Pre prints.org

Review Not peer-reviewed version

Gluten-Free Food for Treatment of
Celiac Disease. Is It Time to Reconsider
the Gluten Threshold? A Scoping
Review

Carlo Catassi , Chiara Monachesi, Giulia Naspi Catassi, Elena Maria Lionetti

Posted Date: 3 January 2025
doi: 10.20944/preprints202501.0025.v1

Keywords: celiac disease; gluten-free diet; gluten threshold; toxicity of gluten traces; small intestinal
histology; dose/effect curve

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2620575
https://sciprofiles.com/profile/232640
https://sciprofiles.com/profile/3422212
https://sciprofiles.com/profile/1904704

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 January 2025 d0i:10.20944/preprints202501.0025.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

Gluten-Free Food for Treatment of Celiac Disease: Is
It Time to Reconsider the Gluten Threshold? A
Scoping Review

Carlo Catassi 1*#, Chiara Monachesi 1%, Giulia N. Catassi 2 and Elena Lionetti !

I Department of Pediatrics, Polytechnic University of Marche, Ancona, Italy
2 Department of Translational Medicine and Surgery, Universita Cattolica del Sacro Cuore, Rome, Italy
* Correspondence: c.catassi@univpm.it

# These authors contributed equally to the preparation of this manuscript

Abstract: Background/Objectives. Rules for gluten-free (GF) food varies throughout the world. A
maximum gluten level of 20 parts per million (ppm) in GF items is allowed in countries adopting the
Codex Alimentarius recommendation, e.g. USA, Canada, UK, and the EU. More stringent criteria (no
detectable gluten) are requested in other countries, e.g. Australia. However, only few data are
available on the toxicity/safety of gluten traces in the diet of patients with celiac disease (CeD). The
aim of this review was to review the scientific background of the gluten threshold in GF food.
Methods. Studies on the dose-effect relationship between the amount of low gluten and detectable
damage in CeD patients were examined and critically reviewed within the context of the current
Codex Alimentarius rules. Results. A gluten dose higher than 10 mg per day, corresponding to 500 g
of daily GF products at 20 ppm, may be harmful for most CeD patients. There is wide inter-patient
variability in the response to a gluten intake of 10 mg. The potential toxicity of gluten traces < 10
mg/day of gluten remains unclear. Conclusions. The 20 ppm gluten threshold is safe for most
patients, however further randomized controlled trials are required to evaluate the effects of 0-10
mg/day of gluten intake and, consequently, the safety of the current threshold at 20 ppm for
“hypersensitive” CeD patients. New techniques, e.g. IL-2 measurement after a single-dose gluten
challenge, may facilitate the investigation of the gluten dose-response curve, particularly in the low
range of gluten intake.

Keywords: celiac disease; gluten-free diet; gluten threshold; toxicity of gluten traces; small intestinal
histology; dose/effect curve

1. Introduction

Celiac disease (CeD) is a chronic, immune-mediated intestinal disease in genetically predisposed
individuals, that is caused by the exposure to dietary gluten, i.e. a primary protein complex in wheat
and other cereals (rye and barley), that is consumed in large amounts (15-20 g/day) in many areas of
the world. The hallmark of active CeD is a small intestinal enteropathy characterized by villous
atrophy, crypt hyperplasia and increased number of intraepithelial lymphocytes (IELs). To date, the
only effective treatment for CeD is a lifelong strict gluten-free diet (GFD). However, maintaining a
“zero” gluten diet is difficult in real life due to the frequent contamination with traces of gluten of
many food items. The persistent ingestion of gluten may cause chronic inflammation of the small
intestinal mucosa and, consequently, risk of CeD-related symptoms and/or complications [1].

As far as gluten content in food labelled as gluten-free (GF) is concerned, most countries adhere
to the standards fixed by the Codex Alimentarius, a collection of guidelines and codes of practice
adopted by the Codex Alimentarius Commission, a joint commission of FAO and WHO [2]. Since the
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year 2008, the Codex Alimentarius recommendation is that food labeled as “gluten-free” contains a
maximum level of 20 mg per Kg (20 parts per million = ppm) of product [2]. This limit (also called
“gluten threshold”) represents a pragmatic balance between scientific evidence and practical
considerations, ensuring safety for the large majority of individuals while taking into consideration
also the technical challenges of gluten detection and food production [2]. The “20 ppm rule” has been
adopted in many countries, such as USA, Canada, UK and EU [3-5]. However, other countries
worldwide set different recommendations. In Argentina, a maximum gluten level of 10 ppm in
products labeled as GF is tolerated [6]. Australia, New Zealand and Chile set even more stringent
requirements, i.e. a product can be labeled as GF only if it contains no detectable gluten, while
products containing up to 20 ppm of gluten are identified as “low gluten” [7].

This heterogeneity of rules depends on a longstanding scientific debate about the maximum
amount of daily gluten, if any, that can be tolerated in the GFD to avoid clinical problems and
histological damage in patients affected with CeD. The purpose of this review is to critically analyze
the current evidence on the gluten threshold and the toxicity of gluten traces, identify gaps in
knowledge, and outline future directions aimed at optimizing the dietary management of CeD.

2. Materials and Methods

A comprehensive literature search was carried out to identify peer-reviewed articles on the
tolerable amount of gluten and/or toxicity of gluten traces in the diet of patients with CeD, published
in PubMed up to September 2024. Search strategies included the following key words: “celiac
disease”, “gluten-free diet”, “gluten tolerance”, “gluten contamination”, “gluten threshold”. All the
relevant original research articles in English, including randomized controlled trials, observational
studies (prospective and retrospective) and case-reports were critically analyzed and synthesized to

reflect current evidence and experts” opinions.

3. Results

Only 9 papers fulfilled the criteria for inclusion in this review. The study-design and other
features of these studies show wide variability, as summarized in Table 1. Interestingly, most of them
were published more than 15 years ago. The results of these studies will now be examined in detail
to provide a comprehensive understanding of their findings and implications.

Table 1. Study-design and other features of studies on the toxicity of low gluten doses in patients affected with

CeD. Ref = reference number.

First author ", Randomized Placebo Fixed gluten Prospective Tested dose Patients (n) Challenge
year trial controlled dose study (mg) duration
Catassi®, 1999 Yes No Yes Yes 100, 500* 20 30d
Catassi®, 2008_ Yes Yes Yes Yes 10, 50 49 90d
Greco'?, 2011 Yes No Yes Yes 1.6; 496 13 60 d
Ciclitira!, 1985 No No No Yes 1.2-2.4 10 42d
Mayer®?, 1991 No No No No 60-2000 123 >10y
Kaukinen?®, 1999 No Yes No No 40-60/100 g* 52 8y
Laurin®¢, 2002 No No No Yes 200-4300 21 5-51w
Biagi?®, 2004 No No Yes No 1 1 2y
Rispot¢, 2024 No No No Yes 60-120 120 3m

Catassi et al. firstly showed that the relationship between gluten consumption and small
intestinal damage in children with CeD is dose-dependent. CeD children on long-term treatment with
the GFD were administered either 100 mg or 500 mg of gliadin daily (equivalent to 200 mg and 1 g of
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gluten, respectively) over four weeks. After the challenge, both groups showed evidence of mucosal
damage at the histological assessment, that was more pronounced in those challenged with the higher
dose (500 mg of gliadin daily) [8]. In a subsequent study performed by the same research group,
treated adult CeD patients participated in a prospective, randomized, double-blind, placebo-
controlled trial based on the daily ingestion of either zero (placebo), 10, or 50 mg of gluten for 90 days.
Only a daily intake of 50 mg of gluten for three months caused a significant worsening of the small
intestine villous height/crypt depth (Vh/Cd) ratio at the end of the challenge, as compared to placebo.
However, a significant post-challenge improvement of the Vh/Cd index was observed in the placebo
group (likely secondary to a “Hawthorne effect”) but not in the patients challenged with 10 of gluten.
These findings suggested that the daily intake of gluten should prudentially be kept lower than 10
mg/day [9]. Combining the results of these two studies, despite differences in the intervention
(gliadin or whole gluten) and duration of the microchallenge (one or three months), it is interesting
to note that a daily dose of 50, 100 and 500 mg of gliadin/gluten caused deterioration of morphometric
parameters in almost all challenged subjects, while the response to 10 mg was variable at the
individual level, and included all the possible outcomes (improvement, no change or deterioration
of the Vh/Cd ratio and/or IELs count). These results suggested individual variability of the response
to gluten when the intake is very low. Greco et al reported that a 60-day diet including baked goods
made from hydrolyzed wheat flour (daily gluten intake around 500 mg) caused deterioration of the
small intestinal architecture in the two CeD patients challenged with this dose, as compared with no
change in the 5 challenged with 1.6 mg of gluten and the development of subtotal villous atrophy in
the 6 challenged with regular bread (16 g/day of gluten) [10].

Only the above trials evaluated the toxic effects of a precise amount of gluten given for a fixed
period of time. Ciclitira et al. found no significant changes in the jejunal morphometry over a 6-week
period when patients ingested 1.2 mg to 2.4 mg of gluten from bread, compared to another 6-week
period in which gluten was completely excluded from their diet [11]. In a retrospective study, Mayer
et al found that the occasional intake of small amounts of gluten (60 mg-2 g/day) did not produce
increased concentrations of antigliadin antibodies but resulted in an appreciably increased crypt
epithelial volume and expanded crypt intraepithelial lymphocyte population [12]. In a study
involving both adults and children, Kaukinen et al. found that the consumption of non-purified
wheat-starch based GF products containing 40-60 mg/100 g of gluten did not alter the integrity of the
intestinal mucosa in the long-term, as compared to a diet including only naturally GF food [13].
Laurin et al. investigated 24 children who underwent a challenge with a mean of 1.7 g/day of gluten
(0.2-4.3) for a mean of 13 weeks (5-51). All children showed signs of relapse at a clinical, laboratory,
or histological level, with a positive correlation between the amount of gluten intake and the IEL
count in the biopsies taken post-challenge [14]. Biagi et al. reported a case of a CeD patient in whom
the ingestion of only 1 mg of gluten (with a communion host) every day for 2 years apparently
prevented full histological recovery in spite of a satisfactory clinical and serological response [15].
Finally, in a recent study, a low dose of gluten in form of “crackers” (about 60-120 mg of gluten/day)
was administered for 3 months to 120 subjects already on GFD. Serological positivity was detected
in 54 patients (45%), histology showed atrophy in 87% and Marsh 1-2 grade in 13% of patients [16].

Indirect evidence of the toxicity of gluten traces derives from a retrospective study investigating
the efficacy of the Gluten Contamination Elimination Diet (GCED), a restrictive diet using only rice
in seeds as the only cereal source (instead of commercially available GF food containing up to 20 ppm
of gluten) in patients with non-responsive CeD. Hollon et al. found that 82% of patients benefited
from the GCED. Among seven patients with Marsh 3a/b mucosal lesions before starting the GCED,
two achieved complete mucosal healing, and one showed normal findings on a follow-up video
capsule endoscopy. However, this study did not provide any estimate of the possible amount of
contaminating gluten [17].
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4. Discussion

Several studies have shown that a challenge with doses of gluten higher than 1 gram produces
detectable effects on intestinal histology and other disease markers in almost all CeD patients [14,18—
21]. On the other hand, data on the toxicity of gluten traces are rather scanty, partially because simple
CeD diagnostic markers present significant limitations to this purpose. Indeed, clinical symptoms
may be completely absent [1] while serological markers, such as the anti-tissue transglutaminase
antibodies (anti-tTG), lack enough sensitivity to detect the exposure to low levels of dietary gluten
[22]. Histological evaluation of the small intestinal mucosa remains the gold standard method,
particularly when expressed by morphometric parameters, particularly the IEL count and the Vh/Cd
ratio, instead than an operator-dependent judgement such as the Marsh-Oberhuber classification
[23].

Available studies suggest that there is a linear relationship between the dose of ingested gluten
and the damage of the small intestinal mucosa in CeD, at least for a gluten intake between 10 mg and
1000 g or more per day [8,9,14,21]. The threshold of 20 ppm adopted by the Codex Alimentarius
guarantees that even a high and protracted consumption of commercial gluten-free food does not
overcome the gluten level (10 mg per day) that may potentially damage the architecture of the small
intestinal mucosa, at least in most patients (Figure 1) [24].

200+ 1,‘ Gluten intake =
180- \ 50 mg per day
__ 160- \
E 140- \ .
o 120. i Gluten intake
a \ between 10 and
E 100~ i\\ 50 mg per day
§ 2:_ Gluten \\\
o intake < 10 Su
404 mg per day e __
20+ T
u L] L] L L] n
0 100 200 300 400 500

wheat substitutes (g x day)

Figure 1. The relationship between the level of gluten in gluten-free food, expressed as part per million (ppm =
mg/Kg), and the amount of wheat substitutes eaten on a daily basis. Only a threshold of 20 ppm guarantees an

intake of gluten lower than 10 mg/day even for a very high intake (500 g/day) of wheat substitutes.

After more than 10 years of adoption of this threshold, not a single study has definitely proven
that the ingestion of gluten-free food containing less than 20 ppm of gluten may cause delay of
mucosal healing after starting treatment with the GFD, or relapse of the disease in treated patients.
Furthermore, in countries adopting the 20 ppm threshold for GF products, gluten contamination in
labeled GF products is nowadays uncommon and usually mild on a quantitative basis. For instance,
in Italy a study found that gluten level was lower than 10 ppm in 173 products (86.5%), between 10
and 20 ppm in 9 (4.5%), and higher than 20 ppm only in 18 (9%), respectively. In contaminated
foodstuff (gluten > 20 ppm) the amount of gluten was almost exclusively in the range of a very low
gluten content [25].
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However, while there are convincing reasons to suggest that a threshold higher than 20 ppm
could lead to the ingestion of an unsafe amount of gluten in a proportion of patients with CeD, the
evidence that a dose of less than 10 mg of daily gluten is 100% safe for all CeD patients is weak since
(a) the potential toxicity of gluten doses lower than 10 mg/day has not been evaluated in any double-
blind, placebo-controlled trial so far, and (b) the sample size of available studies was too small to
exclude a type II error (false negative). Should the sensitivity to gluten of CeD individuals show a
Gaussian distribution from zero gluten onwards, it is well possible that a small proportion of patients
may react even to minimal amounts of daily gluten (lower than 10 mg), as occasionally described in
case-reports [15] (Figure 2).

100 4

751

251

% of patients showing intestinal
histological damage
g

0 10 20 30 40 50
mg/day of gluten

Figure 2. Distribution of gluten threshold in CeD patients, according to a Gaussian model. A small subset of
patients (around 5% in the figure) could show damage of the small intestinal mucosa even for an intake of daily

gluten lower than 10 mg.

Interestingly, the available literature shows that a consistent proportion of treated CeD patients
fail to reach the complete normalization of the small intestinal architecture even after many years of
treatment with the GFD [26,27]. It is not clear whether this finding depends on unreported
transgressions to the GFD or “hypersensitivity” to traces of gluten that may be ingested with a
nominally GFD.

It is important to note that also the evaluation of intestinal histology as an index of gluten-
induced damage shows potential drawbacks: (a) it is an invasive procedure (upper endoscopy) to be
performed before and after the gluten challenge; (b) it requires a prolonged, potentially harmful,
exposure to gluten (at least 4-8 weeks), (c) it may be misleading due to a patchy distribution of the
damage or poor orientation of the biopsy specimen [1,28]. New methods of investigating gluten
toxicity in a quantitative manner have recently shown interesting results. Biopsy proteome scoring is
a reliable measure of gluten-induced mucosal remodeling that may replace conventional histology in
the evaluation of an oral gluten challenge [29]. Even more promising is the measurement of serum
interleukin (IL)-2 after an “acute” challenge with gluten [30]. Leonard and coworkers recently
investigated the performance of IL-2 measurement after a 14-days gluten challenge with either 3 or
10g of daily gluten, and found that this assay was more sensitive than intestinal histology to detect


https://doi.org/10.20944/preprints202501.0025.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 January 2025 d0i:10.20944/preprints202501.0025.v1

6 of 8

CeD reactivation at the lower dose of gluten (3 g/day) [31]. This procedure could facilitate the
investigation of the potential toxicity of traces of gluten, also in the range of 1-10 mg of gluten.

5. Conclusions

The available literature indicates that the current Codex Alimentarius “20ppm” rule, as the
maximum tolerable level of gluten in gluten-free food, is evidence-based and safe for most patients.
However it remains to be elucidated whether very low traces of gluten, in the range of up to 10 mg,
may still be harmful for a subset of CeD patients. In the near future the application of new techniques
of gluten toxicity analysis, such as the single-dose gluten challenge with subsequent quantification
of serum IL-2, could help to clarify whether the current “20 ppm” rule for gluten-free food is the best
choice or might be time to consider further reduction of gluten content in food item commercially
available for treatment of CeD.
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Abbreviations

The following abbreviations are used in this manuscript:

CeD Celiac Disease

GF Gluten Free

GFD Gluten Free Diet

FAO Food Agricolture Organization

WHO World Health Organization

Vh/Cd Villous Height/Crypt depth

IEL Intra Epithelial Lymphocyte

GCED Gluten Contamination Elimination Diet
11-2 Interleukin-2
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