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ABSTRACT

Background & Aims: Despite a strict gluten-free diet (GFD), many patients with celiac disease (CD) continue
to experience symptoms and nutrient deficiencies. Prebiotics, non-digestible substrates that foster beneficial
bacteria and short-chain fatty acid (SCFA) production, may offer adjunctive benefits, though their role in CD
remains unclear. We aimed to determine the clinical efficacy, safety, and nutritional outcomes of prebiotics
in CD.

Methods: Following PRISMA guidelines, we systematically searched PubMed, Embase, Web of Science, and
CENTRAL through May 2025 for clinical studies evaluating the effects of prebiotics in CD, derived from either
supplements or foods naturally abundant in prebiotics. Eligible trials and observational studies were assessed
using Cochrane RoB 2.0 or Newcastle-Ottawa tools, and data were synthesized narratively.

Results: Twelve studies (1,066 participants) were included. Oligofructose-enriched inulin (Synergy 1) increased
fecal SCFAs by 31%, Bifidobacterium abundance, osteocalcin, and serum vitamins D and E. It also reduced
hepcidin by 61% without gastrointestinal intolerance. Oats (50-70 g/day) for up to 24 months maintained
histologic remission, negative serology, and improved dietary iron, fiber, thiamin, and zinc intake without
worsening hemoglobin or ferritin status. Quinoa modestly lowered cholesterol, and amaranth enhanced growth
and corrected trace element deficiencies in children. No study reported serious adverse events; adherence
improved when prebiotics diversified the GFD.

Conclusions: Prebiotics appear safe and may enhance microbiota composition, nutrient absorption, and
barrier integrity without compromising mucosal healing. Larger standardized randomized trials are needed
to confirm these findings.

Key words: celiac disease — gluten-free diet — prebiotics — inulin - gut microbiota — short-chain fatty acids -
nutritional status — intestinal permeability — dietary supplements — systematic review.

Abbreviations: AA: amino acid; CD: celiac disease; GFD: gluten-free diet; EAA: essential amino acid; ISAPP:
International Scientific Association for Probiotics and Prebiotics; NEAA: non-essential amino acid; RCT:
randomized controlled trial; SCFA: short-chain fatty acid.

INTRODUCTION approximately 1.4%, with biopsy confirmation in about 0.7% of the
population. Strict lifelong adherence to a gluten free diet (GFD)

Celiac disease (CD) is remains the only known effective therapy [1]. Yet up to one third of

a chronic, immune-mediated
enteropathy triggered by gluten
ingestion in genetically susceptible
individuals carrying the HLA-
DQ2 or HLA-DQ8 susceptibility
haplotypes [1, 2]. The majority of
affected individuals express the
HLA-DQ2.5 heterodimer, which
is encoded by the HLA-DQA105
and HLA-DQB102 alleles [1,
2]. Worldwide seroprevalence is

patients continue to experience gastrointestinal or extraintestinal
symptoms, micronutrient deficiencies, and impaired quality of life
despite documented dietary compliance [3].

Recent analyses of the gut microbiome in CD show
depletion of anti-inflammatory commensals such as
Bifidobacterium and Lactobacillus, alongside expansion of
proinflammatory Gram-negative bacteria [4]. This dysbiosis
correlates with elevated lipopolysaccharide levels, zonulin
mediated tight junction disassembly, and increased intestinal
permeability, which perpetuates mucosal immune activation
[5, 6]. In addition to probiotic supplementation, non-dietary
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pharmacological approaches including barrier integrity
modulators, enzymatic gluten degrading agents, antigen
specific immunotherapies, tissue transglutaminase inhibitors,
and immunomodulatory biotherapies have been explored [7].
There is interest in microbiome directed strategies, particularly
prebiotic supplementation, to restore barrier function and
immune homeostasis [8].

A long-term gluten-free diet is frequently associated with
a reduced intake of dietary fiber, iron, calcium, magnesium,
and B vitamins, while often containing higher amounts of fat
and simple sugars compared to gluten-containing diets [9, 10].
These nutritional inadequacies can contribute to metabolic
complications, including obesity, dyslipidemia, and bone
disorders [11]. Therefore, the inclusion of nutrient-dense,
high-fiber, gluten-free grains such as certified gluten-free
oats, quinoa, and amaranth represents not only a prebiotic
supplementation strategy but also a means to improve the
overall nutritional quality of the GFD [10].

Prebiotics, which are non-digestible fibers such as inulin
type fructans and fructo oligosaccharides, serve as selective
substrates for beneficial gut bacteria [8]. Their fermentation
yields short chain fatty acids (SCFAs) (acetate, propionate,
butyrate), which enhance epithelial barrier integrity by
upregulating tight junction proteins (occludin, claudin 1) and
mucin synthesis, and exert immunomodulatory effects through
histone deacetylase inhibition, regulatory T cell expansion, and
suppression of NF kB signaling [12-16]. In addition to purified
prebiotic supplements, several naturally gluten-free foods
contain substantial amounts of non-digestible carbohydrates
with established prebiotic activity. Oats, quinoa, and amaranth
provide fermentable fibers such as B-glucans, fructans,
and resistant starches that can be selectively utilized by gut
microbiota, resulting in short-chain fatty acid production
and downstream effects on epithelial integrity, immune
modulation, and nutrient absorption [17, 18]. According
to the International Scientific Association for Probiotics
and Prebiotics (ISAPP), foods that contain such substrates
and confer microbiota-mediated health benefits qualify as
prebiotic-containing foods [19]. From a clinical perspective,
patients with CD are more likely to encounter prebiotics
through whole-food dietary patterns rather than purified
supplements. Therefore, evaluating both purified prebiotics
and prebiotic-rich foods provides a more comprehensive and
translational assessment of microbiota-targeted strategies
within the gluten-free diet. This systematic review was
designed to capture the breadth of available clinical evidence
by including both intervention categories, while analytically
distinguishing their outcomes and limitations.

METHODS

Study Design

This systematic review was performed in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions
and was reported following the Preferred Reporting Items for
Systematic Reviews and Meta Analyses (PRISMA) statement
[23]. The protocol was registered a priori with PROSPERO (ID:
CRD420251143256). Ethical approval was not required because
all data were derived from previously published studies.
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Search Strategy

We conducted a comprehensive search of PubMed, Embase
(Elsevier), Web of Science, and the Cochrane Central Register
of Controlled Trials (CENTRAL) from database inception
to May 2025. Medical Subject Headings (MeSH) and free
text keywords were combined with Boolean operators. Core
terms were “celiac disease”, “prebiotics’, “efficacy’, and “safety”.
Complete search strings for each database are provided in

Supplementary file.

Eligibility Criteria

Eligible studies included prospective or retrospective
investigations, single arm and comparative trials, randomized
controlled trials (RCTs), and cross-sectional studies.
Participants were patients with CD as defined by the American
College of Gastroenterology. The intervention of interest
was the use of prebiotics in patients with CD, derived either
from purified prebiotic supplements or from foods naturally
abundant in prebiotic substrates. In accordance with ISAPP
definition, prebiotic-containing foods were defined as foods
that provide non-digestible substrates selectively utilized
by host microorganisms and associated with health-related
outcomes [19]. Accordingly, studies assessing gluten-free
foods such as oats, quinoa, and amaranth were eligible for
inclusion when these interventions were explicitly evaluated
for clinical, nutritional, microbiota-related, or safety outcomes
in celiac disease. This approach was adopted to capture both
mechanistic evidence from purified prebiotic supplementation
and clinically relevant dietary interventions reflecting real-
world gluten-free diet practices. Studies had to report at least
one primary outcome related to efficacy or safety.

Exclusion criteria included case reports, small case series
lacking sufficient data, guidelines, duplicate publications,
conference abstracts, animal studies, unpublished or non-
peer reviewed articles, and narrative reviews. For overlapping
datasets, the most recent and comprehensive report was used.
Non-English language publications were excluded.

Study Selection

All records were imported into Mendeley Reference
Manager (version 1.19.8) and deduplicated. Two reviewers
(M.S. and M.Z.1.) independently screened titles and abstracts,
then assessed full texts against the eligibility criteria.
Discrepancies were resolved by discussion, with consultation of
athird reviewer (S.K.K.) when necessary. The selection process
is depicted in the PRISMA flow diagram (Fig. 1).

Data Extraction

Two reviewers (M.S. and M.Z.I) independently extracted
data using a pre-determined and agreed on Excel template.
Extracted variables included: (i) study descriptors (first
author, publication year, country, study design); (ii)
participant demographics (sample size, mean or median
age, gender distribution); (iii) intervention characteristics
(type of prebiotic or prebiotic containing food, dose,
duration, comparator); and (iv) prespecified outcomes.
Efficacy endpoints encompassed gastrointestinal symptom
scores, duodenal histology, intestinal permeability tests,
gut microbiota composition, fecal short chain fatty
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acid concentrations, micronutrient status (iron indices,
vitamins D and E), lipid profile, bone turnover markers, and
quality of life measures. Safety endpoints included adverse
events, withdrawals related to intolerance, and changes
in celiac specific serology. Discrepancies were resolved
by consensus and, when required, adjudicated by a third
reviewer (S.K.K.).

Quality Assessment

Risk of bias in RCTs was assessed with the Cochrane Risk of
Bias 2.0 tool, which evaluates five domains: (1) randomization
process; (2) deviations from intended interventions; (3)
missing outcome data; (4) outcome measurement; and (5)
selection of the reported result.

Observational studies (cohort and case control) were
appraised with the Newcastle-Ottawa Scale (NOS) [24], which
addresses selection, comparability, and outcome domains.
The NOS awards up to nine points: studies scoring 7-9 were
considered high quality, 4-6 fair quality (high risk of bias), and
<3 low quality (very high risk of bias).

Data Analysis

Descriptive statistics was used to summarize the data.
Continuous variables are presented as means (standard
deviation) or medians (range), depending on distribution;
categorical variables were expressed as counts and
percentages.

RESULTS

Twelve studies published between 1995 and 2020 with 1,066
participants from Finland, Sweden, Poland, Russia, and the
United Kingdom met eligibility criteria (Fig. 1) [20-22, 25-33].
Eight were randomized trials: one two-arm adult RCT, one
pediatric double-blind placebo-controlled pilot study, and six
pediatric pilot RCTs of oligofructose enriched inulin conducted
under distinct outcome frameworks [20-22, 25-27, 30, 33].
Three prospective single arm or uncontrolled intervention trials
evaluated rolled oats, amaranth products, and quinoa [28, 29,
32]. One large cross-sectional survey compared habitual oat
consumers with non-consumers [31]. Intervention periods
ranged from 6 weeks to 24 months [20-22, 25-33]. Dietary
strategies included oat intake of 50 to 70 g per day and 100 g per
day, as well as habitual oat consumption; oligofructose enriched
inulin (Synergy 1) at 10 g per day for 3 months or 12 weeks;
quinoa at 50 g per day for 6 weeks; and amaranth based products
delivered for 9 to 12 months [20-22, 25-33]. Comparators,
when used, included maltodextrin placebo or a gluten free
diet without the test food [20-22, 25-27, 30, 33]. Across studies
that reported withdrawals, attrition ranged from 0% to 25% of
enrolled participants [22, 25-28, 30, 32-33]. When adherence
was measured, reported intake met prespecified targets (greater
than 80% of planned dose or near complete consumption) [22,
25-26,28,32-33]. No study reported intervention related serious
adverse events [20-22, 25-33] (Table I).

Fig. 1. PRISMA Flow Diagram of Study Selection.
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Baseline Characteristics

Adult cohorts with mean age data (n = 112) yielded a
pooled mean age of 44.6 + 13.4 years; reported adult age ranges
were 32 to 82 years [28, 30, 32]. Additional adult participants
were included in a large cross-sectional cohort without a
numerical age summary [31]. Pediatric cohorts with mean
baseline age data (n = 75) had a pooled mean age of 10.1 +
4.1 years; pediatric ages across all studies ranged from 1 to 18
years [20-22,25-27, 29, 33]. Gender distribution was available
for 309 participants (153 female and 156 male) [20-22, 25-30,
32-33]. Adult baseline body mass index values were between
23 and 24 kg/m?* [28, 30, 32], while pediatric studies reported
means around 17 kg/m? other pediatric data were given as
ranges (13.5 to 23.3 kg/m?) [22, 25-26, 33]. Baseline pediatric
height and weight across reporting trials were 110 to 184.5 cm
and 15 to 78 kg [22, 25-26, 33]. One pediatric cohort reported
categorical growth status at study entry (underweight 16.3%,
short stature 10.8%) [29] (Table I).

Risk of Bias Assessment

Among the eight RCTs, five were judged to have a low risk
of bias, while three were assessed as having some concerns
based on the RoB 2.0 tool (Fig. 2). The four observational
studies were evaluated using the Newcastle-Ottawa Scale and
were rated as fair to good quality (Table II).

Across multiple pilot and RCTs, supplementation with
prebiotics in children and adults with CD was associated
with favorable effects on bone health, amino acid metabolism,
micronutrient status, and gut microbiota activity. Oats and
amaranth supplementation further improved nutritional
markers, growth parameters, and adherence to the gluten-free
diet without compromising histologic recovery or clinical
remission. Importantly, no study reported major safety
concerns or worsening of celiac-specific outcomes (Table III).
Stratified analyses by intervention subtype, including purified
prebiotics versus prebiotic-rich foods, and by population group,
including adult and pediatric cohorts, are presented in Tables
IV and V, respectively.

Two parallel pilot RCTs by Drabinska et al. [25, 26]
evaluated the effects of Synergy 1 supplementation on bone
turnover markers and amino acid metabolism in children
with CD. Collectively, these studies demonstrated benefits in
both bone health and amino acid homeostasis. Specifically,

DI D2 D3 DA D5 D5

Unique ID
Drabiriska 2019 (Bone

Drabiriska 2018 [Amino Acids)

Drabiriska 2019 (Molecules)

Feru$ 2018 (Nutrients)

Drabiriska 2018 (Nutrients, Vit D/E)

Drabiriska et al., Nutrients 2018 (microbiota and SCFAs)

Drabiriska et al., Nutrients 2020 (intestinal permeability)

Janatuinen 1995

Synergy 1 supplementation significantly increased plasma
osteocalcin, a marker of bone formation [25]. Regarding
amino acid metabolism, the intervention group showed a
significant increase in plasma glutamine levels and maintained
a stable glutamine-to-glutamate ratio, while urinary excretion
of essential amino acids and branched-chain amino acids
increased by more than 25% and 32%, respectively [26]. Oats
and amaranth supplementation further improved nutritional
markers, growth parameters, and dietary adherence without
compromising histologic recovery or clinical remission [26-28].

In a pilot RCT by Drabinska et al. [25], children with CD
consuming Synergy 1 showed a significant increase in plasma
osteocalcin. In contrast, bone alkaline phosphatase (BAP)
levels increased in both intervention and placebo groups. A
significant rise in pyridinoline levels in the placebo group was
observed. N terminal telopeptides of type I collagen (NTx)
levels decreased in both groups, while tartrate resistant acid
phosphatase 5b (TRAP 5b) increased, with a more pronounced
rise in the Synergy 1 group. No significant changes were
observed in immunological markers. In another pilot RCT
with similar intervention, Drabinska et al. [26] reported that
both the intervention and placebo groups showed significant
plasma increases (p < 0.05) in several non-essential amino
acids (NEAAs) including alanine, proline, asparagine, glutamic
acid, and tyrosine, essential amino acids lysine and histidine,
and the non-proteinogenic amino acid ornithine. Glutamine
levels increased significantly only in the Synergy 1 group,
while the placebo group exhibited a significant rise in most
essential amino acids (EAAs) and additional derivatives such
as Aba, Hyp, and C-C. While glutamic acid levels increased
significantly (p < 0.01) in the Synergy 1 group, the Gln:Glu ratio
remained stable. The total amino acid (AA) concentrations
increased by 17% in the Synergy 1 group and by 32% in the
placebo group. EAAs rose by 15% in the Synergy 1 group and
23% in the placebo group, while NEAAs increased by 19% in
both groups. Branched chain amino acids (BCAAs) rose by
7% and 13% in the Synergy 1 and placebo groups, respectively.

In urine, the Synergy 1 group showed significant increases
in the excretion of asparagine, lysine, and a aminoadipic acid
(Aaa) (p<0.05). Conversely, in the placebo group, aspartic
acid and methionine levels decreased relative to baseline.
Glutamate levels decreased by approximately 50% in both
groups regardless of supplementation.

' Low risk

! Some concerns

. Figh risk

D1 Randomisation process
D2 Deviations from the intended interventions

D3 Missing outcome data

COCCeCe® §

D4 Measurement of the outcome

D5 Selection of the reported result

Fig. 2. Risk of Bias assessment of randomized controlled trials. Graphical representation of the
Cochrane risk of bias 2.0 assessment across included randomized controlled trials, summarizing
domain-level judgments (low risk, some concerns, high risk).
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Table II. Newcastle-Ottawa Scale (NOS) evaluation for non-randomized studies
Selection Outcome Total
Score
Study ID i i i
Y Representativeness Ascertainment Selection Comparability  Assessment Sufficient ~ Adequacy of
of the exposed of the non- follow up follow up of
of exposure of cohorts of outcome .
cohort exposed time cohorts
Stersrud et al., 2003, 1 1 NA NA 1 1 1 4/9
[28]
Bavykina et al., 2017 1 1 NA NA 1 1 1 4/9
[29]
Zevallos et al., 2014 1 1 NA NA 1 1 1 5/9
[32]
Aaltonen et al., 2017 1 1 1 1 1 NA NA 6/9
[31]

Abbreviations: NOS: Newcastle-Ottawa Scale; N/A: not applicable.

The Synergy 1 group demonstrated increases in total
urinary excretion of amino acids: AAs by > 14%, EAAs
by > 25%, and NEAAs by > 18%, while the placebo group
experienced an overall decrease. BCAAs in the Synergy 1
group increased by 32%, significantly more than the 4%
increase observed in the placebo group. The urinary Gln:Glu
ratio increased significantly in both groups. In another parallel
RCT by Drabinska et al. [27], the only statistically significant
change observed was a 36% reduction in urinary benzaldehyde
concentrations (p < 0.05). Additionally, trans 3 octen 2 one was
not detected in some urine samples (two from the Synergy 1
group and one from the placebo group). A decrease in 1,3 di-
tert-butylbenzene was noted in the placebo group.

Stersrud et al. [28] reported that adding oats resulted in
improvement of nutritional markers, including serum ferritin,
hemoglobin, folate, and vitamin B12. Participants reported
positive subjective experiences and a preference for maintaining
oats in their long-term diet. Similarly, Bavykina et al. [29]
showed that the proportion of underweight children decreased
from 16.3% to 10.8%, while those within the normal weight
range increased from 51.4% to 56.8%. The prevalence of short
stature declined from 10.8% to 5.4%, with a rise in normal height
from 59.5% to 67.6%. Children with baseline micronutrient
deficiencies experienced normalization of iron, copper, zinc,
and calcium levels. Parental feedback was overwhelmingly
positive, with 89.2% rating amaranth products favorably, citing
improved dietary variety and acceptance. Adherence to the
gluten free diet improved, with strict compliance increasing
from 73% to 83.8% over the study period.

Janatuinen et al. [30] reported that after the addition of
oats in GFD, among newly diagnosed patients, 97.5% (39/40)
achieved remission at one year; the only exception was one
patient in the control group. Study retention was comparable,
with 6 patients (11.5%) withdrawing from the oat group and
5 (10%) from the control group. Aaltonen et al. [31] extended
the evidence base. The groups were similar in dietary adherence
(96.5% vs 97.4%, p=0.746), symptom prevalence (22.9% vs
22.5%, p=0.931), endomysial antibody positivity (8.8% vs
6.0%, p=0.237), and histologic recovery after one year (63.1%
vs 60.0%, p=0.773). Likewise, no significant differences
were noted in rates of malignancy (4.8% vs 3.3%, p=0.420),
osteoporosis/osteopenia (9.2% vs 11.0%, p=0.489), or bone

] Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 237-249

fractures (26.9% vs 27.9%, p=0.791). However, oat consumers
reported significantly better quality of life, with higher scores
in physical role limitations and general health subdomains
of the SF 36 survey. In a smaller study by Zevallos et al. [32],
short term consumption of quinoa (50 g/day for 6 weeks) was
well tolerated, without clinical or histological signs of disease
exacerbation and associated with a modest reduction in total
serum cholesterol.

InaRCT by Ferus etal. [22], Synergy 1 supplementation led
to a statistically significant 60.9% reduction in serum hepcidin
levels (p = 0.046). In a separate study, Drabinska et al. [33]
demonstrated that Synergy 1 supplementation significantly
improved the serum status of fat-soluble vitamins D and E. In
another arm of Drabinska’s work [20], Synergy 1 modulated
the composition and activity of intestinal microbiota. Finally, in
another parallel work, Drabinska et al. [21] demonstrated that
while Synergy 1 did not alter intestinal permeability as assessed
by standard barrier integrity tests, there was a noted increase
in urinary excretion of mannitol. Most children maintained
normal baseline intestinal permeability (Table II).

DISCUSSION

In this systematic review, we reported outcomes in patients
with CD who supplemented their GFD with prebiotics [25-
33]. Our findings suggest that prebiotics did not exacerbate
gastrointestinal symptoms and did not interfere with duodenal
structural or functional recovery. Instead, prebiotics were
associated with improved nutritional status, potentially
beneficial changes in gut microbiota, enhanced intestinal
barrier function, and better adherence to the GFD.

Clinical Implications of Prebiotic Supplementation

Gastrointestinal symptoms in patients consuming
prebiotics such as oats or quinoa were reported by four studies
[28, 30-32].

These studies found overall good tolerability, with no
significant worsening of symptoms. One study [30] did
report a temporary initial increase in flatulence, but this
was accompanied by improved bowel function in some
participants, and all who completed the study expressed
willingness to continue oat consumption.
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Table IV. Summary of results stratified by type of prebiotic intervention
. Specific . . . R

Intervention . Study designs, . Main findings, direction and Safety and

intervention, . Population  Key outcomes assessed . o1
category . number of studies consistency tolerability

dose, duration

Generally favorable microbiota
Gut microbiota y favora .
n and metabolic signals, increased
composition, fecal . . .
- . . Bifidobacterium and increased
. Pediatric, short chain fatty acids, . .
Oligofructose . . . o fecal short chain fatty acids
- A children and  intestinal permeability
enriched inulin . . (about 31 percent), reduced Well tolerated
. 7 randomized adolescents  markers, iron . .
Purified (Synergy 1),10 g . . . . . . hepcidin (about 61 percent), across trials, no
. . trials or pilot with celiac homeostasis including . o .

prebiotics per day, typically improved vitamin D and serious adverse

12 weeks or 3

randomized trials

disease on a
gluten free

hepcidin, fat soluble
vitamins D and E, bone

vitamin E status, increased

events reported

months R osteocalcin and other bone
diet turnover markers, . »
. . turnover shifts, permeability
plasma and urine amino ;i
. outcomes were mixed across
acid profiles .
studies and markers
Overall signal supports
Oats 8 pp

incorporated into

feasibility and safety in most

. adults studied: histology and Mostly mild
gluten free diet, . . . .
50 t0 70 & per da 3 total studies, Duodenal histology and serology remained stable, gastrointestinal
in ran doiq li)ze d Y including recovery. celiac se%Zlo symptom rates were similar symptoms
Prebiotic rich  comparisons randomized Adults with as troirzlt’estinal 8% between oat consumers and early in some
cains. oluten  and 1130 0 e; da trial, prospective celiac disease f mptoms. nutritional non-consumers in cross participants,
%ree '8 in alon gtlzrm Y uncontrolled on a gluten nZarEers (i,ron related sectional data, nutritional overall good
uncomrgolle d intervention, and  free diet indices and vitamins) markers improved in tolerability, no
intervention cross-sectional uality of life ’ intervention cohorts (examples  major safety
also evalua te’ q study quatity reported include ferritin, folate, concerns
. vitamin B12), and quality of reported
as habitual oat . L
. life domains improved among
intake .
habitual oat consumers
Histology remained stable
Adults with . . &Y . Mild transient
L Gastrointestinal over the intervention . -
S celiac disease . . gastrointestinal
Prebiotic rich Quinoa, 50 g per 1 single arm ona gluten symptoms, duodenal period, symptoms were mild symptoms only;
pseudocereals, ’ - . .. histology and and transient early in the . ’
day for 6 weeks intervention study free diet with . . . . no serious
gluten free morphometry, lipid intervention, modest reduction
mucosal . adverse events
profile in total cholesterol was
recovery reported
observed
Amaranth Improvements reported in Excellent
based products, Growth parameters, growth related categories acceptability
Prebiotic rich  delivered as 1 prospective micronutrient and normalization of several reported,
grains, gluten  porridge and uncontrolled Pediatric deficiencies, gluten micronutrient deficiencies no adverse
free other products intervention study free diet adherence and  (iron, zinc, copper, calcium), reactions or

for about 9 to 12
months

acceptability

improved adherence and
acceptability were also reported

serious adverse
events reported

These findings suggest that certain prebiotics may be

Nutritional and Metabolic Benefits

well tolerated in patients with CD and may even support
bowel function. Prebiotics stimulate the growth and activity
of beneficial gut microbes, particularly Bifidobacterium and
Lactobacillus species [34]. In our review, one study [20]
reported an increase in Bifidobacterium and fecal short-chain
fatty acids (SCFAs) in children supplementing a GFD with
oligofructose-enriched inulin. Bifidobacterium can modulate
gut microbiota, improve intestinal barrier function, and exert
anti-inflammatory effects, which has also led to its inclusion
in probiotics [35]. However, the same study [20] observed a
decrease in Lactobacillus species. This may be explained by
an earlier study [36] that showed inulin did not stimulate
the growth of five Lactobacillus species, which may require
specific formulations of prebiotics containing lactulose and
lactobionic acid.

Nutritional status, as influenced by prebiotics including oats,
amaranth, and oligofructose-enriched inulin, was evaluated
in several studies [22, 28-30, 32, 33] using anthropometric
measurements and nutritional biomarkers. Overall,
supplementation was associated with improvements in growth
parameters and micronutrient status in both children and adults.

One study observed a mild cholesterol-lowering effect in
adults [32]. Apart from improved iron levels, one study also
reported a significant reduction in serum hepcidin levels in
children, a key regulator of iron homeostasis [22]. Lower
hepcidin concentrations further support enhanced iron
absorption. With CD often associated with iron deficiency
anemia [37], prebiotics may play a role in addressing this. One
study reported improvements in bone formation markers in
children following prebiotic supplementation, suggesting a
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Table V. Summary of clinical and biochemical outcomes stratified by population group

gpf;)l:l;atmn :;;er\:::ll::;e d No. of studies Summary of findings Safety and tolerability
Oats: Randomized trial showed no differences in BMI, symptom
scores, or laboratory values versus control, and 39/40 newly diagnosed
participants were in remission at 12 months. Prospective intervention
4 (1 randomized reported increased dietary iron and fiber and increased thiamin and
controlled trial,  zinc, with no change in hemoglobin or ferritin, and transient early
1 prospective flatulence with improved bowel function thereafter. Cross-sectional
Adults Prebiotic-rich uncontrolled study reported similar gluten-free diet adherence (96.5% oat vs 97.4% Mostly mild, transient
with celiac foods (oats, intervention, non-oat), gastrointestinal symptoms (22.9% vs 22.5%), antibody gastrointestinal
disease quinoa) 1 cross- positivity (8.8% vs 6.0%), histological recovery (63.1% vs 60.0%), symptoms. No serious
sectional study,  malignancy (4.8% vs 3.3%), osteoporosis or osteopenia (9.2% vs adverse events reported.
1 single-arm 11.0%), and fractures (26.9% vs 27.9%), with improved physical role
interventional and general health scores in oat consumers. Quinoa: Single-arm study
study) reported mild gastrointestinal symptoms in weeks 1-2 resolving by
week 3, duodenal histology changes (VH:CD ratio 2.8-3.0; villus height
28.76-29.77 um; IEL count 30.3529.7 per 100 enterocytes), and lipid
profile change (total cholesterol 4.6>4.3 mmol/L).
Synergy 1: Microbiota and metabolites: fecal Bifidobacterium
increased, fecal acetate and butyrate increased, total short-chain fatty
acids increased by 31%. Iron metabolism: serum hepcidin decreased
by 60.9% (p=0.046), with no change in placebo, and no changes in
CBC, CRP, or ferritin. Vitamins: 25(OH)D increased by 42%, 46%
reached at least 30 ng/mL, vitamin E increased by 19%, with no changes
in Ca, P, Mg, albumin, or total protein. Permeability: no changes in
Pure prebiotic zonulin, I-FABP, claudin-3, calprotectin, or GLP-2, mannitol excretion
supplementation 8 (7 randomized increased. Bone: osteocalcin increased only in the inulin group, bone
(oligofructose- or pilot ALP increased in both groups, pyridinoline doubled in placebo and was  No adverse events
Pediatric enriched inulin randomized unchanged with inulin, N-telopeptides decreased in both groups, TRAP  reported for Synergy
patients Synergy 1, 10 > trials of Synergy  5b increased with inulin, no cytokine changes. Amino acids: plasma 1 studies. Amaranth
with celiac day) (’i 1,1 prospective  non-essential amino acids and some essential amino acids increased reported no adverse
disease ¢/ Ey ane h uncontrolled in both groups, glutamine increased only with inulin, glutamate reactions and high
gz dlso(tzlli;alrcanth intervention of  increased with inulin, total plasma amino acids increased 17% vs 32%,  acceptability.
amaranth) BCAAs increased 7% vs 13%, urinary amino acid excretion increased

products)

with inulin and decreased with placebo, Gln:Glu ratio increased in

both. VOCs: urinary benzaldehyde decreased by 36% with inulin,

no differences in other volatile organic compounds, some variably
undetected. Amaranth: Underweight decreased 16.3%->10.8%, normal
weight increased 51.4%->56.8%, short stature decreased 10.8%->5.4%,
normal height increased 59.5%-67.6%, iron/copper/zinc/calcium
deficiencies normalized, 33/37 parents reported positive acceptability,
gluten-free diet adherence increased 73%->83.8%.

BMI: body mass index; Ca: calcium; CBC: complete blood count; CD: celiac disease; CRP: C-reactive protein; GFD: gluten-free diet; GLP-2: glucagon-like
peptide 2; HDL: high-density lipoprotein; I-FABP: intestinal fatty acid-binding protein; IEL: intraepithelial lymphocytes; LDL: low-density lipoprotein; Mg:
magnesium; P: phosphorus; QoL: quality of life; RCT: randomized controlled trial: SCFAs: short-chain fatty acids; TG: triglycerides; VH:CD: villus height

to crypt depth ratio; VOCs: volatile organic compounds.

possible benefit for bone metabolism [25]. Children with CD
have an increased risk of low bone mineral density [38], and
prebiotics may help improve this outcome. Prebiotics have also
been found to increase vitamin and mineral absorption [39],
which is important for CD patients who experience varying
degrees of malabsorption even when adhering to a GFD [40].

Effects on Intestinal Recovery and Barrier Function

In addition to nutritional outcomes, structural and functional
integrity of the intestinal lining was also explored in several
studies. The histological picture of CD includes damage to
enterocytes, increased intraepithelial lymphocytes (IELs), crypt
hyperplasia, and villous atrophy [41]. In many cases, adherence
to a GFD helps normalize duodenal histology [42, 43]. Three
studies [30-32] in our review investigated duodenal histology
and morphometric outcomes in adults taking oats or quinoa and
found that the inclusion of such prebiotic products did not hinder

] Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 237-249

mucosal recovery. Three studies [21, 30-32] evaluated intestinal
permeability in children taking oligofructose-enriched inulin.
Two studies, using permeability markers and sugar absorption
tests [21] and amino acid profiling [26], suggested improved
barrier function. The third study, which analyzed urinary volatile
organic compounds [27], did not find significant changes. Two
studies [31, 32] also found that the consumption of gluten-free
oats and quinoa was not associated with elevated celiac-specific
antibody levels, such as [gA-class endomysial antibodies (EmA),
transglutaminase 2 antibodies (TG2ab), or IgG-based equivalents
in individuals with IgA deficiency. These results suggest that
prebiotics and foods containing them may be safe to include in
a GFD without causing damage to the duodenal mucosa.

Role in Enhancing Adherence to the Gluten-Free Diet
Prebiotics may also improve adherence to a gluten-free diet.
Compliance, feasibility, and acceptance of a GFD supplemented
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with prebiotic-containing foods were reported in two studies
[28, 29] using oats and amaranth, both of which showed
improved dietary adherence. Another study that included oats
[31] reported improved quality of life. One study attributed
adherence to enhanced taste, increased satiety, and greater
dietary variety with oat consumption [28]. It is not yet clear
whether purified prebiotics such as oligofructose-enriched
inulin would produce similar effects on adherence.

This study addresses an important aspect of CD
management by evaluating prebiotic supplementation of the
GFD to improve gastrointestinal health, nutritional status, and
adherence. To our knowledge, this is the first systematic review
to assess prebiotic effects across a broad range of outcomes
in patients with CD. By including both interventional and
observational studies, this review provides a comprehensive
overview of current evidence and yields clinically relevant
findings that address common challenges faced by patients
with CD. It adds to the growing body of evidence supporting
adjunct dietary strategies beyond the GFD that may inform
clinical practice.

Comparative Effects of Purified Prebiotics and Prebiotic-

Rich Foods

A key source of heterogeneity across the included
studies is the distinction between purified prebiotics, such
as oligofructose-enriched inulin, and whole foods that are
naturally rich in prebiotic fibers, including oats, quinoa,
and amaranth. Trials of purified inulin offer more direct
mechanistic insight into microbiota-mediated effects,
demonstrating increases in fecal short-chain fatty acids,
enrichment of Bifidobacterium species, modulation of iron
homeostasis, and improvements in selected micronutrient
and bone turnover markers, particularly in pediatric
populations [20-22, 25, 26]. In contrast, studies evaluating
prebiotic-rich foods primarily inform clinical safety,
feasibility, and nutritional adequacy of gluten-free dietary
diversification [28-32]. Importantly, the benefits observed
with food-based interventions cannot be attributed solely to
their fermentable fiber content, as these foods also provide
protein, micronutrients, and bioactive compounds that may
independently or synergistically influence nutritional status,
metabolic outcomes, and quality of life. Consequently, findings
from purified prebiotic supplementation and whole-food
interventions should not be considered interchangeable, and
their outcomes must be interpreted within the context of
distinct biological and nutritional mechanisms.

Clinical Safety Considerations for Oat Consumption in

Celiac Disease

Although multiple studies included in this review support
the overall safety of oats in patients with celiac disease, their use
remains a topic of ongoing debate. A small subset of individuals
may mount immune responses to avenin, the prolamin
fraction of oats, and gluten cross-contamination during
harvesting and processing represents a well-recognized risk
[44]. Long-term observational and randomized studies in this
review demonstrate maintained histological remission, stable
serologic markers, and preserved clinical outcomes among
most oat-consuming patients [28, 30, 31]. However, these

findings should not be extrapolated universally. From a clinical
standpoint, oats should be introduced only in certified gluten-
free form and with individualized monitoring of symptoms
and serology, particularly during early reintroduction.
Acknowledging this variability is essential, as oats may be safe
and beneficial for the majority of patients with CD but are not
universally tolerated.

Our review has some limitations. It included a relatively
small number of studies with variable designs, populations,
and interventions. Some studies used functional prebiotics
such as oligofructose-enriched inulin, while others relied
on foods such as oats, quinoa, or amaranth. In addition,
the number of participants was small and study durations
were short. Heterogeneity in study designs and outcomes
prevented a meta-analysis. Gastrointestinal symptoms were
also self-reported, which may be subject to recall or reporting
bias. Interpretation of the available evidence must also
account for important study-level limitations. The pediatric
trials of oligofructose-enriched inulin were predominantly
small, short-duration pilot studies and relied heavily on
surrogate metabolic and microbiota-related endpoints rather
than clinical outcomes. Adult data on purified prebiotic
supplementation are notably sparse, limiting generalizability
beyond pediatric populations. Conversely, studies evaluating
oats, quinoa, and amaranth often employed uncontrolled,
observational, or cross-sectional designs, precluding causal
inference and making it difficult to disentangle prebiotic
effects from broader dietary improvements. While collectively
these studies suggest safety and potential benefit, the current
evidence base remains hypothesis-generating rather than
definitive, underscoring the need for larger, well-powered
randomized controlled trials with standardized interventions
and outcome measures. Future research should explicitly
distinguish purified prebiotic supplementation from whole-
food dietary interventions, incorporate adult populations, and
evaluate clinically meaningful endpoints to better define the
role of prebiotics as adjuncts to the gluten-free diet in celiac
disease.

Future RCTs should prioritize several key methodological
considerations to advance the evidence base. First, trials should
incorporate validated patient-reported outcome measures such
as the Celiac Disease Symptom Diary (CDSD 2.1) or the Celiac
Disease Patient-Reported Outcome (CeD PRO), both of which
have been approved by regulatory agencies and demonstrate
content validity for measuring gastrointestinal symptoms
in celiac disease [45-47]. Second, standardized microbiome
analysis techniques should be employed, with preference for
shotgun metagenomics over 16S rRNA sequencing, as shotgun
sequencing provides superior taxonomic resolution, enhanced
detection of less abundant taxa, improved functional gene
prediction, and reduced technical variation [48-50]. Third,
trials should include key biomarkers of intestinal permeability
and inflammation, such as the lactulose-to-mannitol ratio
[52], for permeability assessment, plasma lipopolysaccharide-
binding protein/barrier marker [53], and fecal calprotectin
or lipocalin-2 [54].These standardized approaches would
facilitate comparison across studies and provide mechanistic
insights into prebiotic effects on barrier integrity and immune
modulation in CD.
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