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Abstract

Gluten challenge is an essential clinical tool that involves reintroducing or increasing the amount 

of gluten in the diet to facilitate diagnostic testing in celiac disease (CD). Nevertheless, there is 

no consensus regarding the applications of gluten timing, dosing, and duration in children. This 

review aims to summarize the current evidence, discuss practical considerations, and proposes a 

clinical algorithm to help guide testing in pediatric patients.
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Childhood development, social circumstances, and long-term health concerns must be considered 

when identifying a candidate for gluten challenge. Based on previous studies, the authors suggest 

baseline serology followed by a minimum of 3–6 grams of gluten per day for over 12 weeks to 

optimize diagnostic accuracy for evaluation of CD. A formal provider check-in at 4–6 weeks is 

essential so the provider and family can adjust dosing or duration as needed. Increasing the dose of 

gluten further may improve diagnostic yield if tolerated, although in select cases a lower dose and 

shorter course (6–12 weeks) may be sufficient.

There is consensus that mild elevations in celiac serology (<10 times the upper limit of normal) 

or symptoms, while supportive are not diagnostic for CD. Current North American Society for 

Pediatric Gastroenterology, Hepatology and Nutrition guidelines recommend histologic findings 

of intraepithelial lymphocytosis, crypt hyperplasia, and villous atrophy as the accurate and most 

appropriate endpoint for gluten challenge.
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Celiac disease (CD) is a chronic gluten driven immune-mediated enteropathy (1) that can 

present with gastrointestinal symptoms, extraintestinal manifestations, or no symptoms at all 

(2). Diagnosis of CD involves assessment of symptoms, serology, and duodenal histology 

(3–5), which normalize on a gluten-free diet (GFD) (6,7). Therefore, accurate evaluation 

requires patients to be ingesting sufficient gluten when tested. Frequently, patients reduce 

their gluten intake to ameliorate symptoms or to treat presumed disease. Consequently, 

physicians may recommend a gluten challenge, which involves reintroducing or increasing 

the amount of gluten consumed to facilitate diagnostic testing. Although adult and pediatric 

studies (8–14) have attempted to identify how much gluten must be ingested to ensure 

serologic and endoscopic findings are reliable, consensus has not been reached (15–17). 

Here, we outline indications for gluten challenge, review current evidence that informs how 

to perform a challenge, and discuss practical considerations.
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METHODS

PubMed, Google Scholar, and Scopus (1972–2022) were searched using the terms “celiac,” 

“coeliac,” “gluten,” and “challenge” alone and in combination. Highly cited publications 

and those published in 2000 or later were prioritized. Authors are members of the North 

American Society for Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) 

Celiac Disease Special Interest Group.

CLINICAL INDICATIONS

Gluten challenge is most commonly employed when gluten intake is reduced or eliminated 

before a definitive diagnostic evaluation of CD was completed (Table 1). Gluten restriction 

may precede testing or occur in response to abnormal celiac serology titers below the 

threshold for non-biopsy diagnosis. The European Society of Pediatric Gastroenterology, 

Hepatology and Nutrition published guidelines for serologic diagnosis without biopsy if the 

tissue transglutaminase-immunoglobulin A (tTG-IgA) is greater than 10 times above the 

upper limit of normal and there is a positive endomysial antibody on a second blood draw 

(18), however NASPGHAN has not adopted this diagnostic algorithm to date. In certain 

situations, gastroenterologists may discuss these European guidelines with families, however 

according to NASPGHAN (19–21), to complete appropriate diagnostic testing, one needs to 

restart a gluten-containing diet, repeat serology, and in most cases perform an endoscopy.

Gluten challenge should also be considered when diagnostic studies yield discordant results 

such as in “potential CD” (eg, positive celiac autoantibodies in the absence of duodenal 

enteropathy (22)) or in the presence of gluten induced symptoms without positive serology 

(23). Prudent diagnosis of potential CD requires examination of whether gluten consumption 

prior to endoscopy was sufficient to exclude CD and if adequate biopsies were taken (24). 

Gluten challenge may be indicated so that inappropriate diagnosis of potential CD in such 

cases does not delay diagnosis and treatment.

ASSESSMENT

Assessments during gluten challenge include symptoms, autoantibodies, and histopathology 

(12,13). Baseline evaluation by the gastroenterologist includes estimating current gluten 

intake, screening gastrointestinal and extraintestinal manifestations, and establishing goals 

of gluten consumption for the challenge. Human leukocyte antigen (HLA) genotyping can 

be informative as HLA DQ2, DQ7, and/or DQ8 are necessary for CD susceptibility, albeit 

not diagnostic (25–27). Thus, HLA testing may identify who could potentially forgo a gluten 

challenge given the low occurrences of HLA-DQ2/7/8-negative CD (16). Test costs and 

clinical context should be considered.

Baseline serologies prior to challenge may be particularly helpful in patients without 

previous serologic testing, patients ingesting minimal amounts of gluten, or patients who 

have recently started a GFD. Elevated serologies may be helpful, but normal celiac 

serologies in patients taking little or no gluten cannot be used to confidently exclude 

CD (Fig. 1). tTG-IgA (4) with total IgA to exclude IgA deficiency are recommended. 
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Deamidated gliadin antibodies, tissue transglutaminase IgG, and/or endomysial antibody 

may be used depending on the IgA status and clinical context (28).

INITIATING A GLUTEN CHALLENGE

Gluten challenge should only be undertaken after a comprehensive clinical assessment and 

discussion about the benefits versus risks. Contraindications include known anaphylactic 

response to gluten, severe neurological manifestations, or debilitating symptoms. Given 

the importance of clinical context and heterogeneity of responses to gluten, it is critical 

to discuss the intended dosing and duration of gluten ingestion prior to the start of the 

challenge. These parameters may be influenced by age, pubertal development, potential for 

symptom severity, and duration of prior gluten restriction.

Previous gluten challenge studies (Table 1, Supplemental Digital Content, http://

links.lww.com/MPG/D275) have used a range of gluten intake (1–30 grams per day) and 

weight based dosing (0.2–1 grams gluten/kg/day) (29). Historically, when gluten challenge 

was part of the diagnostic algorithm for all patients, consumption of 10 grams gluten/day 

for 6–8 weeks was recommended (30–32). In 2013, Leffler et al (13) suggested a change to 

the clinical practice paradigm based on a study in adults in which 3 grams gluten/day for 

14 days was sufficient to confirm histologic relapse in healed CD patients. A subsequent 

double-blind study of a 14-day gluten challenge demonstrated dose responsiveness as those 

who received 10 grams gluten/day had greater reduction in villous height to crypt depth 

ratio than those who received 3 grams gluten/day. Notably, more symptoms were reported by 

those who received the lower dose (12).

Pediatric gluten challenge trials are limited. Meyer et al challenged children with 

biopsy-proven CD in remission with 10 grams gluten/day. A challenge–duration response 

relationship was observed with 68% having histologic relapse at 8 weeks, 84% at 3 months, 

and 97% at 2 years (33). Other pediatric studies have shown dose-dependence of serologic 

and histologic relapse with chronic daily ingestion of small amounts of gluten (~200 mg 

and 1 gram) (33,34). In another study, sustained exposure to 10 mg/kg/day of gluten led to 

villous atrophy in 9.2% at 6 months and 53.7% by 36 months (35).

Finally, ensuring consistent gluten ingestion and the form in which the gluten is delivered 

can be problematic. “Slice of bread” equivalents are often suggested, but concrete 

recommendations may be more practical as children typically consume a variety of gluten-

containing foods. Objective data regarding the gluten content of specific foods is limited, 

but calculations have been employed to estimate gluten content (36–38). The University 

of Minnesota Nutrient Coordinating Center (NCC) Food and Nutrient Database calculates 

gluten content based upon estimating the fraction of vegetable protein in food presumed to 

be gluten (37). Mean gluten content (rounded to nearest 0.5 grams) of seven common foods 

included in the NCC Database are listed in Table 2. There was insufficient data to provide 

reliable estimates for other gluten-containing staple foods. The NCC approach is limited by 

variability in ingredients and preparation. Therefore, we also calculated the estimated gluten 

content in vital wheat gluten flour and all-purpose baking flour using the same method as 

previous translational studies (12,39).
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MAXIMIZING ACCURACY

Clinically, the gluten challenge is dynamic, as patient intake varies from day to day. Clinical 

monitoring is critical as either the dose or duration of gluten challenge may need to be 

adjusted based on signs and symptoms. Based on previous studies, we suggest a minimum 

of 3–6 grams of gluten per day for 12 weeks to optimize diagnostic accuracy of the CD 

evaluation. If gluten is causing mild or no symptoms, then more gluten (up to 10 grams/day 

or more) for longer is encouraged to increase confidence that the challenge was sufficient 

to induce relapse and CD can be appropriately excluded (Fig. 1). If gluten is causing 

distressing symptoms an abbreviated challenge of 6–12 weeks is acceptable. However, a 

shorter gluten challenge may not be able to rule out CD. Thus, a longer challenge improves 

the chance to rule in CD and avoid multiple endoscopies with anesthesia. Duration may 

be adjusted for those who have restricted gluten for a short period (<2 weeks) as villous 

architecture is unlikely to be restored in this time frame and high levels of circulating T cells 

may prime the response.

Regardless of dosing and duration, there is consensus that mild elevations in serology or 

symptoms, albeit supportive, have limited diagnostic value. Current NASPGHAN guidelines 

recommend endoscopy and duodenal histopathology with intraepithelial lymphocytosis, 

crypt hyperplasia, and villous atrophy the most appropriate endpoint for gluten challenge 

(5).

MANAGING SYMPTOMS

Symptoms are expected during a gluten challenge. These may include gastrointestinal 

(eg, abdominal pain, diarrhea, bloating) and extraintestinal manifestations (eg, fatigue, 

headaches, brain fog). Early studies suggested that symptomatic response worsened over 

time and was more frequent with higher gluten intake. A pediatric study in 1972 with 2 

g/day gluten found 4% of subjects reported symptoms within 4 days, and 25% by 6 months 

(40). When higher doses (minimum gluten 10 g/day) were used, 13% of children developed 

symptoms within 12 hours, increasing to 33% at 4 weeks (41). If symptoms develop, it is 

important for the patient/family to notify the clinician so they can guide whether to adjust 

the gluten dose and continue the challenge or expedite lab testing and/or endoscopy.

Symptoms with gluten reintroduction have limited specificity and do not equate to a 

diagnosis of CD. Celiac serologies may also be collected, but have limited value in the 

abbreviated timespan and are not required to guide planning for endoscopic evaluation. 

Applying patterns found in the abbreviated gluten challenge study in adults (13), even a 

minimum of 2 weeks gluten exposure at ≥3 grams dose may be sufficient to demonstrate 

villous atrophy and confirm CD. However, if villous atrophy is not present a 2-week 

challenge may not be sufficient to conclude CD is not present. Thus, one should consider 

continuing the gluten challenge and monitoring the patient on a gluten-containing diet with 

serology.

Prior to aborting gluten challenge, patients with severe symptoms may consider adjusting 

the gluten dose to reduce symptoms, although previous studies have not demonstrated 

Singh et al. Page 5

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2024 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a symptom correlation in patients undergoing challenge with reduced gluten load (12). 

Nevertheless, we suggest consideration of a reduced gluten load as well as expedited 

endoscopy in those with gluten-related symptoms significantly affecting their quality of 

life. In addition, symptom-targeted medications (eg, antispasmodics, antiemetics, acid 

suppressants) or reduction in lactose intake may be helpful while the patient awaits 

endoscopy.

SPECIAL CONSIDERATIONS IN PEDIATRICS

Given the limited data to support an optimal gluten challenge amount or duration in 

pediatrics, childhood development, social circumstances, and long-term health concerns 

must be considered. Shared decision making with the family and child are essential.

Age and developmental stage are particularly important when considering reintroduction 

of gluten for a patient who is thriving on a GFD. Previous guidelines discourage a gluten 

challenge in children less than 5 years or during pubertal development (42). However, we 

suggest that patients who have minimal to no symptoms and normal growth may undergo 

a gluten challenge at any age. Patients with poor weight gain on a GFD who have not 

had an improvement in growth may benefit from a gluten challenge as ruling out CD may 

permit safe introduction of high-calorie gluten-containing foods. On the other hand, patients 

with poor weight gain or growth failure who demonstrated improvement in weight or height 

gain associated with a GFD may benefit from a deferred gluten challenge occurring after 

catch-up growth and pubertal growth spurts have occurred. An individualized approach is 

paramount given the variability in the necessary length and response to the gluten challenge. 

While complications of the challenge need to be considered in key aspects of growth, and 

development, we suggest that there is no age or developmental period after infancy during 

which a gluten challenge is absolutely contraindicated.

Our recommendations fall between 2 other recently published statements, one which 

suggested a gluten challenge of up to 12 months with serial serologies (16,17) and another 

which suggested a period of 6 weeks may be sufficient (15). These discrepancies highlight 

the importance of tailoring the challenge to the individual patient and to whether the 

goal is to rule in or to rule out CD. While we agree that higher dosing and prolonged 

durations increases diagnostic yield and that prolonged challenge is feasible for those 

without symptoms, based on review of the literature we believe a 12-week endpoint will 

be reliable while decreasing loss to follow-up and increasing patient and family acceptance.

CONCLUSIONS

It is of utmost importance that clinicians not remove gluten from the patient’s diet before 

diagnostic testing for CD is complete and consultation with a gastroenterologist has 

occurred. When a gluten challenge is necessary, we suggest a minimum of 3–6 grams of 

gluten per day for 12 weeks. A formal provider check-in at 4–6 weeks is a key to allow for 

adjustments in dose and duration. Challenges as short as 6–12 weeks may be necessary in 

patients with symptoms however higher gluten doses for a longer period for patients with no 

or minimal symptoms improves accuracy.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What Is Known

• Gluten challenge is a diagnostic tool used to confirm or exclude a diagnosis of 

CD.

• There is no consensus regarding the application of gluten timing, dosing, and 

duration of a gluten challenge in children.

What Is New

• Longer duration (≥12 weeks) and higher dosing of gluten may improve 

diagnostic accuracy of CD in children.

• Clinical algorithm for a gluten challenge includes symptom assessment and 

serology, but the key endpoint remains histologic findings of intraepithelial 

lymphocytosis, crypt hyperplasia, and villous atrophy.
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FIGURE 1. 
A clinical approach to gluten challenge for the diagnosis or exclusion of CD in children. 

Goals of testing should be clear with shared decision making to balance quality of life, 

patient safety, and accuracy of diagnosis. In addition to assessment of gluten intake, celiac 

serology titers, and HLA genotyping when applicable, the framework of the challenge 

requires communication and monitoring of signs and symptoms. A formal provider check-in 

at 4–6 weeks allows potential modification to the duration of the gluten challenge and may 

guide timing of repeat serology and subsequent endoscopy. CD = celiac disease; EMA = 

endomysial antibody; HLA = human leukocyte antigen; IgA = immunoglobulin A; tTG = 

tissue transglutaminase; ULN = upper limit of normal.
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