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Research Centre (CIBM) of the University of Granada. Her research focuses on the relationship between

diet and disease, particularly in cancer, celiac disease, and cardiovascular disorders. She has served

as the principal investigator of several research projects, including those funded by the Regional

Government of Andalusia, and has participated in over 30 funded research projects and contracts.

Prof. Nestares has published more than 100 scientific papers—half of them in first-quartile

journals—and has an h-index of 21 (Web of Science). She has supervised 12 doctoral theses, has

been an invited speaker at national and international conferences, and has served on the scientific

committees of national congresses. In addition, she has acted as the Guest Editor for two Special

Issues of Nutrients and currently coordinates the Official Master’s Degree in Human Nutrition at the

University of Granada. Her academic career has been recognized with multiple research and teaching

awards, including the Extraordinary Doctoral Thesis Award.

Rafael Martı́n-Masot

Rafael Martı́n-Masot is a pediatric gastroenterologist at the Regional University Hospital of

Málaga and Professor at the Department of Pharmacology and Pediatrics, Faculty of Medicine,

University of Málaga, Spain. His research focuses on pediatric celiac disease, intestinal inflammation,

and nutritional disorders. He has coordinated and participated in national and international research

projects exploring body composition, gut microbiota, and omics-based biomarkers in gluten-related

disorders. Dr. Martı́n-Masot has authored multiple peer-reviewed publications and book chapters,

and serves as a reviewer for leading journals in pediatric gastroenterology and nutrition. He is also

actively involved in teaching innovation and mentorship within undergraduate and postgraduate

medical education.

vii





Editorial

Advances in the Prevention and Management of Celiac Disease

Teresa Nestares 1,* and Rafael Martín-Masot 2,3

1 Department of Physiology, Faculty of Pharmacy, University of Granada, 18071 Granada, Spain
2 Pediatric Gastroenterology and Nutrition Unit, Hospital Regional Universitario de Malaga, 29010 Málaga,

Spain; rafammgr@gmail.com
3 Department of Pharmacology and Pediatrics, School of Medicine, University of Málaga, 29010 Málaga, Spain
* Correspondence: nestares@ugr.es

Celiac disease (CD) exemplifies the complexity inherent in multifactorial, immune-
mediated disorders, with layers of pathogenesis and clinical expression that continue to
challenge both researchers and clinicians. Rather than a straightforward food intolerance,
CD is now recognized as a systemic autoimmune disease with a heterogeneous clinical
spectrum, capable of affecting any organ system and manifesting in both gastrointestinal
and extraintestinal symptoms [1,2]. Over recent decades, the global prevalence of CD
has steadily increased, accompanied by growing awareness of its diagnostic challenges, a
broadening range of comorbidities, and the persistent need for improved strategies in both
prevention and management [3,4].

Central to current research is the recognition that while gluten exposure is essential
for the development of CD, it acts within a complex network of genetic and environmental
factors [5]. Genetic predisposition—particularly HLA-DQ2 and DQ8—remains a funda-
mental requirement, yet disease susceptibility and clinical course are shaped by additional
elements such as the timing and quantity of gluten introduction, the gut microbiota com-
position, dietary patterns, infectious exposures, impairment of the intestinal barrier, and
maladaptive immune responses [6–10]. This intricate interplay highlights the urgency
of refining our understanding of disease mechanisms, enhancing diagnostic accuracy,
and developing innovative management strategies that extend beyond the gluten-free
diet (GFD).

This Special Issue of Nutrients brings together eight original research articles and re-
views that reflect the current State of the Art in CD, with a particular focus on environmental
determinants and the ongoing search for novel preventive and therapeutic approaches. The
collection includes comprehensive analyses of public health interventions and policy, such
as a multicentric evaluation of how policies for celiac disease can transform patient lives
across diverse settings (Contribution 1), and a nationwide assessment of eating attitudes
and disordered eating risk in adults with CD in Brazil (Contribution 2). The nutritional
landscape is further explored in pediatric and adolescent populations, with a comparative
study of breakfast quality and the role of gluten-free products among Spanish children
with and without CD (Contribution 3), as well as an investigation into the importance of
early nutritional evaluation following the initiation of a GFD in children (Contribution 4).

Diagnostic innovation and monitoring are at the forefront in this issue, exemplified by
the development and validation of a novel automated immunoassay for urinary immuno-
genic gluten peptides as a marker of dietary adherence (Contribution 5). The spectrum
of clinical presentation is addressed in a large multicenter case–control study exploring
the clinical, serological, and genetic differences between symptomatic and asymptomatic
patients, raising important questions about current risk-based screening strategies (Contri-
bution 6). The extraintestinal manifestations of CD are also considered, with a narrative

Nutrients 2025, 17, 2240 https://doi.org/10.3390/nu17132240
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review on the impact of gluten and CD on male and female reproductive health (Contribu-
tion 7), expanding our perspective on the systemic effects of the disease.

Finally, the Special Issue underscores the transformative potential of omics sciences—
particularly metabolomics—in CD research and clinical care. A State-of-the-Art review
explores how metabolomic profiling is shedding light on early diagnosis, disease monitor-
ing, and the molecular impact of the GFD, pointing toward a future of precision medicine
and targeted interventions (Contribution 8).

Together, these contributions highlight the necessity of a multidisciplinary, evidence-
based, and technologically advanced approach to CD. The future of research and clinical
care in CD will depend on collaboration among clinicians, nutritionists, molecular sci-
entists, and data specialists, all working to translate molecular insights into meaningful
patient outcomes.

We are deeply grateful to all authors, reviewers, and the editorial staff at Nutrients for
their dedication to this Special Issue. It is our hope that the research presented here will
foster further innovation, inspire new collaborations, and ultimately advance the care and
quality of life of all individuals living with CD.

Author Contributions: T.N. and R.M.-M. edited the manuscript. All authors have read and agreed to
the published version of the manuscript.

Funding: No funding was received for the production of this Editorial.

Conflicts of Interest: The authors declare no conflicts of interest.
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Metabolomic Profiling in Children with Celiac Disease: Beyond
the Gluten-Free Diet
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Abstract: Celiac disease (CD) is included in the group of complex or multifactorial diseases, i.e., those
caused by the interaction of genetic and environmental factors. Despite a growing understanding
of the pathophysiological mechanisms of the disease, diagnosis is still often delayed and there
are no effective biomarkers for early diagnosis. The only current treatment, a gluten-free diet
(GFD), can alleviate symptoms and restore intestinal villi, but its cellular effects remain poorly
understood. To gain a comprehensive understanding of CD’s progression, it is crucial to advance
knowledge across various scientific disciplines and explore what transpires after disease onset.
Metabolomics studies hold particular significance in unravelling the complexities of multifactorial and
multisystemic disorders, where environmental factors play a significant role in disease manifestation
and progression. By analyzing metabolites, we can gain insights into the reasons behind CD’s
occurrence, as well as better comprehend the impact of treatment initiation on patients. In this review,
we present a collection of articles that showcase the latest breakthroughs in the field of metabolomics
in pediatric CD, with the aim of trying to identify CD biomarkers for both early diagnosis and
treatment monitoring. These advancements shed light on the potential of metabolomic analysis in
enhancing our understanding of the disease and improving diagnostic and therapeutic strategies.
More studies need to be designed to cover metabolic profiles in subjects at risk of developing the
disease, as well as those analyzing biomarkers for follow-up treatment with a GFD.

Keywords: celiac disease; gluten-free diet; metabolomics; children; immune; intestinal

1. Introduction

Celiac disease (CD) is included in the group of complex or multifactorial diseases, i.e.,
those caused by the interaction of genetic and environmental factors [1]. It is a chronic
disease whose severity and digestive and/or systemic symptoms show great variability
among patients. However, the common characteristic to all of them is an exacerbated
immune response to gluten and related proteins, so this systemic disorder is considered
an immune-mediated disease. In fact, patients are characterized by the presence of high
titers of specific antibodies and the vast majority are carriers of the DQ2 and/or DQ8
haplotypes of the major histocompatibility complex (Human Leukocyte Antigen, HLA
class II), responsible for antigen presentation by the immune system [2–4]. In addition
to gluten intake and the presence of risk alleles in HLA, the occurrence of intestinal and
extra-intestinal symptoms in CD requires the activation of both types of immune response,

Nutrients 2023, 15, 2871 https://www.mdpi.com/journal/nutrients4
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innate and adaptive, and this overactivation of the immune system is observed at the
intestinal level as well as at the peripheral and systemic levels [4].

The main gap in the knowledge of the pathogenesis of CD is an explanation of why
25–35% of the world’s healthy population has these haplotypes, but only about 1–3% will
develop CD [5,6]. It is possible that other environmental and genetic factors influence
an individual’s ability to induce and control the innate response and an individual’s
susceptibility to gluten.

Even though CD is actually one of the most frequent genetic diseases, affecting
1–3% of the world’s population, and to a greater extent women and children [7], it is
clearly underestimated and underdiagnosed. Despite advances in knowledge and the
development of serological tests, CD continues to be difficult and costly to diagnose, largely
due to the systemic nature of CD, the lack of specificity of its clinical manifestations and the
existence of silent or latent forms [8,9]. The problem is that untreated celiacs or those whose
diagnosis has been delayed, despite having no symptoms, may have an exacerbated and
chronic activation of the immune system, which is uncontrolled for a longer time, leading to
a worse prognosis, an accentuation of symptoms and the appearance of other autoimmune
diseases such as type 1 diabetes or gluten-dependent hepatitis, which are frequent in CD
patients [10,11]. Also, they may be affected by a variety of adverse consequences, some
serious such as the development of malignant tumors [12]. Therefore, at the present time,
the main challenge, like for other genetic-based diseases (such as some types of cancer
and diabetes, among others), is to study in genetically predisposed individuals, on the one
hand, which factors are involved in the development or not of CD and, on the other, to
find biomarkers for its early diagnosis and follow-up. The idea is to avoid the side effects
when the disease has already made its debut and even prevent its appearance, something
relevant since it is currently incurable.

The only current treatment for CD is a lifelong strict gluten-free diet (GFD) that
achieves a remission of symptoms within a few days or weeks and a restoration of intesti-
nal villi and immune homeostasis within a few months. We ourselves have found that, after
18 months of a strict GFD follow-up, the celiac has most of the parameters equivalent to
those of a healthy child [13–15]. This is an important finding, but, even so, the usual delay
in diagnosis (because of its difficulty), in combination with the time it takes to stabilize
the disease, is too long, and in this period they may develop complications that will result
in sequelae that range from minor (e.g., permanent short stature, dental enamel failure
and psychiatric problems) to serious, such as tumors, in the long term. The fact is that the
GFD seems to play an important role in the pathogenesis of tumor development, since
some studies have described a greater development of tumors the later the diagnosis is
made and in patients who have not followed the GFD [16]. Thus, untreated CD is associ-
ated above all with T-cell lymphoma (EATL) [12] and small bowel adenocarcinoma [17],
although a higher incidence of non-Hodgkin’s lymphoma and colorectal cancer has also
been described [18,19].

As CD is a systemic and complex disease, it is necessary to look at it from different
perspectives. Personalized or precision medicine refers to the application of biotechnology,
genetic profiling, “omics” sciences and the incorporation of clinical and environmental
factors to evaluate individual risks and design strategies for the prevention, diagnosis,
treatment or follow-up of the disease at the right time and in the right patient, with the
minimum toxicity and maximum possible efficacy. One of the sciences that has been
booming in recent years is metabolomics, which deals with the study of chemical processes
in which small molecules, called metabolites, which can be both endogenous and xenobiotic,
are measured. These molecules give information about a metabolic process that has taken
place in the organism, and metabolomics can be considered, from this perspective, as an
approach to cellular metabolism that other “omics” sciences cannot provide [20,21]. In this
sense, metabolomics is presented as a fast and non-invasive tool that could represent a step
forward in the knowledge of many diseases through the study of the metabolic profile by
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obtaining what are known as “metabolomic fingerprints or signatures” resulting from the
interaction of the genome, epigenome, transcriptome, proteome and the environment.

Metabolomics studies are especially relevant in those multifactorial and multisys-
temic pathological situations where the environmental factor plays a relevant role in the
appearance and development of the disease. Technologies such as metabolomics could
define the alterations that occur in the genetically predisposed individual, as well as after
certain changes, such as the GFD, helping to better understand these complex interactions,
and thus may be useful for the diagnosis and monitoring of CD [22]. In this review, we
cover several articles highlighting the latest advancements in the field of metabolomics in
pediatric CD. Specifically, we explore studies that examine plasma and urine samples, with
a special focus on the role of the GFD.

The main objective of this work was to compile the results of recent studies on the
metabolomic profile of pediatric celiac patients, both at diagnosis and throughout the
establishment of the GFD and the evolution of the disease, as well as its comparison with
healthy children with/without genetic risk of CD. The ultimate objective was to establish
the foundations of current knowledge on the subject, enabling the development of future
research, ideally with the creation of new biomarkers. These biomarkers would facilitate
an optimized management of the disease beyond the GFD.

2. Materials and Methods

We obtained published studies related to the topic in MEDLINE or PubMed, Scopus,
Embase and Web of Science. The narrative review was conducted in March and April
2023. Search terms used were “metabolomics”, “metabolome”, “celiac/coeliac disease”,
“metabolites” “biomarkers”, “gluten free diet”. Filters applied were child: birth–18 years;
infant: birth–23 months; infant: 1–23 months; newborn: birth–1 month; preschool child:
2–5 years; child: 6–12 years; adolescent: 13–18 years. Articles published in English or
Spanish were selected for critical synthesis. We included studies carried out on blood
(plasma/serum) and urine. The search was completed with a review of bibliographic
references. Exclusion criteria included articles that lacked a comprehensive description of
the study in their full texts, studies published in non-peer-reviewed journals, meta-analyses,
reviews, protocols, editorials and letters to the editor and studies conducted on animal
models.

3. Metabolomics Platforms

Clinical metabolomics is a rising field of clinical research that takes advantage of the
great technological advances that have been developed in recent years. This relatively
new discipline involves the systematic analysis of metabolites (small molecules involved
in metabolic pathways) in biological samples such as blood, urine and tissues to identify
and measure the unique metabolic profile of an individual [23–25]. This profile can pro-
vide valuable information about an individual’s health status, including disease diagnosis,
prognosis and treatment response [26–28]. Clinical metabolomics integrates various analyt-
ical techniques, such as mass spectrometry (MS) and nuclear magnetic resonance (NMR)
spectroscopy, to detect and quantify metabolites in biological samples [29–31]. The data
obtained from metabolomic analysis can be used to develop personalized and precision
medicine strategies, by identifying biomarkers and metabolic pathways associated with
specific diseases or conditions [32].

Clinical metabolomics is of great importance in medical and biomedical research
because it allows the identification of metabolic biomarkers that can be used for the early
detection, diagnosis and monitoring of diseases [30]. By analyzing changes in metabolic
profiles, clues can be obtained about the pathogenesis of diseases and the underlying
molecular mechanisms [31,33–39]. Using this technique allows the scientific and clinical
community to follow and evaluate a wide variety of physiological conditions, such as the
physiological changes that occur during pregnancy or aging [40–43] as well as for the diag-
nosis and monitoring of different diseases such as diabetes, cancer or neurodegenerative
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diseases [44–50]. In addition, clinical metabolomics can also help to develop new drugs
and improve the efficacy and safety of existing treatments by providing information on
how patients metabolize and respond to drugs [51–54]. It has the potential to improve
diagnostic accuracy, treatment efficacy and understanding of the biological mechanisms
underlying diseases [55].

The two most common techniques used in data acquisition for metabolomics analyses
are NMR and MS [55]. Table 1 shows some of the key differences between the two tech-
niques [47,56–60]. The principle of NMR spectroscopy is based on the interaction between
the magnetic moments of atomic nuclei and an external magnetic field [61,62]. When a
sample is placed in a magnetic field and irradiated with radiofrequency energy, the nuclei
absorb and re-emit energy at characteristic frequencies, which is used to obtain information
about the chemical environment and structure of the molecules. In the case of clinical
metabolomics, NMR spectroscopy is used to analyze biological samples containing a com-
plex mixture of metabolites [29]. The sample is prepared by extracting the metabolites and
dissolving them in a deuterated solvent to prevent interference from the solvent itself. The
sample is then placed in an NMR spectrometer, where it is subjected to a strong magnetic
field and radiofrequency energy [63].

Table 1. Key differences between clinical metabolomics platforms.

Nuclear Magnetic Resonance
(NMR)

Mass Spectrometry (MS)

Sensitivity Low High
Dynamic range Moderate High
Reproducibility Very high Moderate

Detectable metabolites 30–100 300–5000 or more
Metabolite identification Well categorized Labor intensive

Targeted analysis Not optimal Better than NMR
Sample destructive Non-destructive Destructive to sample
Sample preparation Minimal More complex than NMR

Tissue extraction Not required Required
Sample analysis time Fast (<10 min) Longer than NMR (>10 min)

Instrument cost High Cheaper than NMR
Sample cost Low High

Adapted from different authors [56–60].

MS is the other main technique used in clinical metabolomics to detect and quantify
metabolites in biological samples such as blood, urine and tissues [64]. The principle
of MS is based on the ionization of molecules and the separation of ions based on their
mass-to-charge ratio (m/z) in a mass analyzer [65]. The sample is first ionized, usually
by using an ionization source such as electrospray ionization (ESI), atmospheric pressure
chemical ionization (APCI) or matrix-assisted laser desorption/ionization [66–70] (MALDI).
The ions are then separated and detected by the mass analyzer, which produces a mass
spectrum showing the abundance of ions at different m/z values. The sample is prepared by
extracting the metabolites and separating them from other compounds that may interfere
with the analysis. The extracted metabolites are then subjected to ionization and analyzed
by MS. It can detect and quantify a wide range of metabolites with high sensitivity and
specificity, making it a powerful tool for clinical metabolomics research [60]. In addition,
MS can be coupled with chromatography techniques such as liquid chromatography (LC) or
gas chromatography (GC), which allows for further separation and analysis of metabolites.
This approach, known as LC-MS or GC-MS [71–73], is a common method used in clinical
metabolomics to analyze complex samples [74]. The pitfalls of the technique are that sample
processing is more complex and that costs per sample are higher than in NMR. However,
MS is the technique that is used the most in clinical metabolomics research due to its ability
to detect and quantify a wide range of metabolites with high sensitivity and specificity [58].
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Both techniques, apart from using different detectors, also need appropriate sample
processing according to the technique that will be used, as well as different data processing
and analysis in each case [75]. Sample preparation is key in these analyses [60,76,77], as
well as the selected approach for the experimental design, i.e., whether the metabolomic
analysis is directed or not [29]. When we want to gain a global idea of the metabolic profile
of a particular sample to open new questions or to see general changes, an untargeted
analysis is used [43,78,79]. If we want to analyze only a more specific set of metabolites,
which are usually related either by structure or by belonging to the same metabolic pathway,
we use a targeted analysis [80,81]. In both cases, sample preparation and data analysis
follow a slightly different workflow [82]. Figure 1 shows some of the key steps in clinical
metabolomics approaches.

 

Figure 1. General workflow for clinical metabolomics studies. Author contributions. This figure was
partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons
Attribution 3.0 unported license.

The clinical applications of metabolomics are many and diverse. Among them are
the identification of biomarkers of diseases, the development of new therapies [28,83–85],
the personalization of medical treatments [52,54], the early detection of diseases or the
monitoring of the progression of diseases and response to treatment [86–89]. All of them
have great value for the scientific and health community, as well as for all of society. In
recent years, different technologies and methodologies for metabolomics have been devel-
oped and improved, which can help overcome some of the current challenges and enable
significant advances in medical and biomedical research. Some of the new technologies
and methodologies under development include ion mobility, metabolic flux analysis or
separation-free MS techniques for direct infusion acquisition or metabolic imaging [90–101].
Although there are challenges in the implementation of clinical metabolomics, such as
metabolite identification, the standardization of analysis techniques and the interpretation
of complex data, new technologies and methodologies are constantly developing and can
help overcome these barriers [29]. It is necessary to foster interdisciplinary collaboration to
advance the field of clinical metabolomics, since the combination of knowledge and skills
from different disciplines, such as biochemistry, bioinformatics, medicine and engineering,
can lead to significant advances in the understanding of physiology and disease and in the
development of personalized treatments.
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4. Plasma Metabolomic Profile

4.1. CD’s Inherent Footprint and Role of the GFD

Several molecules have been proposed as potential CD biomarkers. In this regard,
Auricchio et al., 2019 [102] found that the serum phospholipid profile is different in children
who develop CD compared to healthy children with similar genetic profiles (specific celiac
human HLA DQ2 or DQ8), even before the introduction of gluten to the diet at 4 months of
age. They followed a cohort of children from families with a CD case from birth to 8 years
of age, with sampling at 4 and 12 months of age (and at CD diagnosis in cases >24 months
of age), finding in lipidomic analysis based on LC coupled with MS and multiple reaction
monitoring (MRM) that the lipid profile is fairly constant in each individual, in both groups,
suggesting that it could be constitutive. In the age-grouped analysis, they found that chil-
dren who developed CD had increased lyso- and phosphatidylcholine (PC) serum levels
(PC 40:4 showed the greatest difference between the two groups), as well as alkylacylphos-
phatidylcholine (PC-O). Specifically, two alkylacylphosphatidylcholipids (PC O-42:0 and
PC O-38:3), together with breastfeeding and one phosphatidylcholine (PC 34:1), were
defined as predictors of CD development. They found that phosphatidylethanolamines
(PE) PE 34:1 and PE 36:1 were decreased in celiac patients.

The working group of Sen et al., 2019 [103] also applied lipidomics in the study of a
cohort of Finnish children in the context of the Type 1 Diabetes Prediction and Prevention
study. Based on MS and comparing plasma samples from children who developed CD
with plasma samples from healthy controls, matched for HLA risk, sex and age, they found
that CD progressors (children who developed CD) had increased triacylgycerols (TGs) of
low carbon number, double-bond count plasma levels and decreased phosphatidylcholines
and cholesterol esters levels at 3 months of age compared to controls. These differences
were not apparent at birth (cord blood) and exacerbated with age. It is proposed that
the increase in TGs of low carbon number and double-bond count is due to de novo
lipogenesis compensating for lipid malabsorption, which would occur at a very young age;
this increase in TGs has been linked in adults to increased liver fat in non-alcoholic fatty
liver disease [104]. In addition, they found decreased total essential TG levels in the plasma
of the CD progressors after gluten intake, reversing this trend, but not significantly, after
the onset of GFD, and there was an inverse relationship with the tissue transglutaminase
IgA titer (tTGA). There was also an increase in cholesterol levels after the start of GFD in the
CD progressors. On the other hand, the endogenous TGs plasma levels were decreased in
CD progressors independently of gluten intake. PCs were elevated in both CD progressors
and controls after the start of gluten intake. A difference in sphingomyelin plasma levels
was observed in CD progressors at a later age, after the introduction of GFD.

These findings suggest that a dysregulation in lipid metabolism may be associated
with the development of CD, and that it occurs in the first months of life, even before
the introduction of gluten to the diet. This could help predict the development of CD in
infants at genetic risk, even years before the appearance of specific antibodies or clinical
symptoms/signs.

However, a previous study (2016) based on the PreventCD project suggested that the
metabolic profile at 4 months (before the introduction of gluten to the diet) did not predict
the development of CD, but that metabolic pathways are affected later in life [105]. In this
study, which studied serum samples from infants at genetic risk for CD who developed CD
compared to those who did not develop the disease at 8 years of age, a trend of decreased
phospholipids levels was found in children who subsequently developed CD, although
not significantly, with a greater decrease in the subsample of children exclusively breastfed
until 4 months of age. They conclude that metabolomic studies should focus on children
who have already had gluten introduced to their diet. However, this study focused the
analysis on phospholipids and acylcarnitines, and TGs and cholesterol esters were not
measured.

Following the lipidomics approach, in a pilot study conducted by ourselves [106],
plasma lipid profile was affected in celiac patients, despite GFD treatment. Using an
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LC-MS/MS platform, there plasma from 17 celiac children under a GFD treatment and
17 healthy controls (siblings) was analyzed. Among the significant molecules, it was
found that 64% were increased and 36% decreased in CD patients. Two carboxylic acids
and derivatives were increased in CD; other molecules whose levels were affected in
patients were four fatty acyls (thromboxanes and leykotrienes involved in inflammatory
pathways), five glycerolipids, eleven glycerophospholipids, one organoxigen compound
and two sphingolipids, lipid species belonging to steroid metabolism and other molecules
involved in bilirubin metabolism. In celiac patients elevated levels of molecules involved in
cell signaling pathways (ceramides, diacylglycerides and lysophospholipids) were found.
Diacylglycerides play a central role in the control of neuronal communication, phagocytosis
and the control of immune responses, and as a second messenger they play an important
role in the regulation of mTOR, recently described as a key factor in maintaining a sustained
inflammatory response in CD [107].

Aside from the lipid profile, one-carbon metabolism alterations were also found by this
group [108] under a targeted plasma metabolomics study. They observed a down-regulation
of the trans-sulphuration pathway in CD patients, despite GFD, with decreased cysteine
and cystathionine, which, together with normal glutathione and vitamin B6, suggests a
specific defect at the level of the enzymes involved in antioxidant defense, oxygen sensing,
mitochondrial function, inflammation and second-messenger signaling. This finding,
moreover, could be explained by a S-adenosyl-L-homocysteine (SAH) hydrolase mutation
that causes typical symptoms of the disease, such as growth retardation, dental anomalies
or hypertransaminasemia. In contrast, other pathways involved in one-carbon metabolism
appeared to be preserved (choline metabolism, the methionine cycle and the folate cycle),
suggesting that adherence to a strict GFD could reverse certain metabolic changes in celiac
patients, making them resemble the profile of healthy subjects. This group notes that these
metabolomic changes are, however, minor, as only approximately 4% of the total plasma
metabolome analyzed was affected [106].

In a more recent study based on a targeted plasma metabolomics analysis, Girdhar
et al., 2023 [109] found increased levels of 2-methyl-3-ketovalric acid, taurodeoxycholic
acid (TDCA), glucono-D-lactone and isoburyryl-L-carnitine, as well as significantly low
oleic acid levels (anti-inflammatory metabolite) in CD progressors (compared to healthy
children matched for age, HLA genotype, breastfeeding duration and gluten exposure
duration). Other metabolic pathways were also affected in the CD progressors, such
as the pentose phosphate pathway, unsaturated fatty acid biosynthesis and glycolipid
and linoleic acid metabolism. Notably, TDCA levels were increased to twice the normal
values. TDCA, a metabolite derived from the gut microbiota, may play a role in small
intestinal inflammation and CD pathogenesis, as its administration to C57BL/6J mice by
supplementing their diet caused a distortion in crypt structure and total or partial villous
atrophy; increased CD4+ T cells, natural killer cells and Qa-1 and NKG2D expression on T
cells (two immunomodulatory proteins); and decreased regulatory T cells in intraepithelial
lymphocytes. Therefore, TDCA could be used as an early diagnosis biomarker, and more
importantly, targeted therapies to eliminate TDCA-producing bacteria (Clostridium XIVa
and Clostridium XI) early in life could be used as a strategy to decrease the CD development
risk. On the other hand, they found that the cytokine plasma profile and other metabolites
were altered in CD progressors, even before diagnosis (other recent work (Auricchio et al.,
2023 [110]) has also focused on the serum cytokine profile and proinflammatory genes
expression in infants at CD risk), and differences were also found in the gut microbiota
composition (studied in stool) (other authors have also studied microbiota and metabolome
alterations in infants at risk of CD, in stool [111,112]). In the CD progressors, before
diagnosis, they found significantly increased levels of three proinflammatory cytokines
(IFNA2, IL-1a and IL-17E/(IL25)) and a chemokine (MIP-1b/CCl4).

Another interesting aspect to be addressed is alternative biomarkers that allow the
disease to be monitored and can also be used in the evaluation of celiac patients’ relatives.
Plasma citrulline was assessed by an LC auto sampler (and in dried blood spots) by
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Lomash et al., 2021 [113], as a potential biomarker useful in the diagnosis and monitoring
of the disease, as well as in the evaluation of celiac patients’ first-degree relatives (FDRs)
(predictive value in the distinction of seronegative CD and in the progression of potential
to overt CD). This non-essential amino acid is specifically produced by proximal small
intestine enterocyte villi, so it has been proposed as a possible marker of residual intestinal
function in pathologies such as necrotizing enterocolitis in newborns, enterophaties, small
intestine transplantation or small bowel resections [114]. This work found statistically
significant differences in the median plasma citrulline levels in celiac children (20.1 μM (IQR,
13.35–29.15)) compared to controls (serology-negative FDRs) (37.33 μM (IQR, 29.8–42.6)).
They also found an inverse correlation between plasma citrulline levels and anti-tTG IgA
levels throughout the establishment of GFD and, in addition, in the different Marsh grades
at diagnosis; so, citrulline could be used as a surrogate biomarker for serology in disease
monitoring and in predicting the histopathological damage degree (it was effective in
distinguishing grades 3b and above but not in distinguishing 3a or less in celiac patients
and healthy asymptomatic FDRs). In addition, in patients with inconclusive serology and
biopsy results, the median plasma citrulline reflected mucosal damage (12.26 μM) like
in potential celiacs (median plasma citrulline levels: 23.25 μM). A brief summary of the
clinical metabolomic studies conducted on the serum and plasma of children with CD is
reviewed in Table 2.

Table 2. Summary of blood metabolomics findings in the selected studies.

Study
Reference

Groups (N) Age Sample Methodology Key Results

[102]

CD progressors
(30) vs. HC with
similar genetic
profiles (20)

0–8 years Serum LC-MS, MRM

Altered serum phospholipid profile, even
before gluten intake, in CD progressors:
Elevated lyso- and PC and PC-O serum levels;
Decreased PE 34:1 and PE 36:1 serum levels.

[103]

CD progressors
(23) vs. HC
matched for
HLA risk, sex,
and age (23)

0–6 years Plasma MS

Altered serum lipid profile in CD progressors:
Elevated TGs of low carbon number and
double-bond count plasma levels. Decreased
PC, cholesterol esters, endogenous TGs and
total essential TG plasma levels (these latter
after gluten intake).

[105]

CD progressors
(33) vs. HC
matched for
HLA risk (197)

4 month–
8 years Serum LC-MS/MS

No significant differences; decreased serum
phospholipids levels in CD progressors.
No influence of HLA genotype on the serum
metabolic profile.

[106]
T-CD (17) vs. HC
(siblings) (17) 4–17 years Plasma LC-MS/MS

Altered plasma lipid profile in T-CD: elevated
carboxylic acids and ceramides,
diacylglycerides and lysophospholipid
plasma levels.
Other altered molecules: fatty acyls,
glycerolipids, glycerophospholipids,
organoxygen compound, sphingolipids,
steroid metabolism, molecules involved in
bilirubin metabolism.

[108]
T-CD (17) vs. HC
(siblings) (17) 4–17 years Plasma LC-MS/MS

Altered one-carbon metabolism in T-CD:
Trans-sulphuration pathway down-regulation
(decreased cysteine and cystathionine plasma
levels), with glutathione and vitamin B6
normal levels.
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Table 2. Cont.

Study
Reference

Groups (N) Age Sample Methodology Key Results

[109]

CD progressors
(7 (plasma
samples)) vs. HC
matched for age,
HLA genotype,
breastfeeding
duration and
gluten exposure
duration (9
(plasma
samples))

2.5–5 years Plasma,
stool

MS, GC-MS,
LC-MS, HR-MS

Altered plasma cytokine profile (and other
metabolites) in CD progressors:
Elevated IFNA2, IL-1a, IL-17E/(IL25)),
MIP-1b/CCl4, 2-Methyl-3-ketovalric acid,
TDCA, Glucono-D-lactone and
Isoburyryl-L-carnitine;
Decreased oleic acid plasma levels.

[113]
T-CD (558) vs.
HC (FDRs)
(1565)

1–18 years
(T-CD)

Plasma,
DBS LC-MS, DBS

Decreased plasma citrulline levels in T-CD.
Decreased plasma citrulline levels in HLA DQ
2.5-positive patients.
Inverse correlation between citrulline levels
and anti-tTG IgA levels.
Value of citrulline levels as predictors of
histopathological damage (Marsh 3b and
above).

CD, celiac disease; GFD, gluten-free diet; T-CD, GFD treated celiac disease subjects; HC, healthy controls; CD
progressors, children who develop CD; FDRs, first-degree relatives; MS, mass spectrometry; GC-MS, gas chro-
matography mass spectrometry; LC-MS, liquid chromatography coupled with mass spectrometry; HR-MS, high
resolution mass spectrometry; MRM, multiple-reaction monitoring; DBS, dried blood spot; PC, phosphatidyl-
cholines; PC-O, alkylacylphosphatidylcholines; PE, phosphatidylethanolamines; TGs, triacylgycerols; TDCA,
taurodeoxycholic acid; HLA, human leukocyte antigen; anti-tTG IgA, anti-tissue transglutaminase IgA.

4.2. Genetic Influence (HLA)

In the above-mentioned work [113], plasma citrulline levels were also correlated with
HLA genotype. Significantly low plasma citrulline levels were observed in subjects with
the HLA DQ 2.5 genotype with subtypes DQA1*0501 and DQB1*0201. The HLA-DQ
genotype has already been reported to influence early intestinal microbial colonization,
thus influencing the metabolome [115].

Kirchberg et al. (2016) found that the HLA genotype did not have any influence on the
serum metabolic profile in infants who were at risk for celiac disease before introducing
gluten to their diet [105].

5. Urine Metabolomic Profile

Other studies (Table 3) have also compared the urine metabolomic profile of celiac
children with healthy controls, some of them focusing on changes in the volatile organic
compounds (VOCs) profile. An example of this is Di Cagno et al., 2011 [116], who, using gas
chromatography mass spectrometry/solid-phase microextraction (GC-MS/SPME) analysis,
demonstrated that VOCs and free-amino-acid levels are altered in the urine (and stool) of
celiac children with more than 2 years of GFD, relating these imbalances to qualitative and
quantitative differences in the microbiota of celiac patients compared to healthy people.
They found that the CD group had higher dimethyl trisulfide and dimethyl disulfide
urine levels. In addition, with some exceptions, they also had higher urine hydrocarbon
levels. No differences in urine aldehyde levels were found between the two groups. These
findings were confirmed by NMR, which also found that the CD group had higher lysine,
arginine, creatine and methylamine mean levels, while carnosine, glucose, glutamine and
3-methyl-2-oxobutanoic acid were the highest in healthy children. This study emphasizes
that a GFD does not completely restore the microbiota or, consequently, the metabolome
of children with CD, and that there are possible metabolic markers of CD; furthermore,
it suggests that the addition of prebiotics and probiotics to the GFD could restore the
microbiota–microbiome balance in celiac children.
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Table 3. Summary of urine metabolomics findings in the selected studies.

Study
Reference

Groups (N) Age Sample Methodology Key Results

[116]
T-CD (19) vs.
HC (15)

6–12
years

Stool,
urine

GC-MS/SPME,
H-NMR

Altered VOCs and free-amino-acid levels:

- T-CD: elevated dimethyl trisulfide and
dimethyl disulfide urine levels and most
hydrocarbon levels.

Elevated lysine, arginine, creatine and methylamine
mean levels:

- HC: elevated carnosine, glucose, glutamine
and 3-methyl-2-oxobutanoic acid levels.

[117]

T-CD
Synergy 1
(11) vs. T-CD
placebo (12)

4–18
years Urine GC-MS/SPME

No significant changes in VOC urine profiles, except
for benzaldehyde concentrations (36% decrease after
12 weeks of intervention).

[118]
T-CD (9) vs.
HC (9)

4–14
years Urine GC-MS/SPME

Altered VOC levels:

- Only in T-CD: 1,3-di-tert-butylbenzene in
urine.

- HC: elevated 2,3-butanedione, 2-heptanone,
dimethyl disulfide and octanal levels (and
2-butanone, hexanal and 4-heptanone).

CD, celiac disease; GFD, gluten-free diet; T-CD, GFD treated celiac disease subjects; HC, healthy controls; GC-
MS/SPME, gas chromatography mass spectrometry/solid-phase microextraction; H-NMR, hydrogen-1 nuclear
magnetic resonance; VOCs, volatile organic compounds.

In relation to this aspect, Drabinska et al., 2019 [117], studied the effect of GFD supple-
mentation with a prebiotic (oligofructose-enriched inulin) on VOC urine concentration in
celiac children and adolescents, using GC-MS/SPME analysis. This work is based on the
idea that changes in the VOC profile in biological fluids that occur in various gastrointesti-
nal diseases (studied by the recent so-called “volatolomics”) are due in part to alterations in
microbiota metabolism, especially its fermentative activity, and not so much to variations
in its composition. However, GFD supplementation with this prebiotic had no impact on
most VOC urine profiles of celiac patients; only a significant change was observed in ben-
zaldehyde concentrations, which decreased by 36% after 12 weeks of intervention, which
may be related to a decrease in Lactobacillus counts in the prebiotic-supplemented group, as
Lactobacillus produces an aminotransferase that converts phenylalanine to benzaldehyde.

Another study, also led by Drabinska [118], aimed to optimize the GC-MS/SPME
method for the detection of changes in VOC urine profiles in celiac children compared to
healthy children. Based on Variable Importance in the Projection (VIP) scores, several CD
biomarkers could be suggested: 1,3-di-tert-butylbenzene (only found in the urine of celiac
children) and other VOCs present in higher concentrations in the urine of healthy children
(2,3-butanedione, 2-heptanone, dimethyl disulfide and octanal, and, with lower VIP scores,
2-butanone, hexanal and 4-heptanone). Again, these differences could be explained by
alterations in the celiac patients’ gut microbiota, as many VOCs are fermentation products
of the microbiota. On the other hand, the VOC levels in biological fluids (blood, urine,
sweat . . . ) could be increased by the altered intestinal permeability present in many
gastrointestinal tract diseases.

6. Discussion

Metabolomics is a promising field that offers a comprehensive understanding of cell
biology, surpassing other omics sciences in its breadth. However, the current studies in the
field indicate that there is still much progress to be made. The limited number of pediatric
studies, often pilot studies, that do not consider the impact of a GFD, contribute to these
challenges.
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Looking ahead, the potential applications of metabolomics are vast. Diagnostic
biomarkers for potential celiacs, the normalization of cellular function alongside the proper
implementation of a GFD and the identification of unique disease markers hold promise
for deeper insights into CD. Many of the studies mentioned in the literature have primarily
focused on analyzing metabolite profiles at a single time point, neglecting the potential
influence of the GFD on these profiles. Moreover, there is a lack of consensus regarding the
definition of cellular normality in patients. Additionally, it remains inconclusive whether
a distinct disease footprint exists, although several studies suggest such a possibility. To
address these limitations, it is crucial to design comprehensive studies that encompass
metabolomic profiles before disease onset, during the disease with consideration of dif-
ferent treatment approaches and in relation to dietary deviations. Such studies hold the
potential to identify valuable biomarkers for effective disease management.

Moreover, to advance our understanding, it is crucial to integrate metabolomic stud-
ies with other omics sciences, such as transcriptomics, proteomics and the study of the
microbiome. Further studies are needed, as well as studies looking at lipid metabolism and
other possible biomarkers. This correlation will help unravel the genetic and epigenetic
expressions underlying the observed metabolic findings. Furthermore, the role of the GFD,
the importance of well-designed research and the correlation with other omics sciences are
key factors for comprehending the disease from a metabolomics perspective.

Most of the studies mentioned have fewer than 30 participants. By fostering increased
collaboration among these research groups and facilitating the integration of datasets and
participant pools, we can pave the way for large-scale metabolomics research endeavors
that possess the required statistical power to establish a definitive diagnostic biomarker
for celiac disease. By combining resources and expertise, we can overcome the limitations
of individual studies and achieve more robust and conclusive results. This collaborative
approach holds tremendous potential for advancing our understanding of celiac disease
and improving its diagnosis and management.

Unfortunately, while metabolomics presents exciting possibilities, there is still much
to be explored. By refining research methodologies and integrating multiple omics sciences,
we can unlock a wealth of information and advance our understanding of CD. Future
studies, including larger sample sizes and considering various biological tissues beyond
plasma, will provide valuable insights.

7. Conclusions

CD is a multifactorial entity involving genetic and environmental factors. GFD is
the only treatment currently available for CD, although solid biomarkers that allow the
adequate monitoring of the disease and treatment are still lacking. On the other hand, it
would be interesting to find biomarkers that allow the early diagnosis of the disease. In this
sense, metabolomics studies may provide answers to the knowledge gaps that exist in CD
and other multifactorial disorders, requiring further research in the pediatric age group.
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Abstract: Celiac disease (CeD) is a chronic immune-mediated disorder of the small intestine
triggered by the ingestion of dietary gluten. This narrative review aims to summarize and
critically evaluate the recent literature on the association between CeD and infertility, with
an emphasis on identifying patterns and inconsistencies. Previous studies have reported
conflicting findings: while some demonstrate a higher prevalence of unexplained infertility
in patients with CeD, others do not support this association. Overall, untreated CeD may
be a contributing factor to infertility, especially unexplained cases, and a gluten-free diet
(GFD) might improve fertility outcomes. However, the general prevalence of infertility in
CeD patients does not appear to exceed that of the general population. This review includes
evidence on both male and female infertility and examines possible pathophysiological
mechanisms, including nutritional deficiencies, immune-mediated effects, and sexual
dysfunction. Further high-quality prospective studies are needed to determine the true
impact of CeD on reproductive health and to inform screening guidelines.

Keywords: celiac disease; gluten; gluten-free diet; infertility

1. Introduction

Celiac disease (CeD), also known as gluten-sensitive enteropathy, is a chronic immune-
mediated enteropathy that occurs in genetically predisposed individuals upon ingestion of
gluten, which is found in wheat, rye, barley, and oat products [1]. Pathologically, CeD is
characterized by damage to the small-intestinal mucosa, including villous atrophy, crypt
hyperplasia, and increased lymphocyte infiltration. The global prevalence of diagnosed
CeD is approximately 1%; however, many cases remain undiagnosed, which increases the
risk of long-term complications. CeD can affect individuals of any age, both children and
adults, with women being at least twice as likely to be affected as men.

Diagnosing CeD is challenging and involves a multi-step process that includes symp-
tom evaluation, serological testing, duodenal biopsy, response to a gluten-free diet (GFD),
and, optionally, genetic testing. Due to this complexity, delays in diagnosis, which can
sometimes exceed ten years, are common. The only effective treatment currently available
is a strict, lifelong GFD, which typically leads to relief of clinical symptoms and healing of
small-intestinal damage.

The clinical presentation of CeD is highly variable, ranging from asymptomatic cases
to severe symptoms that can be categorized into gastrointestinal and extra-gastrointestinal
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manifestations. Common gastrointestinal symptoms include chronic diarrhea, abdominal
pain, bloating, flatulence, and vomiting [2], which often prompt physicians to initiate
diagnostic procedures for CeD. In contrast, extra-gastrointestinal manifestations—such as
nutritional deficiencies, bone-related disorders, dental abnormalities, skin conditions, and
neurological or psychiatric disorders [3]—are more difficult to detect. Many of these cases
remain undiagnosed, particularly in the absence of gastrointestinal symptoms.

Among the extra-intestinal manifestations of CeD, various adverse reproductive
outcomes have been reported, including infertility, spontaneous abortion, stillbirth, preterm
delivery, and low birth weight [4–8]. Even endocrine conditions like hypogonadotropic
hypogonadism, which can lead to infertility, are linked to celiac disease [9–12].

According to the World Health Organization (WHO), overall infertility is defined as
the “failure to achieve a clinical pregnancy after 12 months or more of regular unprotected
sexual intercourse”. Primary infertility refers to the inability to conceive in couples who
have never achieved pregnancy, while secondary infertility refers to difficulties in con-
ceiving after previously achieving pregnancy. Unexplained infertility is diagnosed when
no apparent cause of infertility can be identified, in both partners, after comprehensive
evaluation, but there is no single universally accepted definition of this condition. Un-
explained infertility is a diagnosis of exclusion for couples who do not fit the criteria for
diagnosis of male factor infertility, oligo/anovulatory infertility or anatomical concerns
such as blocked fallopian tubes, endometriosis, uterine cavity defects, or cervical/vaginal
obstruction. Primary research studies that recruit couples with unexplained infertility use
widely varying inclusion criteria and often do not define their criteria at all [13].

Infertility can stem from female factors, including ovarian, tubal, or endometrial
dysfunction, or male factors, such as erectile dysfunction, hypogonadism, or reduced sperm
motility. Known causes of infertility include anatomical abnormalities, endocrine disorders,
endometriosis, and infections such as Chlamydia trachomatis and tuberculosis. When no
identifiable cause is found, an underlying condition such as CeD may be responsible [14,15].

Since the 1970s, numerous studies have explored the association between CeD and
infertility. Wang et al. [16] described at least one autoimmune disease in 25% of women with
primary ovarian insufficiency with an increased relative risk for CeD of 7.58 [3.47, 14.39];
p = 4.47 × 10−6). However, the findings remain inconsistent, leaving this issue open
to debate.

The aim of this review is to summarize recent studies on the relationship between
CeD and infertility to raise awareness among physicians about the potential presence of
CeD in patients experiencing reproductive difficulties. Numerous studies have explored
the association between CeD and infertility; however, the findings remain inconsistent.
Previous reviews have focused predominantly on female infertility or have presented
limited updates on newer evidence [17]. This review differs by including studies up to
July 2024 and analyzing findings across genders and couples, thereby providing a broader
perspective. It also aims to highlight inconsistencies and identify knowledge gaps, offering
a critical narrative rather than a meta-analytic synthesis.

2. Materials and Methods

PubMed Search Strategy and Selection Criteria

This is a narrative review. A search of the PubMed database was conducted for articles
published in English between 2011 and March 2025. The keywords used were “c(o)eliac
disease” combined with “infertility” and “fertility”. Articles without abstracts, such as case
reports, commentaries, conference papers, and letters, were excluded. The initial search
identified 84 articles, of which 29 were selected for this review. Additionally, 13 papers were
identified through cross-referencing the retrieved articles. We conducted a similar search
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on Scopus, initially identifying 73 articles in English on fertility and celiac disease; among
them, we selected 36 publications: a total of 23 were already included in the PubMed search,
while 13 were not. Therefore, we added data from these 13 studies to our review (Figure 1).

Figure 1. PRISMA flow diagram of search procedure.

3. Results

In 1970, Morris and colleagues were the first to describe the relationship between
untreated CeD and female infertility, as well as the impact of a GFD. They reported three
cases of infertile women with untreated CeD who successfully conceived after adopting
a GFD [18]. Since then, numerous clinical studies have explored the association between
CeD and infertility, but their findings have been inconsistent [4,6–8,19].

Several factors may explain the variability in study results, including differences in
how CeD (seropositive vs. biopsy-confirmed) and infertility (WHO definition vs. referral to
infertility clinics) were defined, as well as variations in the sample sizes and demographic
compositions of study populations and control groups. The limited number of participants
in most studies (typically fewer than 200) reduces the statistical power of the findings.
Additionally, inconsistent data interpretation and a lack of differentiation between overall
infertility and unexplained infertility have contributed to the conflicting results. In cases of
explained infertility, the underlying causes were rarely detailed.

Screening for undiagnosed CeD among infertile individuals was primarily conducted
using serological tests for antibodies against transglutaminase 2 (TGA), endomysium
(EMA), and/or gliadin (AGA). However, confirmation of CeD through duodenal biopsy
was infrequent.

An overview of relevant clinical studies, published from 2011 to March 2025, is
presented in the following subsections. They include the association between CeD and in-
fertility of women, men, and couples and discuss possible pathophysiological mechanisms
and the role of a GFD. TGA measurement as a screening method for CeD was the only
suitable basis for the comparison of results.

3.1. Infertility in Women

To date, the precise risk estimate of infertility in women with CeD remains unclear
due to methodological variations and heterogeneity across studies. Furthermore, the
impact of a GFD on infertility has not been fully clarified. Findings published before
2011 were reviewed by Lasa et al. [20] and Tersigni et al. [21]. These reviews indicated
that undiagnosed CeD appears to be a significant risk factor for infertility in women, and
screening for CeD should be considered in cases of unexplained infertility.

Subsequent investigations into the association between CeD and infertility in women
have also produced contradictory results.
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Table 1 summarizes the prevalence of TGA-positivity among women with overall
infertility and unexplained infertility compared to fertile control women.

3.1.1. Positive Associations

Several studies investigating the prevalence of undiagnosed CeD in women with
fertility problems have identified a clear association.

A prospective cohort study conducted at an academic infertility clinic in the United
States [22] included 188 infertile women, 51 of whom had unexplained infertility (27%).
All participants underwent serological screening. Among the 188 women with overall
infertility, 3 (1.6%) tested positive for TGA. The expected prevalence of CeD in a similarly
aged female population from the same geographical region was 1.3%. However, in a
subgroup analysis of women with unexplained infertility, the prevalence rose to 3.9% (2
out of 51 patients).

In a cross-sectional study conducted in India, 230 women with unexplained infer-
tility diagnosed according to WHO criteria 1993, considering normal semen analysis
from the partner, and 305 control women were tested for seropositivity [23]. Elevated
TGA levels were found in 13 women with unexplained infertility (5.7%) and 4 controls
(1.3%), a statistically significant difference (p = 0.004). This indicated a 4.5-fold higher
prevalence of CeD in infertile women compared to controls. Interestingly, none of the TGA-
positive women exhibited classic gastrointestinal symptoms of CeD. The authors concluded
that women with unexplained infertility might have subclinical CeD detectable through
serological screening.

A Brazilian cross-sectional study of 170 infertile women, including 29 with unex-
plained infertility, reported a seropositive CeD prevalence of 2.9% (5 out of 170) in the
overall cohort and 10.3% (3 out of 29) in the unexplained infertility group [24]. The authors
suggested that these findings support the implementation of serological screening for CeD
in women with unexplained infertility.

Similarly, a case-control study in Mexico evaluated 171 women with fertility disorders
and 171 fertile control women matched by age for CeD-specific antibodies [25]. The results
showed that seven infertile patients (4.1%) and only one control woman (0.6%) tested
positive for elevated TGA levels.

Two studies from Iran provided additional insights into the prevalence of CeD among
infertile women. In one study, serum samples from 100 couples with unexplained infer-
tility and 200 fertile control couples were tested for TGA antibodies [19]. Positive TGA
was detected in seven infertile women (7%) and seven control women (3.5%). Another
prospective study involving 100 couples with unexplained infertility found that eight
women (8%) tested positive for TGA, a prevalence higher than that observed in the general
population [26]. Based on these findings, the authors recommended screening all women
with unexplained infertility for CeD.

In summary, the results on the prevalence of CeD in women with overall or unex-
plained infertility revealed that 43 out of 959 (4.5%) had a positive TGA serology (six studies)
in comparison to 676 control cases with 12 seropositive women (1.8%) (three studies). In
case of unexplained infertility, 30 out of 481 subjects (6.2%) had a positive TGA serology.
These findings indicated a significantly increased risk of seropositive CeD in women with
infertility and advised that patients with unexplained infertility, particularly, should be
screened for CeD.

Another Iranian study, where 8/100 females with infertility tested positive for CeD
serology, showed a significant association between high levels of Anti-TTG Ab and infertil-
ity (odds ratio = 17.30, 95% CI: 2.13–140.39) [27].
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A cross-sectional study conducted in China [28], which collected clinical and biochem-
ical data from a total of 67 females with CeD and 67 healthy patients, showed significantly
lower levels of anti-Müllerian hormone and higher Prolactin levels in the CeD group (all
p < 0.05).

A nationwide Danish matched cohort study [29] involving 6319 women diagnosed
with CeD and 63166 controls showed that prior to being diagnosed, CeD women had an ex-
cess risk of spontaneous abortion and extra stillbirths per 1000 pregnancies compared with
the non-CeD women, indicating that that undiagnosed CeD can affect female reproduction.

The meta-analysis conducted by Singh et al. [30], which included nine studies pub-
lished up to 2014, found that the prevalence of CeD in women with overall infertility
(n = 884) was 2.3%, while the prevalence in women with unexplained infertility (n = 623)
was 3.2%. Women with overall infertility were 3.5 times more likely, and those with
unexplained infertility were 6 times more likely, to have CeD compared to fertile controls.

Another meta-analysis by Castano et al. [6] reviewed data from 23 scientific articles
published up to 2019. The analysis reported similar prevalence rates of CeD-specific
serology in women with overall infertility (n = 5935) and those with unexplained infertility
(n = 1982), with pooled proportions ranging from approximately 1.3% to 1.6%. This
represented a 3-fold increase in the odds of CeD in infertile women compared to the control
population (n = 7202). Collectively, the findings of both meta-analyses confirm a higher
risk of CeD in infertile women, particularly in those with unexplained infertility.

Conversely, two studies have demonstrated a higher prevalence of infertility in women
with untreated CeD. Fortunato et al. [31] evaluated the fertility risk in 4070 women with
CeD living in two regions of Southern Italy using ad hoc data and statistics that were
routinely collected. They compared the frequency of hospital admissions for fertility issues
in these women with 19,765 matched controls without CeD residing in the same region. The
proportion of women hospitalized for fertility-related problems was significantly higher
among those with CeD compared to age-matched controls (1.2% vs. 0.2%; p < 0.01).

In a more recent case-control study conducted in India between 2020 and 2021, Prasad
et al. [32] used a detailed questionnaire to evaluate reproductive functions in 288 female
patients with biopsy-confirmed CeD. They also included 586 age-matched healthy female
controls. The study revealed that women with CeD had a significantly higher rate of current
infertility compared to controls (10.5% vs. 5.2%; p = 0.028).

Lastly, a retrospective cohort study based on an online survey found higher rates of
spontaneous abortion (50.6% vs. 40.6%; p = 0.01) and premature delivery (23.6% vs. 15.9%;
p = 0.02) in women with celiac disease compared to controls [33].

3.1.2. Negative Associations

The following six studies did not find a greater likelihood of CeD in women with
infertility compared to controls or the general population.

In a large prospective cohort study conducted in the United States, 995 women un-
dergoing in vitro fertilization were screened for CeD using a specific questionnaire and
serological testing [34]. Among the participants, 24 patients (2.4%) tested positive for
TGA. This prevalence was not significantly different from that observed in the general
population (2.8%).

Another study enrolled 685 women at a Canadian fertility clinic to investigate the
prevalence of CeD in women with unexplained infertility versus those with an identifiable
cause of infertility [35]. Women on a GFD or with a previous CeD diagnosis were excluded.
Eight of the 685 infertile women (1.2%) were identified as seropositive for CeD, including
4 out of 326 women with unexplained infertility (1.2%) and 4 out of 359 women with a
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known cause of infertility (1.1%). The study concluded that CeD was no more common in
women with unexplained infertility than in those with a known infertility cause.

A study conducted in Iran examined 150 women with unexplained infertility and
150 control women for TGA serum levels [36]. Seropositive CeD was identified in three
infertile patients (2.0%) and none of the controls, but the difference was not statistically
significant (p = 0.49).

Three additional studies of infertile couples visiting fertility clinics provided further
insight into the frequency of CeD in women. Hogen Esch et al. [37] screened 1038 subfertile
male–female couples in the Netherlands for IgA TGA and IgA EMA. The prevalence of
seropositive CeD among the women was 0.6% (6 out of 1038), which was not significantly
higher than in the general Dutch population.

In a prospective pilot study, 65 Turkish couples with unexplained infertility were
examined for CeD-specific antibodies, including TGA [38]. None of the women tested
positive for any of the CeD-specific antibodies.

Finally, a cross-sectional study in Denmark estimated the prevalence of unrecognized
CeD among infertile couples using TGA testing [39]. Among the 455 participating women,
4 (0.9%) were antibody-positive, comparable to the Danish general population.

In summary, these six studies revealed that among 3388 women with overall or
unexplained infertility, 44 subjects (1.3%) had a positive TGA serology, which appears to be
not higher than that of the general population. This finding did not support the routine
screening of women with infertility for CeD. Only one of these studies included a control
group, and none of the participating 150 subjects was seropositive [36].

A recent systematic review with meta-analysis of the prevalence of CeD in women
with infertility also demonstrated that the prevalence of CeD in infertile women was not
increased compared with controls [40]. Overall, 20 studies, published until February 2020,
were included in the analysis. Based on 11 studies (1617 women), the pooled prevalence
of biopsy-confirmed CeD was 0.7% in women with overall infertility. Restricting the
study population to women with unexplained infertility, the pooled prevalence of biopsy-
confirmed CeD was 0.6%. Regarding studies where CeD had been defined per serology
(20 studies; 5158 women), the pooled prevalence of CeD was 1.1% in women with any
infertility. In conclusion, results indicated that the prevalence of CeD was not higher in
infertile women compared with the general population.

Vice versa, two investigations examined the prevalence of infertility in women with
CeD. A large population-based study from the United Kingdom included 2,426,225 women
of child-bearing age; 6506 women (0.3%) had a diagnosis of CeD [41]. The results revealed
that the rate of infertility among women with CeD (4.4%) was similar to that of women
without CeD (4.1%). As an exception, the rate was significantly higher among women
diagnosed with CeD when they were 25–29 years old compared with women in the same
age group without CeD. A Slovenian retrospective case-control study, including 205 women
with biopsy-confirmed CeD and 103 healthy women, demonstrated that 23 subjects with
CeD (11.2%) reported being treated for infertility, which was not statistically significant
(p = 0.425) when compared with 8 control subjects (7.8%) [42].

A recent Italian survey of 493 celiac women revealed links between untreated celiac
disease and miscarriages, anemia, low birth weight, and infertility; 73% felt poorly informed
by healthcare professionals about reproductive risks [43].

Nahan et al. [44] identified >25,000,000 outpatient women without CeD, and 9368 with
CeD from the database of 80 healthcare organisations. They reported that women with CeD
had higher odds of later women’s health conditions including absent/rare menstruation
(4.6% vs. 2.0%; OR 2.34), infertility (1.4% vs. 0.9%; OR 1.69), polycystic ovarian syndrome
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(3.3% vs. 1.0%; OR 3.2), menopausal disorders (4.3% vs. 1.56%; OR 285), and primary
ovarian failure (0.96% vs. 0.16%; OR 6.25).

Mendelian randomization analysis, including data from 12,041 CD cases and
12,228 controls, from 14,759 infertile women, and from 111,583 controls, obtained from
FinnGen and UK Biobank databases, revealed that there was no discernible link between
genetic susceptibility to CD and female infertility [45]. The authors concluded that this
finding implied a restrained basis for advocating CeD screening among women facing
infertility issues.

Several studies and meta-analyses demonstrated a trend towards an increased preva-
lence of CeD in women with infertility and, vice versa, of infertility in women with active
CeD, particularly in cases of unexplained infertility. Other investigations indicated that
CeD is not more common in infertile women than in the general population. Figure 2
summarizes the results of a selection of studies about female infertility. All the papers
published have some strengths and limitations. Screening for CeD in infertile women has
been judged in a variety of different ways, and a widespread consensus is lacking. Further
targeted prospective studies are needed to investigate the association between CeD and
infertility in women.

Figure 2. A selection of studies about CeD and female, male, and couple infertility.
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Table 1. Frequency of TGA-positive women with overall and unexplained infertility compared with
fertile controls.

Author (Year) [Ref.] Country a Overall Infertility Unexplained Infertility Controls

n b TGA (%) n b TGA (%) n b TGA (%)

Choi (2011) [22] US 188 3 (1.6) 51 2 (3.9) - -

Hogen Esch (2011) [37] NL 1038 6 (0.6) - - - -

Khoshbaten (2011) [19] IR - - 100 7 (7.0) 200 7 (3.5)

Kumar (2011) [23] IN - - 230 13 (5.7) 305 4 (1.3)

Machado (2013) [24] BR 170 5 (2.9) 29 3 (10.3) - -

Karaca (2015) [38] TR - - 65 0 (0.0) - -

Sabzevari (2017) [26] IR - - 100 8 (8.0) - -

Grode (2018) [29] DN 455 4 (0.9) - - - -

Gunn (2018) [35] CA 685 8 (1.2) 326 4 (1.2) - -

Juneau (2018) [34] US 995 24 (2.4) - - - -

Farzaneh (2019) [36] IR - - 150 3 (2.0) 150 0 (0.0)

Remes-Troche (2023) [25] MX 171 7 (4.1) - - 171 1 (0.6)
a Country code ISO 3166-1. b Number of subjects. Legend: TGA: tissue transglutaminase antibodies; US: United
States; NL: Netherlands, IR: Iran, IN: India, BR: Brazil, TR: Turkey, DN: Denmark, CA: Canada, MX: Mexico.

3.2. Infertility in Men

The underlying causes of infertility in men with CeD remain unclear and may involve
multiple factors. A significant aspect of this increased infertility is represented by abnor-
malities in sperm parameters, including concentration, motility, and morphology. Beyond
the general malabsorption observed in patients with active CeD, deficiencies in essential
elements such as selenium and zinc are potential contributors to male infertility. Zinc,
for instance, plays a critical role in various stages of sperm development, from germ cell
maturation to the spermiation process [46]. Therefore, evaluating selenium and zinc levels
in male patients with CeD who are experiencing infertility could be a valuable component
of preconception counseling. Oxidative stress has been identified as another key factor in
male infertility, contributing to lower sperm functionality. Figure 1 summarizes the results
of a selection of studies about male infertility. A case-control study conducted in Iran
investigated this phenomenon by comparing semen samples collected from 11 fertile men
without CeD and 10 men affected by CeD [47]. The findings indicated that men with CeD
exhibited significantly impaired sperm chromatin maturation, characterized by persistent
histones and protamine deficiency, as well as increased DNA damage, compared to fertile
controls (p < 0.05). Furthermore, the sperm viability percentage was significantly lower in
men with CeD than in fertile controls (p < 0.05).

Studies regarding the fertility of men with CeD are relatively scarce. In 2011, Zugna
et al. [48] assessed the fertility in a Swedish cohort of 7121 men with biopsy-confirmed CeD
(Marsh type 3). The study group was compared with 31,677 men without CeD matched for
age. The number of their children was the main outcome measure of the study. Results
showed that men with CeD had a total of 9935 children, averaging 1.40 children per
man, compared to 42,245 children, or 1.33 per man, in the control group. Furthermore,
approximately 38% of men with CeD had no offspring, a proportion comparable to the
reference population (39%). The study concluded that men with diagnosed CeD exhibit
normal fertility rates.

Five studies that investigated the prevalence of CeD in couples with reproductive
complications (see Section 3.3) provided information about infertility of male participants
with CeD. In one of these studies, serum samples were analyzed from 100 Iranian couples
with unexplained infertility [19]. As a comparison, 200 couples with no reported reproduc-
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tive issues and at least one uncomplicated birth served as the control group. TGA were
detected in six men (6%) from the study group and four men (4%) from the control group.

In another Iranian study, also including 100 couples with unexplained infertility,
participants were tested for TGA serum levels [26]. In patients with positive serologic tests,
a duodenal biopsy was performed to confirm the diagnosis. Overall, six men (6%) had
positive TGA, and CeD was verified by duodenal biopsy in four subjects.

While both studies revealed a higher prevalence of CeD compared to the general
population, neither was statistically significant.

In contrast, the other three studies did not find an association between infertility
and CeD. Hogen Esch et al. [37] determined the prevalence of unrecognized CeD in
1038 subfertile male–female couples by testing IgA TGA and IgA EMA levels. Four men
(0.4%) tested positive, a rate which was not higher than that of the adult population of the
Netherlands. A total of 65 Turkish couples with unexplained infertility were tested for TGA
and other CeD-specific antibodies [38]. Only one male partner (1.5%) was seropositive, and
histological findings were compatible with Marsh type 3a. Screening for CeD in Danish
couples with fertility problems, using TGA testing, revealed that 4 out of 438 men (0.9%)
were antibody-positive [39]. CeD was confirmed by biopsy in three men. The prevalence
of unrecognized CeD was equivalent to that of the Danish adult population. Altogether,
further comprehensive studies should clarify the association between male infertility
and CeD.

3.3. Infertility in Couples

A large cohort study conducted in the Netherlands investigated the prevalence of
undiagnosed CeD in 1038 subfertile male–female couples attending a fertility clinic. Screen-
ing was performed using IgA TGA and IgA EMA [37]. The overall prevalence of CeD in
this cohort was 0.48% (six females and four males), which was not significantly higher
than the general adult population prevalence in the Netherlands (0.35%). Additionally, no
significant association was found between CeD and subfertility between genders.

Another study, conducted in Iran, assessed serum samples from 100 couples with
unexplained infertility to evaluate the prevalence of CeD [19]. The control group con-
sisted of 200 couples without reproductive complications who had delivered at least one
uncomplicated birth. Positive results of TGA were detected in 13 individuals from the
infertile group (6.5%) and in 11 controls (2.8%), with a statistically significant difference
(p = 0.027). The odds ratio (OR) for CeD in couples with unexplained infertility was 2.39, in-
dicating a significantly higher seroprevalence of CeD in the infertile group compared to the
fertile controls.

In a study involving 65 Turkish couples with unexplained infertility who were admit-
ted to a fertility clinic, participants were tested for TGA and other CeD-specific antibod-
ies [38]. Endoscopy was performed in patients with positive serology. Five couples had at
least one positive antibody test; however, no couple showed antibody positivity in both
partners simultaneously. Among the male participants, only one tested positive for all the
antibodies. Histopathological examination of the antibody-positive patients revealed that
only this male participant showed findings consistent with Marsh type 3a. Ultimately, a
diagnosis of CeD was confirmed in only one couple (1.5%), with no female patients being
diagnosed with CeD.

A prospective cross-sectional study from Iran included 100 couples with unexplained
infertility who were tested for TGA levels [26]. In patients with positive serologic tests, a
duodenal biopsy was performed to confirm the diagnosis. Overall, 14 patients (7%) with
unexplained infertility had positive TGA (8 women and 6 men). In 11 out of 200 patients
(5.5%), endoscopic finding was compatible with biopsy-verified CeD (7 women, 4 men).
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A cross-sectional study was conducted to estimate the prevalence of unrecognized
CeD among Danish couples referred for fertility treatment. Screening involved TGA testing,
followed by small-bowel biopsies to confirm the diagnosis [39]. Out of 893 participants
(51% women), 4 men and 4 women (0.90%) tested positive for TGA. Small-bowel biopsies
were performed on seven seropositive individuals, corresponding to an overall prevalence
of 0.45%. The prevalence of unrecognized CeD was equivalent to that of the Danish general
population (0.48%).

Overall, two studies showed a positive association between infertility of couples and
CeD: Around 7% of 200 couples reported problems with infertility [19,26]. In contrast, three
studies did not find any significant relation. Only 0.5–1.5% of couples with reproductive
problems were identified to have CeD, which corresponded to the general population [37–39].
Figure 2 summarizes the results of a selection of studies about couple infertility. Further
investigations to address this issue are required.

4. Pathophysiological Mechanism

The etiology of infertility in CeD is multifactorial and remains only partially un-
derstood. Two main mechanisms have been proposed: micronutrient deficiencies and
immune–endocrine dysregulation.

Micronutrient malabsorption is common in untreated CeD and includes iron, folate,
selenium, zinc, and fat-soluble vitamins. These elements are crucial for gametogenesis,
ovulation, implantation, and fetal development [49]. Zinc and selenium, in particular,
influence sperm maturation and endometrial receptivity.

Immune-mediated and endocrine factors may further compromise reproductive
health. Autoantibodies such as TGAs and anti-thyroid antibodies, as well as increased
pro-inflammatory cytokines (e.g., IL-6, TNF-α), can impair endometrial angiogenesis and
placentation. Hormonal disturbances, including altered prolactin, FSH, and LH levels,
have also been observed [50,51].

Moreover, CeD is associated with menstrual irregularities, delayed menarche, and
early menopause, possibly narrowing the reproductive window [52]. In men, oxidative
stress and sexual dysfunction—including erectile and ejaculation disorders—may also
contribute to reduced fertility.

Sexual dysfunction in women, including decreased sexual desire, dyspareunia (pain
during intercourse), and anorgasmia (absence of orgasm), may contribute to infertility in
patients with CeD [53]. Additionally, untreated CeD has been associated with delayed
menarche and premature menopause, leading to a shorter fertile window compared to
women without CeD [54]. In men, increased oxidative stress—a recurring finding in infer-
tile males—has been linked to reduced sperm quality and function. Male infertility factors
in CeD may also include erectile dysfunction and impaired sperm parameters, such as
reduced quality and motility. Despite these observations, understanding the pathophysio-
logical mechanisms underlying infertility in CeD remains limited, highlighting the need for
further research.

5. Effect of a GFD

Morris et al. [18] were the first to report a link between untreated CeD and female
infertility, as well as the positive impact of a GFD. They described three cases of infertile
women with untreated CeD who conceived after adopting a GFD. Subsequent studies
have demonstrated the beneficial effects of a GFD in improving fertility in women with
CeD [7]. For instance, Nenna et al. reported four women (aged 28–39 years) in Italy who
sought infertility treatment for periods ranging from 2 to 12 years and were subsequently
diagnosed with CeD [55]. Remarkably, all four women conceived after adhering to a GFD
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for 2–9 months. One notable case involved a 39-year-old woman who had unsuccessfully
tried to conceive for 11 years, including 4 years undergoing in vitro fertilization who, after
following a GFD for 2 years, successfully delivered a baby.

A prospective cohort study conducted at an academic infertility clinic in the USA
included 188 infertile women who underwent serologic screening for CeD [20]. Patients
with positive serologic tests were advised to confirm the diagnosis with small-intestinal
biopsies. Four women were diagnosed with CeD, confirmed by biopsy, and received
nutritional counseling to adopt a GFD. Remarkably, all four women conceived within a
year following their diagnosis and dietary changes.

In a retrospective study from a Spanish infertility clinic, the impact of a GFD was
assessed in women with CeD who had experienced recurrent implantation failure [56].
Data from women following a gluten-containing diet (GCD) were compared with those
adhering to a GFD. Significant differences were observed: the live birth rate was 0% (0/19)
for women on a GCD versus 60% (6/10) for those on a GFD (p = 0.004), and the miscar-
riage rate was 100% (3/3) for the GCD group compared to 14% (1/7) in the GFD group
(p = 0.033).

A retrospective study from Morocco demonstrated that reproductive disorders in
patients with celiac disease are frequent (58/173 patients) but largely reversible, with
90% of cases (26 patients out of 29) showing improvement following the initiation of a
gluten-free diet [57].

However, contrasting results emerged from a USA study of 28 women with seropos-
itive CeD undergoing in vitro fertilization [34]. Outcomes in women adhering to a GFD
(n = 3) were comparable to those on a GCD. Parameters such as mature oocytes retrieved
(10.2 vs. 10.8), fertilization rates (82.4% vs. 83.6%), and blastulation rates (54.8% vs. 48.6%)
showed no significant differences (p = 0.37–0.58). A notable limitation of this study, and
others, was the lack of rigorous testing for strict GFD adherence.

In conclusion, further investigations involving larger cohorts of CeD patients, includ-
ing those strictly adherent and non-adherent to a GFD, are required to clarify the role of a
GFD in addressing fertility issues in women with CeD.

6. Discussion

Despite decades of research, the association between CeD and infertility remains
controversial. Some studies show increased prevalence of CeD among women with unex-
plained infertility, while others report no difference from the general population. These
discrepancies may stem from variability in diagnostic criteria, population characteristics,
and methodology.

A limitation of our review is the use only of PubMed and Scopus as a source database,
which may have limited the comprehensiveness of the literature search. Furthermore,
as a narrative review, study selection and data interpretation are inherently subjective,
introducing potential bias. Other limitations in the research include small sample sizes and
the absence of control groups.

The prevalence of CeD varies geographically and ethnically, ranging from under
0.1% in East Asia to over 1% in Europe and the Middle East. The low prevalence of
CeD in non-Caucasian women may reflect a combination of genetic, diagnostic, and
healthcare disparities rather than biological differences. While CeD is more common in
white populations due to genetic predisposition [58], underdiagnosis due to limited access
to testing in non-Caucasian populations may be exaggerating the disparity. Non-Caucasian
women with CeD often depend on community health centers rather than primary care
settings, where access to diagnostic tools may be limited. As a result, being female, non-
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Caucasian, and having undiagnosed celiac disease likely creates a triple burden, increasing
the risk of delayed diagnosis and inadequate care [59].

These disparities must be taken into account when evaluating the clinical utility of
screening for CeD in infertile populations. A “one-size-fits-all” approach is not appropriate,
and pretest probability should guide testing. Moreover, many studies rely primarily on
serological testing without confirming diagnoses through duodenal biopsy. The standard
laboratory tests for CeD screening have commonly included IgA TGA, IgA EMA, and total
IgA antibodies. In recent years, rapid point-of-care (POC) tests have been proposed as
alternatives to standard testing. However, Grode et al. evaluated the diagnostic accuracy
of the POC test (Simtomax®) and found it unsuitable due to a high rate of false-positive
results (sensitivity = 42.9%) [60].

Another confounding factor is that some studies failed to clearly distinguish between
infertility and sexual dysfunction. CeD may not inherently reduce reproductive capacity
but associated depression, fatigue, or dyspareunia could affect sexual activity, thereby
reducing conception rates.

While routine screening for CeD in infertile patients remains controversial, several
studies have demonstrated the positive impact of a GFD on fertility in women with CeD.
Adhering to a strict GFD has been shown to improve the chances of conception and the birth
of a healthy child. Patients must also be informed of the importance of dietary compliance,
as any lapses in following a GFD can significantly reduce their likelihood of achieving a
successful outcome [61].

In summary, further studies are required to evaluate the risk of unrecognized CeD
in infertile patients to define the role of routine serological screening for CeD in infertile
patients and to elucidate the underlying mechanism for infertility in active CeD. Future
research should employ standardized infertility definitions; include control groups matched
for age, region, and socio-economic status; and use structured protocols (e.g., PRISMA-
ScR) with validated tools for bias assessment. Prospective studies that stratify patients
by their adherence to a gluten-free diet and by reproductive outcomes are also warranted.
Future research should consider the following points: the diagnosis of CeD should include
serological standardized testing of TGA, EMA, and total IgA antibodies followed by
confirmatory duodenal biopsy (Marsh criteria) in all seropositive patients. The definition
of infertility should be based on the WHO definition or a close version. The sample size
of participants should be more than 200 infertile patients and 200 controls with proven
fertility, the latter being matched for age, socio-economic status, and regional origin.
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Abstract: The worldwide prevalence of asymptomatic coeliac disease (CD) is increasing, which is in
part due to the routine screening of children with risk factors. Both symptomatic and asymptomatic
patients with CD are at risk of long-term complications. The objective of this study was to compare the
clinical characteristics of asymptomatic and symptomatic children at the time of CD diagnosis. A case–
control study was conducted using data from a cohort of 4838 CD patients recruited from 73 centers
across Spain between 2011 and 2017. A total of 468 asymptomatic patients (cases) were selected
and matched by age and sex with 468 symptomatic patients (controls). Clinical data, including
any reported symptoms, as well as serologic, genetic, and histopathologic data were collected. No
significant differences were found between the two groups in most clinical variables, nor in the degree
of intestinal lesion. However, the asymptomatic patients were taller (height z-score −0.12 (1.06) vs.
−0.45 (1.19), p < 0.001) and were less likely to have anti transglutaminase IgA antibodies ≥ 10 times
the upper normal limit (66.2% vs. 758.4%, p = 0.002). Among the 37.1% of asymptomatic patients
who were not screened for CD due to the absence of risk factors, only 34% were truly asymptomatic,
while the remaining 66% reported non-specific CD-related symptoms. Therefore, expanding CD
screening to any child who undergoes a blood test could reduce the burden of care for some children,
as many of those considered asymptomatic reported non-specific CD-related symptoms.
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1. Introduction

Coeliac disease (CD) is an immune-mediated systemic disorder triggered by gluten
and related prolamins in genetically susceptible individuals. It is characterized by a variable
combination of gluten-dependent clinical manifestations, CD-specific antibodies, HLA-
DQ2/8 haplotypes, and enteropathy [1]. Over the past few decades, the presentation
of CD has changed worldwide, with the diagnosis occurring at an older age [2] and
a greater number of patients being diagnosed with more subtle symptoms or even as
asymptomatic [3]. This change is partly due to the recognition that the disease can occur at
any age and the introduction of screening in high-risk children, who are often asymptomatic.
Moreover, the asymptomatic CD is becoming more common, as shown by some studies
in which almost 1% of asymptomatic healthy adolescents screened (without risk factors
for CD) had CD [4]. Screening is recommended for first-degree relatives of CD patients
and in children with a concomitant disease (chromosomal abnormalities such as Downs,
Turner, or Williams syndrome, as well as patients with another autoimmune disease, such
as type 1 diabetes, autoimmune thyroid, or autoimmune hepatitis, among others), as CD
patients have a 3- to 10-fold higher risk of developing another autoimmune disease [5–8].
It is worth noting that a recent US mass screening study performed in 9973 children found
that 90% of asymptomatic positive children did not have a first-degree relative affected with
CD [9]. This highlights the importance of widespread screening for CD, as relying solely
on symptoms or risk factors such as family history may miss many cases. Furthermore, it
is important to note that other studies have found that the serological, histological, and
genetic characteristics of symptomatic and asymptomatic CD patients are similar [10,11].
Given the high prevalence of this disease [12], particularly in Europe, and the potential for
serious complications if left untreated [13], it is crucial to investigate the characteristics of
patients with or without symptoms at the time of diagnosis. This information can be used
to inform decision-making in the healthcare practice. The aim of this study is to compare
the characteristics of asymptomatic and symptomatic CD patients at the time of diagnosis.

2. Materials and Methods

2.1. Study Design and Population

The present study was designed as a case–control study, embedded in the REPAC2
cohort [14]. This was a nationwide, prospective, observational, multicenter registry of new
CD cases recorded between January 2011 and June 2017. The CD Working Group of the
Spanish Gastroenterology, Hepatology, and Pediatric Nutrition Society (SEGHNP) invited
all pediatric gastroenterology departments in Spain to participate in the study. Of the
117 pediatric gastroenterology units in Spain, 73 (62.4%) from 15 of the 17 Spanish regions
agreed to participate. The inclusion criteria for this study were patients under 15 years of
age who were diagnosed with CD at participating centers after the study start date. To
be included in the cohort, patients had to meet the diagnostic criteria established by the
European Society for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN)
at the time of diagnosis. For patients diagnosed before 2011, the 1990 ESPGHAN criteria
were used [15], while for those diagnosed since 2011, the 2012 criteria were used [16]. To
clarify, before 2011, all patients diagnosed with CD had to undergo an intestinal biopsy for
diagnosis. However, since 2012, patients can be diagnosed without undergoing an intestinal
biopsy, if they meet the diagnostic criteria established by the ESPGHAN. Asymptomatic CD
cases and a group of symptomatic controls were selected for the study, with each case being
matched 1:1 by center, age, and sex. Children were considered asymptomatic if they did not
have any CD-suggestive symptoms according to the ESPGHAN diagnostic guidelines [1,16].
However, some of the so-called asymptomatic children had other complaints that were
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not considered in the guidelines and were thus categorized as having “non-specific CD
symptoms” for the purposes of the study.

2.2. Data Analysis and Management

The data for this study were collected through an electronic questionnaire hosted
on the SEGHNP website. The questionnaire collected information on various aspects of
the patient’s medical history, including demographics, mode of delivery, breastfeeding
history, CD family history, CD-specific symptoms, height and weight, associated condi-
tions, serology, biopsy, and genetic results. Clinical presentations were classified as either
asymptomatic or symptomatic based on the presence or absence of symptoms established
by the ESPGHAN diagnostic guidelines [1,16]. Symptomatic children had at least one of
the signs or symptoms mentioned in the guidelines: chronic or intermittent abdominal
pain, diarrhea, constipation or bloating, distended abdomen, recurrent nausea and/or vom-
iting, tiredness and lethargy, weight loss, failure-to-thrive, stunted growth/short stature,
delayed puberty, amenorrhea, irritability, chronic fatigue, neuropathy, arthritis/arthralgia,
chronic iron-deficiency anemia, decreased bone mineralization, recurrent aphthous stom-
atitis, dermatitis herpetiformis, dental enamel defects, and abnormal liver biochemistry.
Asymptomatic patients were evaluated to determine if they belonged to a risk group, such
as first-degree relatives of patients with celiac disease, those who already had another
autoimmune disease, and those with chromosomal diseases, to see if a blood test for CD
detection was indicated. The study team collected information on why the blood test
was performed for asymptomatic patients who did not belong to a high-risk group. The
responses were collected in an open text box and analyzed to determine the reason for
the blood test. If data were missing, patients were not excluded, and no imputation was
performed. To summarize, asymptomatic patients were classified into three groups: the
first group included patients with high-risk factors such as first-degree relatives of CD,
and those with other autoimmune or chromosomal diseases. The second group included
asymptomatic children who had symptoms not listed in the guidelines (non-specific CD
symptoms), and the third group included patients with no symptoms at all.

To calculate the z-scores for height, weight, and body mass index (BMI), the study
used the growth references and standards provided by the World Health Organization
(WHO) [17,18]. A z-score of 0 indicates that a child’s measurement is equal to the median,
while a z-score of +1 or −1 indicates that the measurement is one standard deviation above
or below the median, respectively.

Serology tests for celiac disease were performed at each participating center to detect
anti transglutaminase IgA antibodies (TGA-IgA) and anti endomysial IgA antibodies
(EMA-IgA) based on the available methods in their laboratories, with specific cut-off values
determined for each method. The antibody titer for each patient was recorded, along with
the cut-off value used. HLA typing was also performed locally, and patients were grouped
as DQ2 or DQ8 based on the results. Some centers performed complete genotyping,
while others determined only DQ2/8 positivity or negativity. All patients underwent
fibrogastroduodenoscopy, which was performed under sedation, and macroscopic and
microscopic findings were recorded. The biopsy samples were evaluated by the pathologist
at each center and classified according to the Marsh–Oberhuber classification. [19]. In this
study, samples classified as Marsh 2 to 3 according to the Marsh–Oberhuber classification
were considered indicative of CD [16].

2.3. Statistical Analysis

The study was designed with an expected sample size of 468 cases and 468 controls,
with a power of 86.8% and an alpha error of 0.05 to estimate differences of more than 10%
between groups. The distribution of continuous variables was assessed using histograms
and Kolmogorov–Smirnov test. Continuous variables were reported as mean and standard
deviation or median and interquartile range (IQR) based on their distribution. Chi-squared
tests were used for group comparisons for categorical variables, while Student’s t-test and
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ANOVA or Mann–Whitney U-tests and Kruskal–Wallis test were used for group compar-
isons for continuous variables, depending on their distribution. Statistical significance was
accepted at p < 0.05, and IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses.

2.4. Ethics and Approvals

The investigations were carried out according to the principles of the Declaration
of Helsinki. Informed consent was obtained from the parents or legal guardians of the
participants. This study was approved by the Research Ethics Committee of the Hospital
Universitario Puerta de Hierro, Majadahonda, Madrid (263.2011), and individually, by all
participating centers.

3. Results

The study included a total of 4838 celiac children, and out of these, 468 were identified
as asymptomatic (9.67% of the total population). The mean age of the asymptomatic patients
was 7.8 years, with an interquartile range of 4.7–11.2 years. These 468 asymptomatic coeliac
patients (cases) were then matched with 468 symptomatic coeliac patients to serve as
controls for the study.

During randomization, we selected 97 non-biopsy controls who were diagnosed after
2012 and met the criteria for using that approach. Since we were unsure whether there were
differences between asymptomatic and symptomatic patients depending on whether they
underwent a biopsy, we performed duplicate analyses. One set of the analyses included
the controls randomly selected, which included 97 cases without a biopsy, while the other
set only selected the controls who were diagnosed with a biopsy. However, no significant
differences were found between the two analyses. Therefore, we used the randomly selected
cases for the analyses, and the 97 children diagnosed without a biopsy have missing values
of the Marsh lesion grade.

Table 1 shows the comparative characteristics in cases and controls.

Table 1. Characteristics of asymptomatic and symptomatic patients at diagnosis.

Cases (n = 468)
Asymptomatic at Diagnosis

Controls (n = 468)
Symptomatic at Diagnosis

p-Value

Background information
Male sex 199 (42.5%) 199 (42.5%) NS
Age (years) 8.2 (5.3–11.4) 7.8 (4.8–11.2) NS
Delivery type (C section) 87 (18.6) 107 (22.9) NS
Breastfeeding 103 (76.3) 87 (79.2) NS
Rotavirus vaccination 69 (14.7) 73 (15.6) NS
Age at gluten introduction (months) 6 (6–8) 6.5 (6–8) NS
Weight (z-score) 0.16 (1.06) −0.45 (1.19) <0.001
Height (z-score) −0.12 (1.06) −0.54 (1.22) <0.001
BMI (z-score) 0.32 (1.15) −0.19 (1.19) <0.001
Risk factors
Relatives with CD <0.001
No 250 (54.1%) 383 (82.7%)
First degree 161 (34.8%) 29 (6.3%)
Second degree 42 (9.1%) 47 (10.2%)
First and second degree 9 (1.9%) 4 (0.9%)
Diabetes 62 (13.4%) 4 (0.9%) <0.001
Thyroiditis 18 (3.9%) 5 (1.1%) 0.006
Down Syndrome 10 (2.2%) 0 (0.0%) 0.001
Laboratory parameters
IgA antiendomysium + 325 (97.3) a 328 (98.2) a NS
TGA-IgA ≥ 10xUNL 310 (66.2) 353 (75.4) 0.002
HLA (n = 409) (n = 393) NS
DQ2 345 (84.4%) 338 (86.0%)
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Table 1. Cont.

Cases (n = 468)
Asymptomatic at Diagnosis

Controls (n = 468)
Symptomatic at Diagnosis

p-Value

DQ2/DQ8 40 (9.8%) 34 (8.7%)
DQ8 20 (4.9%) 11 (2.8%)
Others 4 (1.0%) 10 (2.5%)
Marsh lesion grade (n = 468) (n = 371) 0.017 b

2 29 (6.2%) 17 (4.6%)
3a 162 (34.6%) 96 (25.9%) 0.002 c

3b 188 (40.2%) 181 (48.8%)
3c 89 (19.0%) 77 (20.8%)

N (%) or mean (SD) or median (interquartile range). a Only available in 334. b Chi2 linear trend. c Post hoc
analysis. Marsh 2 or 3a versus 3b or 3c. BMI: body mass index; CD: coeliac disease; UNL: upper normal limit; and
TGA: anti transglutaminase IgA antibodies.

No significant differences were found between the two groups in terms of mode of de-
livery, breastfeeding, rotavirus vaccination, age at gluten introduction, anti endomysial IgA
antibody positivity, or HLA type. The asymptomatic group exhibited a higher prevalence of
risk factors, including autoimmune diseases such as type 1 diabetes mellitus and thyroiditis,
Downs syndrome, and a first-degree family member with celiac disease compared to the
symptomatic group. Moreover, asymptomatic children had slightly higher weight and
height measurements than the symptomatic children (Figure 1).

Figure 1. Anthropometrical measurements of cases and controls at diagnosis.

Notably, the height of symptomatic children was below the mean for the general
population, while in the asymptomatic cases, it was distributed around the normal values
of the population.

Compared to symptomatic patients, asymptomatic patients were less likely to have a
TGA-IgA value ≥ 10 times the upper limit of normal (ULN) (66% vs. 75%, p = 0.002) and
had a higher proportion of milder lesions (Marsh 2 and 3a), while the symptomatic controls
had a greater proportion of Marsh 3b and 3c. A review of the reasons behind conducting
TGA-IgA tests on asymptomatic patients demonstrated that a significant proportion (up
to 61.1%) of them belonged to high-risk groups identified by the ESPGHAN diagnostic
protocol, such as individuals with genetic syndromes, first-degree relatives of CD patients,
or other autoimmune diseases. However, 37.1% of the tests were performed without
following the protocol, with some patients exhibiting non-specific symptoms associated
with CD (24.5%), while others were completely asymptomatic (12.6%) (Figure 2).

Upon further investigation, recruiters reached out to families to inquire about the
reason for conducting TGA-IgA tests on asymptomatic children. Of the 37.1% of patients
without risk factors, 12.6% underwent testing as part of non-urgent preoperative checks,
evaluations for familial hypercholesterolemia, or routine assessments upon starting care
with a new pediatrician or family doctor. The remaining 24.5% had a medical concern
unrelated to CD, such as allergy evaluations for recurring wheezing, food or respiratory
allergies, atopic dermatitis, or urticaria, as well as assessments for non-specific skin lesions
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such as eczema or lichen, chest pain, halitosis, dizziness, recurrent URTIs, polyphagia,
syncope, or dysphagia.

Figure 2. Categorization of cases.

Table 2 shows the characteristics of all asymptomatic cases according to the reason
for screening.

Table 2. Asymptomatic cases according to the reason for screening *.

CD Risk Factors a

n = 286
Non-Specific CD Symptoms b

n = 115
Other Reasons

n = 59
p-Value

Background information
Male sex (% from total) 126 (44.1%) 45 (39.1%) 23 (39.0%) 0.577
Age (years) 8.3 (5.3–11.4) 8.1 (4.7–11.2) 7.6 (4.4–11.5) 0.603
Age at gluten introduction
(months) 7 (6–8) 6 (6–7) 6 (6–7) 0.022

Weight (z-score) 0.15 (0.97) 0.14 (1.30) 0.12 (0.88) 0.973
Height (z-score) −0.16 (1.02) −0.07 (1.21) −0.16 (0.89) 0.716
BMI (z-score) 0.35 (1.03) 0.24 (1.41) 0.29 (1.15) 0.686

Laboratory parameters n (% from total)
IgA antiendomysium + 196 (96.5%) 91 (98.9%) 30 (96.7%) 0.511
TGA-IgA ≥ 10xUNL 192 (67.1%) 74 (64.3%) 40 (67.8%) 0.550
HLA NS
DQ2 205 (82.3%) 85 (84.2%) 48 (92.3%)
DQ2/DQ8 29 (11.6%) 8 (7.9%) 3 (5.8%)
DQ8 12 (4.8%) 7 (6.9%) 1 (1.9%)
Others 3 (1.2%) 1 (1.0%) 0 (0.0%)

Marsh lesion grade NS
2 13 (4.5%) 11 (9.6%) 5 (8.5%)
3a 108 (37.8%) 31 (27.0%) 19 (32.2%)
3b 104 (36.4%) 50 (43.5%) 31 (52.5%)
3c 61 (21.3%) 23 (20.0%) 4 (6.8%)

* For 8 patients, no reason for screening was noted in the open box text N (%) or mean (SD) or median (interquartile
range). a Family history of CD: 186, endocrine diseases: 82 (diabetes and hypothyroidism), genetic disorders:
12 (Downs syndrome; Williams syndrome), and rheumatic diseases: 6 (juvenile idiopathic arthritis) b Non-
specific CD symptoms, such as allergy studies, non-specific skin lesions, halitosis, dizziness, and recurrent URIs,
among others.

Among the asymptomatic cases, the only significant difference found was related to
the age of gluten introduction, with those with a family history of CD introducing gluten
at a later age compared to those without such a history (months; p = 0.022). No other
significant differences were found.
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4. Discussion

To the best of our knowledge, this case–control study represents the largest sample of
asymptomatic coeliac patients that have been characterized to date. The findings in this
study suggest that the diagnosis of CD in asymptomatic patients is not limited to high-risk
groups, and this detailed analysis indicates that asymptomatic CD patients, regardless
of their risk group status, share similar characteristics. The study revealed that although
celiac disease may present as milder in asymptomatic cases (with lower TGA-IgA levels
and less severe intestinal damage), these variations do not have any significant impact on
the diagnosis. As we have seen in the results of this study, families with celiac relatives
may delay introducing gluten to their children’s diets due to concerns about the potential
risk of developing celiac disease. Further, it has been described that undiagnosed CD can
have significant impacts on one’s physical and general development, leading to long-term
complications [10,20], such as anemia, dental enamel defects [21], osteoporosis [22,23], or
underachievement [24,25], which can remain permanent if CD is not treated [13].

The observations of the CD patients in the studied population align with previous
research findings, indicating that height impairment in children can occur before the onset
of symptoms [26,27]. The potential for irreversible growth impairment in the pediatric age
group makes early detection and treatment of CD crucial. It has been described that almost
half of the asymptomatic patients have minor symptoms that may go unnoticed until they
improve after initiating the gluten-free diet (GFD) [10,28–30]. A Dutch study conducted
some years ago proposed that patients be given the option to decide for themselves whether
to adhere to a GFD, as some asymptomatic individuals who initially declined the diet may
choose to begin it early if symptoms eventually worsen [29].

The proportion of asymptomatic patients in the studied population was 9.67%, which
is consistent with other international cohorts such as those from Finland [10], the UK [31],
Saudi Arabia [32], the Netherlands [33], and New Zealand [34]. However, a central Euro-
pean cohort showed a higher percentage of asymptomatic cases, ranging from 12.1% in
Croatia to 26.5% in Italy [35]. The reason for specifically studying asymptomatic patients in
this cohort is due to the increasing worldwide prevalence of asymptomatic cases, as men-
tioned earlier [3]. An indication of the increasing importance of this group of asymptomatic
patients is reflected in the fact that, for the first time, the revised ESPGHAN criteria pub-
lished in 2020 allow for diagnosis without biopsy in asymptomatic patients, the majority of
whom belong to high-risk groups, as was significantly observed in this cohort. However,
as results from this study and others [9] have shown, it may not be sufficient to limit CD
screening to at-risk groups. In the present study, over a third of asymptomatic children
were diagnosed due to TGA-IgA being included as a basic parameter in blood tests, even
though this is not indicated by diagnosis guidelines. While this determination is justified
in asymptomatic patients from risk groups due to the increase in prevalence, we have
observed that the other two groups of asymptomatic patients behave the same. This leads
the authors to question whether the inclusion of TGA-IgA plus total IgA as part of the basic
biochemical profile may be justified in children whose pediatrician or family practitioner
decides to carry out a blood test. This approach could reduce the gap between diagnosed
and undiagnosed patients in both children and adults, which the literature has placed
at between 75 and 90% over the years [26,36–38]. Bringing the diagnosis forward to the
pediatric age could also help avoid the overuse of healthcare services and medication that
have been described prior to CD diagnosis in both pediatric and adult age groups [39–43],
as well as the delay in diagnosis in adulthood, which has been reported to be up to
10 years [44], despite the presence of CD-suggestive symptoms. The authors would like
to emphasize that while CD screening is mandatory in at-risk children and meets most of
the screening criteria set by the World Health Organization, universal screening for the
general population, at least in adults, is currently controversial [45], although it seems to be
cost-effective [43,46]. In the meantime, an opportunistic approach to CD screening could
be considered for non-at-risk children who undergo blood testing for unrelated conditions.
Furthermore, other recent studies have also suggested broader screening beyond just at-risk
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groups [9,47]. Blood testing is not common in pediatric practice and is usually performed
for health or developmental reasons.

However, two important points should be emphasized. First, our study found that
asymptomatic patients are less likely to have TGA-IgA levels above 10 times the UNL,
which implies that they are more likely to require a biopsy to confirm the diagnosis.
Second, some patients with potential CD are asymptomatic, and therefore, transient low
positive serology results may be found [48]. Therefore, CD diagnosis in children, especially
those with low–intermediate TGA values, should be performed in centers with sufficient
experience and a carefully validated laboratory method using appropriate tests. If a child’s
blood test in a general pediatric practice shows a TGA-IgA level above the threshold, the
child should be referred to a specialized center for a definitive diagnosis before starting
a GFD, since the misdiagnosis of CD can have long-lasting consequences. Up to 55% of
children with potential CD may never develop overt CD [49–52].

The authors have identified some reasons for not performing TGA-IgA testing in
asymptomatic individuals who are not part of high-risk populations. One reason may
be the assumption that these patients would have lower compliance with the GFD and
that asymptomatic individuals would not benefit from the GFD. However, little evidence
suggests otherwise [28], and in general, compliance with a GFD among asymptomatic CD
patients is generally good, particularly in children [28,53]. In some cases, compliance can
be worse, as has been observed in a small group of patients [54]. In addition, the assump-
tion that asymptomatic individuals would not benefit from the GFD may not be entirely
accurate. Only 12.8% of the patients in this cohort were truly asymptomatic (Figure 2), and
other studies have reported similar results, with many asymptomatic patients presenting
with minor symptoms that improve after starting the GFD [10,28,30]. Concerns about
the potential negative impact of starting a lifelong GFD without symptoms may also be
unfounded. Recent studies comparing the quality of life and dietary adherence of children
diagnosed through screening or symptoms have shown no difference between the two
groups [29,53]. Instead, some authors suggest a different approach to the treatment and
follow-up of this patient group to avoid decreased quality of life or increased anxiety [55].
Allowing patients to make their own decision may also be appropriate, as some initially
asymptomatic patients who declined the diet may later choose to start it as their symptoms
worsen [29].

Based on the mean prevalence of 0.74% [56] for undiagnosed CD/asymptomatic pa-
tients (with a range of 0.10–3.03%), including TGA-IgA as part of the basic analysis profile
in children undergoing blood testing can allow the diagnosis of up to 280/100,000 chil-
dren without risk factors, considering that 37.1% of the asymptomatic children in the
authors’ study were diagnosed with CD. Therefore, the proposed “diagnostic approach of
opportunity” could be more cost-effective than screening the general population.

Additional studies are needed to evaluate the actual cost-effectiveness of this approach,
its generalizability, and whether follow-up for these patients should be designed differently
to identify any issues arising from adherence to a strict diet.

5. Conclusions

Currently, there are still many undiagnosed CD patients. Screening has been im-
plemented in children belonging to risk groups for CD, such as first-degree relatives or
those affected by another autoimmune or chromosomal disease. Asymptomatic cases are
usually diagnosed in these at-risk populations. This study’s findings have allowed for the
verification of symptomatic and asymptomatic patients being identical in a large cohort;
the only difference is that the asymptomatic patients present less severe intestinal damage
and less impact on their nutritional state, which is beneficial in the pediatric age since they
are in a period of growth.

Considering the fact that other studies have shown that complications are possible
even in asymptomatic patients, but universal screening in the general population remains
controversial, we propose an opportunistic screening approach beyond children at risk
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of CD. Therefore, we suggest exploring the existence of CD in non-at-risk children who
undergo a blood test for an unrelated condition. Blood testing is not that common in
pediatric practice, and when it is performed, it is usually for health or developmental
reasons. By adopting this opportunistic approach, the burden of care and the risk of
possible long-term complications in asymptomatic cases would be reduced. Further studies
are needed to determine the cost-effectiveness of this approach and whether follow-up care
should be designed differently to identify problems arising from adherence to a strict diet.
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Abstract: A gluten-free diet (GFD) is currently the only treatment available for patients with celiac
disease (CD). However, adherence to a GFD can be challenging because gluten is present in many
foods. A lifelong follow-up of patients with CD must be performed to promote adherence to a GFD
and to identify the appearance of symptoms and the associated diseases. Therefore, the development
of tools to analyze gluten exposure in these patients is important. This study proposes the devel-
opment of the first automatable ELISA to monitor adherence to a GFD through the quantification
of urine gluten immunogenic peptides (u-GIP). Seven healthy volunteers without suspicion of CD
and 23 patients with CD were monitored as part of this study to optimize, validate, and apply this
assay. Non-interference was found in the urine matrix, and the recovery percentage for spiked
samples was 81–101%. The u-GIP was stable for up to 16 days when the samples were stored at
different temperatures. Overall, 100% of the patients had detectable u-GIP at diagnosis (range of
0.39–2.14 ng GIP/mL), which reduced to 27% after 12 months on a GFD. Therefore, this highly
sensitive immunoassay would allow the analysis of u-GIP from a large battery of samples in clinical
laboratories of specialized healthcare centers.

Keywords: celiac disease; ELISA; gluten-free diet; gluten immunogenic peptides; urine

1. Introduction

Celiac disease (CD) is a systemic disease triggered by the immune system following
the ingestion of gluten in genetically predisposed individuals [1,2]. Its prevalence in the
general population is approximately 1%, with female predominance. The disease can occur
at any age, with a variety of symptoms/manifestations. Exposure to gluten may trigger in-
testinal symptoms (diarrhea, constipation, abdominal pain, bloating) and/or extraintestinal
symptoms (headaches, peripheral neuropathy, dermatitis herpetiformis, gluten ataxia, low
bone mineral density, and osteoporosis) [3]. In addition, CD is characterized by an elevation
of specific antibodies, such as anti-gliadin and antitissue transglutaminase (anti-tTG), and
the presence of HLA-DQ2/DQ8 haplotypes. The only available treatment for CD is a strict
lifelong adherence to a gluten-free diet (GFD), which requires significant patient education,
motivation, and follow-up. Once a GFD is initiated, the duodenal mucosa begins to heal,
and most people report that their symptoms resolve [4]. Despite this improvement in
symptoms, a strict GFD must be maintained to prevent ongoing damage to the intestinal
tract and symptoms induced by inadvertent gluten ingestion. However, the ubiquitous
nature of gluten in food, educational misinformation, inadequate food-labeling regulations,
social constraints, and possible cross-contamination of food products make strict adherence
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to a GFD challenging. Therefore, the GFD represents a challenge, leading scientists to seek
alternative or complementary treatments based on non-dietary therapies for CD. Most of
the developing therapies are only in the pre-clinical phase, with only a few being tested
in phase 2b or 3 trials. Although new approaches raise the hope for coeliacs, giving them
a chance to return to gluten, for the time being, a cautionary appraisal of new therapies
suggests that they may have a complementary role to gluten withdrawal, mainly to prevent
inadvertent gluten contamination [5,6]. Consequently, several studies based on nutritional
questionnaires, serological tests, and evaluating gluten immunogenic peptides (GIP) in
stool and urine, have reported the non-adherence to a GFD in patients with CD to be
between 10 and 88% in adults and between 2–77% in children [7–14]. Furthermore, recent
studies have suggested that the persistence of atrophy is due to the recurrence of gluten
exposure [15]. Some laboratory tests are available for the evaluation of dietary adherence,
and among them, the measurement of GIP levels in urine and stool samples have been
highlighted as the most relevant and clinically novel [1,2,16,17]. It is an accurate, reliable,
and specific test and a non-invasive technique for the direct detection of gluten ingestion,
in contrast to the classical methods, which only detect the consequences of not adhering to
a GFD [18–26]. Additionally, concordance has been demonstrated between the absence of
GIP excretion and the absence of a histological duodenal lesion [8].

Urine is an advantageous sample for disease monitoring because it can be collected
non-invasively, in large amounts, and repeatedly over long periods [27]. However, urine
samples are highly heterogeneous matrices with low protein content, making the devel-
opment of immunoassays for biomarkers detection complicated. Urine contains organic
molecules, such as urea, creatinine, and uric acid; inorganic ions such as K+, Na+, Cl−, and
Ca2+; cells; as well as peptides of more than 1500 proteins. The concentration of these com-
pounds and the pH usually exhibit considerable variability, not only among individuals,
but also between different urine samples taken from the same individual. The complex
composition of these samples and its variability, in addition to the high frequency of matrix
interferences, complicate the reproducibility and robustness of urine immunoassays [9]. In
previous studies, a test for the qualitative measurement of GIP in urine based on a lateral
flow immunoassay (LFIA) has been successfully developed [8,9,20]. However, higher
throughput solutions are required to obtain quantitative results and analyze a large number
of samples. Enzyme-linked immunosorbent assay (ELISA)-based methods can be used
to solve these problems. Therefore, the present study aimed to develop the first highly
sensitive and automatable method for the quantitative detection of GIP in urine. Here, we
describe the optimization, validation, and application of ELISA to quantify GIP in urine
samples by monitoring a significant number of patients with CD.

2. Materials and Methods

2.1. Reagents

All of the chemicals were of analytical grade and were used according to the man-
ufacturer’s instructions. All of the aqueous solvents and solutions were prepared us-
ing double-distilled water. A pure preparation of the horseradish peroxidase conju-
gates of the G12 (G12-HRP) monoclonal antibody (moAb) and 33-mer peptide (LQLQPF-
PQPQLPYPQPQLPYPQPQLPYPQPQPF) was used as the reference standard (Biomedal
S.L., Seville, Spain).

2.2. Study Population

A pilot study was conducted, including urine samples from: (1) seven healthy adult
volunteers without suspicion of CD and with habitual gluten consumption; (2) seven
patients with CD on a strict GFD (previously analyzed by LFIA) to optimize the technique.

In addition, a prospective study including 18 adult patients de novo CD-diagnosed
who were recruited between November 2016 and October 2018 was conducted at Virgen
del Rocío (Seville, Spain). There were four study visits at diagnosis and 3, 6, and 12 months
after diagnosis. The first visit (diagnosis) was at the time of the diagnostic endoscopy,
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when the patients were untreated (diet with gluten), and at the following visits, they were
following a GFD. All participants were instructed by clinical dietitians with experience in
CD to follow a GFD. Urine samples were collected at each study visit. The exclusion criteria
were: (1) patients who were <14 y old and >80 y old; (2) those with histories of kidney, liver,
or severe psychiatric diseases; (3) those with seizure disorders and/or who were currently
using anticonvulsants; (4) those who were being treated with long-lasting drugs capable
of causing damage to the duodenal mucosa within one year before enrolment. The study
protocol was reviewed by the ethics committee of each institution, and written informed
consent was obtained from all of the participants.

2.3. Urine Samples
2.3.1. Urine Collection

The participants were instructed to collect a 50–100 mL sample of urine in a sealed con-
tainer and were provided with specific instructions to prevent contamination with gluten
during sample collection. The samples were stored at −20 ◦C until the time of processing.

2.3.2. Spiked Urine Samples

Urine samples from patients with CD on a GFD and GIP negative according to LFIA
were spiked with the 33-mer to check for a possible matrix effect and to evaluate recovery.
The urine samples were spiked with 0, 1.25, 2.5, 5, 10, and 20 ng/mL of 33-mer peptide
and incubated at 4 ◦C until analysis. The percentage of GIP recovery (R) in the urine
was calculated from the average measured (M) and spiked (S) level using the equation
R = (M/S) × 100.

2.3.3. Urinary GIP Preconcentration

The urine samples were initially subjected to heat treatment with surfactants. Subse-
quently, the urine (5 mL) was applied to 3 kDa cutoff centrifugal filtration units (Amicon
Ultra-4, UFC800308) and centrifuged. The filtrate was then diluted in the dilution solution
used for the ELISA.

2.3.4. Urinary GIP Stability

Three urine samples were collected from three volunteers. Four aliquots of each urine
sample were stored at room temperature, 4 ◦C (refrigerator), and −20 ◦C (freezer). GIP in
the urine was evaluated on days 0, 4, and 16 after collection. The urine samples were tested
twice under each condition. To verify the stability of the GIP, the concentration obtained in
each urine sample at each time point was compared with the concentration at time 0.

2.4. Assay Procedure: ELISA

The ELISA was performed as follows: 96-well microtiter plates (Nunc-Immunoplate
Maxisorp, Nunc, Roskilde, Denmark) were coated with G12 moAb. Then, 100 μL of the
standard, controls, and urine samples were added in duplicate to the appropriate wells,
which were diluted in dilution solution, and the plates were incubated for 60 min at room
temperature. Subsequently, the wells were washed five times and incubated with G12-HRP
(Biomedal SL, Seville, Spain) dilutions for 1 h at room temperature. Finally, after another
washing, 100 μL of enzyme substrate solution (TMB, Sigma Aldrich, St Louis, MO, USA)
was added to each well, and the plates were incubated for 30 min in the dark at room
temperature. The reaction was stopped with 1M sulfuric acid, and the absorbance was
measured at 450 nm (Multiskan SkyHigh; ThermoFisher Scientific, Singapore, Asia).

2.5. LFIA

The urine samples were processed according to the manufacturer’s recommendations
(iVYCHECK GIP Urine; Biomedal S.L., Seville, Spain), and after the processing of the
sample, 100 μL of the sample was added onto the detection test strip. This immunochro-
matographic test uses G12/A1 moAbs and provides a positive if a red/pink line appeared
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in the result zone of the membrane, providing a signal. The absence suggested a negative
result. The blue control line was always used as a test control [5,12,17].

2.6. Statistical Analysis

Statistical analyses were performed using Microsoft® Office Excel (2016), SPSS 25.0 for
Windows (SPSS Inc., Chicago, IL, USA) and the Sigma Plot software package (version 12.0;
Systat Software, Inc., San Jose, CA, USA). Relative affinity curves were obtained by plotting
the maximum absorbance percentage against the reference standard concentration (ng/mL),
and EC50 was calculated. EC50 was defined as the concentration of the line that reduced
the maximum absorbance by 50% in the assay. The cross-reactivity (CR) was determined
by calculating: (EC50 of the standard with the highest antibody affinity/EC50 of each tested
standard) × 100.

The linearity of the method was established using mobile slope calculations be-
tween different points of the line and coefficient correlations (r2). The working range
was established between the highest and lowest concentration values with satisfactory
accuracy and precision. The acceptance criteria were a coefficient of variation of less
than 20% [CV (%) = standard deviation (SD)/mean × 100%]. The slope (Δy/Δx) between
points was calculated using the following equation: Δy/Δx = (Y1 − Y0)/(X1 − X0),
Y = concentration (ng/mL 33-mer peptide), and X = absorbance. The limit of quantification
(LOQ) was defined as the smallest standard concentration with an intra- and inter-day
imprecision lower than 20%. The limit of detection (LOD) of the assay was calculated as
follows: mean samples replicates + 3 × SD. A paired Student’s t-test was used to analyze
the quantitative variables. A p-value < 0.05 was considered statistically significant [28].

3. Results

3.1. Optimization and Validation of the ELISA Working Conditions

The assay was based on a previously developed sandwich ELISA for the analysis
of GIP in stools using G12 moAb [21,29]. To obtain a higher sensitivity, new working
conditions and applications were determined.

The 33-mer peptide was used as a reference standard, which is one of main contributors
to the immunogenicity of gluten [30] and is recognized by the gluten-specific celiac T cells.
The influence of different parameters, such as the dilution solution assay, the coating moAb,
the curve standard, and the capture moAb concentration, were studied to improve the
ELISA conditions for GIP detection in the urine matrix. The optimal concentration of
the capture moAb (G12-HRP) was determined using dilutions of 1:100,000 and 1:200,000,
with increments of 20,000. For this, six curves with known concentrations of the 33-mer
peptide (1–1000 ng/mL 33-mer) were generated (Figure 1A). The 1:100,000 dilution had the
lowest EC50 of those studied, suggesting that it was more specific for the 33-mer peptide
(Figure 1B). Therefore, it was used as the optimal moAb titration in the ELISA.

3.1.1. Linearity and Working Range

To define the working range, the 33-mer peptide standard was serially diluted with
the dilution solution to known concentrations (12.5, 6.25, 3.12, 1.56 ng/mL) (Figure 2B).
Each concentration was tested five times in duplicate. Furthermore, it was performed on
different plates, on different days, and by different analysts to demonstrate, in turn, the
robustness of the assay.

The coefficient of variation (CV%) for the same concentrations was below 20% in the
tested standards, ensuring the good precision and robustness of the method. Similarly,
the CV between consecutive standards had a CV% between 20–80%, showing the correct
discrimination among the consecutive standards, until the 12.5 ng/mL concentration.

In this type of assay, the approximation of the different standard values is car-
ried out in a polynomial manner (curve), and the slope (Δy/Δx) between the two
concentrations of two contiguous points was determined (12.5–6.25, 6.25–3.12, and
3.12–1.56 ng/mL). The slope (Δy/Δx) between points was calculated using the follow-
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ing equation: Δy/Δx = (Y1 − Y0)/(X1 − X0), Y = concentration (ng/mL 33-mer peptide),
and X = absorbance (Figure 2A). Subsequently, the CV% of the different slopes (Δy/Δx)
between the different concentrations was calculated and found to be constant, not
exceeding 20% [28].

Figure 1. G12-HRP moAb titration for sandwich ELISA optimization. (A). Relative affinity of G12-
HRP moAb for 33-mer peptide. (B). Standard reference curves. EC50 and cross-reactivity (CR) were
obtained by G12 ELISA. EC50 is the line concentration that reduces the maximum absorbance by
50% in the assay. CR was calculated as follows: (EC50 of the antigen for which the moAb was
raised/EC50 of each antigen assayed) × 100. These assays were performed in duplicate moAb,
monoclonal antibody.

In addition, the regression coefficient was calculated from the polynomial approxima-
tion of the analyzed standards, and it was verified that there were no statistically significant
differences between the curves (correlation coefficient (r2) > 0.99) (Figure 2C).

3.1.2. Matrix Study

A common challenge in immunoassays is matrix interference. These interferences
can be reduced by dilution or by using a matrix-matched calibration curve. Therefore,
the behavior of the 33-mer peptide standard was evaluated in the dilution solution and
the urine matrix. Urine samples from a patient with CD on a GFD strictly controlled by
a dietary questionnaire and previously analyzed by LFIA with negative results, were
used. Twelve curves with known concentrations of the 33-mer peptide (12.5, 6.25, 3.12,
and 1.56 ng/mL) were performed. The CV% for the same concentration in each matrix
showed <20%. A comparison of the spiked curves (in dilution solution or urine) did
not show a statistically significant difference (p > 0.1). Thus, the ELISA detected only
the 33-mer peptide without any interference from the dilution solution or urine matrix
(Figure 3).
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Figure 2. (A) Calculation of slopes (Δy/Δx) between the different concentrations of the curve and
the correlation coefficient (r2). The slope (Δy/Δx) between concentrations was calculated using the
equation; Δy/Δx = (Y1 − Y0)/(X1 − X0); Y = concentration (ng/mL 33-mer), and X = absorbance.
(B). Polynomial representation of 33-mer concentrations (12.5 and 1.56 ng/mL). (C). Correlation
coefficient (r2) calculated from the polynomial approximation of the standards analyzed. Abs,
absorbance; CV%, coefficient of variation; SD, standard deviation.

Figure 3. Standard curve for the quantification of the 33-mer used as reference material. The linear
portion of the curve is between 12.5 and 1.56 ng/mL. The solid black line represents the mean values
and standard deviations (SD) of 12 determinations per concentration in the urine matrix and the
dashed line in the dilution solution.
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3.1.3. Accuracy and Precision

The most useful method for calculating the accuracy was the recovery test using
three different concentrations. The Association of Official Agricultural Chemists (AOAC)
has established an optimal recovery percentage for spiked samples of 80% to 120% [31].
According to this criterion, the recovery (%R) of all the spiked samples was satisfactory
using this method. All of the non-spiked samples were below the LOQ. According to the
Eurachem guide [28], the results must be obtained from an average of 6–15 replicates of
each material, with the same equipment, analyst, and laboratory, and in a short period [28].
In this study, the accuracy was calculated by taking nine measurements per concentration
(20, 10, 5, 2.5, 1,25 ng/mL of 33-mer peptide), and these measurements were made on the
same day. The results indicated an accuracy of 91% on day one and 89% on day two. In
addition, to calculate the precision, nine replicates were made by concentrations on two
different days, obtaining a precision of 90% (Table 1).

Table 1. Analysis of the spiked urine samples by sandwich ELISA. Results are expressed as ng/mL
of 33-mer (mean ± SD) and percentage of recovery (R). N = number of analyses; <LOQ, less than the
limit of quantification; SD, standard deviation.

Spiked Sample
(ng/mL)

N ng/mL ± SD % R
Accuracy

(%)
Precision

(%)

Day 1

20.0 9 20.3 ± 3.3 101

91%

90%

10.0 9 8.1 ± 0.5 81

5.0 9 4.6 ± 0.4 91

2.5 9 <LOQ

1.25 9 <LOQ

0 9 <LOQ

Day 2

20.0 9 17.8 ± 2.8 89

89%

10.0 9 8.2 ± 0.6 82

5.0 9 4.8 ± 0.3 96

2.5 9 <LOQ

1.25 9 <LOQ

0 9 <LOQ

3.2. Effect of the Urine Samples on the Assay Performance

To evaluate the usefulness of the developed method, seven adult volunteers without
suspicion of CD and seven patients with CD on a GFD strictly controlled by a dietary
questionnaire were recruited into a pilot study. These samples were previously analyzed
by LFIA and showed positive results in the volunteers without suspected CD and nega-
tive results in the patients with CD. The urine samples were subjected to extraction and
concentration. The urine samples were mixed with surfactant agents and incubated in a
thermostatic bath. The sample was passed through a 3 kDa filter and centrifuged. Once the
samples were obtained, they were diluted in the dilution solution, and a G12-G12 sandwich
ELISA was performed.

The results showed that 100% (7/7) of the subjects without CD were GIP positive,
with values between 0.40 and 1.01 ng GIP/mL of urine. However, the urine samples from
the patients with CD on a GFD were negative for GIP (<LOQ). Considering these results,
the LOQ was established as 0.312 ng GIP/mL of urine with a concentration factor of 10,
and a dilution factor of 2. The LOQ was determined to be reliable because it was also found
to be above the LOD of this procedure. The LOD, calculated as the mean of seven GIP
negative sample replicates + 3 SD, was 0.075 ng GIP/mL of urine.
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3.3. Stability of GIP

Conditions that allow the storage/accumulation of urine samples over time, without
loss of the GIP signal, were studied to allow for the bulk analysis of urine samples. The
storage and transport temperature conditions of the samples should be adequate to guaran-
tee the stability of GIP in the urine. A stability study was carried out with three volunteers:
two healthy adult volunteers without suspicion of CD (volunteers 1 and 2) and a patient
with CD on a strict GFD (volunteer 3). Four aliquots of each urine sample were stored at
room temperature, 4 ◦C and −20 ◦C. The GIP in the urine was evaluated on days 0, 4 and
16 after collection. The urines were tested twice in each condition. To check the stability of
the GIP in the urine, each condition was compared with the time point t0, by executing
at least two determinations per condition. Our results showed that urinary GIP is stable
for up to 16 days when the samples are stored at different temperature conditions (room
temperature, 4 ◦C, and −20 ◦C) according to the sandwich ELISA (deviation below 20% of
the expected value) (Figure 4).

Figure 4. Stability of urinary GIP over a 16-day period. (A) room temperature. (B) 4 ◦C. (C) −20 ◦C.
Volunteer one is represented in blue, two in green, and three in yellow. Each point represents the
mean of duplicate measurements plus the SD if the GIP was measurable. GIP, gluten immunogenic
peptides; LOQ, limit of quantification; ND, non-determined; n/a, non-applied.

4. Clinical Study

4.1. Study Design and Population

The study population consisted of 12 (67%) females and six (33%) males, with a
median age of 42 years. Table 2 presents the descriptive data of the patients; 72% of the
patients started the study because of the presence of symptoms, 94% were seropositive (CD
antibodies) at diagnosis, and the most common histological lesion was Marsh II-III (89%).
Participant retention was 72% at three months, 72% at six months, and 61% at 12 months
(the most common reason for being lost to follow-up was moving out of the study area, not
attending follow-up visits, and forgetting to collect samples).
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Table 2. Characteristics of the patients enrolled in the study. CD, celiac disease.

Characteristics Patients, n %

Sex
Female 12 67
Male 6 33

Age
Median age (42)

Duodenal histology
Marsh 0-I 2 11

Marsh II-III 16 89

Symptoms
Asymptomatic 5 28
Symptomatic 13 72

CD antibodies
CD antibodies positive 17 94
CD antibodies negative 1 6

4.2. Analysis of Urine GIP

At the initial visit, before starting the GFD, 100% (18/18) of the patients had detectable
GIP in the provided urine sample, with a range of 0.39 and 2.14 ng GIP/mL of urine. After
diagnosis and treatment with a GFD, the rate of GIP positive urine was 38% at three months,
38% at six months, and 27% at 12 months, and in general, the GIP concentration in those
urine samples also decreased. In particular, the GFD compliance rates increased as the
study progressed (Figure 5A,B). Therefore, significant differences in the GIP excretion levels
were observed in the population before and after the GFD initiation, as shown in Figure 5.
These results were comparable to those obtained in a pediatric population at the follow-up
of two years reported by Comino et al. [29], in which fecal GIP was evaluated by ELISA
G12. Therefore, a study is currently underway in a pediatric population to corroborate
these results.

Figure 5. Concentration of urine GIP from patients with CD at the baseline visit and over 12 months
after the initiation of a GFD. (A) Percentage distribution of the GFD-treated patients with CD
according to GIP concentration. (B) GIP levels in urine at the basal and follow-up visits (basal, three,
six, and 12 months). CD, celiac disease; GFD, gluten-free diet; GIP, gluten immunogenic peptides;
LOQ, limit of quantification.

5. Conclusions

We propose the first automated and highly sensitive method for the quantitative
detection of GIP in urine for the monitoring of CD. In this study, several parameters were
optimized to obtain a reproducible, selective, and sensitive method. Additionally, this
method demonstrated the feasibility of clearly identifying gluten consumption by mea-
suring multiple urine samples from healthy adult volunteers with habitual consumption
of gluten, and from patients with CD on a strict GFD. Furthermore, a small prospective
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clinical study was carried out and the results showed statistically significant differences in
the determination of GIP in urine between individuals at CD diagnosis and follow-up. As
the presence of u-GIP is direct evidence that gluten intake has occurred, this method could
either be used to evaluate the adherence to a GFD or for the confirmation of gluten intake
in cases where a gluten challenge is necessary, such as for confirmation of the disease or
in clinical trials where CD drugs are being tested. However, further studies with larger
numbers of pediatric and adult patients are needed to support the study findings for the
implementation of this new method in the clinical laboratories of specialized health centers.
In addition, interlaboratory trial studies would be required to establish the efficacy and
comparability of the new method, as well as to validate the uncertainty estimates indicated.
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Abstract: A gluten-free diet (GFD) is the only treatment available for celiac disease (CD); hence,
it is important to ensure correct adherence to the diet and adequate monitoring of the diet. The
present study aims to assess the importance of an early follow-up of celiac patients after diagnosis
of the disease, identify the role of stool gluten immunogenic peptides (GIPs) in the assessment of
GFD adherence, and analyze possible nutritional imbalances or deficiencies in the GFD. This is a
cross-sectional study carried out in pediatric patients with newly diagnosed CD in a tertiary hospital
in Spain. Of the 61 patients included, 14% had positive stool GIPS at 4 months after CD diagnosis,
Among them, 88% had negative stool GIPS at 9 months after diagnosis, following dietary advice. We
found nutritional deficiencies in the GFD, such as vitamin D (with only 27% of patients with adequate
intakes), folate, calcium, magnesium, and fiber. Similarly, we found imbalances: excess protein and
fat intakes and a high percentage of total daily energy intake came from ultra-processed foods (UPF).
These findings emphasize the importance of early follow-up of children after diagnosis of CD. It is
also crucial to identify patients with poor GFD compliance based on stool GIPS and analyze GFD
nutritional imbalances and deficits. Our findings may contribute to the development of specific
strategies for the early follow-up of patients with CD, including appropriate nutritional counselling.

Keywords: celiac disease; gluten-free diet; gluten immunogenic peptides; ultra-processed foods

1. Introduction

Celiac disease (CD) is an immune-mediated systemic pathology, which appears and
develops from the dysfunctional interaction between genetic and environmental factors [1].
It is characterized by damage of varying intensity in the duodenal mucosa and a heteroge-
neous combination of gastrointestinal and/or extraintestinal symptoms, with a prevalence
of approximately 1.4% of the population [2–4] and an increasing incidence worldwide [5].

A strict lifelong gluten-free diet (GFD) is the only treatment currently available for CD
patients. However, adherence to the GFD is difficult due to the large number of gluten-
containing products and cross-contamination [6]. Socioeconomic aspects also play an
important role. These factors lead to minimal adherence rates of up to 23% of children [7]
and 53% of adults with CD [8]. Some studies in adults [9] have shown a high percentage
(approximately 20%) of patients with non-responsive CD, and this is largely due to poor
adherence to the GFD. Non-compliance with the GFD may contribute, in addition to en-
teropathy and, in some cases, persistent symptoms, to the development of diseases with
high morbidity and high health and social costs, such as autoimmune diseases, osteope-
nia/osteoporosis, infertility, repeated miscarriages, neurological/psychiatric disorders, and
cancer (especially of the gastrointestinal tract) [2,3,10].
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Proper GFD monitoring is crucial, especially in the first year after diagnosis of the
CD when adherence to GFD is essential for mucosal recovery. However, there are no firm
recommendations on the most efficient method to assess adherence to GFD [11]. Once
the GFD is established, traditional methods’ sensitivity (clinical, dietary records, and
serological tests) decreases markedly to detect persistent mucosal damage [12] and may
be ineffective in revealing dietary transgressions or the ingestion of trace of gluten [3].
Duodenal biopsies are reserved for refractory cases due to their invasiveness and cost.

This fact has led to the exploration of more sensitive methods for detecting dietary
transgressions, and the multiple determination of gluten immunogenic peptides (GIPs) in
biological samples (urine and/or stool) has emerged in this context [13]. GIPs are resistant
to gastrointestinal digestion, and part of them can be absorbed into the bloodstream and
subsequently excreted in the urine, so that their presence can be determined in urine
and stool [14,15] within 6–12 h and 3–5 days, respectively, after gluten ingestion in a
normal diet [16]. This non-invasive method provides direct information on recent gluten
exposure [10]. Previous studies have evaluated its importance not only as a suitable method
for detecting refractory CD [17] but also as a tool for monitoring adherence to GFD [18]. The
presence of repeated positive GIPS over several days has been correlated with intestinal
mucosal damage [19]. Moreover, its assessment in conjunction with a dietary record
concomitant with sample collection allows targeted dietary interventions to be developed
during patient follow-up [15,20,21].

The nutritional adequacy of GFD is a controversial issue, as the exclusion of gluten-
containing cereals from the diet may lead to deficiencies in the B vitamin group, folic
acid, fiber, and vitamin D [22]. Other notable deficiencies include magnesium, calcium,
iron, and zinc deficiencies [22]. Therefore, nutritional deficiencies may be due not only to
malabsorption caused by the disease itself but also to the characteristics of an inadequate
GFD [23]. Recent studies [24] have shown that celiac patients have higher intakes of total
fat and added sugars; however, it is unclear whether they have higher intakes of total
energy. Most of the studies carried out so far [22,24,25] analyze GFD nutritional imbalances
and deficits in the medium and long-term follow-up of patients with CD, and there is still a
certain lack of knowledge about the nutritional adequacy and the best follow-up strategy of
the GFD in newly diagnosed patients with CD. The nutritional imbalances that have been
described in several studies [22–24] indicate that an early approach to the GFD follow-up
could be essential, and it is necessary to establish the ideal time to initiate follow-up after
diagnosis of the CD.

Consequently, the aims of the present study were to evaluate the importance of an
early CD follow-up: (1) determine the adherence to the GFD in recently diagnosed patients
with CD and (2) analyze possible nutritional imbalances or deficiencies of the GFD.

2. Materials and Methods

2.1. Subjects

A total of 61 children aged between 2 and 14 years with CD were included in the
present cross-sectional pilot study. Participants were recruited from January 2021 to July
2022; children were diagnosed with CD according to the criteria of the European Society of
Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) [11] and received care
at the Pediatric Gastroenterology and Nutrition Unit of the Hospital Regional Universitario
in Malaga, Spain. Exclusion criteria were liver or kidney disease, acute and chronic
inflammation, inflammatory bowel disease, diabetes, chronic asthma, and intake of dietary
supplements containing substances with antioxidant activity.

The study was approved by the Ethics Committee of the Hospital Regional Universi-
tario de Malaga (Ref. 0255-N-22). It was performed in accordance with the Declaration of
Helsinki principles and its subsequent amendments. The clinical and sociodemographic
characteristics of the participants were assessed by the same group of investigators. In-
formed consent was obtained from all subjects participating in the study.
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2.2. Stool Collection and Analysis

After four months following a GFD, participants were instructed to collect two stool
samples on non-consecutive days, one on weekdays and the other during the weekend.
Participants were provided with stool collection materials, including special plastic contain-
ers with crew caps labels, cold bags, isothermal boxes, and cold packs, and were instructed
to collect at least 10 g of stool each time and to record the date and time of collection. All
stool samples were stored in isothermal boxes with cold packs at 4–8 ◦C and sent to the
laboratory within 48 h of collection. All samples were stored at−20 ◦C until they were
processed. If any of these samples were positive, participants were asked to collect two
new samples after 9 months of the CD diagnosis.

The concentration of GIPs in stool samples was measured using a lateral flow tech-
nique with the iVYCHECK GIP Stool kit (Biomedal S.L., Seville, Spain) based on the
manufacturer’s guidelines. This is a rapid immunochromatography test that detects GIPs
in stool samples, with the possibility of a positive or negative result. This technique
has demonstrated a sensitivity range of 95–100% and a specificity of 100% in several
studies [26,27].

2.3. Anthropometric Measures

A scale and stadiometer (Seca 22, Hamburg, Germany) were employed to measure
weight (kg) and height (m), respectively. Body mass index was calculated as (weight
[Kg]/height [m2]).

2.4. Dietary Assessment

A three-day record was employed to assess dietary intake. Participants received
instructions from a trained dietitian to guarantee proper handling of the dietary. In addition,
they received a photographic atlas with a chart of household measures and a list of portion
sizes [28]. All of the meals consumed throughout the day were included in the survey,
along with a detailed description of the food’s quantity consumed (using the photographic
atlas as a guide), its preparation (including cooking methods and sugar or fats added), and
the brands of packaged foods consumed.

The Evalfinut 2.0 software, which includes the Spanish Food Composition Database [29],
was used to analyze all diaries. The estimated energy (kilocalories) and macronutrient intake
(measured in grams and including proteins, total fats, saturated fats, carbohydrates, simple
sugar, and fiber), as well as the proportion of energy provided by each macronutrient, was
calculated. Reference values for energy and nutrient consumption were drawn from the
recommended energy mentioned previously and nutrient intake levels for the Spanish
population [28]. The nutritional information on the labels of gluten-free products allowed
us to determine the composition of these products.

Food was categorized using the NOVA categorization into four groups: unprocessed
or minimally processed foods; processed culinary ingredients; processed foods; and ultra-
processed foods [30]. It is the most widely used method for examining diets according to
food processing and has been widely used by international agencies such as PAHO, WHO,
and FAO [31–33].

In the event of a positive result in any of the samples delivered after 4 months of
GFD, the team’s dietitian made a phone call visit, which included a nutritional education
session. During the visit, a review of the detailed revision of food and gluten-free products
described in the three-day record was carried out, and the concern about any possible
doubts about GFD and cross-contamination was addressed.

2.5. Statistical Analyses

The baseline characteristics of the study sample were described using descriptive
statistics (mean standard deviation) for quantitative variables and the percentage of partici-
pants (%) for categorical variables. The Chi-square test was additionally used to explore
differences in categorical variables.
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A one-way analysis of covariance (ANOVA) after adjustment for age, sex, and BMI was
employed to assess differences in food group consumption and NOVA food classification
of children by fecal GIP detection (negative vs. positive). After controlling for age, sex, and
BMI, ANOVA was used to assess dietary intakes by the percentage of energy consumed
from UPF in children with CD (below 50% of daily energy intake vs. above 50% of daily
calorie intake). The dietary intakes were compared by ANOVA after adjusting for age, sex,
and BMI.

The Statistical Package for Social Sciences (IBM SPSS Statistics for Windows, Version 22.
IBM Corp, Armonk, NY, USA) was used to analyze the data, and the statistical significance
was set at p < 0.05.

3. Results

Characteristics of the study sample are displayed in Table 1. A total of 61 children with
CD participated in the study (mean age 7.5 ± 3.9 years). More than half of the participants
were norm weight (72%) and did not have other diseases (94%).

Table 1. Characteristics of the study participants (n = 61).

Variable Mean (SD)

Age (years) 7.5 (3.9)
Sex (n [%])

Male 24 (39.3)
Female 37 (60.7)

Weight (kg) 25.9 (13.3)
Height (m) 1.2 (0.2)

Body mass index categories (n [%])
Underweight 2 (3.3)
Normoweight 44 (72.1)
Overweight 11 (18.0)

Obese 4 (6.6)
Energy (kcal) (n = 58) 1543.9 (462.2)

Fat (% of total energy intake) 38.2 (6.7)
Protein (% of total energy intake) 16.0 (4.0)

Carbohydrates (% of total energy intake) 44.2 (6.6)
NOVA food classification (n = 58)

Unprocessed or minimally processed foods (kcal/day) 601.0 (215.8)
Unprocessed or minimally processed foods (%E) 39.8 (11.5)

Processed culinary ingredients (kcal/day) 102.3 (63.4)
Processed culinary ingredients (%E) 6.7 (3.4)

Processed Foods (kcal/day) 98.1 (84.1)
Processed Foods (%E) 6.2 (4.9)

Ultra-processed food and drink products (kcal) 739.4 (316.7)
Ultra-processed food and drink products (%Energy) 47.5 (13.1)
Fecal gluten immunogenic peptides (n [%]) (n = 60)

Positive 8 (13.3)
Negative 52 (86.7)

Other diseases (yes, n [%]) 4 (6.6)
Values shown as mean (standard deviation) unless otherwise indicated.

The percentage of participants with stool GIP detection according to months on a
GFD are shown in Figure 1. After 4 months following a GFD, eight patients (13.3%)
tested positive for stool GIP (GIP+), and 52 patients (86.7%) tested negative (GIP−). After
9 months following a GFD, one child remained GIP+. Specifically, GIPs were detected in
the stools of 33% of children with CD before 2 years of age and of 13% and 10% of children
diagnosed at 2–6 years and at an older age, 7–18 years, respectively (Figure 2).
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Figure 1. Stool gluten immunogenic peptide detection according to months following a gluten-free
diet. GFD, gluten-free diet.

Figure 2. Stool gluten immunogenic peptide detection according to patient age. GIP, gluten immuno-
genic peptides. GFD, gluten-free diet.

The percentage of adequacy for energy, protein, and micronutrient profile intake by
age group and sex according to Moreiras et al. [29] and other groups’ recommendations [34]
is shown in Figure 3. The adequacy for energy, fiber, and protein intake was 89%, 73%, and
189%, respectively. Regarding micronutrients, the adequacy for Vitamin D was 23%, the
adequacy for folate was 53%, and the adequacy for calcium and magnesium was 62% and
57%, respectively. Furthermore, according to the recommendations by the European Food
Safety Authority (EFSA) [35], the percentage of children that meet the carbohydrate and
protein intake was 50% and 19%, respectively (Figure 4). A total of 66% of children exceed
the recommended intake for fat. Additionally, all children (100%) exceeded the recom-
mended intake for protein. No differences in dietary intake and NOVA food classification
by fecal GIP detection (GIP− vs. GIP+) were found (Table 2) (all p > 0.05). There were no
significant differences in the percentage of adequacy according to fecal GIP detection (GIP+
versus GIP−) (p > 0.05) (Supplementary Figure S1).

The percentage of adequacy for energy intake, fiber, protein, and micronutrients,
recommended daily intake by a percentage of daily energy consumed from UPF in celiac
children, is shown in Figure 5. The group with the highest intake of energy from UPF (above
50% of total energy) showed a lower intake of vitamin A (p = 0.009), calcium (p = 0.027),
potassium (p = 0.023), and magnesium (p = 0.046) after adjusting the model for age, sex,
and BMI.
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Figure 3. Percentage of adequacy for energy intake, fiber, protein, and micronutrients, recommended
daily intake in children with celiac disease (n = 58).

Figure 4. Children meeting European Food Safe Authority recommendations for carbohydrates, fat,
and protein daily intakes.

Figure 5. Percentage of adequacy for energy intake, fiber, protein, and micronutrients, recommended
daily intake in children with celiac disease according to percentage of energy intake from ultra-
processed food (n = 58). Values are shown as mean (standard error). Model is adjusted for age, sex,
and body mass index (BMI). a p = 0.009; b p = 0.027; c p = 0.023; d p = 0.046.
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Table 2. Differences in dietary intake by fecal gluten immunogenic peptide detection (negative vs. positive).

Negative
(n = 49)

Positive
(n = 8)

p a p b

Dietary intake
Energy (kcal) 1559.3 (65.1) 1568.4 (161.1) 0.958 0.446
Fat (% of E) 38.9 (0.7) 38.7 (1.8) 0.929 0.953
Protein (% of E) 16.1 (0.6) 15.3 (1.4) 0.620 0.690
Carbohydrates (% E) 43.9 (0.9) 45.1 (2.4) 0.669 0.649
Fiber (g/day) 10.5 (0.7) 9.6 (1.7) 0.609 0.933
Sugar (g/day) 22.4 (2.0) 16.8 (5.2) 0.342 0.525
Vitamin A (μg) 320.2 (19.0) 274.6 (47.1) 0.373 0.493
Vitamin D (μg) 3.8 (0.7) 2.2 (1.8) 0.435 0.564
Vitamin E 4.4 (0.3) 5.2 (0.7) 0.380 0.234
Riboflavin (mg) 0.9 (0.05) 1.1 (0.1) 0.291 0.395
Folate (μg) 97.4 (6.3) 99.3 (15.5) 0.911 0.747
Cobalamin (μg) 4.2 (0.5) 3.3 (1.1) 0.511 0.609
Calcium (mg) 500.4 (38.5) 605.2 (95.4) 0.313 0.339
Vitamin C (mg) 46.1 (6.2) 31.8 (15.3) 0.390 0.721
Potasium (mg) 1496.8 (88.8) 1569.2 (219.7) 0.761 0.582
Magnesium (mg) 119.4 (6.7) 129.5 (16.5) 0.572 0.421

NOVA food classification
Unprocessed or minimally processed foods (%E) 39.3 (1.7) 42.5 (4.1) 0.472 0.447
Processed culinary ingredients (%E) 6.7 (0.5) 7.6 (1.2) 0.489 0.463
Processed Foods (%E) 5.8 (0.7) 7.6 (1.7) 0.335 0.285
Ultra-processed food and drink products (%Energy) 48.6 (1.9) 41.3 (4.6) 0.146 0.088

a Model unadjusted b Model adjusted for age, sex, and body mass index. D, day; S, servings; W, week.

4. Discussion

We present, to our knowledge, the first study that evaluates adherence to the GFD in
newly diagnosed patients with CD (<6 months). Our results suggest that early follow-up
of the newly diagnosed CD is essential, both to assess adherence to the GFD, which is the
only treatment currently available for the disease and to determine the GFD nutritional
adequacy. It is unclear which is the most effective method to assess adherence to the GFD,
and in this regard, our study demonstrates the role of stool GIP determination in the early
monitoring of the GFD. On the other hand, it emphasizes the importance of nutritional
intervention in the follow-up of these patients, as it has been shown that many patients
with CD on GFD have nutritional imbalances and macronutrient and micronutrient deficits.

Adherence to the GFD is essential for mucosal recovery in newly diagnosed patients
with CD. Non-adherence to the gluten-free diet can be due to different reasons. One of
them may be due to the change in eating behaviour that occurs in the patient who changes
his habits towards a GFD. Previous studies [36,37] have shown that a GFD leads to a
higher intake of fat, protein, and UPF, although it has not yet been established whether
nutritional imbalances have an impact on adherence to the GFD. In our cohort, there was
no difference between patients with GIP+ and those with GIP−, suggesting that adherence
is not influenced by dietary fat and protein intake, which is a common problem at the start
of the diet. Determination of GIP in stool is a non-invasive method that provides direct
information on recent gluten exposure [9]. In our study, we have assessed adherence to the
GFD by determining GIP excreted in stool in a cohort of children with newly diagnosed
CD. To identify intermittent gluten intakes, we carried out double determinations 4 months
after CD diagnosis, indirectly analyzing the weekend diet and the weekday’s diet, thus
allowing the situation to be like what happens in real life. Ruiz-Carnicer et al. [3] and
Stefanolo et al. [20] have already described the importance of multiple determinations to in-
crease the sensitivity and specificity of the detection of GIPs in urine and stool, respectively.
Our study reveals poor dietary compliance rates of 14% at 4 months, based on stool GIPs.
Gerasimidis et al. [26] found 16% positive stool GIP in pediatric celiac patients who reported
good GFD compliance after 6 months of GFD, while Comino et al. [19] demonstrated a stool
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GIP positivity of 23% in celiac children after 6 months of GFD. Fernandez et al. [38] found
92.5% GFD adherence as determined by stool GIPs, with a large percentage of patients with
positive stool GIPs but negative serological controls (anti-transglutaminase antibodies);
in this study, lower GFD adherence was reported with increasing patient age and time
since diagnosis of CD. Other authors have also described a worsening of adherence with
longer disease progression [39]. In the long term, several aspects have been identified as
the factors influencing this poor adherence to the GFD, such as less parental supervision
(greater autonomy of patients, especially adolescents, who also eat more likely outside the
home [19,40]), less awareness of the disease as symptomatology improves with adequate
initial GFD adherence, and in some cases, the psychological overload of following a strict
diet [19], especially in adolescents and young adults. In newly diagnosed celiac patients,
especially in the pediatric population, these aspects should not be present, thus there is the
need to emphasize appropriate nutritional counselling for patients and their families at the
time of diagnosis, clear any doubts that arise in the process, and ensure early follow-up
of celiac children after CD diagnosis. Interestingly, our study has identified the age group
with the highest percentage of poor adherence to the GFD based on the determination
of stool GIPs (under 2 years of age), as opposed to previous studies [19], and this may
contribute to the development of age-specific follow-up strategies.

The assessment of positive GIPs together with a dietary record concomitant with stool
sample collection allows the development of dietary interventions aimed at improving GFD
adherence. In this regard, close counselling by a dietitian can improve GFD adherence, as
demonstrated by the determination of GIP in control stool at 9 months in patients who were
initially GIP+. Our results showed that 88% of those did not perform properly. GFDs were
compliers after a nutritional education session. Regarding the consumption of UPF, we did
not found differences between patients with GIP+ vs. GIP−, so we can speculate that the
consumption of UPF does not allow to distinguish patients who adequately follow the diet.
In this regard, it is important to emphasize the importance of appropriate initial advice
to patients and families, providing them with information on the variety of gluten-free
products available, especially natural gluten-free foods.

A GFD should be a balanced diet, which allows for optimal growth and development
of children with CD. Nutritional imbalances have been described in patients with CD on
GFD, including micronutrients (magnesium, calcium, iron, zinc, B vitamins, vitamin D,
and folic acid) and fiber deficiencies. In our study, we observed deficient intake of vitamin
D (only 27% of patients have an adequate intake, a similar percentage to that described in
other studies in celiac patients, both in the diet prior to CD diagnosis and in the GFD [22]),
as well as folate, calcium, and magnesium. We have also verified an inadequate fiber
intake (73% adequacy), in line with other studies in patients with CD [22,24,41]. These
findings suggest that nutritional counselling should be a priority for these patients at the
beginning of the GDF, and early follow-up is essential to detect deficiencies that need to
be corrected. In addition, we have also reported macronutrient imbalances in patients
on a GFD. In our study, 66% of patients exceeded the recommended fat intake, and all of
them exceeded the recommended protein intake [35]. Furthermore, a high percentage of
total daily energy intake came from UPF, with these foods being mostly consumed in the
morning and afternoon snacks. Other studies [42] have already demonstrated this high
consumption of UPF, which may be due to several factors: on the one hand, the lower
cost of manufactured gluten-free products compared to naturally gluten-free foods; on the
other hand, the greater palatability and aesthetic appeal of the manufactured gluten-free
products, especially for children; furthermore, families’ lack of awareness of the different
options available at the start of the GFD [42,43]. In our cohort, patients who consumed
more energy from UPF had poor diet quality, as previously described by our research
group [42].

Excess protein and fat intake in the diet of these patients, as well as high UPF con-
sumption, has been linked to the development of other long-term health problems. On the
one hand, excess fat and protein intake may contribute to the development of overweight
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or obesity, resulting in additional problems. Kabbani et al. [44] described an increase in
the BMI in celiac patients over the course of the disease, especially in patients with higher
GFD adherence: 4.4% of patients with low weight at diagnosis developed overweight or
obesity, 17% of patients with normal weight at diagnosis developed overweight or obesity,
and 17.3% of patients with overweight at diagnosis became obese. In addition, higher UPF
consumption has been associated with an increased risk of overweight, obesity, metabolic
syndrome, dyslipidemia, functional gastrointestinal disorders (irritable bowel syndrome
and functional dyspepsia), recurrent wheezing, and depression in adult patients [45] and
alterations of the gut microbiota [46]. All these aspects mostly lead to a worsening of
digestive symptoms as well as the quality of life of these patients. This is another reason
why action protocols should focus, among others, on nutritional education, to improve the
quality of life and health of patients in the long term.

5. Strengths and Limitations

There are several limitations that should be highlighted. Firstly, this is a cross-sectional
pilot study with a relatively small sample size, so results must be interpreted with caution.
However, we present the first study to assess adherence to the GFD at such an early stage.
Secondly, another limitation of our study is the lack of a control group, which is difficult
given the assessment of a specific type of diet in the group of patients with CD. Thirdly,
there has been no follow-up of the cohort, so we have not been able to evaluate the diet
quality in the medium and long term; however, the aim of our study was to assess early
disbalances resulting from the implementation of the GFD. It would be advisable to take
these limitations into account and to recruit a larger number of patients.

6. Conclusions

The findings of our study demonstrate the role of stool GIP determination in monitor-
ing GFD adherence in the first months after CD diagnosis, which may be key in the early
detection of patients with transgressions or inadvertent gluten intakes. This may allow the
development of specific follow-up strategies based on the initial determination of GIPs, as
well as clinical management protocols. More studies are needed to correlate GIP positivity
with serology, as well as studies with a control group, to increase the validity of the results.
On the other hand, early monitoring of the diet of patients with CD was able to detect
important nutritional imbalances and deficiencies, thus guiding the dietary advice of our
celiac patients more precisely to prevent future nutritional diseases. We believe that it is
important to highlight the participation of dietitians in the management of the disease to
guide the GFD.
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Abstract: Eating a nutritionally balanced breakfast can be a challenge when following a gluten-
free diet (GFD). We assessed the ingredients and nutrient composition of 364 gluten-free breakfast
products (GFPs) and 348 gluten-containing counterparts (GCCs), and we analysed the nutritional
quality of breakfast in a group of Spanish children and adolescents with celiac disease (CD) (n = 70),
as compared to controls (n = 67). Food intakes were estimated using three 24 h dietary records. The
composition of GFPs and GCCs was retrieved from the package labels of commercially available
products. Most participants (98.5%) ate breakfast daily, and only one person in each group skipped
breakfast once. The breakfast contribution of the total daily energy was 19% in participants with
CD and 20% in controls. CD patients managed a balanced breakfast in terms of energy (54% from
carbohydrates; 12% from proteins; 34% from lipids) and key food groups (cereals, dairy, fruits),
but their intake of fruits needs improvement. Compared to controls, breakfast in the CD group
provided less protein and saturated fat, a similar amount of carbohydrates and fibre, and more
salt. Fibre is frequently added to GFPs, but these contain less protein because of the flours used in
formulation. Gluten-free bread contains more fat and is more saturated than is GCC. Sugars, sweets,
and confectionery contribute more to energy and nutrient intakes in participants with CD, while
grain products do so in controls. Overall, breakfast on a GFD can be adequate, but can be improved
by GFPs reformulation and a lower consumption of processed foods.

Keywords: breakfast; children; adolescents; gluten-free

1. Introduction

Breakfast is identified as a significant contributor to a healthy lifestyle and represents
an important source of key nutrients in the diet of children and adolescents [1]. However,
there is still no unanimous consensus on whether breakfast is the most important meal
of the day [2–4]. Spanish dietary recommendations suggest that a healthy and a nutrient
density-adequate breakfast should contribute around 20–25% of the total daily energy
intake and it should constitute the triad: (1) dairy products (a glass of milk, fresh yogurt, or
a portion of cheese); (2) cereals (bread, cookies, homemade pastries, or breakfast cereals);
and (3) fruit or natural juice. Furthermore, it could also be complemented on some occasions
by other protein foods, such as eggs, ham, nuts, etc. [2,5].

According to results by Ruiz et al. [2] from the Anthropometry, Intake and Energy
Balance (ANIBES) Study in Spain, children consume breakfast frequently (93.4%); however,
the highest prevalence of irregular and non-breakfast consumers were clearly identified
among adolescents (12.3% and 7.6%, respectively). Breakfast contributed between 17 and

Nutrients 2023, 15, 2368 https://www.mdpi.com/journal/nutrients70
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18% of the total daily energy intake in these population groups. The most consumed
breakfast food was chocolate (mainly as chocolate-flavoured milk and powder), followed
by baked goods and pastries, whole milk, and semi-skimmed milk. Recently, similar results
were found by Cuadrado-Soto et al. [1] from the National Dietary Survey on the Child
and Adolescent Population (ENALIA) Study, also conducted in Spain. According to these
studies, Spanish youth are not meeting recommendations for breakfast, a fact that poses
the intriguing question of what may be happening when there is a food restriction in
cereal consumption, as in the case of people with celiac disease (CD). Wheat and other
gluten-containing cereals are very common in the Spanish diet, so taking a complete and
nutritionally adequate breakfast can be a real challenge for children and adolescents with
CD. If unmastered, the selection of suitable gluten-free foods for breakfast is difficult
and expensive for celiacs, and may turn boring and exhausting, causing youngsters to
skip breakfast.

Skipping breakfast is more frequent among women, later adolescents, those living in
single-parent households, and in lower socioeconomic positions [6]. Breakfast skipping
has also been found to be positively correlated with overweight/obesity (OW/OB) and
biomarkers of metabolic diseases [6–10]. Particularly, the Food, Physical Activity, Child
development and Obesity (ALADINO) and the Healthy Lifestyle in Europe by Nutrition in
Adolescence (HELENA) Studies, carried out on Spanish children, confirm the association
between not eating breakfast daily and a higher prevalence of OW/OB [11–13]. However,
these results should be interpreted carefully since there are other studies which show
contrary results [7,14].

The limited evidence from longitudinal studies among children/adolescents suggests
that skipping breakfast is also related with higher fasting insulin levels and that daily
breakfast practice is linked to a significantly lower homeostasis model assessment—insulin
resistance (HOMA-IR) index [4,15]. Moreover, cognitive function could also be affected by
eating an adequate breakfast. Its regular consumption was similarly correlated with better
academic performance scores [16,17].

Many studies also confirm the impact of a healthy breakfast, showing higher daily
nutrient intakes, an improved daily total nutrient intake, a better compliance with nutri-
tional recommendations, and a better overall diet quality [18,19]. Specifically, children
and adolescents who eat breakfast on a regular basis, compared to those who do not eat
breakfast, consume higher amounts of energy, dietary fibre, fruits, and vegetables, and
fewer sugar-sweetened beverages [4]. In this context, those who eat a daily breakfast
consisting of dairy products, breakfast cereals, and fruits have higher daily intakes of some
critical micronutrients for their age group (calcium, iron, potassium, magnesium, zinc, and
iodine) compared to breakfast skippers [4].

To our knowledge, there are no studies assessing breakfast in a population with CD.
A strict and lifelong adherence to a gluten-free diet (GFD) is the first-line treatment and,
currently, is the only effective therapy for patients with CD and all other gluten-related
disorders, such as non-celiac gluten sensitivity or wheat allergy [20].

CD is a major public health problem worldwide, with the following global prevalence
data depending on the diagnostic method employed: 1.4% based on serologic tests and 0.7%
according to biopsy [21,22]. The prevalence of CD varies with sex, age, and geographic
region. Particularly, different studies show that the incidence rates of CD in children
are significantly higher (0.9% vs. 0.5%) than in adults [21,23–25]. In Spain, current CD
prevalence in children could be much greater than that monitored in other European
countries [24]. Diagnoses of the early stages of CD and the life-long exclusion of gluten are
the main therapeutic approaches to the disease, which is multisystemic and affects multiple
organs. Subjects with CD are more likely to have digestive problems because gluten
triggers an immune response in the small intestine that impacts the mucosa and lowers the
ability to absorb nutrients in the body. In children and adolescents with CD, malabsorption
can cause growth and developmental problems such us weight loss, anaemia, irritability,
short stature, delayed puberty, tooth enamel defects, neurological symptoms, including
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attention-deficit/hyperactivity disorder, learning disabilities, headaches, chronic fatigue
and, over time, osteoporosis [26].

Due to the limitations of a GFD, children and adolescents particularly consume many
processed products made specifically for them [27]. According to some authors, abusive
use of these products can have long-term consequences, including systemic inflammation
or intestinal microbiota alteration, that appear to contribute to the persistence of nutritional
deficiencies [28] and cardiometabolic-related pathologies, such as obesity [29,30] or cardio-
vascular disease [31]. Because of cultural dietary habits and food recommendations for
breakfast, breakfast is the meal of the day in which gluten-free processed foods are more
likely to be introduced in Spain.

Taken together, all the aforementioned studies warrant the importance of studying
breakfast habits to prevent serious health issues. There is very limited information on
children and adolescents with CD, especially with regard to their breakfast diet. Therefore,
the present study firstly aimed to assess the nutritional quality (based on ingredients
and nutrients) of processed cereal-based products commonly consumed at breakfast, e.g.,
breads, breakfast cereals, bakery products, etc., both gluten-free (GFPs) and their gluten-
containing counterparts (GCCs). Furthermore, the second objective was to analyse the
breakfast quality (all foods included) of a group of Spanish children and adolescents with
CD compared to a group of similar age and gender characteristics without the disease
(control). This analysis was based on the evaluation of the consumption of the different food
groups recommended by the Spanish Society of Community Nutrition (Sociedad Española
de Nutrición Comunitaria, SENC) [5] (dairy products, cereals, fruits, etc.) as well as the
quality of their nutritional composition. Processed foods are generally recognised as a
source of high energy, saturated fats, trans-fatty acids, sugar, and salt. An excessive intake of
these nutrients is perceived as the main risk reason for developing some of the major public
health problems such as OW/OB, type II diabetes, cancer, and cardiovascular diseases [32].
Results should be valuable for nutritional education and food reformulation, especially
when developing strategies to improve nutritional quality and reduce the consumption of
processed GFPs for breakfast.

2. Participants and Methods

2.1. Participants

Current dietary data were obtained in a cross-sectional survey in children and ado-
lescents diagnosed with celiac disease (CD) and healthy controls. The Celiac and Gluten
Sensitive Association (Asociación de Celiacos y Sensibles al Gluten de Madrid, Spain)
helped in the recruitment of the participants. The eligibility criteria for the CD group
included ages between 4 and 18 years old, having a certified diagnosis of CD, being on a
gluten-free diet (GFD) for more than a year, not consuming pharmacological supplements,
and not being affected by digestive discomfort at the time of dietary assessment. Adher-
ence to the GFD was tested in blood samples from all participants through the analysis of
immunoglobulin A (IgA) antitissue transglutaminase antibodies (IgA-tTG). The control
group (healthy) participants were enlisted from the general population when meeting the
following inclusion criteria: healthy status (absence of diagnosed chronic disease); not
having symptoms or signs of any digestive disease; and not taking pharmacological or
nutritional supplements.

All subjects and guardians or caregivers were informed and asked for a written
consent to participate before enrolling. The study was conducted following the legal
requirements and guidelines for good clinical practice, as well as the World Medical
Association Declaration of Helsinki on Ethical Principles for Medical Research involving
Human Subjects (revised in October 2008). The procedure was authorised by the Ethics
Committee for Human Studies in Universidad San Pablo-CEU (Authorization number
102–15).
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2.2. Ingredients and Nutrient Content of Breakfast Products

The gluten-free products (GFPs) composition database, developed by our research
team and available at the Universidad San Pablo-CEU institutional repository [33,34], was
used for GFPs composition data. This food database was compiled using the nutritional
composition and ingredient list data from labels, as previously described [34]. Gluten-
containing counterparts (GCCs) were chosen from retail stores and were matched to
GFPs based on the same product (equal name and presentation) and greatest similarity
in ingredient list. Ingredient and nutrient data from GCCs were also collected from the
labelling on their packaging. Nutritional compositional of GFPs, currently available on the
market, was evaluated in contrast to their GCCs.

Ingredients were chosen according to their impact on the nutritional profile of GFPs
and GCCs and because of their critical effects on human health (starchy ingredients, fats,
sugars, and fibre). In particular, the top ten most frequently used ingredients were con-
sidered. To analyse the frequency of use of these critical ingredients in the formulation of
GFPs and GCCs, the breakfast products were organised in the following groups: bread
and similar; breakfast cereals, biscuits, sweets, and semi-sweets, pastries and cakes, and
churros (a traditional Spanish breakfast food consisting of a deep-fried dough made up of
wheat and modelled in long tubes).

2.3. Food Habits and Nutrient Intakes

Firstly, a trained dietitian collected diverse information from the participants (personal
data, family history of disease, and medication) during a face-to-face interview. According
to the recommendations of the European Food Safety Authority [35], an individual’s diet
was estimated by applying three 24 h dietary records. The dietitian completed the first
record with the assistance of the volunteers’ relatives when it was necessary. The other
two 24 h dietary records were fulfilled via phone call with a time difference interval of one
month. A Sunday or a holiday was recalled for one of the three 24 h dietary records. GFPs
brands were registered and the composition of all GFPs consumed was included in the
database of the software used for analysis. As we previously explained [36], labels do not
record data on micronutrient composition; therefore, data on micronutrient intake from
these products were not quantified.

The assessment of energy and nutrient intakes was carried out using the DIAL®

software, version 3.15 (Alce Ingeniería, Madrid, Spain) [37].

2.4. Statistical Analysis

For data analysis, IBM SPSS® Statistics for Windows (version 27.0, Somers, NY, USA,
2021) was used. A Kolmogorov–Smirnov test was applied to confirm the normality of the
target variables. Results are shown as mean ± standard deviation. Mean differences be-
tween GFPs and GCCs were assessed using the Student’s t-test. The analysis of categorical
variables (descriptive data on ingredients) was handled using chi-squared test, and data are
reported as frequencies (number of foods including a specific ingredient) and percentages
(based on the total products within the group). Statistical significance was regarded only
when p-values were lower than 0.05.

3. Results

A total of 70 participants with celiac disease (CD) (50% females and 80% children) and
67 non-celiac (control) (39% females; 69% children) took part in the survey. Mean age was
10.1 ± 3.7 for participants with CD and 10.3 ± 3.5 for controls. Most participants (98.5%)
consumed breakfast every day, and only one person in each group skipped breakfast once.

3.1. Ingredients Used in Gluten-Free and Gluten-Containing Breakfast Products

A total of 364 GFPs and 348 GCCs were evaluated for ingredient and nutrient com-
position. Tables 1 and 2 display the type of flours and starches used as ingredients in the
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formulation of GFPs and GCCs commonly consumed at breakfast by Spanish children
and adolescents.

As expected, GFPs are made with gluten-free flours such as rice, maize, pseudocereal,
and legume flours; however, GCCs are mainly composed of wheat, rye, oat, and barley
flours, regardless of the product group. Corn and rice cereal flours are the most frequently
used, followed by legume flours in GFPs, whereas they are rarely used in GCCs. Notably,
the only whole meal flour used is wheat flour, and it is only found in GCCs such as
bread and similar, breakfast cereals, biscuits, sweets, and semi-sweet products. Regarding
starches, a statistically higher frequency of use is observed among GFPs (Table 2). Gluten-
free bread and similar, biscuits, sweets, semi-sweets, pastries, and cakes mainly include
starch from corn, rice, potato, and tapioca. Only corn and wheat starch are used in GCCs.

Table 3 includes fat ingredients used in the formulation of GFPs and GCCs. Sunflower
oil is the most frequently used ingredient in all breakfast products studied, and gluten-free
breads include this oil more frequently, compared to GCCs. The least often used fats are
palm, cocoa, coconut, butter, and cream in all groups of breakfast products, with hardly any
significant differences between GFPs and GCCs. Margarines made from palm, rapeseed,
coconut, and sunflower are more frequently used in the formulation of GFPs, especially
in the case of bread and similar, biscuits, sweets and semi-sweets, and pastries and cakes.
Eighty five percent of gluten-free pastries and cakes include added emulsifiers, which are
absent in GCCs. The frequent use of additives of a fatty nature in all the breakfast products
studied, including bread, is remarkable, except for gluten-containing and gluten-free
churros.

The types of sugars and sweeteners and the frequency of use in the formulation of
GFPs and GCCs commonly consumed at breakfast is shown in Table 4. A significant
number of all food groups consumed include a wide variety of sugars, particularly sucrose,
dextrose, glucose, and fructose syrup. Except for churros and gluten-containing pastries
and cakes, between 60 to 85% of sweet breakfast products contain added sucrose, both
GFPs as well as GCCs. Sucrose addition to bread, both gluten-free and regular, is also
frequent (45% of products). Dextrose is significantly more frequently used in gluten-free
bread and similar, pastries and cakes, as compared to GCCs.

Table 5 includes the fibre-type ingredients used in GFPs and GCCs. Fibre is more
frequently added to GFPs compared to GCCs, especially in the case of bread and similar
and pastries and cakes. These breakfast products mainly include hydroxypropyl methyl
cellulose, guar gum, and xanthan gum. In addition, psyllium and bamboo are found in the
bread and similar group.

3.2. Energy and Nutrient Composition of Gluten-Free and Gluten-Containing Breakfast Products

Table 6 shows the average energy content and nutrient composition of foods typically
consumed for breakfast among Spanish children and adolescents, i.e., bread, breakfast
cereals, biscuits, bakery products, and churros. Only gluten-free breakfast cereals show
no nutritional differences with their GCCs. However, gluten-free breads contain a higher
amount of fat and saturated fat, sugars, fibre, and salt, and a lower amount of protein,
compared to GCCs. Gluten-free biscuits provide a higher amount of carbohydrates and a
lower amount of protein; gluten-free pastries and cakes provide less energy, sugars, and
protein, but have increased fibre and salt contents. Finally, churros provide less protein
and salt, as compared to GCCs.
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3.3. Food Habits and Nutrient Intakes for Breakfast

Table 7 shows the daily intake of energy, macronutrients, fibre and salt in Spanish
children and adolescents with CD compared to controls, obtained from both the total
diet and from breakfast only. The percentage contribution of the energy and nutrient
intake for breakfast to total daily intake is also provided. Children and adolescents with
CD consumed significantly less energy at breakfast as compared to controls, and the
contribution of breakfast to the total daily energy was also slightly lower (19 vs. 20%),
although not significantly. Similarly, the intake of saturated fatty acids in breakfast and the
contribution of this meal to total saturated fatty acid intakes was smaller in CD. On the
other hand, breakfast had a higher contribution to total salt intake in the infant–juvenile
celiac population, but daily salt intake was significantly lower compared to controls. As
for protein, daily intake and protein contained in breakfast were lower in children and
adolescents with CD. We found no differences in carbohydrates, sugars, or fibre intakes.

Table 7. Contribution of gluten-free and gluten-containing breakfast products to the diet (energy
and nutrient content) and macronutrient distribution for total daily energy intake and energy from
breakfast in Spanish children and adolescents with celiac disease.

Total Daily Intake Intake from Breakfast % Contribution of Breakfast
CD CONTROL CD CONTROL CD CONTROL

n = 70 n = 67 n = 70 n = 67 n = 70 n = 67

Energy (kcal/day) 2043.0 ± 449.1 2121.4 ± 469.4 370.0 ± 107.2 * 411.7 ± 115.8 18.8 ± 6.5 20.1 ± 6.7
Fats (g/day) 93.9 ± 20.1 99.1 ± 26.8 14.0 ± 6.3 * 16.2 ± 7.0 15.5 ± 7.6 17.4 ± 8.6

% Energy from fats 41.9 ± 6.4 42.4 ± 7.8 34.1 ± 9.0 34.5 ± 9.0

Saturated fat (g/day) 32.0 ± 7.9 33.8 ± 10.0 6.3 ± 3.1 * 7.8 ± 3.5 20.2 ± 9.7 * 24.9 ± 12.4

% Energy from saturated fat 14.3 ± 2.5 14.1 ± 3.3 15.1 ± 5.4 16.7 ± 5.3

Carbohydrates (g/day) 208.8 ± 66.6 216.5 ± 57.6 49.5 ± 15.3 52.1 ± 15.2 25.4 ± 10.0 24.9 ± 7.5

% Energy from
carbohydrates 40.6 ± 7.0 40.9 ± 6.6 53.9 ± 7.7 * 51.1 ± 7.3

Sugars (g/day) 88.5 ± 25.3 88.5 ± 26.6 27.1 ± 10.5 30.4 ± 11.2 32.2 ± 13.5 35.9 ± 13.5
Protein (g/day) 77.4 ± 18.1 * 89.0 ± 20.5 10.30 ± 2.6 * 13.0 ± 4.0 14.1 ± 5.2 15.1 ± 5.0

% Energy from protein 15.2 ± 2.2 * 16.8 ± 2.5 11.6 ± 3.7 * 13.1 ± 3.0

Fibre (g/day) 18.0 ± 7.6 16.9 ± 5.5 2.6 ± 1.5 2.5 ± 1.1 15.9 ± 9.3 15.6 ± 8.1
Salt (g/day) 4.5 ± 2.4 * 5.4 ± 2.2 0.9 ± 0.4 0.8 ± 0.5 23.5 ± 12.6 * 16.2 ± 8.2

Data are expressed as average ± standard deviation. * p < 0.05 children and adolescents with celiac disease (CD)
vs. control.

Table 7 also represents the macronutrient distribution for total daily energy intake and
for the energy obtained from breakfast in children and adolescents with CD. Macronutrient
contribution to total daily energy intake in both groups was similar, except for protein,
which was lower in the case of participants with CD. In the case of breakfast, carbohydrates
provided a higher proportion of energy and a lower amount of proteins in participants
with CD, as compared to controls.

Table 8 shows the type of products consumed for breakfast by Spanish children and
adolescents with CD compared to controls. The four main food groups most frequently
consumed at breakfast were grain products, sugars, sweets and pastries, milk and dairy
products, and fruits, and there were no significant differences between CD and controls.
However, the consumption of eggs and derivatives was more frequent among children and
adolescents with CD.
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Table 9 shows the contribution of the four main breakfast food groups (grain products,
fruits, dairies, sugars, sweets, and confectionery) to the energy and nutrients provided by
this meal in both children and adolescents with CD and controls. The other food groups
consumed at breakfast (eggs, meat products, vegetables, oils, etc.) contribute only a small
proportion of the energy and nutrients and are, therefore, not shown. The percentage of
energy and nutrients provided by fruits at breakfast was very similar between participants
with CD and controls. Milk and dairy products contributed more to saturated fat and
protein intakes at breakfast, and less to the salt intake in the CD group as compared to
controls. Major differences were found in the grain products (grains and flours, breakfast
cereals, breads, biscuits, and baked goods) and sugars, sweets, and confectionery (sugars,
jams, chocolates, sweets, and pastries). The products belonging to the group of sugars,
sweets, and confectionery contribute to energy and nutrient intakes in breakfast at a greater
extent for the group of children and adolescents with CD and, in contrast, foods from
the grain products group contribute more extensively for the control group. Therefore,
although the total amount of carbohydrates and simple sugars consumed at breakfast was
similar between the two groups, their origin and nature are different.

Table 8. Food groups consumed for breakfast by Spanish children and adolescents with celiac disease.

Food Groups
CD

n = 70
CONTROL

n = 67

Grains (n (%)) 67 (95.7) 67 (100.0)
Sugars, sweets, and pastries (n (%)) 59 (84.2) 48 (71.6)
Milk and dairy products (n (%)) 69 (98.6) 67 (100.0)
Fruits (n (%)) 34 (48.6) 35 (52.2)
Legumes (n (%)) 2 (2.9) 2 (3.0)
Vegetables (n (%)) 6 (8.6) 4 (6.0)
Meat and meat products (n (%)) 7 (10.0) 14 (20.9)
Fish and derivatives (n (%)) 1 (1.4) 1 (1.5)
Eggs and derivatives (n (%)) 7 (10.0) 1 (1.5) *
Oils and fats (n (%)) 36 (51.4) 28 (41.8)
Beverages (n (%)) 10 (14.0) 4 (6.0)
Readily prepared and precooked meals (n (%)) 0 1 (1.5)
Sauces and condiments (n (%)) 4 (5.7) 0 *

Results are expressed as frequency (n) number of subjects taking the product and percentage based on the total
number of participants. * p < 0.05 children and adolescents with celiac disease (CD) vs. control.
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4. Discussion

In this study, we have extensively analysed the breakfast diet among Spanish children
and adolescents with celiac disease (CD) in comparison with a control sample (non-celiac).
Most of the children and adolescents evaluated in both groups ate breakfast every day
(98.5%). This was a positive observation, since breakfast consumption compared to skipping
breakfast has been associated with better nutrient intake in different studies [1,4,7,38–41].
The group of children and adolescents with CD ingested slightly less energy (not significant,
19 vs. 20% of daily energy) than controls. The intake of energy for breakfast in our study
is slightly higher, and therefore better, than that reported by Ruiz et al. (2018) in the
ANIBES Study on the general Spanish population [2], in which children and teenagers
only consumed 18% of daily energy in this meal, and similarly to the data reported by
Cuadrado Soto et al. (2020) from the ENALIA Study [1], in which more than half of
the children who ate breakfast (56.4%) obtained less than 20% of their daily calories at
breakfast, with a mean of 18.3%. According to current Spanish dietary guidelines and
the International Breakfast Research Initiative (IBRI) recommendations [18,42], breakfast
should provide 15–25% of total energy in the diet (circa 300–500 kcal). Therefore, caloric
recommendations for breakfast seem to be accomplished in the assessed population groups
in the present study.

In terms of adequacy, the macronutrient distribution for breakfast in CD was balanced
(54% of total energy from carbohydrates; 12% from proteins; 34% from lipids), with a higher
proportion of energy resulting from carbohydrates and a lower proportion from lipids than
that which was obtained for the daily value, and for the control group, but very close to the
IBRI recommendations [42]. Therefore, children and adolescents with CD do manage to
have a balanced breakfast.

In terms of food variety, various studies indicate that breakfast should include foods
from at least three key food groups, namely: starchy foods (cereals, pasta, bread), fruit
and vegetables, and milk and dairy products [1,2,42]. In this sense, studies carried out on
Spanish children found that breakfast at these ages should be improved. For example, the
ALADINO Study [12] showed that breakfasts that included foods from the three recom-
mended groups are scarce (only 2.2% of schoolchildren). In the ENALIA Study [1,2,42], the
frequency of consumption of the three types of food is higher (8.4%) but is still insufficient.
The present study shows more positive data, since almost half of the population sample
of both groups took food from all three basic groups, and 49% of participants with CD
and 52% of the control group consumed fruit for breakfast. However, the contribution
of fruit to breakfast energy and nutrients is still lower than recommended and is similar
between subjects with CD and controls. Milk and its derivatives and cereals were present
in 96–100% of breakfasts.

When compared to controls, children and adolescents with CD consume a significantly
lower amount of protein, both daily and for breakfast, although it is still enough to cover
protein needs. This could be due to the statistically lower protein content of the gluten-free
products (GFPs), which is the result of the use of corn and rice flours, and corn starch,
which have a low protein and high carbohydrate concentration than wheat flour. These
results agree with similar studies that indicated that GFPs, compared to gluten-containing
counterparts (GCCs), contain lower protein and higher carbohydrate contents [20,34,43–52].
Breakfast protein is mainly provided by dairy products, especially in celiacs who consume
less from cereals, in which gluten is removed. In this sense, some commercialised GFPs
have different protein concentrates or isolates (obtained from microorganisms, animals, and
plants) that are added to improve both the quality and the nutritional profile of GFPs [53]. It
should be noted that, mainly in gluten-free breads, the functionality of the proteins is more
relevant than the nutritional properties since trying to mimic the attributes of gluten from
diverse protein origins is a technological challenge and a wide research field [52,54–59].
In our study, the CD group also ate significantly more eggs and egg products, which are
good sources of protein at breakfast. The addition of eggs at breakfast can contribute to
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nutrient intakes and overall dietary adequacy and play a role in public health initiatives
aimed at increasing the intake of under-consumed nutrients and nutrients of concern [60].
This recommendation could be especially interesting to youngsters with CD since eggs
would be very useful in forming the structural doughs through improving the cohesion and
elasticity of gluten-free breads when low doses are incorporated, as well as increasing the
nutritional value [54,61]. Eggs are also widely used in gluten-free bakery and confectionery
products to technologically compensate for the withdrawal of gluten, and occasionally in
gluten-free breads. Similarly, dairy protein sources, such as yoghurt and cheese, are also
added as confirmed by results from other studies [57,61]. In addition, an adequate protein
intake could be an advantage in terms of inducing greater satiety and avoiding possible
snacking with unsuitable foods in the mid-morning meal.

GFPs may have a lower protein content, but thanks to them, children and adolescents
with CD manage to consume enough carbohydrates and fibre in their breakfast, with even
a significantly higher contribution of carbohydrates as compared to controls, although
they do have to avoid common cereal-based products. The mean carbohydrate and sugar
contents of breakfast GFPs were like those of GCCs, except for slightly higher amounts of
total carbohydrate in gluten-free biscuits, sweets and semi-sweets and sugars in bread and
similar [44,50,52]. Only a few studies have revealed a lower content in total carbohydrates
and sugars with significant differences of gluten-free cakes, muffins, pastries, and biscuits
compared to those made with wheat flour [62]. As for fibre, it is a common and widespread
ingredient used in the formulation of GFPs [52,54,63], as we have demonstrated in this
study. Incorporating foreign fibres, or ingredients with a high fibre content, has significantly
improved the nutritional composition of GFPs since the offer of commercial gluten-free
whole-grain products is very unusual [56]. Pseudo-cereals such as amaranth, buckwheat,
and quinoa, but also milled legumes, seeds, and nuts, are optional ingredients increasingly
used for the preparation of gluten-free baked goods compared to GCCs [54,56,64], which
enlarge the quantity of fibre of the GFPs. Nevertheless, despite the higher fibre content of
GFPs, people following a strict GFD have a lower fibre intake than the rest of the population
if the intake of the whole day, not only for breakfast, is assessed [27,36,45,65].

Moreover, the intake of saturated fatty acids (SFA) at breakfast appears to be lower
in the celiac group, although there is no difference in the intake of these fatty acids in the
total diet compared to the non-celiac group, indicating a possible “intake compensation”
with other meals of the day. Furthermore, the contribution of SFA to total daily energy
intake and that provided for breakfast is similar between the two groups. In this respect,
it is important to point out that the content of SFA in cereal-based GFPs depends on the
type of oil/fat used for its preparation [43]. In our study of ingredients, we found that
the use of polyunsaturated fats, such as sunflower or olive oils, is frequent in breads and
pastries and cakes, but the use of saturated fat, such as palm and cocoa is also frequent in
pastries and cakes and biscuits, sweets, and semi-sweets. Results are in accordance with
most of the previous studies [44,46,47,52,66]. Therefore, saturated fat intake in breakfast in
CD may highly depend on the type of products chosen. In addition, it should be noted that
the foods that contribute most to the intake of SFA in the celiac group are milk and dairy
derivatives, and this food group appears to have a beneficial effect on cardiometabolic risk
factors, compared to other sources of SFA [67].

There are some areas for improvement in the formulation of gluten-free breakfast
products and in the general habits and food choices for breakfast in children and ado-
lescents with CD [44,45,54,68]. For example, the consumption of carbohydrates, sugars,
and fibre was similar in both types of breakfast and is mainly provided by cereals, but
celiacs obtained a higher proportion of the aforementioned nutrients from the group of
sugars, sweets, and confectionary, and less from grain products, which changes the type of
ingredients/nutrients they consume. Generally, the gluten-free diet is rich in products with
a high glycaemic index (GI), which increases the development of chronic diseases. In this
context, it is also important that these products have high amounts of protein and fibre to
lower the GI. It is recommended that the addition of whole grain flours, or pseudocereals

82



Nutrients 2023, 15, 2368

and legume could enhance the nutritional quality of GFPs [69]. The products marketed as
GFPs, evaluated in our study, were more frequently added with sugars such as dextrose,
the syrup of glucose, and non-refined or cane sugar, rice syrup, etc. The inclusion of these
sugars, as a fermentable ingredient in GFPs, compensate for the lack of hydrolytic enzymes
in starch-based preparations [52]. In contrast, in GCPs, sugars often result from the activity
of amylase enzymes on starch. In addition, sugar in GFPs enhances the aroma due to
non-enzymatic browning reactions [70]. It is known that, in GCPs, sugar, and also fat,
hinder the gluten network [52]. If a diet should require avoiding grain-based products
because of their gluten content, children and adolescents could make healthier choices of
carbohydrates and fibre sources that provide less sugars, such as nuts, dried fruit, date, or
peanut pastes. Added sugars are key nutrients in product reformulation which should be
focussed on [52].

According to the total diet data, celiac children and adolescents consume significantly
less salt than controls; however, at breakfast, the salt intake is higher. An analysis of
products marketed as gluten-free indicates that most of them have a higher salt content,
especially breads, pastries, and cakes, compared to GCCs [44,71,72]. Salt reduction in
cereal-based products for celiacs is another important issue to be addressed by the food
industry, as we have previously proposed [27].

In our view, the nutritional quality of the gluten-free breakfast could also improve
with nutrition education, especially focusing children and teenagers with CD. Actual
consumption trends in CD warrant the need to promote the consumption of unprocessed
GFPs such as pseudocereals, with better nutritional quality, and homemade products with
flours different to rice or corn, together with proper nutritional guidance, including the
avoidance of manufactured GFPs. The challenge in using unconventional flours in food
preparations is the need for high food literacy (e.g., food skills, budgeting, and nutrition
knowledge) and more time for meal planning and cooking in comparison to purchasing
ready-to-eat products. It would also be helpful to include foods of a different nature, such
as more fruits, other sources of protein, and products derived from legumes and nuts.

Strengths and Limitations

It is the first time that such a detailed study of breakfast in children and adolescents
with CD has been carried out, both in terms of food, ingredients, and nutrients. Only by
conducting this analysis can differences in the type and nature of nutrients be observed,
which could be used to assess the quality of breakfasts and to establish new indices in
the future.

Unfortunately, we have not been able to analyse the micronutrient intake of breakfast
in both groups, celiacs and controls, since micronutrient content is not specified on the
labelling of GFPs. Because GFPs constitute an important part of the diet of young people
with CD (they provide up to a quarter of the daily energy), we would be significantly
underestimating the micronutrient intake. Another limitation of the study was the small
sample size, because the research is a follow-up analysis of an initial study comparing
the dietary habits of children diagnosed with CD, and the sample size was adapted to the
present study to compare breakfast habits and nutritional quality. Future studies which
include a larger sample size will further contribute to this area of research.

5. Conclusions

The present study provides information on the type of breakfast eaten by a sample
of Spanish children and adolescents with celiac disease (CD) compared to children of
the same age without the disease (controls). Until now, breakfast has not been evaluated
in this population group and, according to the literature, this meal is related to a better
nutritional status, the prevention of cardiometabolic diseases, and the improvement of
cognitive performance. Relevant positive issues were observed, such as that virtually no
one skips breakfast, and almost half of the sample includes all three recommended food
groups (cereals, dairy, and fruits). The energy intake and the distribution of macronutrients
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is quite adequate. However, there are also many areas for improvement. For example, the
cereal-based gluten-free products that are normally included in breakfasts in our study
are almost 100% manufactured by the food industry. Thus, we observed that although
commercial gluten-free products (GFPs) contribute to an adequate intake of carbohydrates
and fibre, they also provide less protein and more added sugars than GCCs. Moreover,
the group with CD has a higher intake of nutrients from the group of “sugars, sweets, and
confectionary” than those provided by grain products. To compensate for the low protein
intake from this source, celiacs consume more protein from dairy products and seem to
include more eggs in this meal of the day compared to controls.
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Abstract: Celiac disease (CD) is an immune-mediated enteropathy triggered by the ingestion of
gluten in genetically predisposed individuals. In this sense, a gluten-free diet is the only safe
treatment available. Due to the restrictions resulting from this eating pattern, this treatment may
impair the relationship of the people with CD with food, increasing the risk of a disordered eating
attitude, which is associated with eating disorders. The EAT-26 is a validated instrument already
applied worldwide in different populations, and higher scores are suggestive of eating attitudes
prone to evolve into eating disorders. Studies carried out in other countries have already shown that
people with CD are prone to developing eating disorders; however, no study has been carried out
with this theme in the population with CD in Brazil. We carried out a nationwide cross-sectional
study in three steps: (i) study design and instrument; (ii) recruitment of participants and ethics;
(iii) statistical analysis. A total of 385 participants were included in our sample, 96.36% of them being
women. The internal consistency of the applied self-administered Brazilian version of the EAT-26
online questionnaire presented a satisfactory Cronbach’s alpha of 0.812, and in total, 36.1% of the
respondents were classified with a disordered eating attitude. No differences were found among
the scores of participants when divided by categories regarding gender, average monthly income,
age, and educational level. However, scores classified as a disordered eating attitude were found in
respondents with a body mass index classified as overweight and obese. Our study highlights that
disordered eating attitudes are present in overweight and obese women with celiac disease; thus,
public health politics are needed to prevent and treat these attitudes.

Keywords: Brazil; celiac disease; eating attitudes; gluten-free diet

1. Introduction

Celiac disease (CD) is an immune-mediated enteropathy triggered by the ingestion of
gluten (main protein fraction present in wheat, rye, and barley) in genetically predisposed
individuals [1–4]. As for its distribution around the world, studies demonstrate that
serological and histological prevalence rates worldwide for the disease are 1.4% and 0.7%,
respectively [5]. Clinical signs are broad and may contain typical intestinal features, such as
chronic diarrhea, weight loss, and abdominal distention, and atypical recurrent abdominal
pain, aphthous stomatitis, short stature, high levels of aminotransferase, fatigue chronic, and
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reduced bone mineral density, including an iron deficiency with or without anemia [2,6–9].
In addition, CD is associated with an increased prevalence of lymphoproliferative disease,
infertility, cancer, and risk of fractures [10–13].

Currently, despite the presence of gluten-specific digestive enzymes on the market, the
only safe treatment is the gluten-free diet (GFD); therefore, foods containing this protein
fraction should be totally excluded from the diet [1].

The GFD is characterized as a challenging treatment since, in addition to the presence
of gluten in traditional food of the Brazilian diet, there is also the risk of the accidental
ingestion of this protein fraction through cross-contamination [14,15]. Furthermore, it
appears that the cost of these products is higher, and their availability is reduced when
compared to their equivalent counterparts that contain gluten [16–18].

Therefore, due to the restrictions arising from this dietary pattern, this treatment
may impair the relationship of people with CD with food, increasing the risk of eating
disorders [19,20].

Eating disorders (ED) are characterized as abnormal attitudes related to eating or
weight control, have a multifactorial etiology, and can be deadly while also considerably
impairing the individual’s physical health and psychosocial functioning [21–23]. There
are several diagnostic methods, such as DSM-5 and ICD-11 [24,25] as well as those that
assess attitudes associated with their development, such as the Binge Eating Scale (ECAP),
Edinburgh Bulimic Investigation Test (BITE), Restraint Scale, Hay Questionnaire, Eating
Attitudes Scale (DEAS), and the Eating Attitudes Test (EAT-26) [26].

EAT-26, in turn, is a 26-item validated instrument that assesses eating attitudes associ-
ated with the development of eating disorders, stating that results above the cutoff point
suggest higher risk for developing ED [27]. As it is a short, easy-to-apply instrument, it
is consolidated as a screening tool for assessing the risk of developing eating disorders in
at-risk populations [27].

Studies carried out in other countries have already shown that people with CD are
prone to developing EDs. In Italy, a 2013 study indicate that the frequency of altered eating
attitude is increased in untreated CD when compared to a control group, with percentage
of pathological EAT-26 scores significantly different between groups [28]. In Israel, a 2018
study in adolescents revealed that individuals with CD obtained higher scores on the topics
diet, body image, and concern about food [29]. In addition, in the United Kingdom, in 2016,
a study showed a higher prevalence of eating disorders assessed with the EAT-26 in celiac
disease compared to a healthy control group, with a score of 15.7% above the clinical cutoff
point [19].

In this sense, studies regarding dysfunctional eating attitudes among people with CD
are needed given that these comorbidities are directly associated with the overall quality of
life and the long-term adoption of a GFD [30,31]

However, to date, no study has been carried out in the CD population in Brazil.
Therefore, the objective of this study is to analyze the eating attitudes of individuals with
celiac disease and relate them to the indication of eating disorders.

2. Materials and Methods

2.1. Study Design and Instrument

A nationwide quantitative cross-sectional study regarding the eating attitudes of
patients with CD in Brazil was performed using a validated self-administered instrument
(EAT-26), translated to Brazilian Portuguese, and validated [27,32]. A schematic diagram
of the study design is available in Figure 1 below.

The EAT-26 questionnaire aims to screen disordered eating attitudes associated with
eating disorders and comprises 26 items, with its possible answers distributed among a 6-item
Likert-type scale (Always, Usually, Often, Sometimes, Rarely, and Never) [27,32]. Each
question is evaluated utilizing a 5-point scale, with “Always” corresponding to 5 points;
“Often”, 3 points; and “Never”, 0 points. In this sense, the maximum punctuation for the
questionnaire is 130.
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Figure 1. Schematic diagram of the study design.

According to the instrument, participants with scores equal or above 21 were classified
with disordered eating attitudes [27,32]. As a part of the EAT-26 questionnaire, self-reported
weight and height were also collected, and the respective Body Mass Index (BMI) (kg/m2)
was calculated and classified for each participant according to World Health Organization
(WHO) guidelines [33]. The English version of the EAT-26 questionnaire is available in
Appendix A.

Besides the Brazilian version of the EAT-26, sociodemographic characteristics pre-
viously defined by the Brazilian Institute of Geography and Statistics (IBGE; Instituto
Brasileiro de Geografia e Estatística) were also collected, such as gender, place of residency
in Brazil, age, average monthly income (BRL), and educational level. For better comprehen-
sion of the average monthly income, BRL was converted to USD, utilizing the conversion
scale of 1 USD = 4.81 BRL. Google Forms® was used to collect answers of Brazilian patients
with CD from 1 May to 1 June 2023.

2.2. Recruitment of Participants and Ethics

The inclusion criteria of participants were (i) to have celiac disease diagnoses for at
least two years; (ii) to live in Brazil; (iii) to be at least 18 years of age. Those who did not
agree to participate on the research were directed to a page appreciating their time.

The study was approved by the ethics committee of University Center IESB (Instituto
de Educação Superior de Brasília) with the registry number CAAE: 69334823.0.0000.8927
and was also conducted according to the Declaration of Helsinki guidelines.

Participants were recruited through artwork posted on social media networks, such as
Instagram®, Facebook®, Whatsapp®, and Tik Tok®. In order to obtain a more probative
sample of Brazilians with celiac disease, a partnership was signed with the National Feder-
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ation of Celiac Disease of Brazil (FENACELBRA) and its respective affiliated associations
distributed among twenty-six Brazilian states and Federal District (ACELBRAS). Given the
low prevalence of celiac disease, a convenience sample was used to determine the number
of participants.

2.3. Statistical Analysis

As a resource of Google Forms® platform, all items were mandatory to be completed;
in this sense, no missing answers were present. Regarding the internal consistency of
the questionnaire, the Cronbach’s alpha was calculated with a level of significance of
95% (CI 95%), noting that results equal or above of 0.7 were interpreted as a reliable
internal consistency.

Quantitative statistics were presented as their mean and standard deviation. The
student’s t-test and one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc
test with a significance level of 95% (p < 0.05) were performed in order to compare average
scores presented by the EAT-26 questionnaire in different stratums, such as BMI (kg/m2),
gender, age, monthly income, and educational level. Software tools Microsoft Excel®

(United States, 2023) and IBM SPSS Statistics for Windows (IBM Corp., Armonk, NY, USA,
2023) were used to perform all analyses.

Afterwards, the items were divided according to the EAT-26 scales: Diet Scale (D),
Bulimia and Food Preoccupation Scale (B), and Oral Control Scale (OC), then analysis of
variance (ANOVA, p < 0.05) was applied to statistically compare the scales.

As for the individual analysis of the items in the instrument, first, the total percentages
of the answers for each item were grouped. Then, the answers for each item were expressed
as percentages of their frequencies. A comparison based on the absolute frequencies
between answers of respondents classified with a normal eating attitude and a disordered
eating attitude was performed.

3. Results

3.1. Characteristics of the Included Participants

Data collected with the online self-administration of the EAT-26 among Brazilian
individuals with CD presented a total response of 394 individuals; however, only 385 par-
ticipants met the inclusion criteria (>18 years of age), representing in this manner the final
sample of the study. The majority of respondents were female (96.36%; n = 371), while only
3.37% (n = 13) were men. Only one person declared themselves as non-binary (0.25%). A
full description of the sociodemographic and BMI data regarding this study’s participants
is available in Table 1.

Overall, most respondents (n = 112; 39.09%) presented an average monthly income
of ranging from 5000.01 BRL (USD 1038.71) to 10,000.01 BRL (USD 2077.43), while the
minor parcel of respondents (n = 76; 19.74%) presented an income of up to 3000.00 BRL
(USD 623.00).

Regarding the average age of the respondents, most of our sample comprised people
ranging between 25 and 34 years of age (n = 136; 35.32%), with people ranging between 18
and 24 years representing the second higher number of participants (n = 110; 28.57%). The
lower number of participants were above 55 years of age (n = 2; 5.19%).

As for the educational level, almost half of the respondents were at the undergraduate
level (n = 189; 49.09%), while 141 respondents (29.61%) informed us of being at a graduate
level or above. Only 14.28% (n = 55) of the sample studied until high school only.

Regarding the average BMI of respondents, which was calculated with self-reported
weight and height collected through the online questionnaire, most of the sample (n = 231;
60%) were classified as normal weight, presenting an average BMI of 17.23 ± 9.13, followed
by 21.81% of the sample being classified as overweight (21.44 ± 10.09 Kg/m2).

A distribution of the place of living among respondents on the five regions of Brazil is
disposed as a coropletic map in Figure 2.
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Table 1. Sociodemographic and BMI data of the study participants.

Variable Number % of the Sample

Gender (F or M)

Female 371 96.36%
Male 13 3.37%

Average Monthly Income (BRL and USD)

Up to 3000.00 BRL (USD 623.00) 76 19.94%
3000.01 to 5000 BRL (USD 623.23 to 1038.71) 86 22.33%

5000.01 to 10,000.01 BRL (USD 1038.71 to 2077.43) 112 29.09%
>10,000.01 BRL (USD 2077.43) 111 28.83%

Age (Years)

18 to 24 years old 110 28.57%
25 to 34 years old 136 35.32%
35 to 44 years old 76 19.74%
45 to 54 years old 43 11.16%

>55 years old 20 5.19%

Educational Level

Up to High School 55 14.28%
Undergraduate Level (B.Sc) 189 49.09%

Graduate Level or Above (Post-Graduation,
Masters degree, or Ph.D.) 141 29.61%

Average BMI (Kg/m2)

Underweight (<18.5 Kg/m2) 18.7 ± 11.29 Kg/m2; n = 30 7.79%
Normal Weight (≥18.5 Kg/m2 < 25 Kg/m2) 17.23 ± 9.13 Kg/m2; n = 231 60%

Overweight (≥25 Kg/m2 < 30 Kg/m2) 21.44 ± 10.09 Kg/m2; n = 84 21.81%
Obesity (≥30 Kg/m2) 24.85 ± 11.28 Kg/m2; n = 40 10.38%

Figure 2. Coropletic map generated from the place of living of respondents in the Brazilian five regions.
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In general, most respondents were from the South region (n = 137; 35.85%), followed
by 115 respondents residing in the Southeast region (29.87%). The Central–West region
contributed 22.86% of the respondents (n = 88), while the Northeast and North regions
contributed 10.65% (n = 41) and 1.04% (n = 4), respectively.

3.2. Questionnaire Internal Consistency and Obtained Scores

Among all respondents, 36.1% (n = 139) scored above the cutoff points (>21), resulting
in the classification as patients with disordered eating attitudes. Regarding the Cronbach’s
alpha calculated to evaluate the internal consistency of the questionnaire, the average score
of the questionnaire was 19.06 ± 10.06, and the alpha was 0.812 (CI 95%: 0.784–0.838),
resulting in a satisfactory internal consistency (>0.7).

As for the average score collected through the online administration of the EAT-26
questionnaire, the scores stratified by sociodemographic variables and average BMI are
available in Table 2 below.

Table 2. Average score collected from the self-administered online EAT-26 questionnaire.

Variable Average Score p Value

Gender (F or M)

Female 19.25 ± 10.05 b
<0.001 *Male 11.85 ± 3.59 a

Average Monthly Income (BRL and USD)

Up to 3000.00 BRL (USD 623.00) 20.66 ± 11.61 a

0.355 **
3000.01 to 5000 BRL (USD 623.23 to 1038.71) 17.84 ± 8.57 a

5000.01 to 10,000.01 BRL (USD 1038.71 to 2077.43) 18.83 ± 9.39 a

>10,000.01 BRL (USD 2077.43) 19.14 ± 10.61 a

Age (Years)

18 to 24 years old 19.19 ± 10.51 a

0.183 **
25 to 34 years old 19.82 ± 10.82 a

35 to 44 years old 16.70 ± 8.60 a

45 to 54 years old 20.72 ± 9.78 a

>55 years old 18.55 ± 6.47 a

Educational Level

Up to High School 20.02 ± 10.27 b

0.025 **Undergraduate Level (B.Sc) 20.14 ± 10.47 b

Graduate Level or Above (Post-Graduation,
Masters degree, or Ph.D.) 17.23 ± 9.18 a

Average Score by BMI (Kg/m2)

Underweight (<18.5 Kg/m2) 18.70 ± 11.23 a

<0.001 **Adequate Weight (≥18.5 Kg/m2 < 25 Kg/m2) 17.24 ± 9.13 a

Overweight (≥25 Kg/m2 < 30 Kg/m2) 21.44 ±10.10 ab

Obesity (≥30 Kg/m2) 24.85 ± 11.28 b

* Non-paired Student’s t-test; ** ANOVA with Tukey’s post hoc test. Values in the same category with different
superscript letters presented significant differences (p < 0.05).

Regarding the gender variable, female respondents presented an average score of
19.25 ± 10.05 points, a higher score in comparison to what is found among male respondents
(11.85 ± 3.59). However, none of the groups presented an average score classified as a
disordered eating attitude.

As for the average monthly income, no differences were found between all groups of
respondents. In addition, no differences were found between respondents among different
ages. The educational level seemed to be a determinant factor regarding the obtained
scores. Respondents who studied up until high school (20.02 ± 10.27) and obtained an
undergraduate degree (20.14 ± 10.47) presented significantly higher scores in comparison
to respondents with a graduate degree (17.23 ± 9.18); however, none of the groups were
classified with a disordered eating attitude.
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Respondents classified both with underweight and adequate weight BMIs did not
present significant differences between the obtained scores and did not present a score
associated with a disordered eating attitude; nevertheless, overweight and obese respon-
dents presented scores classified as a disordered eating attitude (>21), differing from other
groups and presenting higher scores.

The analysis of the questionnaire scales showed that there is no statistically significant
difference between their means (p > 0.05). This means that we cannot conclude that there
are significant differences in respondent scores between the questionnaire’s scales.

However, regarding the individual items of the instrument, between the groups with
normal (Score < 21) and disordered (Score > 21) eating attitudes, different frequencies for
each item were found. Table 3 below presents the frequencies of the answers per item
as percentages. A full description of each item is available in Appendix A. Also, the full
answer sheet for the collected data is available at Table S1 (Supplementary file).

Table 3. Absolute frequencies of answers per item in the self-administered questionnaire of the
groups with normal and disordered eating attitudes.

Item
Always Usually Often Sometimes Rarely Never Always Usually Often Sometimes Rarely Never

Overall Score < 21; Frequency in (%) Overall Score > 21; Frequency in (%)

1 10.6 16.3 25.6 12.2 13.8 21.5 25.5 51.8 31.7 9.4 2.2 1.4

2 0.0 1.2 8.1 14.6 28.5 47.6 0.5 1.4 13.7 29.5 9.4 23.0

3 32.5 39.0 15.9 6.1 3.7 2.8 44.4 65.5 23.0 8.6 0.7 1.4

4 1.2 6.1 13.8 19.9 19.1 39.8 10.1 25.9 21.6 18.7 12.2 8.6

5 10.2 17.9 21.1 15.4 16.3 19.1 14.0 20.9 18.0 23.0 16.5 8.6

6 1.6 8.1 14.2 13.0 17.1 45.9 6.2 14.4 24.5 27.3 7.9 12.9

7 2.0 3.3 12.2 14.2 26.4 41.9 2.6 3.6 17.3 33.8 15.8 12.9

8 4.5 7.7 13.0 11.0 18.7 45.1 7.0 11.5 12.2 17.3 12.2 13.7

9 0.0 0.0 0.0 1.2 5.3 93.5 0.0 0.0 2.2 5.0 2.9 9.4

10 0.4 1.6 11.8 13.0 23.2 50.0 6.2 16.5 20.9 25.2 11.5 15.1

11 4.5 8.1 21.1 13.0 16.7 36.6 20.5 48.9 18.7 16.5 2.9 5.0

12 3.7 7.7 18.7 8.5 19.1 42.3 17.4 41.7 17.3 21.6 6.5 5.0

13 5.7 10.2 14.6 15.4 16.7 37.4 6.8 8.6 5.8 15.1 9.4 12.2

14 5.7 11.0 22.4 12.6 23.2 25.2 18.7 41.7 30.2 18.0 2.9 3.6

15 9.3 9.3 19.9 15.0 24.4 22.0 11.7 15.8 17.3 18.7 14.4 15.8

16 2.0 12.6 17.5 18.3 24.4 25.2 4.2 7.9 25.9 24.5 12.9 16.5

17 0.8 3.3 12.2 11.4 26.4 45.9 1.3 2.2 10.8 25.2 10.1 22.3

18 5.3 13.8 17.5 13.8 13.0 36.6 13.2 27.3 25.2 18.7 12.9 7.2

19 22.8 41.5 20.7 8.5 4.5 2.0 19.0 12.2 29.5 28.8 12.2 13.7

20 2.4 3.3 14.6 13.8 24.0 41.9 4.7 8.6 12.9 20.1 12.2 14.4

21 2.4 13.8 21.1 21.5 26.4 14.6 8.1 18.0 30.2 25.9 12.9 7.9

22 0.8 4.1 21.1 15.0 18.3 40.7 4.4 10.8 23.7 28.8 11.5 11.5

23 0.0 2.4 8.5 11.4 19.9 57.7 5.7 15.8 20.9 22.3 11.5 15.8

24 0.0 0.4 6.9 7.7 13.8 71.1 0.8 2.2 15.8 13.7 10.8 17.3

25 3.7 9.8 30.1 21.5 18.3 16.7 5.5 8.6 14.4 27.3 18.0 23.0

26 0.0 1.2 1.6 3.7 7.3 86.2 1.3 3.6 3.6 10.1 5.8 15.1

In general, answers marked as “Always”, “Usually”, and “Often” are indicative of
disordered eating attitudes. As an example, item 1, related to the fear of weight gain due to
food intake, was more frequent in the group with scores above 21, and in all items, with the
exception of item 19, it was described as “I demonstrate self-control in relation to foods”
(Appendix A).
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4. Discussion

4.1. Characteristics of the Sample

This is the first study to ever study the presence of disordered eating attitudes among
patients with celiac disease (CD) in Brazil. Regarding the final sample, it was noted that it
mostly comprised women, similar to other studies conducted in Brazil [30,34].

Although genetic mechanisms are not well defined, it is noteworthy that CD occurs
most preeminently in women, with an average ratio of 2.8:1 in relation with men [35]. A
recent theory indicates that several factors may contribute to gender differences in au-
toimmune diseases, such as the exposure to environmental agents; endogenous hormones;
differences in biology, such as pregnancy and menstruation; and epigenetic modifications
related to chromosomes [36–38]. In addition, a study concluded that female patients with
celiac disease carry alterations regarding haplotypes DQ2/DQ8, which are related to the
occurrence of celiac disease, more frequently than men [37].

Another possibility is that men tend to obtain a CD diagnosis later than women, given
that men also tend to seek less health services compared to women [39,40].

It is also important to highlight that in Brazil’s public healthcare, the diagnosis of CD
is infrequent or completely unavailable; in this sense, one of the main reflections in the
composition of the sample is the number of respondents with an average monthly income
above BRL 5000.01 (USD 1038.71) [41,42]. In Brazil, the average household income is BRL
2800.00 (Around USD 582), so it is possible that only the population with higher monthly
income has access to diagnostic tests for celiac disease, contributing to the increased share
of this population in the included sample [43]. This effect was also noted regarding the
place of living of the respondents. In Brazil, the higher gross domestic product (GDP)
is concentrated among both South and Southeast regions, both regions with the highest
amounts of respondents [43]. However, the increased access to higher education in this
parcel of the population might have influenced the increased number of respondents with
at least an undergraduate degree [43]. This fact also explains the lower percentage of
responses in the North and Northeast regions of Brazil, regions whose GDP is the lowest in
the country, possibly reflecting on diagnoses and lines of care in the context of CD.

However, the trend related to the distribution of body composition by income did not
follow the pattern observed in the country as a whole. In general, the Brazilian population
has a body composition closer to overweight and obese in strata with lower monthly
income; on the other hand, more than half of the studied sample presented adequate
weight (60%) [44,45].

A possible explanation for this result may be related to the eating attitude of celiac
in Brazil. In general, results from research related to the overall quality of life of celiac
demonstrate that Brazilian celiac have good results regarding the understanding of the
disease and the quality of the diet necessary to control it [30,34,42].

4.2. Scores Obtained from the Self-Administered Online Questionnaire

In our sample, we reached only 13 responses from men, and none obtained a score
greater than 21, demonstrating no disordered eating attitudes associated with an eating
disorder [32]. There are few studies on disordered attitudes in men only, as there is a
persistent view over time that eating disorders are linked to the female gender, which led
to an underestimation of disordered eating attitudes and eating disorders in men [46,47]. It
is notable in the studies regarding disordered eating attitudes that most of them have small
clinical samples, the frequent use of diagnosis tools adapted for women, and especially the
discomfort of male patients in resorting to services that are aimed mainly at women, as it is
the case in Eds [48].

Gender differences reported within the literature depend on the specific symptoms
of the eating disorder. Girls or women are more likely than boys or men to report weight
dissatisfaction, dieting for weight control, and purge use, but they are just as likely or
less likely than boys or men to report binge eating and use excessive exercise for weight
control [49,50]. However, it has been shown that women are more likely than men to report
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body-checking attitudes, such as ritualistic weighing or trying on special clothing to check
how it fits [47].

Regarding the included sample, when separating the participants by age, average
monthly income, and educational level, it was noted that scores classified as disordered
eating attitudes were not obtained; nevertheless, respondents with an educational level of
high school or with an undergraduate degree presented higher scores in comparison to
participants with at least a graduate-level degree.

In general, lower levels of education (below high school) are already associated with
risk factors for the development of eating disorders, with the main theory being the fact
that, associated with lower education, there is also evidence of lower monthly income and
impaired access to health services [51,52].

However, some studies show that an undergraduate degree obtained from college
courses negatively influence stress and mental health in general in groups of people with
adequate weight and who are overweight and obese, thus increasing the risk of developing
eating disorders [53,54]. In this sense, although the scores obtained are not sufficient to be
considered associated with disordered eating attitudes, it is important to emphasize that
the mentioned groups are at greater risk compared to the group of graduates in addition to
the score being close to the point cutting stipulated by the instrument [27,32].

However, a critical point verified from the analyses is related to the BMI of the
participants. In our research, overweight and obese participants presented scores classified
as a disordered eating attitude (>21), with significantly higher scores in comparison to the
remaining groups. Concern about weight is a common constant within the biopsychosocial
process of developing eating disorders [55]; in addition, in our study, a considerable
number of respondents referred to being constantly worried about gaining weight (Table 3).
Frequently and more prominently in women, studies report social pressures related to
the presented body composition, with individuals reporting impaired mental health, self-
esteem, reduced job opportunities, social life, and difficulties in relationships [54,56].

In this sense, the occurrence of disordered eating attitudes increases since they ap-
pear as a “quick” alternative to obtain weight loss and satisfactory aesthetic results [57].
Although it is important to highlight that in addition to these attitudes being unhealthy,
they very commonly produce effects contrary to the desired, contributing as an important
risk factor in the increase in the prevalence of being overweight and obese [53,56,57].

As a fact, studies demonstrate that eating disorders, such as binge eating disorder
(BED) and strict dieting, are common antecedents in obese women, thus supporting the
results found among our sample [58–61]. Regarding items related to BED in the applied
instrument, it was noted that the response frequency to item 25 (I like to try new high-
calorie foods) was higher in the population with the highest score on the instrument,
suggesting a critical point of risk.

In comparison with other studies conducted in Brazil that used the same instrument
but in populations of women without celiac disease, the results showed frequencies of
disordered eating attitudes varying between 16.5% and 30.1%, with no differences between
different body mass indexes among respondents [52,62]. In this sense, our study presented
a higher frequency for disordered eating attitudes, supporting our hypothesis that patients
with celiac disease are more prone to develop this kind of issue given the nature of the
restrictive treatment. However, more studies comparing populations with and without
celiac disease are needed to better support this theory.

In celiac disease specifically, studies performed in other countries already show a
higher prevalence of disordered eating attitudes compared to the general population, both
among men and women [29].

A theory is that, with this condition, patients often a need to monitor the gluten
content of foods along with fears about the effectiveness of the diet and concerns about
preventing symptoms [63–65]. A point that corroborates this theory is the frequency of
“Always” answers to question 3 (I feel worried about food) and the frequency of “Often”
to question 19 (I demonstrate self-control in relation to food) of the applied questionnaire
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(Table 3), which relates with the constant concern with food, suggesting a critical attitude
point within the Brazilian celiac community.

In addition, it is noticeable that untreated gastrointestinal symptoms can trigger an
aversion to food, which can influence disordered attitudes and attitude [19]. The Satherley,
Higgs, and Howard (2017) theoretical model suggests two pathways of eating disorders in
gastrointestinal diseases, one of which is the post-diagnosis weight gain experiment [66].
This can also be demonstrated in the higher frequency of answers (always, often, and
sometimes) to question 1 (I am terrified with the idea of getting fat) and 14 (I am worried
about the idea of having fat in my body) of the applied questionnaire (Table 3).

People affected with gastrointestinal diseases, such as the celiac disease, may believe
that their diet causes them to gain weight, which leads to dysfunctional diet beliefs and
attitudes, such as a lack of adherence to the dietary regimen, ongoing gastrointestinal
symptoms, and psychological distress [67]. In the literature, there is a study that describes
three cases in which the concern with weight increased after starting a gluten-free diet [68].

Indeed, such a theory is supported by the nutritional quality of commercial gluten-free
foods. In general, it is noted that gluten-free foods often use high-glycemic index flours,
with a high carbohydrate content and less dietary fiber compared to their gluten-containing
counterparts [69–71]. In addition, a higher energy content is evident given that, often, a
higher quantity of fat is implemented as an ingredient to improve sensory and technological
characteristics of gluten-free products [72].

In this sense, the adoption of public policies stands out, both with regard to access to
healthier gluten-free products and the creation of policies that seek to prevent and treat
disordered eating attitudes associated with eating disorders in people with celiac disease
in Brazil.

Regarding the limitations of this study, it is important to highlight that the instrument
did not assess whether the participants were following a strictly gluten-free diet. Further-
more, the presence of other comorbidities that require attention to nutrition, such as Type
1 diabetes mellitus, was not assessed in this study and may therefore have influenced a
small portion of respondents given the concomitant occurrence of this disease with CD.
In addition, although disordered eating attitudes are associated with a greater risk of
developing eating disorders, our study did not utilize instruments for the diagnosis of any
eating disorder.

5. Conclusions

In conclusion, we believe that our study brings together an important research area for
the first time in Brazil. A total of 36.1% of the included sample presented scores classified
as a disordered eating attitude; however, the stratification of the data showed that women
with celiac disease and BMIs classified as overweight and obese presented higher scores
in comparison to other sociodemographic characteristics. It is important to note that
disordered eating attitudes are associated with a higher risk of developing eating disorders;
thus, our study highlights the need for the implementation of public health policies directed
to this public in order to prevent and treat those disordered eating attitudes.
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Appendix A

Validated Version of the EAT-26 questionnaire [27].
Name:___________________________________________________________
Age:______ Weight:______ Height:_____

Please Answer All the Following Items Always Usually Often Sometimes Rarely Never

1—I’m terrified of the idea of gaining weight
2—I avoid eating when I’m hungry

3—I feel worried about food
4—Continuing to overeat makes me feel like I

can’t stop
5—I cut my food into small pieces

6—I pay attention to the number of calories in
the food I eat

7—I particularly avoid foods rich in
carbohydrates (e.g., bread, rice, potatoes, etc.)

8—I feel like others would like me to
eat more.

9—Vomiting after eating
10—I feel extremely guilty after eating

11—I worry about wanting to be thinner
12—I think about burning extra calories when

I exercise
13—People think I’m too thin

14—I worry about having fat on my body
15—It takes me longer to eat my meals than

other people
16—I avoid eating foods that contain sugar

17—I usually eat diet foods
18—I feel like food controls my life

19—I demonstrate self-control around food
20—I feel like others pressure me to eat

21—I spend a lot of time thinking
about eating

22—I feel discomfort after eating sweets
23—I follow weight loss regimes

24—I like feeling my stomach empty
25—I like to try new high-calorie foods

26—I feel like vomiting after meals
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Abstract: This multicenter study aims to assess the impact of public policies (PPs) on the health-
related quality of life (HRQoL) of individuals with celiac disease (CD) using the Celiac Disease
Questionnaire (CDQ) and PPs for Celiac Disease Score (PPCDS). This cross-sectional exploratory
study was conducted in four stages: first, standardizing data from countries using the CDQ; second,
analyzing PPs aimed at CD patients; third, statistically examining these data; and fourth, associ-
ating HRQoL indicators with corresponding PPs. This study analyzed 15 CDQ assessments from
12 countries from 2007 to 2023. It found that comprehensive PPs positively correlated with HRQoL
outcomes (Spearman correlation of 0.358). However, policies specifically targeting gluten-free meals
and certification did not significantly improve HRQoL individually, suggesting they may be more
effective when implemented together. Additionally, specialized health services did not notably
reduce gastrointestinal symptoms, underscoring the necessity for improved patient education to
enhance the effectiveness of these services. This study concludes that implementing and rigorously
monitoring regulations to support CD patients is crucial for enhancing their HRQoL.

Keywords: regulations; gluten-free; celiac disease public policies; celiac disease questionnaire

1. Introduction

Celiac disease (CD) is a chronic autoimmune enteropathy caused by the consumption
of gluten by individuals with a genetic predisposition. Its worldwide prevalence is between
1% and 2% [1–3]. Inflammation of the small intestine and villous atrophy happens to celiacs
due to the ingestion of gluten; therefore, the disease treatment consists of a completely
gluten-free diet (GFD) [1,2].
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The clinical manifestations of CD are classified as classic and non-classic [3,4]. The
classic signs and symptoms of the disease are gastrointestinal-related, the most frequent of
which are diarrhea, constipation, pain and bloating, flatulence, and weight loss [4,5]. In
addition, CD can also present extraintestinal manifestations such as anemia, osteoporosis,
recurrent mouth ulcers, chronic fatigue, depression, and dermatitis herpetiform [4,6,7].

Patients often report experiencing symptoms, but there are cases wherein individuals
with CD are asymptomatic even when presenting with intestinal mucosal damage [8,9].
The wide range of manifestations and clinical profiles, combined with the complexity of
diagnosing this condition, has led to a global underestimation of its prevalence [9–11].

The impact of celiac disease on the well-being of individuals can be significant, af-
fecting various aspects such as physical health, mental well-being, social interactions, and
overall daily functioning [3,12]. Several studies used the Celiac Disease Questionnaire
(CDQ) by Haüser et al. in 2007, designed to assess health-related quality of life (HRQoL)
in patients with celiac disease [13]. Along with determining HRQoL, evaluating the effec-
tiveness of public policies (PPs) on CD outcomes is important since legislation is crucial in
providing support and improving the welfare of CD patients [14,15].

Public regulations should cater to individuals’ daily challenges with CD, including
access to safe dining options and gluten-free products [14,16]. It is crucial to understand
the socioeconomic impact of the disease when assessing policy efficacy, as it can lead to
financial burdens [14,17]. Policies should aim to provide financial assistance, insurance
coverage for gluten-free products, and other forms of support [18].

Different models of financial support for people with CD can be found worldwide.
For instance, in Italy and Argentina, the government has established a system through
which adults with CD are entitled to an allowance to offset the higher cost of gluten-free
foods [16,19], whereas, in Portugal and Australia, a tax deduction is available for people
with CD to claim expenses related to gluten-free products [16,20]. These approaches
alleviate financial strain and promote the adherence to a strict gluten-free diet [16].

Overall assessment of PPs on CD outcomes requires a multidimensional approach
that considers broader societal, economic, and psychological factors affecting affected
individuals’ HRQoL [21–23]. Recognizing the significance of PPs for CD patients and their
influence on quality of life emphasizes the need to evaluate how a country’s regulations for
CD can directly impact the well-being of individuals with this condition [16,24].

This study aims to assess the correlation between the HRQoL of individuals with CD,
as evaluated by the CDQ [13], and the Public Policies for Celiac Disease Score (PPCDS) [25].
By examining these two measures, we can establish the extent to which PPs are linked to
enhanced HRQoL for this population.

2. Materials and Methods

2.1. Study Design

This study is a multicenter, cross-sectional exploratory research conducted in four
stages: (I) data acquisition and standardization from countries assessing the quality of
life (QoL) of individuals with celiac disease (CD) using the CDQ; (II) analysis of public
policies targeting people with CD in each participating country, spanning the years of
CDQ application and the current study year, employing the PPCDS method; (III) statistical
analysis of the gathered data; and (IV) correlation of QoL indicators across studied countries
with their respective public policies aimed at the investigated population. A summary of
the research process is presented in Figure 1.

To be included in this research, studies must have utilized the complete CDQ instru-
ment for adult patients across various countries. No language or date restrictions were
established. Studies that only evaluated children validated the instrument, or did not have
openly published data were excluded from the study. Before excluding studies that did not
have open data, we attempted contact with the corresponding author via email mentioned
in the papers.
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Figure 1. Comprehensive workflow of the multicentric quality of life and public policies for celiac
disease research. CDQ: Celiac Disease Questionnaire; SD: standard deviation; PP: public policies;
PPCDS: Public Policies for Celiac Disease Score.

2.2. Data Collection and Screening Processes

The process of identifying countries that applied the CDQ instrument involved a
systematic review of the published literature using the following terms, their mesh terms,
and synonyms: “quality of life” AND (“celiac disease” OR “coeliac disease”) AND (“ques-
tionnaire” OR “instrument”) AND “adults” [26]. Our review was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses protocol, which enabled us to
detect studies from different countries that could potentially meet the inclusion criteria [27].

After identifying eligible studies, the researchers extracted the mean and standard
deviation of each CDQ domain and total scores for the celiac population in the respective
country and year of data collection. Additionally, they gathered information on sam-
ple size, dietary adherence, educational status, and socioeconomic status from the CDQ
assessment results.

The PPCDS evaluates the level of assistance provided by countries to their celiac
populations through the assessment of six categories: the existence of regulations for
GF industrial food and GF meals, specialized health service support, food allowance or
financial incentives for individuals with celiac disease, gluten-free food certification, and
support from celiac disease associations. Each category is scored on a scale from 0 to 1,
where 1 represents the presence of relevant policies, and 0 indicates the absence of such
policies. The total PPCDS score ranges from 0 to 6, with higher scores indicating more
comprehensive and supportive public policies for individuals with celiac disease.

To assess PPs, two investigators conducted a targeted search for each country included
in the QoL analysis, examining policy documents, government websites, and published
literature on regulations, laws, and programs related to celiac disease from the same year
as the instrument application and the current policies. The search strategy was performed
using Google Search. It included combined keywords related to gluten-free products, meals,
regulations, certifications, labeling, and terms associated with celiac disease, healthcare
support, government assistance, and CD societies as proposed by the PPCDS original
study [25].

The identified policies were categorized using a standardized table, with each policy
marked as either ‘Yes’ or ‘No; for every policy marked as ‘Yes”, 1 point was allocated. When-
ever discrepancies in categorization arose between the two investigators, they discussed
and reached a consensus.
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For countries with non-English official languages, the searches were conducted in
those languages with the assistance of the Google Translator tool. The CDQ scores and
PPCDSs were then compiled into a single dataset, with each country represented as a
data point.

2.3. Data Standardization and Quantitative Analysis

To allow for comparisons across countries, the CDQ domains and total scores, a
0–100 scale in two studies, were standardized to the instrument’s original 28–196 scale,
where 196 represents the best possible quality of life [13]. The CDQ is a 28-item instrument
that assesses four domains of quality of life: emotion, social, worries, and gastrointestinal.
Each domain consists of 7 items scored on a 7-point Likert scale. As a result, the highest
possible score for each domain is 49, and the total quality of life score is 196, which
represents the sum of all the item scores.

To enable comparability between countries, we used the weighted mean and pooled
standard deviation to present the CDQ findings consistently. This weighted comparison
was necessary as data from two studies had been calculated for two groups and did not
provide a final score [1,19].

After standardizing the CDQ data, we used the Spearman correlation to verify the
relationship between the CDQ domains and total scores with the PPCDS. Additionally, a
Student’s t-test was conducted to examine the strength and direction of the association
between the CDQ domain and total scores and the six PPCDS categories. All analyses
were performed using IBM SPSS Statistics for Windows [28]. Descriptive statistics, such as
the mean and standard deviation, were presented to summarize the statistical analysis of
the scores.

3. Results

Of the 21 studies identified through the systematic review, two were excluded for
having validated the instrument but not applying it to the population [29,30]; two were
excluded due to insufficient data [31,32]; and one was excluded for not thoroughly applying
the CDQ instrument [33]. The remaining 15 studies, representing 12 different countries,
were included in the final analysis, as they provided the necessary data for analyzing
CDQ scores.

3.1. Studies Characteristics

The 15 studies included in the final analysis were conducted between 2007 and 2023
in 12 unique countries: Argentina (n = 1; 6.67%) [34], Australia (n = 1; 6.67%) [35], Brazil
(n = 2; 13.33%) [36,37], France (n = 2; 13.33%) [21,38], Germany (n = 1; 6.67%) [13], Iran
(n = 1; 6.67%) [39], Italy (n = 2; 13.33%) [3,19], Morocco (n = 1; 6.67%) [40], Portugal (n = 1;
6.67%) [41], Spain (n = 1; 6.67%) [42], Turkey (n = 1; 6.67%) [43] and the United Kingdom
(n = 1; 6.67%) [1]. Notably, the dataset includes multiple studies from Brazil (2018 [36] and
2021 [37]), Italy (2011 [19] and 2013 [3]), and France (2014 [38] and 2022 [21]), allowing for
an evaluation of temporal trends in these regions.

The geographical distribution of the studies spans five continents, with representation
from South America (Argentina, Brazil), Oceania (Australia), Europe (France, Germany,
Italy, Portugal, Spain, United Kingdom), Asia (Iran, Turkey), and Africa (Morocco). Most
studies were conducted in European countries (n = 8; 53.33%).

In terms of sample characteristics, these studies involved 3982 celiac disease patients,
with sample sizes ranging from 45 to 787 participants per study. The average age of
the participants ranged from 29.83 to 49.0 years, with a higher proportion of females in
all studies.

In some studies, the lack of demographic data on marital status, socioeconomic status,
occupational status, education level, and dietary adherence to a gluten-free diet resulted in
a subset of participant information being unavailable. This made it impossible to conduct
further analysis across all the included studies.
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Except for three studies that did not investigate dietary adherence [19,39,42], the
celiac patients’ adherence to a gluten-free diet ranged from 50% to 100%. The studies
used diverse methods to assess self-reported dietary adherence, such as a five-point Likert
scale [3,34,36,37,41,43,44], a combination of the CDAT and GDF-S instruments [1], a 10-
point visual analog scale [21], three-day food diary as well as self-report adherence [35],
and a dichotomous inquiry [40].

Table 1 summarizes the countries’ CDQ domain scores and total scores, the PPCDSs,
the studies’ sample sizes, and publication years. The table was ordered alphabetically and
chronologically to optimize visualization in cases with multiple studies for a given country.

Table 1. CDQ scores and PPCDSs by country and year.

Year n PPCDS CDQ

Emotion Social Worries Gastrointestinal Total

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Argentina [34] 2020 171 6 26.07 (10.38) 35.80 (9.25) 28.82 (10.11) 33.77 (9.24) 124.14 (32.44)
Australia [35] 2020 45 6 32.90 (0.99) 41.00 (6.12) 39.80 (0.79) 33.00 (0.88) 147.00 (3.31)

Brazil [36] 2018 450 4 27.06 (10.08) 34.67 (7.08) 31.17 (8.54) 35.17 (6.23) 128.06 (27.08)
Brazil [37] 2021 674 4 34.81 (8.42) 25.82 (8.87) 34.86 (10.25) 29.77 (10.75) 125.26 (32.02)
France [38] 2014 211 6 29.55 (9.20) 38.75 (9.91) 34.43 (9.62) 35.98 (8.07) 138.71 (30.91)
France [21] 2022 787 6 33.46 (8.82) 41.44 (8.40) 36.82 (8.82) 38.92 (7.98) 150.64 (20.16)

Germany [44] 2007 446 3 32.30 (8.50) 42.40 (7.10) 37.00 (8.80) 39.30 (7.10) 151.10 (25.20)
Iran [39] 2018 81 1 27.64 (10.81) 29.37 (10.72) 27.11 (10.38) 35.06 (9.76) 119.18 (34.00)
Italy [19] 2011 187 5 32.92 (7.62) 42.09 (6.75) 40.24 (51.34) 39.31 (5.82) 154.53 (20.86)
Italy [3] 2013 171 6 34.00 (8.00) 43.00 (7.00) 40.00 (8.00) 41.00 (7.00) 159.00 (24.00)

Morocco [40] 2022 112 2 26.23 (4.68) 31.76 (9.69) 25.03 (8.36) 34.67 (6.72) 117.73 (24.61)
Portugal [41] 2023 234 6 28.35 (7.60) 23.03 (9.53) 26.77 (8.78) 25.12 (8.81) 103.28 (31.15)

Spain [42] 2022 92 6 27.48 (4.78) 40.23 (5.84) 30.79 (5.72) 32.53 (7.76) 131.03 (24.10)
Turkey [43] 2015 205 4 28.60 (9.00) 34.00 (8.10) 28.00 (8.50) 34.20 (8.30) 124.80 (28.10)

United Kingdom [1] 2021 116 6 34.20 (5.57) 44.10 (6.32) 40.40 (6.78) 37.85 (7.63) 156.55 (21.77)

SD: Standard Deviation; PPCDS: Public Policies for Celiac Disease Score; CDQ: Celiac Disease Questionnaire.

The total CDQ scores varied across countries, reflecting differences in the quality of
life among individuals with celiac disease. The highest-scoring countries were Italy, the
United Kingdom, and Germany. Italy ranks first and third with the best quality of life
among celiac disease patients. The countries with the lowest scores are Iran, Morocco,
and Portugal.

For countries that assessed the quality of life at two different time points, Italy and
France showed an improvement, going from a score of 154.53 to 159.0 points and from
138.71 to 150.64, respectively. In contrast, a worsening in general QoL was observed in
Brazil between 2018 and 2021.

Regarding public policies, Iran, Morocco, and Germany had the lowest scores on the
PPCDS scale. Conversely, Italy in 2013, the United Kingdom, Australia, France, Spain,
Argentina, and Portugal scored higher on the PPCDS. Details on the scores for each PPCDS
category can be found in Table S1 in Supplementary Materials.

3.2. Public Policies for Celiac Disease Score (PPCDS)

Figure 2 illustrates variations in the PPCDS across different countries and timelines.
Argentina, Australia, France, Italy, and the United Kingdom consistently achieved the
highest PPCDS of 6 over multiple years. In contrast, Brazil consistently scored 4 from 2018
to 2024. Germany improved from 3 in 2007 to 6 in 2024, and Turkey’s scores increased
from 4 in 2015 to 5 in 2024. Although Iran’s PPCDS improved from 1 in 2018 to 2 in 2024,
it remains categorized in the lower end, similar to Morocco, which maintained a score of
2 over the years. The data also highlight regional disparities, with European and Latin
American countries achieving higher PPCDSs than Asian and African nations.
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Figure 2. Comparative timeline of PPCDS across countries. PPCDS: Public Policies for Celiac
Disease Score.

3.3. Association between HRQoL and PP

Figure 3 presents a spider chart that compares the CDQ domain scores—Emotion,
Worries, Gastrointestinal, and Social—across 15 countries and years. Each axis represents
one of the four domains, with scores normalized to a common scale from 0 to 49. The chart
uses a diverse color palette based on the chromatic circle, ensuring clear differentiation
between countries. This visualization allows for a comprehensive comparison of how
different countries and years perform across these critical quality-of-life dimensions for
individuals with celiac disease. The use of vibrant, non-repetitive colors enhances the
chart’s readability, making it easier to identify patterns and contrasts in the domain scores
across the analyzed countries.

The analysis revealed a positive association between PPCDS and CDQ, with a Spear-
man correlation score of 0.358. A positive association exists between most PPCDS items
and CDQ domains (Table 2). However, the category of meal regulations was associated
with reduced scores in the social and gastrointestinal CDQ domains and lower total CDQ
scores (Table 2). Additionally, this PPCDS item was not associated with the worries CDQ
domain. Furthermore, regulations concerning industrial food products and specialized
health services did not show an association with the gastrointestinal CDQ domain. Lastly,
gluten-free certification for manufactured meals was not associated with the emotion CDQ
domain. Since all countries presented celiac disease associations, the correlation between
this PP and CDQ cannot be evaluated.
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Figure 3. CDQ domain scores and total PPCDSs (normalized) by country and year. CDQ: Celiac
Disease Questionnaire; PPCDS: Public Policies for Celiac Disease Score.

Table 2. Relationship between CDQ scores and PPCDS categories.

Yes No p 2

Mean (SD) 1 Mean (SD) 1

Regulations concerning
industrial food products

n 3789 193
Emotion 31.54 (8.60) 26.82 (7.85) 0.000

Social 36.18 (8.11) 30.76 (10.13) 0.000
Worries 34.54 (14.33) 25.90 (9.26) 0.000

Gastrointestinal 35.24 (8.20) 34.83 (8.13) 0.496
Total 137.55 (26.58) 118.34 (28.92) 0.000

Regulations relating
to meals

n 2951 1031
Emotion 31.54 (8.65) 30.65 (8.32) 0.003

Social 35.01 (8.34) 38.49 (7.88) 0.000
Worries 34.26 (8.99) 33.72 (23.24) 0.466

Gastrointestinal 34.44 (8.48) 37.45 (7.34) 0.000
Total 135.31 (27.00) 140.36 (25.79) 0.000
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Table 2. Cont.

Yes No p 2

Mean (SD) 1 Mean (SD) 1

Specialized health n 3901 81
service support Emotion 31.39 (8.51) 27.64 (10.88) 0.003

Social 36.05 (8.16) 29.37 (10.79) 0.000
Worries 34.27 (14.20) 27.11 (10.45) 0.000

Gastrointestinal 35.23 (8.16) 35.06 (9.82) 0.880
Total 136.98 (26.52) 119.18 (34.21) 0.000

Food allowance and/or n 2014 1968
financial incentive Emotion 31.58 (8.28) 31.04 (8.84) 0.046

Social 38.82 (8.28) 32.94 (8.16) 0.000
Worries 35.31 (17.63) 32.91 (9.27) 0.000

Gastrointestinal 36.30 (7.82) 34.12 (8.57) 0.000
Total 142.07 (24.54) 131.03 (28.73) 0.000

Gluten-free certification
for manufactured meals

n 2219 1763
Emotion 31.31 (8.35) 31.32 (8.86) 0.954

Social 38.38 (8.26) 32.81 (8.30) 0.000
Worries 34.63 (16.99) 33.48 (9.44) 0.007

Gastrointestinal 36.10 (7.87) 34.11 (8.66) 0.000
Total 140.48 (24.88) 131.75 (29.05) 0.000

Celiac disease n 3982 0
Associations 3 Emotion 31.31 (8.56) - -

Social 35.91 (8.22) - -
Worries 34.12 (14.13) - -

Gastrointestinal 35.22 (8.20) - -
Total 136.61 (26.69) - -

1 Weighted mean and Pooled Standard Deviation; 2 Independent Student t test; 3 All countries presented celiac
disease associations.

4. Discussion

4.1. Insights on HRQoL Analysis

Both Brazilian studies observed that individuals who followed a strict GFD had
higher overall QoL and by domains [36,37]. The same association was observed by the
Argentinian [34], French [21,38], Portuguese [41], Turkish [43], British [1], and German [13]
studies. Such observations also correlate with the low “worries” subscale scores since
they are related to a GFD and, consequently, to regulations for GF products and their
enforcement [16,45].

The substantial price gap between GF food and gluten-containing food likely con-
tributes to the observed lower CDQ scores, as affordability concerns can negatively impact
the mental well-being and social aspects of individuals with CD, which are directly re-
flected in the worries and social CDQ domains [46–48]. Studies have emphasized the need
for governmental financial aid, as not having access to secure GF products and meals also
burdens the health system due to disease advancement [24,49,50].

Strict adherence to the gluten-free diet can enhance physical and physiological well-
being. Still, it may also put a strain on mental health and social aspects, as observed in the
German celiac disease questionnaire [44]. Individuals may feel insecure about eating out,
fear gluten cross-contamination, or be perceived as different for bringing home-cooked
gluten-free meals when dining out [23,33]. Access to GF certification could reassure celiacs
as it is a form of communication and transparency with consumers [51].

However, according to the latest French celiac disease questionnaire, an essential
improvement in health-related quality of life was observed per additional year following
the gluten-free diet [21]. The authors believe patients became habituated to managing
the restrictive lifelong diet and found comfort in being part of celiac societies, resulting
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in less reported anxiety and fewer social difficulties the longer they had adhered to the
diet [21,33].

Most European countries, with the exception of Portugal, scored higher in the CDQ
(Table 1). However, it is essential to note that the assessment of HRQoL of Portuguese
celiacs occurred during the COVID-19 pandemic [41]. The two studies that also collected
data during the pandemic period were the Spanish and the Brazilian second study [37,42].

Portugal’s research obtained general sub-optimal scores, but it should be considered
that 44.9% (n = 129) of the study’s participants did not follow a strict GFD [41]. Therefore,
even though being at home could offer more trust in the secureness of the meal prepared,
participants could have fallen into the temptation of eating gluten-containing food with
family members, for instance [12,23,41].

According to the study performed in Brazil during the COVID-19 pandemic, Brazilians
obtained higher scores in the social and worries domains, which could be related to the fact
that 88.57% (n = 597) of the participants adhered to the dietary treatment [37]. The Spanish
research also observed a higher score in the social item [42]. As a positive outcome, the
pandemic period provided a sense of safety as meals were mainly prepared at home, and
celiacs could avoid social events in places with gluten-containing food [37,52].

When analyzing the countries with HRQoL accessed more than once, France and Italy
have both bettered their overall scores and subcategories [3,19,21,38]. Brazil obtained an
overall score of 1.8 points lower and better in the emotion and worries categories than in
the first assessment [36,37]. However, as mentioned, this second CDQ application occurred
during the pandemic [37]. Following up on countries’ CD HRQoL periodically would be
interesting so governments and health professionals can identify opportunities to improve
celiac patient support [15,25].

4.2. Public Policies for Celiac Disease Score (PPCDS)

As evidenced in Figure 2, the European and Oceanian countries tend to have higher
PPCDSs. These continents, alongside North America, have presented an increase in CD
diagnoses in recent decades [25,53]. Conversely, the scores indicate that the African and
Asian countries maintain relatively lower PPCDSs as in the 2019 assessment [25]. This
is likely due to the lack of comprehensive population-based studies in regions such as
Africa and Asia, which could explain the lower investment in patient support in those areas
compared to other continents [53].

The exception is Turkey, an intercontinental country categorized as an Asian coun-
try for analytical purposes by the World Health Organization [54]. Turkey´s one-point
improvement in the PPCDS between 2015 and 2024 is due to implementing a financial
incentive policy for patients with CD, who are categorized today with a high score [25].
That indicates a national effort to support this population.

Additionally to Turkey, other countries have bettered their PPCDS since the period
of the CDQ assessment. In 2007, Germany had a moderate PPCDS of 3 points, which
was still higher than Iran and Morocco´s present scores. At the time, Germany presented
regulations for gluten-free food products, specialized health services, and celiac society.

Since then, Germany has implemented policies related to partial financial aid through
tax deductions for the extra costs associated with gluten-free foods if they exceed a certain
percentage of the individual’s income. The UK, Spain, Italy, France, Australia, and Portugal
already had PPs regarding food allowances or financial support.

The UK expanded the list of items in the GFD prescription provided through the
National Health System. Argentina, Italy, and Spain augmented the allowances according
to inflation and the cost of GF food and expanded the eligibility criteria. Portugal provided
partial subsidies for GF food in 2023 and implemented a new policy giving tax deductions
for the additional costs of medically prescribed GF food. Australia adjusted the process of
claiming tax deductions for the additional costs of the GFD [20].

It is imperative to highlight that the financial assistance PP is, in all countries included
in this study, not available in the whole nation´s territory [48,55]. As celiac disease cases
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continue to spike, there is an impending need for reevaluating patient care and expanding
regulations to ensure patient security [15,56].

Although access to CD diagnostic tools may have increased, healthcare professionals’
need for knowledge and the diverse symptoms of this chronic condition still present
challenges to suspecting and confirming the diagnosis [57,58]. Therefore, having CD-
specialized healthcare is important to minimize delay in diagnosis and reduce exposure to
gluten, which impacts QoL and life expectancy [59,60].

Nowadays, all countries included in this research have health centers with pathology-
trained professionals. In addition, the records found of these centers were linked to
universities, schools, and hospitals in all nations. That suggests that CD knowledge
needs to be publicized to already-trained health professionals and beyond the academic
sphere [57,58].

Regarding the lowest-scoring countries, as shown in Figure 2, Iran and Morocco´s
scores suggest poorer support for individuals with CD in these countries than others. These
findings align with [40].

According to the PPCDS data (Figure 2), despite the improvement in Iran´s score, it
is still alongside Morocco, the only two countries in this study that lack formal national
regulations for gluten-free food labeling. In these countries, industries and restaurants
follow general food safety standards focused on quality and safety, but there are no specific
gluten-free labeling requirements. This represents food insecurity and elevates worries for
individuals with celiac disease [15,56].

Additionally, manufacturers who voluntarily include gluten information to appeal
to health-conscious consumers and those with dietary restrictions frequently do not have
exclusively gluten-free production [61]. As a result, the imported products certified as
gluten-free are the most trustworthy options. Still, they are seen as a luxury since the
products are hard to find and have elevated prices, making access to them difficult in
Morocco and Iran [18,40].

Since gluten-free products cost more than traditional food items, maintaining a lifelong
GFD can be onerous and a significant barrier to treatment adherence [49,62]. As previously
documented, the cost disparity between gluten-containing products and gluten-free coun-
terparts varies across countries [14,17]. For example, in Greece, gluten-free products can be
22–334% more expensive in supermarkets and 88–476% in pharmacies [63]. Meanwhile, in
Morocco, gluten-free prices can be 115–1309% higher than regular versions [61].

Furthermore, the elevated cost of gluten-free products represents a significant barrier
to adhering to the necessary treatment, and the GFD directly impacts the gastrointestinal
domains and indirectly affects the emotional and social aspects of health-related quality of
life [18,56,62].

4.3. Association between HRQoL and PPs

This study is the first to investigate the relationship between the HRQoL of individuals
with CD and the PPs in place for this patient population. The findings reveal a positive
correlation between the PPCDSs and the CDQ scores, suggesting that countries with more
comprehensive public policies addressing celiac disease tend to have better overall quality
of life outcomes for those with this condition.

While most PPCDS components positively correlated with various CDQ domains
(Figure 3 and Table 2), indicating broad benefits for celiac patients across different aspects
of life, an exception was observed in meal regulations. This specific policy category was
associated with lower scores in the social and gastrointestinal domains of the CDQ and the
overall CDQ scores.

These meal regulations may not be fully enforced, or their implementation may not
effectively address the social and gastrointestinal concerns of individuals with celiac disease.
Producing gluten-free meals in professional kitchens that also handle gluten-containing
foods can pose significant challenges [64–66]. As a result, individuals with celiac disease
often opt to dine in exclusively gluten-free restaurants [62,67,68].
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While the meals may be safe, celiacs have reported feeling socially isolated and judged
when inviting family members and friends to eat in a 100% gluten-free establishment,
which can negatively impact their social experiences [12,23,33]. Hence, having laws to
guide GF meal production does not mean that the policies are being followed or that celiac
consumers will trust the restaurants; this result suggests that this PP alone will not make
people with CD more confident about dining out [23,33,51].

Similarly, the presence of GF certification for manufactured meals did not show a
significant positive association in the worries domain of the CDQ, indicating that, while
this certification is essential and could be effective, it alone may not be sufficient to alleviate
the concerns and fears experienced by individuals with CD [23,33]. Considering that
consumers’ trust in certifications is related to the perception of credibility in the food pro-
duction process, the simultaneous implementation of meal regulations and GF certification
could be more effective in attenuating concerns about celiacs [51].

Moreover, the availability of specialized health services did not correlate with improve-
ments in the gastrointestinal domain of the CDQ. This absence of association could have
been due to the reduced number of specialized health centers in each country. Therefore,
celiacs are still attended to, and cared for by health professionals who are not trained in
CD [57,58].

4.4. Study Limitations

This study’s cross-country comparisons between developed and developing economies
with varying public policies may limit the generalizability of its findings to all countries
globally. They may not represent continental-level assistance for celiac patients. Addition-
ally, the HRQoL data included only some CDQ assessments made to date, as the researchers
could not assess data from three articles that may have met the inclusion criteria despite
attempts to contact the authors via email and social media.

Furthermore, the PPCDSs may not fully capture the nuances of how PPs are imple-
mented and enforced across diverse cultural and socioeconomic contexts. Additionally,
since some of the policies included in the PPCDS are only regional rather than national,
some participants in the CDQ may have access to these policies, which could have dimin-
ished the observed association between public policies and quality of life.

5. Conclusions

The findings of this study suggest that PPs designed to address the needs of individ-
uals with CD are associated with better HRQoL outcomes. By highlighting the complex
relationship between specific policy domains and various aspects of well-being, this re-
search underscores the importance of a multidimensional approach to policymaking and
implementation to support the CD community effectively. Monitoring the enforcement of
these regulations, expanding them to all national territories, and educating health profes-
sionals to assist celiac patients are necessary steps. Future research should further explore
the nuances of policy implementation and additional factors that may influence the QoL
for those living with CD. In summary, monitoring the QoL of these individuals over time
would provide valuable insights to governments and policymakers.
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