt

lower presence of FODMAPs and ATIs or other toxic peptides,
compared to modern wheats (34-36). However, evidence in this
regard seems to indicate that the amount of such components
could be related to both the wheat genotype and the leavening
methodology used (37, 38).

Our study has several limitations. First, the clinical
data were collected at the time of diagnosis and used
retrospectively. Thus, a selection bias must be considered,
and our findings need to be confirmed in a larger and
specifically designed prospective study. Second, the patients’
biochemical/immunological/histological response to the intake
of ancient grains was not evaluated, and the self-reported
consumption of ancient grains was not stratified in terms of
quantity (grams). Consequently, we have no data to explain
why only a certain percentage of NCWS subjects tolerated
ancient wheat. Future studies should be planned to determine
the biological basis of our results. Third, the NCWS patients who
ate ancient wheat consumed different grains, very probably from
different regional locations and grown in different seasons. Since
the biochemical composition of grains is known to be influenced
by these factors, we cannot extend the concept of a safe use
of the tolerated grains quoted in our study without taking
them into account. Moreover, it was not possible to assess any
association between a specific symptom and the consumption of
a certain variety of ancient wheat. Fourth, we did not investigate
the reasons for non-adherence to the WFD in a percentage of
the NCWS patients recruited to the study. Finally, we used a
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modified version of the adherence score to evaluate adherence
to the “modern” WFD, which had not been previously validated
for this specific purpose, but for all gluten-containing products
in patients with CD.

However, the study does have some strengths: it is the
first research study specifically aimed at evaluating the use
of ancient grains and their clinical effects in NCWS patients.
All the patients included were diagnosed by the DBPCC
method, thus involving subjects identified by the current
diagnostic gold standard.

In conclusion, our study shows a high frequency of
consumption of ancient grains in NCWS patients before
diagnosis, with a greater diagnostic delay and lower constipation
frequency in this population, as well as a variable tolerability
among the patients who consumed ancient grains after
NCWS diagnosis. Further research is needed to define
the pathophysiological mechanisms underlying their greater
tolerability compared to modern grains in at least a subgroup
of patients suffering from NCWS.
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