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Abstract
Background

The threshold below which gluten is harmless for an individual with celiac disease has not been
established. In its absence, guidelines recommend complete avoidance of gluten from all sources,
including cross-contact with gluten, which in everyday life translates into continuous label-checking,
control over food preparation, and heightened vigilance in social settings. This vigilance carries a
substantial burden for dietary quality of life and can foster rigidity, avoidance, and food preoccupation,
features recognized as risk factors for disordered eating. Existing threshold evidence derives from fixed-
dose gluten capsule challenges, acute biomarker experiments, and retrospective syntheses, none of
which corresponds to distributed, chronic, food-borne exposure with gluten coming from cross-contact
evaluated against a histological endpoint. Whether the strictness currently demanded is proportionate to
the physiological risk of low-level exposure therefore remains unanswered.

Methods

This single-center, single-blind, parallel-group pilot randomized controlled trial is embedded within a
convergent parallel mixed methods design in which the qualitative strand carries equal methodological
weight. Thirty adults with celiac disease in clinical remission are randomized 1:1 to a relaxed gluten-free
diet permitting cross-contact up to 200 ppm, or to an optimized strict gluten-free diet, for 24 weeks. The
primary endpoint is the villus height to crypt depth ratio from duodenal biopsies at baseline and week 24,
assessed by a blinded histopathologist, with a margin of 0.4 units for a clinically meaningful
deterioration. Secondary endpoints comprise serum tissue transglutaminase IgA, fecal gluten
immunogenic peptides, symptom and acceptability measures, and estimated gluten exposure. Semi-
structured interviews at five timepoints are analyzed by inductive—deductive content analysis.
Integration proceeds through connected sampling, joint displays at weeks 12, 18, and 24, and meta-
inference. Analyses are estimation-focused; an individual safety switch is triggered by serum tissue
transglutaminase IgA above 10 U/mL (reference: < 7 U/mL).

Discussion

The trial provides the first prospective histological evaluation of deliberately relaxed gluten avoidance
from cross-contact. It is designed to inform a definitive multicenter trial.

Trial registration

German Clinical Trials Register, DRKS00039577. Registered 3rd of June 2026
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Background

Celiac disease (CeD) is a chronic, immune-mediated small-intestinal enteropathy precipitated by dietary
gluten in genetically predisposed individuals (Ludvigsson et al., 2013), affecting 1-2% of the global
population (Singh et al., 2018). Its only established treatment is lifelong adherence to a gluten-free diet
(GFD) (Lebwohl et al., 2018). The threshold below which gluten becomes harmless for the individual
patient with CeD has not been established. In the absence of such a threshold, current guidelines
recommend the complete avoidance of gluten from all sources (often referred to a ,strict” GFD),
including food, beverages, medications, and supplements, as the standard of care (Ludvigsson et al.,
2014; Rubio-Tapia et al., 2023) a rationale articulated by Wolf et al. (2018). In everyday life this translates
into a demand for maximal strictness: people with CeD must also manage cross-contact with gluten,
which refers to the «unintentional transfer of gluten proteins from gluten-containing sources into inherently
gluten-free (GF) foods, resulting in gluten content above legally established thresholds” (Studerus et al.,
2025). Cross-contact with gluten can occur at multiple stages, from agricultural harvesting and industrial
processing through shared manufacturing equipment to food preparation in restaurants, bakeries, and
home kitchens (Vargas et al., 2024). The complexity is further compounded by inconsistent
precautionary allergen labelling practices such as "may contain traces of gluten", leaving people to
navigate uncertainty with limited evidence-based guidance (Rasmussen et al., 2022): following a strict
GFD requires continuous label-checking, control over food preparation, and heightened vigilance in social
eating settings (Gholmie et al., 2023; Satherley et al., 2022; Simon et al., 2023). Beyond this burden, the
same vigilance can foster features that are themselves recognized risk factors for disordered eating,
namely rigidity, avoidance, controlling behavior around food, and food preoccupation; both extreme
dietary adherence and inadvertent transgressions have been associated with disordered eating patterns
(Cadenhead et al., 2019; Gholmie et al., 2023; Satherley et al., 2017). Whether the ,strictness” currently
demanded is proportionate to the actual risk of the assumed low-level gluten exposure coming from
cross-contact is therefore both a clinical and a methodological question.

The amount of gluten that can be safely tolerated remains contested, and the existing evidence does not
so much resolve this question as fracture it across different endpoints. The most frequently cited
threshold trial administered fixed daily doses of 0, 10, or 50 mg of gluten over three months and found
that 50 mg/day induced mucosal injury in most participants, with intermediate and partly unsafe findings
at 10 mg/day (Catassi et al., 2007). A subsequent dose—response meta-analysis, which incorporated
this trial alongside further challenge and observational data, situated such doses within a graduated risk
curve in which the relative risk (RR) of relapse remains close to baseline up to approximately 150
mg/day (RR = 1.07) and reaches a clinically relevant magnitude only near 880 mg/day (RR = 1.50)
(Rostami-Nejad et al., 2023). The apparent tension between these findings is one of endpoint rather than
of contradiction: a measurable histomorphometric shift under controlled challenge is not the same event
as clinical or histological relapse, and the two need not coincide at the same dose. On this clinical and
histological axis, the daily gluten exposure attributable to realistic cross-contact appears modest:
drawing on the most comprehensive synthesis of cross-contact data available to date (Studerus et al.,
2025) together with our own targeted gluten analysis (manuscripts in preparation), an exposure ceiling
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defined by cross-contact of up to 200 parts per million (mg/kg) (ppm) corresponds, across typical food
portions, to estimated daily intakes that lie well below the steep portion of this curve.

This apparently reassuring picture has, however, been complicated by evidence drawn from a different
axis. A recent randomized, double-blind, placebo-controlled dose-response trial, using the serum
interleukin-2 response as a sensitive biomarker of gluten-specific T-cell activation, found that acute
immune activation occurs at gluten doses far below current food-labeling thresholds, with an estimated
eliciting dose of 2.4 mg for 10% of patients and 0.8 mg for 5% of patients, and with patient-reported
symptoms providing an unreliable indicator of exposure below 1000 mg (Daveson et al., 2026). Critically,
the same authors emphasize that the long-term clinical significance of such low-dose immune activation
is unknown, and that their acute design was not intended to evaluate cumulative effects such as
sustained mucosal damage. The immune-activation threshold and the histological-injury threshold thus
appear to lie at very different dose scales, and the relationship between them remains unestablished.

These divergent axes have recently acquired regulatory expression. In November 2025 an ad hoc joint
FAO/WHO expert consultation recommended a reference dose of 4 mg gluten for the risk assessment of
unintended gluten presence in foods, replacing the earlier reference dose of 5 mg wheat protein (Food &
Agriculture Organization of the United Nations & World Health Organization, 2025). The corresponding
risk-based framework for precautionary allergen labeling was adopted by the Codex Alimentarius
Commission in July 2026; the 20 ppm limit for gluten-free claims remained unchanged (Codex
Alimentarius, 2026). The consultation explicitly noted that a reference dose for CeD must be derived on a
different basis than for IgE-mediated allergy, since the relevant risk arises from chronic rather than acute
exposure, and that the data available for this purpose are limited. The normative direction of this
development converges with the present trial: precautionary labeling is to follow documented risk
assessment rather than blanket application, and the risk-relevant quantity is an absolute dose rather than
a concentration. The reference dose postdates the development of the present intervention and could
not inform its design, whose exposure ceiling was derived from empirical cross-contact data and dose—
response evidence rather than from a protective regulatory threshold. The two address different
questions : when a warning statement is warranted, and what level of exposure is in fact tolerated, and it
is the second that remains empirically unresolved.

What the existing body of evidence has in common is that it was generated under exposure conditions
that differ systematically from the one that actually determines whether cross-contact within a GFD is
safe. Threshold estimates have been derived from fixed-dose capsule challenges (Catassi et al., 2007),
from acute single boluses (Daveson et al., 2026), or from the retrospective synthesis of heterogeneously
defined relapse outcomes (Rostami-Nejad et al., 2023). Each of these designs answers a legitimate
question, and together they delineate the dose range within which the risk of low-level exposure is likely
to be small. None of them, however, corresponds to gluten exposure as it arises in everyday life:
distributed across meals, food-borne rather than encapsulated, sustained over months, and occurring
under a diet in which cross-contact is deliberately accepted rather than accidentally incurred. Nor has
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such an exposure been evaluated prospectively against a histological endpoint. It is this gap that the
present study addresses.

Dietary interventions in chronic disease are increasingly recognized as complex interventions in the
sense defined by the Medical Research Council framework: they involve multiple interacting
components, operate through behavioral and psychosocial mechanisms, and are highly sensitive to
context, including social environment, individual illness beliefs, and the material conditions of everyday
food practice (Moore et al., 2015; Skivington et al., 2021). For people with CeD, the GFD exemplifies this
complexity. Adherence is not simply a function of knowledge or motivation but is shaped by social
norms, household composition, food availability, and the negotiation of risk and identity in daily life
(Simon et al., 2023; Wolf et al., 2018) Yet the methodological response to this complexity in medical
nutritional intervention research has remained limited. Randomized controlled trials in this field have
predominantly captured clinical and biomarker outcomes while leaving the mechanisms, meanings, and
lived experience of dietary interventions unexplored. Mixed methods designs that integrate qualitative
and quantitative strands within a single trial are rare in nutritional research and, to our knowledge, have
not yet been reported in the CeD literature: a systematic PubMed search using the terms “celiac disease’,
"mixed methods", and "randomized controlled trial" yielded no results (searched March 2026).

Furthermore, patient and public involvement, increasingly recognized as a quality criterion in clinical trial

design, remains underdeveloped in investigator-initiated dietary trials, where participant perspectives are
seldom systematically incorporated into protocol development or outcome selection. The present study

was designed to address these methodological gaps simultaneously.

We therefore designed a trial comparing a ,relaxed GFD" (rGFD) permitting cross-contact of up to 200
ppm with an optimized strict GFD over 24 weeks (n = 30; 15 per group). The villus height to crypt depth
ratio (Vh:Cd) serves as the primary safety endpoint, with the pre-specified margin for a clinically
meaningful deterioration set at a reduction of 0.4 units which corresponds to the error margin of
standardized morphometric assessment and is therefore the smallest change that can reliably be
distinguished from measurement variability (Taavela et al., 2013).

Methods

Study design and framing

The study is an investigator-initiated, single-center, single-blind, parallel-group, randomized controlled
trial embedded within a convergent parallel mixed methods design (Creswell & Plano Clark, 2017); a
concurrent qualitative strand of equal weight is integrated into the experimental structure to address
questions the trial alone cannot answer.

Philosophical and theoretical foundation
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The study adopts a pragmatist worldview (Cook, 1993; Johnson & Onwuegbuzie, 2004; Morgan, 2007),
which licenses the combination of quantitative and qualitative inquiry by treating the research question,
rather than paradigmatic allegiance, as the arbiter of method. Within this worldview, dialectical
pragmatism (Johnson, 2009, 2017) serves as the methodological bridge between the strands, holding
quantitative and qualitative findings as complementary and equally weighted knowledge sources whose
convergences, complementarities, and divergences are themselves informative.

The study's substantive social-theoretical lens is social practice theory (SPT) (Schatzki, 2010; Schatzki et
al., 2001; Warde, 2005; Warde, 2016). On this view, dietary conduct in CeD is not an attitude or a series of
rational choices but a social practice: a routinized, embodied bundle of doings and sayings, held together
by practical understanding, rules, and a teleoaffective structure, and inseparable from the material
arrangements (foods, kitchens, food labeling, restaurants) in and through which it is enacted. The
knowledge that carries such a practice is largely tacit and held in the body, a knowing-how as well as a
knowing-that, and the practice is sustained through repetition. Crucially, repetition secures not only the
reproduction of a practice but also the possibility of its transformation, since no enactment is identical to
the one before.

This matters for the present intervention because, following diagnosis, gluten-free eating does not
merely function as a treatment but consolidates into a norm. Norms of this kind are not adopted as
propositions and subsequently applied; they are generated and sustained in the doing, emerging from
the interaction between practices and the food environments in which they are performed (Mayes et al.,
2026). What is repeatedly enacted — the second toaster, the question asked of the server, the product
returned to the shelf — becomes the normal, and normality then exerts a force of its own, independently
of the evidence that first motivated it. On this account, eating practices performed in the context of CeD
generate new norms and, with them, new ways of doing and saying. The same logic indicates how such
a norm can be moved: if norms are made by doing, then altering what is done is the mechanism through
which a relaxed norm becomes available, which is precisely what the intervention attempts (see
Intervention and comparator).

This lens is load-bearing rather than decorative. It reframes strict gluten avoidance as an entrenched,
materially and bodily anchored practice rather than a modifiable belief, and it specifies the mechanism
by which such a practice can be moved: if norms are made in the doing, they are altered by altering what
is done. This is why the intervention is designed as a transformation of practice across its material,
embodied, affective, and social dimensions rather than as the transmission of new information (see
Intervention and comparator); why acceptance is understood as the reorganization of established
practice bundles rather than a change of opinion (see Acceptance as an implementation outcome); and
why the qualitative strand analyzes participants' accounts through the constitutive dimensions of
practice (see Qualitative strand).

Objectives, research questions and endpoints
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The primary question of the quantitative strand is one of non-inferiority: whether a rGFD permitting
cross-contact of up to 200 ppm preserves mucosal integrity relative to an optimized strict gluten-free
diet, within a margin for clinically meaningful deterioration of 0.4 Vh:Cd units (Taavela et al., 2013).

Let trerp and Heomparator denote the mean change in the Vh:Cd ratio from baseline to week 24 in the
intervention and comparator arm, respectively. The null hypothesis states that cross-contact up to 200
ppm leads to a reduction in Vh:Cd that reaches or exceeds this margin (HO: trerp - Heomparator < =0.4); the
alternative hypothesis states that it leads to no change, or to a reduction not greater than 0.4 units (H1:
Hrerp - Heomparator > —0.4). The corresponding estimand is the between-group difference in the change in
Vh:Cd from baseline to week 24 (rGFD minus optimized strict GFD) in all randomized participants. Given
the pilot sample size, this difference is estimated and interpreted descriptively in relation to the margin
rather than subjected to confirmatory testing (see Statistical analysis); formal non-inferiority testing is
deferred to the definitive trial that this pilot is designed to inform.

Secondary objectives address the immune response to the rGFD, its acceptability relative to the
intervention, gastrointestinal symptoms, estimated gluten exposure from cross-contact, psychosocial
wellbeing, and how adults with CeD experience and negotiate dietary flexibility in daily life. The
qualitative strand addresses the following research question: How do patients experience and shape the
de-implementation of the strict diet in various practices of their everyday lives?

The corresponding endpoints, their instruments, and their timepoints are specified under Outcomes and
instruments.

Acceptance as an implementation outcome

Acceptance is examined as an implementation outcome rather than a clinical efficacy endpoint.
Following Proctor et al. (2011), acceptability is defined as the perception that the intervention is
agreeable and satisfactory, given the recipient's knowledge and experience at the time. Throughout this
protocol, we use acceptance as the broader term, encompassing both this perceptual dimension and its
behavioral expression : the willingness to be randomized to a relaxed diet, and to adopt and continue it
once allocated. Acceptability is thus the measured attitudinal component of acceptance, while
acceptance additionally comprises enactment.

This distinction matters here because the rGFD is not the adoption of a new behavior but the deliberate
de-implementation of an entrenched one: the habitual strict avoidance that adults with CeD commonly
maintain beyond what the evidence supports. De-implementation inverts the usual acceptance problem.
What is asked of participants is not to take up something unfamiliar, but to relinquish a practice that has
come to feel protective and that is reinforced by clinical advice, patient organizations, and everyday
vigilance. Willingness to relax may therefore be constrained less by the perceived merits of the
intervention than by the perceived risk of abandoning the established one — which is why acceptance in
this trial must be characterized through enacted behavior and not through attitudinal report alone. The
intervention is accordingly grounded in the Framework for Taking Action on Overuse (Parchman et al.,
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2017) and structured through an Implementation Research Logic Model (Smith et al., 2020) (see
Additional file 1), which specifies, a priori, the links between implementation determinants, strategies,
mechanisms, and outcomes. The implementation strategies (a stakeholder-co-designed educational
video, explicit risk-philosophy framing, and iterative biomarker-informed evaluation) are hypothesized to
act through defined mechanismes: recalibration of risk perception, reduction of cross-contact
overestimation, and the reorganization of established dietary practice bundles in the sense of Schatzki's
Social Practice Theory (Schatzki, 2010; Schatzki et al., 2001).

Acceptability is measured with the Acceptability of Intervention Measure (AIM); (Kien et al., 2021; Weiner
et al., 2017), capturing anticipated acceptability at baseline and experienced acceptability at weeks 6—24
((Sekhon et al., 2017); see Outcomes and instruments), and is contextualized by the qualitative strand's
analysis of how acceptance is negotiated in everyday practice. Whether adults with CeD find this
relaxation acceptable is a precondition both for a definitive trial and for any eventual change in dietary
practice; acceptance is accordingly treated as a piloted signal that the design is built to characterize.

Setting and registration

The trial is conducted at the Swiss Celiac Center at GastroZentrum Hirslanden, Zurich, Switzerland,
which provides specialist gastroenterological and dietetic care for adults with CeD. This manuscript
reports protocol version 1.2, dated 3rd of August 2026. Recruitment is passive and inbound: potential
participants self-refer in response to study information, and no individuals are identified from internal
records. Enrollment continues until 30 participants have been randomized or until 31 October 2026,
whichever occurs first; the pace of enrollment is constrained primarily by endoscopic capacity rather
than by candidate supply. Individual participation lasts 24 weeks from randomization, with on-site visits
every six weeks and duodenal biopsies at baseline and week 24, so that the final participant's closing
visit is expected around April 2027.

The trial is registered in the German Clinical Trials Register (DRKS00039577) and was approved by the
responsible cantonal ethics committee through the Swiss Business Administration System for Ethics
Committees (BASEC) portal (BASEC 2026-00721). Under the Swiss Clinical Trials Ordinance it is
categorized as a category B clinical trial and conducted as a low-risk study under a risk-based
monitoring plan, in accordance with the Human Research Act and International Council for
Harmonisation (ICH) Good Clinical Practice. Reporting follows the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT 2025) (Chan et al., 2025), extended by the
Consolidated Standards of Reporting Trials (CONSORT) guidance for pilot and feasibility trials (Eldridge
et al., 2016) and the Good Reporting of A Mixed Methods Study (GRAMMS) reporting standards for
mixed methods studies (O'Cathain et al., 2008); the completed SPIRIT and GRAMMS checklists are
provided as additional file 3 and 4, and the schedule of enrolment, interventions, and assessments
appears as Figure 1.

Recruitment opened at the end of June 2026. At the time of writing (July 2026), the trial is in active
recruitment and data collection. No outcome data are available, and this manuscript reports the protocol
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as prospectively registered and approved.
Participants and eligibility

Eligible participants are adults aged 18 to 80 years with a documented initial diagnosis of seropositive
CeD, confirmed by biopsy or, where histologic documentation at diagnosis is unavailable, by a tissue
transglutaminase immunoglobulin A (tTG-IgA) level exceeding ten times the upper limit of normal at
diagnosis, made at least twelve months before baseline. They must have adhered to a GFD for at least
twelve months, no villus atrophy at baseline (Vh:Cd =2.0:1 on distal duodenal biopsies (Lebwohl et al.,
2024)), and be willing to maintain the assigned dietary approach and to keep a weekly record of cross-
contact-related eating. Written informed consent is required.

Participants are excluded for seronegative celiac disease, since celiac-specific antibodies serve as
safety monitoring; active symptoms, defined as a Celiac Symptom Index (CSI) (Leffler et al., 2009) score
above 36 within four weeks before screening; concomitant intestinal disease that could confound
symptom assessment (including Crohn's disease, ulcerative colitis, other inflammatory bowel disease,
severe irritable bowel syndrome, microscopic colitis, small intestinal bacterial overgrowth, or exocrine
pancreatic insufficiency); relevant metabolic disorders (obesity with a body mass index above 35, type 1
diabetes, or insulin-treated type 2 diabetes); mental disorders liable to interfere with eating habits (major
depression, eating disorders, or anxiety disorders); existing or intended pregnancy or breastfeeding;
continuous use of drugs known or suspected to affect villous architecture (detailed in additional file 2);
use of oral gluten-digesting enzyme preparations (for example Aspergillus niger-Prolyl-Endopeptidase)
within four weeks before baseline, or unwillingness to discontinue them; participation in the study's
stakeholder engagement process or in another modified-GFD or celiac-related trial within the preceding
twelve months; and inability to follow study procedures for reasons of language, psychological disorder,
or dementia. The full eligibility criteria are provided in Additional file 2.

Patient and public involvement

Patient and public involvement is embedded throughout the trial lifecycle through a structured
stakeholder engagement process, conducted as a separately registered sub-project (BASEC Req-2025-
01479) and informed by the 7P framework (Concannon et al., 2019; Concannon et al., 2012), which
distinguishes patients and the public, providers, purchasers, payers, policymakers, product makers, and
principal investigators. Approximately 10 to 15 stakeholder representatives, with patient and public
representatives at its center, take part in structured consultations at three points in the trial lifecycle: a
pre-study consultation to refine the research questions, intervention design, educational materials, and
outcome selection; an optional mid-study consultation to address implementation challenges; and a
post-study consultation to co-interpret the findings and co-develop dissemination. Stakeholder input
during design confirmed that both dietary conditions are experienced as a meaningful reduction in
dietary burden, supporting the choice of an active rather than a sham comparator, and informed the
framing of the educational materials. All inputs are systematically documented, and their influence on
study procedures is reported transparently in accordance with the GRIPP2 reporting checklist for patient
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and public involvement (Staniszewska et al., 2017). Trial participants are distinct from the stakeholder
representatives; participation in the engagement process is an exclusion criterion for the trial. Trial
results will be disseminated through publication in a peer-reviewed journal, posted in the trial registry
(DRKS), and communicated to participants and the wider celiac community after consulting with the
stakeholder representatives.

Intervention and comparator

Overview and rationale

Both arms receive the identical evidence base on gluten cross-contact, derived from the study team's
preparatory work: a scoping review of worldwide cross-contact data ((Studerus et al., 2025); 59 studies,
28 countries, 27,806 food samples), a targeted laboratory analysis closing the evidence gaps it identified
(products containing wheat starch or barley malt, precautionary-allergen-labeled gluten-free grains, oat
drink, and soy sauce; two manuscripts in preparation, project registered on the Open Science Framework
(https://osf.io/3esxc)), and tolerance data (Rostami-Nejad et al., 2023). The experimental contrast lies
not in the information provided but in its interpretive framing and in the depth of practice change each
arm is invited to undertake. Social Practice Theory (Schatzki, 2010; Schatzki et al., 2001; Warde, 2016)
informed not only this framing but the construction of the rGFD itself, which was designed to address the
material, embodied, affective, and social dimensions of established avoidance practices rather than
cognitive knowledge alone.

Relaxed gluten-free diet (intervention arm)

The rGFD permits foods carrying a precautionary allergen label with a gluten content up to 200 ppm
(median), foods containing wheat starch or barley malt, and practices such as using shared kitchen
equipment (utensils, toaster, deep fryer), under the guiding heuristic "when in doubt, eat it." Based on
typical consumption of 300—-500 g of gluten-free products per day, this corresponds to an estimated
exposure of 60-95 mg gluten/day, which remains below the 150 mg/day threshold associated with only
minimally increased relapse risk (relative risk 1.07; (Rostami-Nejad et al., 2023)). The intervention alters
the decision rule applied under uncertainty, not the quantity consumed. Participants are given no
instruction on how much or how little of the permitted foods to eat; the extent to which the permitted
practices are taken up is left to everyday circumstance and is captured, not directed, by the weekly food
diary. Whether a relaxed decision rule translates into measurably higher gluten exposure is therefore an
empirical question of this pilot rather than a design assumption, and is examined through the achieved-
exposure analysis specified under Statistical analysis. A product-category risk stratification (low,
moderate, high) structures the messaging so that relaxation is evidence-based rather than
indiscriminate. Conceptually, the rGFD is framed as a deliberate de-implementation of habitual strict
gluten-avoidance behavior (Parchman et al., 2017): it replaces reflexive avoidance (,doing less") with
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informed trust, and is defined not by the absence of caution but by the redirection of vigilance toward the
situations where cross-contact is clinically relevant (,doing more®).

Optimized strict gluten-free diet (comparator arm)

The comparator maintains the conventional strict threshold (<= 20 ppm) under the heuristic "when in
doubt, avoid it," but is an active, genuinely beneficial comparator rather than usual care or a sham: the
same evidence base is used to prioritize vigilance, directing attention to situations where cross-contact
is clinically relevant and reassuring participants where it is negligible. Both arms therefore relax
somewhat relative to the maximal avoidance historically assumed by patients; they differ in how far and
under which interpretive frame. This evidence-based relaxation of the comparator was endorsed by
stakeholders during the study's stakeholder engagement process and constitutes a genuine, clinically
defensible relaxation of independent benefit; the comparator is thus an active comparator. Its
genuineness is precisely what sustains participant blinding: because both arms undergo a real and
credible relaxation of previously avoided practices, participants cannot readily infer their allocation. This
non-disclosure of allocation and comparator content was approved by the responsible ethics committee.

Delivery and materials

Each arm receives a group-specific, evidence-based educational screencast video and an accompanying
written handout, built from identical data with differentiated risk-interpretation frameworks. Materials are
equally resourced across arms to control for attention and educational exposure. The video is hosted on
the Swiss Celiac Center website; after the histology results have been received and definitive inclusion
confirmed, the investigator (DS) sends the group-specific personal video link and QR code together with
the handout by secure messaging channel (Threema Work; Threema GmbH, Switzerland) .

Timing

The intervention begins on the day following delivery of the educational materials but is counted as
formally initiated only once the participant has viewed the video; viewing is verified through the hosting
platform, and non-viewing within two days prompts a proactive reminder. Standardized screencast
delivery ensures identical intervention content within each arm. Ongoing contact is maintained through a

secure messaging channel (Threema Work; Threema GmbH, Switzerland). Further the focused weekly
food-diary functions as a structured retention measure.

Randomization, blinding, and safety switch

Randomization and allocation concealment
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Eligible participants are randomly assigned in a 1:1 ratio to the rGFD or the optimized strict gluten-free
diet using a computer-generated sequence with permuted blocks of variable length (block sizes of two
and four), yielding a balanced target of 15 participants per arm. The allocation sequence is generated in
R Studio with a documented seed for auditability, implemented in the electronic data capture system
(REDCap; Vanderbilt University), and its correct application is verified by the clinical trials unit (CTU) as
part of monitoring. The variable, concealed block structure ensures that the person performing
randomization cannot anticipate the next assignment, minimizing selection bias.

Timing of randomization

Randomization is performed only after histopathological confirmation of baseline eligibility (Vh:Cd
>2.0:1), that is, after the baseline biopsy has been obtained and assessed. Because the primary safety
measurement is therefore taken before an allocation exists, baseline outcome assessment is structurally
independent of group assignment. Participants whose baseline histology does not confirm the absence
of atrophy are recorded as screening failures.

The trial is single-blind. Participants are blinded to their allocation and to the content of the comparator
arm; because both arms receive equally resourced educational materials that differ only in interpretive
framing, allocation cannot be inferred from the materials. Full double-blinding is not feasible for a
behavioral dietary intervention. Outcome assessment is protected where it matters most: the
histopathologist assessing the primary endpoint (Medica, Zurich), the sponsor-investigator and
investigator performing the endoscopies, and the laboratory conducting the blood and stool analyses
(Analytica, Zurich) remain blinded to allocation throughout. Study visits and interviews are conducted by
two members of the study team. The investigator (DS) is necessarily unblinded, as her role comprises
randomization and the distribution of the group-specific educational materials. The research assistant
(VD) is blinded to allocation and has no access to the randomization records. Because both interview
guides are group-blind by design, using experiential rather than rule-based questioning, visits and
interviews can be conducted without disclosing group assignment and remain comparable across arms
irrespective of who conducts them.

Because participants are recruited to a single center from a patient population in which mutual contact
is common, exchange of information between arms cannot be structurally excluded. Contact with the
study team is therefore conducted individually through the secure messaging channel, and no group
sessions, group materials, or shared discussion formats are used at any point in the trial; the educational
video link is issued personally to each participant.

Individual safety switch

From week 6 onward, an elevation of tTG-IgA above 10 U/mL triggers an individual switch of that
participant from the rGFD to the comparator diet. Switched participants remain in the study and continue
to be assessed and analyzed within their originally allocated group, with follow-up continuing until week
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24. The frequency of safety switches is itself a predefined feasibility and safety signal and feeds the
progression criteria.

Study-level stop criterion and notification

The occurrence of more than two individual safety switches (approximately 20 % of the intervention arm)
constitutes a study-level stop criterion. Should immediate safety or protective measures become
necessary during conduct, such as emergency switches or temporary suspension, the sponsor-
investigator notifies the ethics committee within seven days, in accordance with Article 62b of the Swiss
Clinical Trials Ordinance.

Data monitoring

Given the low-risk category B classification, the short duration, and the pre-specified individual safety
switch and study-level stop criterion, no independent data monitoring committee was established; safety
oversight is exercised by the sponsor-investigator under a risk-based monitoring plan overseen by the
CTU Hirslanden, with reporting to the cantonal ethics committee as required.

Outcomes and instruments
All measurement timepoints are shown in Figure 1.

Primary endpoint. The villus height to crypt depth ratio (Vh:Cd) from distal duodenal biopsies, measured
by histomorphometry on calibrated digital microscopy by a blinded histopathologist at baseline and
week 24.

Immune response

» tTG-IgA at baseline and weeks 6, 12, 18, and 24 (remission reference <7 U/mL; an elevation >10
U/mL from week 6 triggers the safety switch);

» the modified Marsh-Oberhuber grade (types 0—3c) with intraepithelial lymphocyte (IEL) count at
baseline and week 24;

 and fecal anti-human tissue transglutaminase secretory IgA (anti-htTG slgA) at baseline and weeks
6, 12, 18, and 24, quantified with the IDK® Anti-htTG slgA enzyme-linked immunosorbent assay
(ELISA) (Immundiagnostik AG, Bensheim, Germany; Cat. No. K9393; CE-marked in vitro diagnostic;
cut-off 100 U/L).

Fecal anti-htTG slgA is used exploratively and directionally and not as a surrogate for mucosal
activation. A value above the manufacturer's cut-off is interpreted as evidence of probable mucosal
immune activation attributable to gluten exposure. A negative result neither excludes exposure nor
confirms adherence, given the well-documented insensitivity of transglutaminase antibodies to low-dose
dietary transgression. The diagnostic performance of the fecal assay for this purpose has not been

Page 13/33



established, and the longitudinal trajectory across the five timepoints is therefore more informative than
any single measurement.

Acceptance

» The AIM; (Kien et al., 2021; Weiner et al., 2017), with anticipated acceptability at baseline and
experienced acceptability at weeks 6, 12, 18, and 24, reported as distinct constructs on a common
scale.

Consent for using the AIM was given by the authors of the validated German version.
Symptoms

» The CSI; (Leffler et al., 2009), 16 items, total 16-80, higher scores indicating greater burden) at
baseline and weeks 6, 12, 18, and 24.

As no validated German version existed at study design, a forward—backward translation was performed
following established cross-cultural adaptation guidance with consent by the authors. A CSl score
exceeding 36 points within four weeks before screening constitutes an exclusion criterion.

Estimated gluten exposure
» A focused weekly food diary completed at home (estimated intake in mg/week)

with intake derived by combining product-category contamination values from the study team's
preparatory analyses (third-quartile values as a conservative floor) with standard portion sizes from the
Swiss national nutrition survey (menuCH);

 fecal gluten immunogenic peptides (GIP) at baseline and weeks 6, 12, 18, and 24, quantified with the
IDK® Gluten Fecal ELISA (Immundiagnostik AG; Cat. No. KR9309), targeting the immunodominant
gliadin 33-mer.

Given its limit of quantification (approximately 1.16 ug/g stool), GIP is used as a threshold detector for
substantial gluten exposure rather than as a sensitive marker of trace-level exposure; this ceiling-effect
avoidance is an intentional design choice, since a positive result specifically flags intake well above the
intended range within the intervention.

Psychosocial wellbeing

e Food-related quality of life
e anxiety about gluten ingestion

 willingness to take risks each measured on a 100 mm visual analogue scale (VAS) at baseline and
weeks 6, 12, 18, and 24.
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Visual analogue scales were chosen for these constructs after consideration of existing instrumentation.
The Celiac Disease Food Attitudes and Behaviours scale (CD-FAB) is the only disease-specific
instrument addressing an adjacent domain, but it captures maladaptive food attitudes as a clinical
construct and no cut-offs for clinical relevance have yet been established (Gholmie et al., 2023) which
limits the interpretability of within-participant change over the trial period. Single-item measurement of
conceptually narrow and clearly defined subjective states is methodologically defensible where the
construct does not require multiple facets to be represented (Bowling, 2005), and it limits respondent
burden across five assessment timepoints in a battery that already comprises the CSI, the AIM, and a
prospective food diary (Streiner et al., 2014). The concurrent qualitative strand contributes validity
evidence by allowing convergence or divergence between the scaled ratings and participants' accounts
of their lived experience to be examined at the point of integration.

Lived experience. Participants' lived experience of dietary change is captured through semi-structured
interviews analyzed by qualitative content analysis (see Qualitative strand).

Safety endpoints. tTG-IgA elevation above 10 U/mL (reference: < 7 U/mL) triggering the individual safety
switch from week 6; adverse events related to the dietary intervention; and withdrawal rates with
reasons.

Statistical analysis

The primary analysis estimates the between-group difference in Vh:Cd change over 24 weeks from a
linear mixed-effects model of the form outcome ~ group x time + (1 | participant), fitted in R Studio
(Ime4, ImerTest); this difference is interpreted descriptively in relation to the -0.4 margin (Taavela et al.,
2013) rather than tested for non-inferiority. Group-by-time estimated marginal means and their contrasts
are obtained with the emmeans package and reported with 95% confidence intervals, and the same
model form is applied to the secondary clinical and patient-reported outcomes. A trend analysis relates
ordered gluten-exposure categories to Vh:Cd change (and IEL change) (emtrends), and the modified
Marsh-Oberhuber grade is treated as ordinal. Analyses are estimation-focused and exploratory,
emphasizing effect sizes and precision; no multiplicity adjustment is applied.

Because the intervention prescribes a decision rule rather than a fixed dose, achieved exposure is
treated as a measured quantity rather than an assumption. The between-arm difference in estimated
weekly gluten exposure from the food diary and the proportion of participants with fecal GIP above the
limit of quantification are reported descriptively as a check of differential uptake, and condition the
interpretation of the primary estimate: in the absence of an exposure differential between arms, a null
finding on Vh:Cd would be uninformative with respect to safety. The magnitude of any observed
differential is itself a design finding relevant to the definitive trial.

Analyses follow the intention-to-treat principle. Missing data are assumed missing at random and
addressed by multiple imputation respecting the longitudinal structure, with results compared with and
without imputation as a sensitivity analysis. Model assumptions are examined through residual
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diagnostics; as ratio outcomes and summed Likert scores are not expected to be normally distributed,
robust estimators, transformations, or generalized mixed models are used where indicated.

Sample size

No formal power calculation was performed, as hypothesis-driven power calculations do not determine
sample size in pilot trials (Eldridge et al., 2016; Lancaster & Thabane, 2019; Lee et al., 2014). The sample
of 30 participants (15 per arm) is determined by feasibility and by the available capacity for 60
endoscopic procedures (baseline and week 24), while consistent with established recommendations for
pilot trial sample sizes (Julious, 2005; Teare et al., 2014). The sample size is characterized in terms of
the precision it affords rather than the effects it would allow to be detected: with 15 participants per arm,
the half-width of the 95 % confidence interval for a between-group difference in Vh:Cd change
corresponds to approximately 0.74 standard deviations. A central purpose of the pilot is to generate the
variance estimates required to inform the design of a subsequent definitive trial.

Progression criteria

The safety-based stop criterion and the recruitment criterion are pre-specified in the study protocol; the
remaining progression criteria were specified for the feasibility reporting of this pilot as shown in Table
1. Progression to a definitive trial is judged against these pre-specified feasibility criteria, reported in line
with the CONSORT extension for pilot and feasibility trials (Eldridge et al., 2016). Two domains carry
binary stop-or-proceed thresholds; the remaining domains are assessed descriptively, their observed
values informing the design and assumptions of a definitive trial rather than a formal pass/fail rule, as is
appropriate to a pilot of this size.

Qualitative strand

Building on the study's pragmatist worldview and its social practice theory lens, the qualitative strand
examines how participants experience and reconfigure everyday dietary practices as gluten avoidance
from cross-contact is deliberately relaxed. It uses inductive—deductive qualitative content analysis (Elo &
Kyngas, 2008); a separate, theory-generating analysis of the complete qualitative dataset using
constructivist grounded theory (Charmaz, 2014) is planned as a follow-up study in 2027 / 2028.

Interviews and data collection

Semi-structured interviews are conducted at five timepoints (baseline and weeks 6, 12, 18, and 24) using
two theory-informed guides developed for the study. The baseline guide establishes individual profiles
across five domains: biographical relationship with the diagnosis, everyday dietary practices, bodily
experience, social dimensions of eating, and the management of uncertainty and risk. The follow-up
guide traces practice-transformation trajectories across seven thematic blocks, with a dedicated block
on meaning and identity introduced from week 18, once sufficient time has elapsed for reflection on
identity work. Both guides are group-blind by design, using experiential rather than rule-based
questioning, so that interviews can be conducted without revealing allocation and remain comparable
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across arms and across timepoints. Food-diary entries and inter-visit chat messages are treated as
supplementary qualitative data alongside the transcripts.

Interviews are conducted by two members of the study team, the investigator (DS) and the research
assistant (VD). Both use the same theory-informed guides and were jointly trained in their application,
including a shared calibration of probing strategies and of the experiential rather than rule-based
questioning style on which the group-blind construction of the guides depends. Interviewer allocation is
documented for each interview so that it can be examined as a potential source of variation during
analysis. Interview conduct is reviewed at regular intervals against the guides, and interpretive decisions
arising during data collection are discussed jointly and recorded in the sampling journal alongside the
sampling decisions.

Sampling

All thirty participants are interviewed at baseline and week 6, establishing longitudinal reference profiles.
From week 12, a purposive maximum-variation strategy selects participants to represent expected
diverse quantitative response trajectories from the parallel trial strand (tTG-IgA, fecal GIP, symptom
scores, VAS), with deliberate balance between arms (approximately five to eight per group per timepoint)
to protect the credibility of subsequent meta-inference. Detection of fecal GIP above the limit of
quantification in the intervention arm constitutes an additional sampling trigger, as it indicates that a
participant's dietary practice has departed from the planned cross-contact framework and thus
represents a case of particular interpretive interest. From week 18, selection is additionally guided by the
concepts emerging from ongoing content analysis of earlier interviews; week 24 interviews continue
until thematic saturation, the point at which new interviews yield no substantially new categories (Elo et
al., 2014), which is distinct from theoretical saturation in the grounded-theory sense (Saunders et al.,
2018). This iterative, concept- and indicator-informed selection is understood abductively, as a
disciplined movement between emerging observations and theory (Timmermans & Tavory, 2012). All
sampling decisions, including the quantitative indicators considered and group balance, are recorded in
a sampling journal; approximately 90-108 interviews are anticipated across all timepoints.

Analysis

Interviews are imported into MaxQDA, transcribed verbatim, and analyzed following the three phases of
qualitative content analysis: preparation, organization, and reporting (Elo & Kyngas, 2008). The unit of
analysis is the meaning unit, a coherent segment ranging from a phrase to several sentences, with the
whole transcript retained as context (Graneheim & Lundman, 2004); both manifest and latent content are
considered. Organization proceeds inductively and deductively: a deductive, unconstrained
categorization matrix derived from the dimensions of social practice in Schatzki's Social Practice Theory
(embodied knowledge, material arrangements, social meanings, and competences; (Schatzki, 2010;
Schatzki et al., 2001) structures initial coding, while inductive open coding identifies concepts beyond
the a priori frame, which are then reconciled with the matrix. Because the matrix is unconstrained,
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categories outside the initial framework can be created, preserving openness to emergent meaning; the
interplay between frame and data is handled abductively.

Trustworthiness and researcher positionality

Rigor is established through trustworthiness criteria specific to qualitative content analysis (Elo et al.,
2014), addressing credibility, dependability, confirmability, and transferability across the preparation,
organization, and reporting phases: prolonged engagement over the 24-week follow-up, an audit trail
through the sampling journal and complete MaxQDA documentation of coding decisions, independent
review of a subset of coding by an external researcher, member checking of selected interpretations at
week 24, and thick description of sample, context, and sampling decisions. The principal qualitative
researcher (DS) is both investigator and a person with CeD; this insider position is treated as a
productive asset for theoretical sensitivity and rapport, managed through systematic reflexivity and
transparent reporting of positionality (Berger, 2013).

Integration

Integration is treated as a continuous design principle rather than a terminal step (Bazeley & Vogl, 2026).
It operates at three levels: connecting at the sampling stage, merging at the level of interpretation
through joint displays (Creswell & Plano Clark, 2017; Fetters et al., 2013), and meta-inference, at which
conclusions drawn from the two strands are brought into a single interpretive account (Tashakkori &
Teddlie, 2010).

Connecting: at sampling

From week 12, response trajectories from the quantitative strand (tTG-IgA, fecal GIP, symptom scores,
VAS) together with the concepts emerging from ongoing content analysis jointly inform the selection of
participants for in-depth interviews (see qualitative strand). This connection is directional: quantitative
and qualitative data determine whom to interview, but qualitative findings never alter what or when
quantitative outcomes are measured. The trial protocol therefore remains fixed, preserving the internal
validity of the randomized strand, and the interview guide is held constant, so that connecting sampling
does not compromise comparability.

Merging: at interpretation

Once each strand has been analyzed independently, quantitative trajectories and qualitative categories
are brought together in joint displays at three predefined integration points (weeks 12, 18, and 24). Each
joint display juxtaposes quantitative results (group-wise tTG-IgA and GIP trajectories, CSl and VAS
trajectories) with qualitative findings (emergent categories) and is examined explicitly for convergence,
where both strands confirm the same phenomenon from different angles; complementarity, where each
illuminates a different facet; and divergence, where the strands appear to contradict one another.
Divergence is treated not as error but as an analytically productive signal that typically points to
contextual factors invisible to either strand alone (drawing on dialectical pragmatism; (Johnson, 2017)).
Page 18/33



Inference: meta-inference

The integrated findings are synthesized into a meta-inference, a conclusion that answers the overarching
mixed methods question, which neither strand could address alone: whether and how a rGFD can be
safely and meaningfully implemented in the daily lives of adults with celiac disease? The trial strand
establishes whether relaxation is clinically safe; the qualitative strand illuminates the practices,
meanings, and material and social conditions that shape whether and how it can be lived. Member
checking of selected interpretations at week 24 feeds this stage.

Discussion

This protocol describes, to our knowledge, among the first mixed methods designs embedded within an
experimental framework with the qualitative and quantitative strands carrying equal methodological
weight, in a dietary intervention in CeD. It addresses a gap left by an evidence base dominated by fixed-
dose challenge studies, acute biomarker experiments, and cross-sectional contamination analyses, none
of which corresponds to the condition that actually determines whether relaxation is safe and accepted:
distributed, chronic, food-borne gluten exposure under a deliberately relaxed diet, evaluated
prospectively against a histological endpoint.

Strengths

Several features of the design merit emphasis. First, the sequence of baseline endoscopy,
histopathological confirmation of eligibility, and only then randomization, ensures that the primary
endpoint at baseline is structurally independent of group assignment, since no allocation exists at the
time of the initial biopsy, removing a source of baseline bias that is difficult to control where
randomization precedes the first outcome measurement.

Second, the use of an active, genuinely beneficial comparator rather than a sham or usual-care control
means that any between-group difference in the primary endpoint can be attributed to the specific
content of the intervention rather than to differences in attention, educational exposure, or perceived
intensity; both arms receive materials of equivalent format and dietitian contact, grounded in identical
cross-contamination evidence.

Third, assessor blinding is achieved at several independent levels: the sponsor-investigator performing
endoscopy, the histopathologist assessing the primary endpoint, the laboratory conducting blood and
stool analyses, and the research assistant conducting study visits. No single unblinded actor can
influence outcome ascertainment. This multi-level approach, in which study personnel are blinded to
allocation, to outcomes, or to both according to their role, follows the recommendations for blinding in
behavioral trials, where uniform masking of the kind achievable with placebo-controlled pharmacological
designs is not possible (Friedberg et al., 2010).
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Fourth, the mixed methods architecture reflects the complexity of dietary behavior as an intervention
target and aligns with the Medical Research Council framework for complex interventions (Skivington et
al., 2021), with a substantive grounding in social practice theory that is load-bearing rather than
ornamental: it motivates the choice of inductive—deductive content analysis and positions the
intervention as the de-implementation of an avoidance practice embedded in daily routines, material
arrangements, and social relations. Finally, the systematic stakeholder engagement conducted as a
separately registered sub-project, using the 7P framework (Concannon et al., 2019; Concannon et al.,
2012), embeds patient and public involvement across the trial lifecycle, so that intervention design,
materials, and outcome selection reflect the perspectives of those most directly affected.

Practical and operational considerations

Several operational aspects shaped the design and warrant transparent description. The rate-limiting
constraint on the study is not candidate supply but endoscopic capacity: sixty procedures (baseline and
week 24) must be accommodated within routine clinical service, which determines both the recruitment
pace and the single-center setting. Recruitment is therefore governed by a defined window and an
explicit stop criterion (30 participants or 31 October 2026, whichever occurs first), and the single site,
while limiting immediate generalizability, secures procedural consistency in intervention delivery and
outcome assessment.

Maintaining blinding in a dietary trial requires deliberate operational separation of roles. All allocation-
revealing tasks, namely randomization and the distribution of the group-specific educational materials,
are carried out exclusively by the unblinded investigator (DS). Study visits and interviews are conducted
by both DS and the blinded research assistant (VD), using instruments and interview guides that are
identical across arms; access rights in the electronic data capture system prevent VD from viewing
allocation or safety-monitoring data. Non-disclosure of the comparator arm is set out in advance in the
informed consent form and resolved by debriefing at study completion, under ethics-committee
approval.

The individual safety switch is operationalized through scheduled tTG-IgA monitoring from week 6; a
participant crossing the threshold is moved to the comparator diet, continues in follow-up until antibody
normalization, and is analyzed within the originally allocated group, with more than two switches
constituting a study-level stop criterion.

Intervention fidelity cannot be observed directly, since dietary behavior in everyday life is not amenable to
continuous monitoring. This is addressed through a complementary, multi-level exposure strategy (the
weekly food diary, fecal gluten immunogenic peptides, and fecal anti-htTG secretory IgA) together with
verification that the educational video has been viewed. These sources capture different parts of the
exposure spectrum rather than a single complete measure of adherence, and are interpreted accordingly.
The qualitative strand adds its own operational demands: iterative, concept- and indicator-driven
sampling from week 12, systematic documentation in a sampling journal, and the management of
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researcher positionality. Data capture and monitoring are handled through REDCap under a risk-based
monitoring plan overseen by the CTU Hirslanden.

Limitations

Several limitations follow directly from the pilot nature of the study. The sample of thirty participants
was determined by feasibility and endoscopic capacity rather than by a power calculation; the trial is
consequently not powered for confirmatory clinical inference, estimates of between-group differences
will be imprecise, and the clinical outcomes are interpreted by estimation rather than hypothesis testing.

The study population is deliberately selected and may not represent newly diagnosed or non-adherent
patients, and self-referral introduces a degree of volunteer bias. The 24-week duration may not capture
long-term or cumulative effects; this is a particular consideration given that the long-term clinical
significance of low-dose immune activation reported at doses far below labeling thresholds (Daveson et
al., 2026) remains unknown, and it is precisely such cumulative effects that a definitive trial would need
to address.

Complete masking of treatment assignment is not achievable in a dietary intervention, as participants
necessarily know their own recommendations and those familiar with cross-contact research may infer
their allocation; the active comparator, the equipoise framing, and multi-level assessor blinding mitigate
but do not eliminate this. A proportion of interviews is conducted by the unblinded investigator, so that
knowledge of allocation cannot be excluded as an influence on questioning or on the interactional
dynamics of those interviews. This is mitigated by the group-blind construction of the interview guides,
by the parallel conduct of interviews by a blinded research assistant, and by the reflexivity procedures
described above, but it remains a limitation of the qualitative strand.

Combining the quantitative and qualitative strand has its own limitations: integration juxtaposes a whole-
sample quantitative signal with a purposively selected qualitative subset, connected sampling means
the strands are not fully independent at merging, and the pilot size renders any meta-inference
provisional rather than confirmatory.

A further limitation follows from the intervention's design: it permits, but does not prescribe, higher
gluten exposure. Should both arms converge on comparable exposure, the trial would characterize the
acceptability of a relaxed decision rule without providing an informative test of its mucosal safety.
Exposure data are therefore reported alongside the primary estimate rather than assumed, and the
direction of any such convergence would itself inform whether a definitive trial requires a more directive
intervention.

Finally, the fecal GIP assay, used deliberately as a threshold detector, does not quantify trace-level
exposure, and neither tTG-IgA nor anti-htTG sIgA serves as a surrogate for mucosal immune activation.
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Contribution and outlook

The trial is intended as the empirical and methodological foundation for a larger, confirmatory,
multicenter study. It will generate the variance and effect estimates required to power such a trial,
together with feasibility data on recruitment and safety-switch frequency, and it will refine the
intervention, the biomarker strategy and the mixed methods integration framework. In this sense the
study makes a dual contribution: it produces preliminary evidence on the safety and acceptance of
dietary relaxation within a GFD in CeD, and it establishes a methodological template for the rigorous de-
implementation and evaluation of complex dietary interventions. Should the findings point toward safety
and acceptability, they would justify a definitive trial, one capable of confirming whether the burden of
maximal vigilance can be calibrated to actual physiological risk, the proportionality question with which
this work began.
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Domain

Recruitment
Safety (individual
safety switches)

Retention / paired-
biopsy completion

Adherence

Acceptance

Data completeness

Assessment

Binary

Binary

Descriptive

Descriptive

Descriptive

Descriptive

Criterion / reported metric

= 24 of the target 30 participants enrolled by 31 October
2026, corresponding to a mean enrolment rate of = 6
participants/month over the mid-July to end-October
window.

>2 individual safety switches constitutes a study-level stop
criterion; <2 permits continuation (defined in Randomization,
blinding, and safety switch)

Proportion completing the 24-week protocol; proportion with
paired baseline and week-24 biopsies (the completion rate
critical for a Vh:Cd-based definitive trial)

Estimated exposure within the intended range:

¢ for the intervention arm, estimated intake within the
contamination range with fecal GIP below the limit of
quantification;

e for the comparator arm, GIP non-detectable and fecal
anti-htTG sIgA <100 U/L

AIM s)cores (anticipated at baseline; experienced at weeks
6-24

Proportion of expected outcome data captured (REDCap)

Progression criteria were defined a priori for each feasibility domain. In line with current guidance for
pilot and feasibility trials, they are intended to inform the design of a definitive trial rather than to serve
as automatic stop/go rules: where a criterion is not met, the specified adaptation is considered before
concluding that a definitive trial is not warranted. The safety domain is the exception and additionally
functions as a predefined ethical stopping rule. Assessment timepoints correspond to the study visits

shown in Fig. 1.

Abbreviations: GIP gluten immunogenic peptides, htTG slgA human tissue transglutaminase secretory

immunoglobulin A, REDCap Research Electronic Data Capture, Vh:Cd villous height-to-crypt depth ratio
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Figure 1

Participant timeline: Schedule of enroliment, interventions, and assessments

* repeated at VO only if >2 weeks have elapsed since the screening draw; otherwise the screening value
is carried forward as baseline
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+ Individual switch to the control arm if tTG-IgA >10 U/mL from week 6; study-level stop criterion if >2
switches (= >13% of the intervention group). At t4, tTG-IgA elevation triggers continued safety follow-up
rather than a switch

b Eligibility screen = (CeD diagnosis, medical history, demographics), Symptom screen for exclusion (CSlI
>30), Physical examination, Pregnancy test (childbearing potential) — all performed after signing the
informed consent as study specific procedures

¢ Educational material (group-specific video + handout)
d Celiac Symptom Index + VAS 0-100 mm for fr-QoL, gluten anxiety, risk willingness

e 0 captures anticipated acceptability (rated before intervention onset); T1-T4 capture experienced
acceptability. Reported and interpreted as distinct constructs on a common scale (Sekhon et al. 2017
Weiner et al. 2017), not pooled as a single repeated measure

f focussed food diary (weekly, at home), estimation based on our previous work

g All 30 participants at VO and T1; from T2 (week 12) a theoretically sampled subset (~10-16 per
timepoint) for in-depth interviews. Interview guide held constant across timepoints for comparability.
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