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Abstract Understanding coeliac disease in Guelma

Abstract

The present work is a cross-sectional study conducted in Guelma province over a period
of two months (February and March 2025). It aims to assess the prevalence of coeliac disease,
the influencing factors, and management strategies. A structured questionnaire was used to
collect data on demographic characteristics, dietary habits, and awareness of the disease. The
study included 300 participants from diverse age groups and both genders, with data gathered
from various locations, including local universities, parks, main streets, and well-known retail
stores, providing a comprehensive overview of the disease in the region.

The results indicate that 9.33%( 95% CI 6.29 - 13.21) of participants were diagnosed
with coeliac disease, with the most affected age group being 9—-17 years. Several risk factors
were identified, including genetic predisposition (HLA-DQ2/DQ8), nutritional deficiencies,
and limited access to gluten-free products. Additionally, modifiable factors such as low
awareness of gluten sources and dietary challenges were found to contribute to disease
management difficulties.

These findings highlight the importance of early screening and dietary intervention to
prevent complications such as osteoporosis, anemia, and intestinal malignancies. Public health
strategies should focus on raising awareness, improving access to gluten-free products, and

enhancing diagnostic capabilities to support affected individuals.

Keywords: Coeliac disease, prevalence, risk factors, gluten-free diet, cross-sectional study.
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Résumé

Le présent travail est une étude transversale menée dans la province de Guelma sur une
période de deux mois (février et mars 2025). Il vise a évaluer la prévalence de la maladie
ceeliaque, les facteurs qui I’influencent et les stratégies de gestion. Un questionnaire structuré
a été utilis¢é pour recueillir des données sur les caractéristiques démographiques, les habitudes
alimentaires et la sensibilisation a la maladie. L'étude a impliqué 300 participants de différents
groupes d'age et des deux sexes, avec des données collectées dans divers lieux, notamment les
universités locales, les parcs, les rues principales et les magasins bien connus, offrant ainsi un
apercu global de la maladie dans la région.

Les résultats indiquent que 9,33%( 95% CI 6.29 - 13.21) des participants ont été
diagnostiqués avec la maladie ceeliaque, la tranche d’age la plus touchée étant 9 a 17 ans.
Plusieurs facteurs de risque ont été identifiés, notamment la prédisposition génétique (HLA-
DQ2/DQ8), les carences nutritionnelles et I’acces limité aux produits sans gluten. En outre, des
facteurs modifiables comme la faible connaissance des sources de gluten et les défis
alimentaires ont ét¢ reconnus comme contribuant aux difficultés de gestion de la maladie.

Ces conclusions soulignent I’importance du dépistage précoce et des interventions
alimentaires pour prévenir les complications telles que 1'ostéoporose, 1’anémie et les cancers
intestinaux. Les politiques de santé publique doivent privilégier la sensibilisation,
I’amélioration de D’accés aux produits sans gluten et le renforcement des capacités

diagnostiques afin de mieux accompagner les individus atteints de cette maladie.

Mots-clés : Maladie ceeliaque, prévalence, facteurs de risque, régime sans gluten, étude

transversale.
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Introduction

Coeliac disease (CD) is a chronic autoimmune disorder triggered by gluten, a protein
found in wheat, barley, and rye (Afzal et al., 2024). 1t predominantly affects genetically
predisposed individuals who express HLA-DQ2 and HLA-DQS alleles, which are strongly
associated with the disease (Aboulaghras et al., 2023). The ingestion of gluten in such
individuals initiates an abnormal immune response, causing inflammation of the small
intestine. This results in villous atrophy, varying degrees of malabsorption, and the presence of
specific antibodies, such as anti-gliadin and anti-tissue transglutaminase (Tosco et al., 2013) .
Recent research indicates that coeliac disease is a growing global health concern, with an
estimated prevalence of 1.4% worldwide (Singh et al., 2018). The disease is more common in
Europe and Oceania (0.8%), followed by Asia (0.6%), Africa and North America (0.5%), and
South America (0.4%). Studies also show that women are more affected than men, with a
prevalence of 0.6% in females compared to 0.4% in males (Caio et al., 2019). Additionally, the
condition is more frequently diagnosed in children (0.9%) than in adults (0.5%), highlighting
the importance of early detection and intervention. A recent study on high-risk patients with
functional gastrointestinal disorders found a 2.83% prevalence of coeliac disease, with
significant associations with age, constipation, and autoimmune disease history (Syam et al.,
2024).

Diagnosis of coeliac disease involves identifying clinical symptoms, detecting anti-tissue
transglutaminase (anti-tTG) antibodies, and confirming intestinal damage through
duodenojejunal biopsy, which remains the gold standard ( Caio et al., 2019). In recent years,
non-invasive techniques such as intestinal ultrasound and capsule endoscopy have gained
attention for their potential to enhance diagnostic accuracy while minimizing the need for
invasive procedures (Austin et al., 2024).The cornerstone of treatment remains a lifelong
gluten-free diet (GFD), requiring strict avoidance of wheat, barley, and rye (Verdelho
Machado, 2023). Adherence to this diet alleviates symptoms, reduces antibody levels, and
prevents complications like osteoporosis and intestinal malignancies (Hello et al., 2016).In
recent years, the emergence of gluten-free products has increased public awareness of coeliac
disease, yet misconceptions persist regarding the distinction between gluten intolerance and
gluten allergy (Bouteloup, 2016). While dietary management remains the sole treatment,
advancements in pharmacological research, including enzyme therapy and immune-modulating

drugs, offer promising potential for future alternatives ( Caio et al., 2019).
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There is no specialised study on coeliac disease in Guelma, Algeria. However, research
on coeliac disease and gluten-free diets has been undertaken in other Algerian wilayas,
including Tébessa (Boukezoula et al., 2015).

The objective of this study was to explore the prevalence, contributing risk factors, and
management in the Guelma region. The document is structured in two main sections: the first
is a theoretical segment that delves into the definition, mechanisms, and physiological impacts
of coeliac disease. The second section concentrates on the practical aspect, detailing a
descriptive cross-sectional study carried out through a questionnaire, with an analysis of the

results in correlation with various risk factors.
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1) History

The origins of coeliac disease date back to the 2nd century . Aretaeus of Cappadocia, a
Greek physician and contemporary of Galen, first described a chronic malabsorption syndrome
in children, characterised by persistent diarrhoea, bloating, and progressive wasting. He
attributed these symptoms to an intestinal disorder, coining the term “coeliac” from the Greek
“koeliakos”, meaning “pertaining to the abdomen” (Malamut et al., 2009). Later, in 1888,
English physician Samuel Gee offered a comprehensive account of the condition in his
influential article "On the Coeliac Affection," published in The St. Bartholomew's Hospital
Reports (Thompson, 2008). The understanding of coeliac disease took a significant leap
forward in 1950 when Dutch paediatrician Willem Karel Dicke demonstrated the connection
between the ingestion of cereal products and the onset of symptoms. Dicke identified gluten as
the key protein responsible and noted considerable improvement in affected children upon the
removal of wheat from their diets (Kamer et al., 1953). The autoimmune nature of coeliac
disease became evident by the 1970s with the discovery of serum antibodies directed against
gluten and endogenous enzymes (Catroux et al., 2017). In 1978, Ellis and Linaker reported a
case involving a 43-year-old woman who experienced intermittent chronic diarrhoea, peri-
umbilical pain, and abdominal distension. Remarkably, her symptoms subsided on a gluten-
free diet and reappeared once gluten was reintroduced, even though her jejunal biopsy appeared
normal (Lepers et al., 2004). Advancements in serological testing and epidemiological research
during the 1990s further revealed that coeliac disease was far more common than previously
believed, affecting individuals of all ages rather than being confined to childhood (Catassi et
al., 1994, Rostom et al., 2006). Up until 2012, gluten intolerance was generally categorised as
either coeliac disease or wheat allergy. However, subsequent studies identified a distinct
condition known as “gluten sensitivity” or “non-coeliac gluten sensitivity” (NCGS), which is

now recognised as the most prevalent form of gluten intolerance (Molkhou, 2016).

2) Definition of Coeliac Disease

Coeliac disease is a lifelong autoimmune illness that occurs in the small intestine, which
results from ingestion of gluten in genetically predisposed people, predominantly individuals
with the HLA-DQ2 or HLA-DQS haplotypes (4Aboulaghras et al., 2023). In diseased patients,
ingestion of gluten causes an abnormal immune response, resulting in inflammation and
damage to the mucosa of the intestine, characterized by villous atrophy, crypt hyperplasia, and

increase in intraepithelial lymphocytes (Raiteri et al., 2022).




Theoretical part Understanding coeliac disease in Guelma

On the contrary, the usual small intestine is formed of tall finge like villi and organized
crypts that are very important for the efficient absorption of nutrients (Kiveld & Kurppa, 2018)
(figure 1).

Normal willi

Villous atrophy

Coeliac disease

Figure 1: Comparative illustration between normal villi and total villous atrophy (Kiveld &

Kurppa, 2018).

3) Classification

Among gluten-related disorders, coeliac disease is a well-known autoimmune condition
that primarily affects the small intestine. In addition to coeliac disease, there is wheat allergy,
which is an allergic reaction to wheat proteins, and non-coeliac gluten sensitivity, where
individuals experience symptoms after consuming gluten but without the autoimmune or

allergic response seen in other conditions (Sharma et al.,2020) (figure 2).
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Classification of Gluten-Related Disorders

Pathogenesis

l v v

Autoimmune Allergic Non-autoimmune
Non-allergic

1L Innate immunity

) 4

4

Coeliac Gluten Ataxia Dermatitis Wheat Allergy

Disease Herpetiformis Glu‘@? .
Sensitivity

l l l ‘
4 v v
Respiratory Food Wheat-dependent Contact
Allergy Allergy Exercise-induced Urticaria
Anaphylaxis

Figure 2: Classification of gluten-related diseases (Bouteloup, 2016)

4) Immune mechanisms and pathophysiology

Gluten is the external antigen driving the immunological reaction in coeliac disease.
Gluten, consisting of prolamins and glutelins, is typically represented by gliadin in wheat,
hordein in barley, and secalin in rye (Cebolla et al., 2018, Lindfors et al., 2019). Upon
ingestion, gluten is partially digested by gastrointestinal enzymes, leaving peptides that enter
the small intestine's lamina propria. These peptides are deamidated by transglutaminase 2

(TG2), enhancing their binding to HLA DQ2 and DQS8 molecules on antigen-presenting cells
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(Lindfors et al., 2019). Presented to CD4+ T cells, these peptides initiate an adaptive immune
response, involving TG2-specific B-lymphocytes in Peyer’s patches (Iversen et al., 2020).
Activated T cells secrete cytokines, inducing B cell differentiation into plasma cells that
produce antibodies against TG2 and deamidated gliadin peptides (Catassi et al., 2022). TGA
may increase small bowel permeability and contribute to extraintestinal symptoms (Lindfors et
al., 2019). Innate immunity also plays a role in coeliac disease development. Stressed
enterocytes express interleukin 15 (IL-15) and other cytokines activated by gluten-derived
peptides, leading to intraepithelial CD8+ T cell reprogramming and intestinal epithelial cell
apoptosis (Setty et al., 2015, Lindfors et al., 2019). 1L-15 can inhibit regulatory T cells,
contributing to the loss of oral tolerance (van Bergen et al., 2015).

High proline and glutamine-containing gluten peptides are resistant to enzymatic
degradation, and they become immunogenic gliadin peptides. The peptides cross the intestinal
epithelium with increased permeability that is normally mediated by release of zonulin and bind
immune cells in the lamina propria (Sallese et al., 2023, Rostami-Nejad et al., 2024).In the
lamina propria, gliadin peptides are deamidated by tissue transglutaminase 2 (TG2), converting
glutamine residues into glutamate. This change enhances the binding specificity of gliadin
peptides to HLA-DQ2 or HLA-DQS8 molecules on antigen-presenting cells (APCs), which
subsequently present the peptides to CD4+ T cells. Stimulation of CD4+ T cells initiates a Thl-
predominant immune response, characterized by the secretion of pro-inflammatory cytokines
such as interferon y (INF-y), IL-21, and tumour necrosis factor o (TNF-a). These cytokines are
what cause crypt hyperplasia, villous atrophy, as well as activation of CD8+ T cells, further
exacerbating epithelial damage (Tomer et al., 2023; Rostami-Nejad et al., 2024). Additionally,
innate immunity is implicated, with upregulation of IL-15 triggering natural killer (NK) cells
by NKG2D ligands, causing the apoptosis of the epithelial cells (figure 3) (Rotondi Aufiero et
al., 2025).Moreover, Th2 responses stimulate the differentiation of B cells into plasma cells,

which then produce anti-gliadin and anti-TG2 antibodies (M. du Pré et al., 2020).
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Figure 3: Pathogenetic cascade of coeliac disease (adapted from Galipeau and Verdu 2014).
Dietary gluten and possibly other additional triggers induce epithelial stress in the intestinal
epithelial cells (1). Increased permeability and transcellular transport of gliadin peptides
through the epithelium lead to deamidation by TG2 and attachment of gluten peptides to the
DQ2/DQ8 molecule (2). APC presents gluten peptide to CD4+ T-cells (3), leading to an
agluten-specific T-cell-mediated immune reaction (4). Destruction of the small intestine
mucosa is mediated by cytotoxic IELs by activating NK receptors and their ligands. HLA-E
and MICA/B (5). This is enhanced by epithelial stress and the secretion of IL-15. Adaptive
immune reactions also lead to the differentiation of B-cells to gluten-specific plasma cells. and
the secretion of TG2-ab (6). These antibodies may play a role, for example, in the extraintestinal
manifestations of coeliac disease. TG2: transglutaminase 2; APC: antigen-presenting cell; DC:
dendritic cell; MLN: mesenteric lymph node; PP: Payer’s patch; LP: lamina propria; Treg:
regulatory T-cell; IL: interleukin; INF: interferon; TNF: tumour necrosis factor; IEL:
intraepithelial lymphocyte; TG2-ab: transglutaminase 2 antibodies.
5) Clinical Manifestations of Coeliac Disease
5.1) Gastrointestinal Symptoms

Many of the patients have a variety of gastrointestinal manifestations involving
abdominal pain, diarrhoea, constipation, vomiting, and bloating. They present with many

mimicking manifestations in other diseases such as gastrointestinal diseases, which involve
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irritable bowel syndrome (IBS) that has much greater over-representation of coeliac disease
(Rossi et al., 2024). Untreated coeliac disease can lead to malabsorption, which results in
deficiencies of some nutrients such as iron, vitamin B12, folic acid, and fat-soluble vitamins,
which in turn result in systemic symptoms like fatigue and weight loss (Bianchi et al., 2024).
In addition, even with strict gluten-free diets, these patients may still experience residual
gastrointestinal symptoms, suggesting the need for ongoing management and support
interventions in order to optimize health outcomes (Dochat et al., 2024).

5.2) Extraintestinal Manifestations

Extraintestinal symptoms are also common in coeliac disease, with up to 60% of patients
exhibiting one or more such features (Jericho et al., 2017; Nurminen et al., 2019).

5.2.1) Anaemia

Anaemia is frequently observed in both paediatric (Mubarak et al., 2013; Rajalahti et
al., 2017) and adult patients (Abu Daya et al., 2013; Jericho et al., 2017, Volta et al., 2014),
often resulting from iron deficiency, although vitamin B12 and folic acid deficiencies can also
contribute (Berry et al., 2018, Repo et al., 2017).

5.2.2) Dermatitis Herpetiformis (DH)

The most well-known dermatological manifestation, DH, is characterised by an intensely
pruritic, blistering rash typically located on the elbows, knees, and buttocks. It is seen in about
2% of paediatric and 10-13% of adult patients (Jericho et al., 2017; Nurminen et al., 2019;
West et al., 2014) and is considered to develop as a complication of long-term untreated coeliac
disease (Salmi et al., 2015).

5.2.3) Bone Health

Reduced bone mineral density, osteopenia, or osteoporosis is common, with newly
diagnosed untreated adults showing prevalence rates as high as 62—72% (Kurppa et al., 2010a;
Vilppula et al., 2011). Paediatric patients may also have decreased bone density, and growth
failure is frequently observed in children (Nurminen et al., 2019).

5.2.4) Liver Involvement

Elevated liver enzymes have been reported in both paediatric (Jericho et al., 2017;
Nurminen et al., 2019; Adireld et al., 2016) and adult patients (Castillo et al., 2015; Jericho et
al., 2017). Although these abnormalities often resolve with strict adherence to a gluten-free

diet, untreated coeliac disease can, in rare cases, progress to liver failure (Valvano et al., 2020).
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5.2.5) Joint and Musculoskeletal Symptoms

Joint symptoms, including arthralgia, myalgia, arthritis, and joint effusions similar to
those seen in enteropathic arthritis, have been documented in both children and adults (Jericho
etal.,, 2017; Nurminen et al., 2019).

5.2.6) Other Manifestations

Additional extraintestinal features include adverse pregnancy outcomes in adults and
delayed puberty in children (Grode et al., 2018a; Jericho et al., 2017), as well as recurrent
aphthous ulcers and dental enamel defects (Campisi et al., 2007). Neurological symptoms such
as headaches and gluten ataxia have also been reported (Hadjivassiliou et al., 2010; Jericho et
al., 2017), along with various psychiatric disorders that may be related to gluten ingestion
(Therrien et al., 2020). Moreover, extraintestinal manifestations may be partly attributed to
adaptive anti-gluten immune responses and secondary changes from intestinal damage (Leffler
et al., 2015). In patients with dermatitis herpetiformis, nearly all exhibit villous atrophy in the
small bowel, even if gastrointestinal symptoms are minimal or absent (Sa/mi et al., 2014).

6 ) Complications of Coeliac Disease
6.1) Malignancies

Coeliac disease can result in several complications if not properly managed. With regard
to malignancies, research indicates that the overall cancer risk in both treated and untreated
coeliac patients is similar to that of the general population, with some evidence suggesting a
reduced risk for cancers such as breast cancer (llus et al., 2014a; Tio et al., 2012).

However, there is a clearly established elevated risk for certain lymphomas, particularly
enteropathy-associated T-cell lymphoma (EATL) and other non-Hodgkin’s lymphomas,
although improved dietary adherence and milder disease presentations recently may have
contributed to a decline in these risks ( Tio et al., 2012; llus et al., 2014a).

In addition, patients with coeliac disease have a three- to fourfold increased risk of
developing small-intestinal adenocarcinoma, despite its absolute risk remaining lower than that
of non-Hodgkin’s lymphoma; there is also some suggestion of an increased risk for colon
carcinoma, though findings in this area are inconsistent (Emilsson et al., 2020; llus et al.,
2014a; Grainge et al., 2012).

6.2) Bone Health

Complications also extend to bone health. While a strict gluten-free diet (GFD) can help
improve bone mineral density (BMD), individuals diagnosed after achieving peak bone mass
may continue to experience osteopenia or osteoporosis even after several years on a GFD, with

persistence observed in 9-62% of patients. This is likely due to factors such as impaired
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mucosal healing, older age at diagnosis, and nutritional deficiencies related to gluten-free
foods, and these patients are almost twice as likely to suffer fractures compared to those without
the disease (Larussa et al., 2017, Pekki et al., 2015, Heikkild et al., 2015).
6.3) Pregnancy-Related Complications

Furthermore, untreated coeliac disease has been linked to adverse pregnancy outcomes,
including intrauterine growth restriction and preterm delivery. Unrecognised coeliac disease
appears to be more prevalent among women with unexplained infertility, although results are
not entirely consistent across studies; importantly, women with treated coeliac disease do not
seem to experience higher rates of adverse pregnancy outcomes, suggesting that adherence to
a GFD may offer some protective effects (Tersigni et al., 2014; Singh et al., 2016, Celdir et
al., 2021; Grode et al., 2018a; Grode et al., 2018b).
7) Forms of Coeliac Disease Characterized by Marsh Classification

Coeliac disease exists in various forms, each with certain typical clinical and histological
features classified by the Marsh classification (figure 4).
7.1) Symptomatic Form
7.1.1) Classic Presentation

This form is typified by extensive damage to the intestine, producing classic features of
malabsorption such as chronic diarrhea, bloating, and weight loss. Histologically, it is
equivalent to Marsh Stage 3, which is villous atrophy, crypt hyperplasia, and increased
intraepithelial lymphocytes (IELs). This results in a reduced absorptive surface and impaired
nutrient absorption (Gruver et al., 2023, Douida et al., 2020).
7.1.2) Atypical Presentation

This is the most common presentation in adults (>80%) and is typified by non-digestive,
mild symptoms such as iron-deficiency anaemia, pubertal retardation, or retardation of growth.
These patients typically have Marsh Stages 1 or 2, with crypt hyperplasia and IEL infiltration,
but no villous atrophy (Gruver et al., 2023).
7.2) Asymptomatic (Silent) Form

There are no overt symptoms of this type of coeliac disease, and it is usually detected on
screening in the high-risk patient, such as a family history of coeliac disease. Biopsy results are
characteristically Marsh Stage 1 or 2 changes with crypt hyperplasia and IEL infiltration
without villous atrophy (4dams, 2022).
7.3) Latent Form

Latent type consists of normal mucosa of the bowel (Marsh Stage 0) or minimal IEL

invasion (Marsh Stage 1) with no symptoms. Gluten exposure repeatedly results in extension
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to symptomatic stages with elevated histological damage (Gruver et al., 2023, Douida et al.,
2020).
7.4) Refractory Form

This long-standing presentation of coeliac disease is characterized by persistent
symptoms and villous atrophy on a strict gluten-free diet for over a year. It is comparable to
Marsh Stages 3c (total villous atrophy) or Stage 4 (full mucosal hypoplasia) and is likely to be
accompanied by an increased risk of complications such as enteropathy-associated T-cell

lymphoma (Gruver et al., 2023; Douida et al., 2020).

Figure 4: Marsh stages of coeliac disease ( lan Brown, 2016).
8) Risk factors
8.1) Gender

Coeliac disease has a higher prevalence among women compared to men, largely due to
hormonal, genetic, and clinical reasons. Oestrogen, which is the overweening hormone found
among women, stimulates immune system function, which can increase susceptibility to
autoimmune disorders like coeliac disease (Galli et al., 2022). Additionally, women possess
two X chromosomes, so they may double the chance of transmitting susceptibility genes such
as TMEM 187, which has been established as a cause of coeliac disease (Hernangomez-Laderas
et al., 2023). In reality, women are more likely to exhibit non-classical symptoms, such as
fatigue and anaemia, and therefore higher rates of diagnosis due to greater healthcare-seeking
behavior (Jansson-Knodell et al., 2018). Men, although less frequently diagnosed, are likely to
report severe presentations such as malnutrition and weight loss, thereby allowing easier and

quicker diagnosis (Jansson-Knodell et al., 2018).
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Men who present with milder or atypical symptoms will go undiagnosed due to reduced
healthcare use and lower expression of subtle symptoms (Galli et al., 2022). The absence of an
additional X chromosome in men reduces their genetic inclination, which partly contributes to
the lower incidence compared to women (Hernangomez-Laderas et al., 2023).

8.2) Genetic Factors

Coeliac disease has a strong genetic basis, with a prevalence of 3% to 10% among first-
degree relatives (Kurppa et al., 2012a; Singh et al., 2015) and a high concordance rate of up
to 90% in monozygotic twins (Hervonen et al., 2000; Greco et al., 2002). The primary
genetic risk factors are HLA-DQ2 and HLA-DQS8, encoded by the HLA-DQA1 and HLA-
DQBI1 genes (Sollid 2002)(Figure5), with over 99.6% of affected individuals carrying one of
these haplotypes, particularly HLA-DQ2.5, which presents the highest risk (Kowalski et al.,
2025). Homozygous carriers of HLA-DQ2.5 face an increased likelihood of developing the
disease due to enhanced immune reactivity to gluten (Caio et al., 2019).

Despite this strong genetic predisposition, only 1% of the general population develops
coeliac disease, despite 30-40% carrying the associated haplotypes, highlighting the
importance of environmental and immunological factors (Leonard et al., 2017). Genetic testing
is primarily used to rule out coeliac disease rather than confirm it, as the presence of HLA-
DQ2/DQ8 alone is not sufficient (Caio et al., 2019). Additionally, 57 non-HLA genetic variants
across 39 loci contribute to susceptibility, mainly affecting immune responses (Trynka et al.,
2011; Gutierrez-Achury et al., 2015). The highest risk is observed in individuals homozygous
for DQB1*02, with seroprevalence rates reaching 40% in high-risk children by age ten (Pietzak
et al., 2009; Lionetti et al., 2014). Although HLA-DQ2 and DQS8 are common in 50% of the
Western population, only a minority develop coeliac disease, reinforcing the role of additional
genetic and environmental influences (Kdrhus et al., 2018, Vriezinga et al., 2014, Liu et al.,
2017). Non-HLA genetic factors account for about 15% of the genetic risk, and their inclusion
in genetic testing can improve risk prediction, particularly in high-risk individuals (Romanos
etal., 2014, Sharp et al., 2020). However, current genetic discoveries explain only 50% of the

disease’s heritability, suggesting additional unidentified factors (Trynka et al., 2011).
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Figure 5: Composition of human leukocyte antigen (HLA) molecule and HLA-DQ2/8
haplotypes.
Adapted from Sollid 2002 and Sollid & Lie 2005.
8.3) Environmental factors

Environmental factors also play a critical role in inducing coeliac disease in those
genetically susceptible (Brown et al., 2018; Lindfors et al., 2020). In addition to exposure to
gluten, additional environmental contributors have been implicated, such as viral infections
causing immune tolerance impairment, intestinal microbiota alterations, and early exposure to
antibiotics (Verdu and Schuppan, 2021; Dydensborg Sander et al., 2019). Variation in coeliac
disease prevalence in populations having similar genetic background and comparable gluten
consumption suggests that additional, as yet unknown, environmental exposures may play a
role (Catassi et al., 2022).
8.4) Triggers

The consumption of gluten in genetically predisposed individuals primarily precipitates
coeliac disease. However, other factors have been implicated in the precipitation or diagnosis
of the disease. These include major physiological or psychological stressors such as pregnancy,
major surgery, severe infections, or overwhelming physical or emotional stress. Pregnancy, for

instance, can alter immune regulation and endocrine balance, exacerbating the disease. Major
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surgery and infections may also increase intestinal permeability, revealing a subclinical state in
predisposed subjects. The role of such environmental stressors in the onset of coeliac disease
has been stressed by recent studies (Barone & Auricchio, 2021, Serin et al., 2024).
8.5) Other Factors

Recently published studies show that several other possible risk factors may affect the
development or course of coeliac disease:
8.5.1) Vitamin D Deficiency

Vitamin D deficiency has been considered to be among the co-factors in the development
and progression of coeliac disease, given its immunomodulatory role in maintaining intestinal
immunity as well as gut barrier integrity (Infantino et al., 2022). Dysregulation of these
processes may result in increased inflammation and hyperactivity of the immune system,
thereby exacerbating intestinal damage in coeliac disease patients (Infantino et al., 2022).
Research indicates that the children with coeliac disease often have low blood levels of vitamin
D, for which the connection to the disease's severity and development is yet unknown (Sun et
al., 2024).
8.5.2) Gut Microbiome Changes

The gut microbiome, the complex array of microbes inhabiting the intestines, is
increasingly well known as an active player in immune system maturation and regulation.
Dysbiosis, a disruption of structure and function in the gut microbiota, has been observed in
coeliac disease (Galipeau & Verdu, 2014). Other variables, such as delivery mode (caesarean
section versus vaginal), early antibiotic use, and infant feeding practices, can influence the
establishment of the gut microbiome and may potentially be involved in the risk of coeliac
disease in genetically susceptible individuals (Dydensborg Sander et al., 2019).
8.5.3) Viral Infections

Certain viral infections, particularly enteroviruses, have been suggested as
environmental triggers for coeliac disease autoimmunity (Brown et al., 2018; Lindfors et al.,
2020). Molecular mimicry, since viral antigens have a similar structure to gluten peptides,
might lead to the activation of gluten-reactive T cells following a viral infection (Lindfors et
al., 2020).
8.5.4) Increase in Intestinal Permeability

Increased intestinal permeability, or leaky gut, has been suggested to play a role in the
pathogenesis of celiac disease. With disruption of the intestinal barrier, gluten peptides can
traverse the epithelial layer into the lamina propria and activate the immune system with

consequent inflammation. These processes are governed by conditions including gut
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microbiota, food constituents, and inflammatory mediators. According to research, intestinal
permeability plays a critical role in autoimmune illnesses, like celiac disease (Di Vincenzo et
al., 2023).
9) Diagnostics for Coeliac Disease
9.1) Serological Testing

Serologic tests are essential for diagnosing coeliac disease, monitoring response to a
gluten-free diet, and evaluating its prevalence (Syage et al., 2023; Shatnawei et al., 2023). Early
tests such as anti-reticulin (ARA) and anti-gliadin antibodies (AGA) have largely been replaced
by endomysial antibody (EMA) assays, which offer improved sensitivity and specificity (Syage
etal., 2023). However, EMA testing is labour-intensive and observer-dependent, leading to the
adoption of ELISA-based tests that detect antibodies against tissue transglutaminase (tTG)
(Shatnawei et al., 2023). The tTG antibody (tTGA) assay is now recommended as the first-line
serologic test for coeliac disease (Syage et al., 2023). Additionally, deaminated gliadin peptide
antibody (DGPA) tests have broadened the diagnostic options, especially in patients with IgA
deficiency (Shatnawei et al., 2023). Although seronegative coeliac disease is rare, high tTGA
titers remain highly specific for the condition (Syage et al., 2023).
9.2) Small Bowel Biopsy

Small bowel biopsy has been considered the gold standard for the diagnosis of coeliac
disease because it exposes significant histological abnormalities such as villous atrophy, crypt
hyperplasia, and increased intraepithelial lymphocytes (Kowsari et al., 2019). Biopsy should
be undertaken with the patient remaining on gluten for proper diagnosis (Wei et al., 2019). The
severity of mucosal damage is graded based on Marsh classification, with modifications by
Oberhuber providing a better discrimination between stages of disease (Sali et al., 2019).
Histological examination also includes villus height-to-crypt depth and intraepithelial
lymphocyte count, which are important indices of severity of disease (Kowsari et al., 2019).
While serological assays such as tissue transglutaminase (tTG) IgA can be useful in diagnosis,
they are not always diagnostic, especially with selective IgA deficiency (Wei et al., 2019).
9.3) Differential Diagnosis

Differential diagnosis is crucial because other conditions may present with villous
atrophy and crypt hyperplasia (DeGaetani et al., 2013, Rubio-Tapia et al., 2013). Conditions
such as tropical sprue typically occur in individuals from tropical regions and present with
malabsorption (DeGaetani et al., 2013). Autoimmune enteropathy usually manifests as
refractory diarrhoea in adults (Rubio-Tapia et al., 2013). Inflammatory bowel disease (IBD),

particularly Crohn’s disease, may also show similar histologic changes (DeGaetani et al., 2013;
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Rubio-Tapia et al., 2013). A thorough clinical evaluation including patient history, serologic
testing, imaging, and additional laboratory studies is necessary to distinguish between these
conditions and avoid misdiagnosis (DeGaetani et al., 2013; Rubio-Tapia et al., 2013).
9.4) Screening

For screening purposes, the IgA-tTGA assay is preferred due to its high sensitivity and
specificity (Lebwohl et al., 2018; Lindfors et al., 2019). Screening strategies include active
case-finding among individuals with symptoms suggestive of coeliac disease and testing of at-
risk groups, such as first-degree relatives or those with other autoimmune conditions (Kiveld
and Kurppa, 2018, Lindfors et al., 2019). Although coeliac disease meets WHO criteria for
mass screening, further research is needed to assess the cost-effectiveness and potential
psychosocial impacts on asymptomatic individuals and to determine the optimal screening
protocols (Kiveld and Kurppa, 2018; Lindfors et al., 2019).
10) Treatment and Follow-Up of Coeliac Disease

The only proven treatment for coeliac disease is a lifelong gluten-free diet (GFD), which
involves strictly avoiding wheat, barley, and rye (Bascurian et al., 2017). Most patients see
improvement in symptoms within days to weeks, although full intestinal healing may take
years—30-40% of adults still show villous atrophy one year after starting the GFD, while
children recover faster ( Pekki et al., 2015).

Maintaining a GFD can be challenging due to social, economic, and labelling issues,
with adherence rates reported between 42% and 96% (Kiveld et al., 2022; See et al., 2015).
Healthcare providers should also check medications for potential gluten content to ensure the
safety of patients with celiac disease (Silvester et al., 2016). For patients who do not respond
adequately to a GFD or find the diet too burdensome, novel therapies are under investigation.
These include the anti-IL-15 monoclonal antibody AMG 714, larazotide (which reduces gut
permeability), glutenase ALV003, and the transglutaminase inhibitor ZED1227 (Kiveld et al.,
2021; Schuppan et al., 2021).
Regular follow-up is vital to monitor dietary adherence, symptom improvement, and mucosal
healing, as well as to address nutritional deficiencies and social or economic challenges (4/-

Toma et al., 2019, Ludvigsson et al., 2014).
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11) Epidemiology
Advances in diagnostic methods and epidemiological research have transformed our
understanding of coeliac disease from a rare disorder into a significant global public health

issue (Naiyana Gujral et al., 2012).

Recent studies indicate that coeliac disease is more prevalent than previously estimated.

Globally, the prevalence ranges between 0.5% and 1%, with significant regional variations (4/
Kindi et al., 2023). In Europe, Germany reports a low prevalence of 0.2%, while Finland
records one of the highest rates at 2-3% (Makharia et al., 2022).
In Algeria, the prevalence has increased significantly, with recent studies estimating it at 1.43%
(Abed et al., 2023). A study in Sidi Bel Abbes reported a decline in incidence from 12.9 per
100,000 person-years in 2015 to 8.5 per 100,000 in 2020 (Asma et al., 2023). Additionally,
research from Eastern Algeria highlights differences in symptoms and diagnosis between
children and adults, reinforcing the need for improved screening programs (Mehadji et al.,
2023).

Globally, the highest prevalence rates have been observed in Western Sahara (5.6%),
Mexico (1.5-3.5%), and Finland (2-3%) (Gujral et al., 2012). Studies also indicate that the
prevalence of coeliac disease in developing countries is rising due to dietary changes and
increased consumption of processed gluten-containing foods(Lionetti & Catassi, 2011).
Overall, the growing body of epidemiological evidence has reshaped our view of coeliac
disease, establishing it as a common lifelong disorder that poses a significant public health

challenge worldwide (Catassi & Fasano, 2012).
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Materials and Methods
1) Study Objectives

The aim of this study was to examine the prevalence of coeliac disease among residents
of Guelma province within a specific timeframe. The research sought to determine the
percentage of individuals diagnosed with coeliac disease at the time of data collection while
also evaluating the main contributing factors, the diagnosis methods, follow-up, and
management of the illness.
2) Description of the Study and Participants

This descriptive, cross-sectional study was conducted in Guelma province over a period
of two months (February and March 2025). Using questionnaires, data was collected from a
total of 300 participants, representing diverse age groups and both genders. Data was gathered
from various locations, including the faculties of the university of Guelma, parks, main streets,
and well-known retail stores. The participants were chosen randomly without any prior
emphasis on their medical history. Individuals identified as having coeliac disease were
coincidental inclusions during the data collection process.
3) Minimum sample size determination

The sample size for this study was determined using a sample size calculator

https://www.calculator.net/sample-size-calculator.html,considering a 95% confidence level , a

2% margin of error , and 2% population proportion .
Based on this, the minimum required sample size was 189 participants. However, as the
expected response rate was 60%.

To ensure the collection of sufficient responses,315 questionnaires were distributed. This
adjustment accounted for the anticipated non-response rate, ensuring the validity and reliability
of the collected data.

4) Data Collection

Data were gathered through the distribution of a structured questionnaire to 315
participants (Appendix1). The questionnaire was drafted in Arabic to ensure clarity and
accessibility for individuals from all educational backgrounds. During distribution, support was
offered to participants who required assistance in completing the form.
The questionnaire was organized into five sections, covering the following topics:
Section 1: General Information

This section aimed to gather basic demographic data, including:

e Height and weight
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e Age
e Gender
e Educational level
e Place of residence
Section 2: Knowledge About the Disease
Focused on evaluating participants' awareness and understanding of celiac disease:
e Definition of gluten sensitivity
e Knowledge about gluten and its sources in food
Section 3: Information About the Disease
Designed to collect specific medical data:

e Presence of gluten sensitivity

Age at the onset of symptoms

Key symptoms experienced
e Diagnostic methods used

Associated diseases

Family medical history
Section 4: Diet and Daily Life
Explored lifestyle adaptations to living with celiac disease:

o Adherence to a gluten-free diet

o Challenges encountered
e Types of gluten-free products consumed
e Difficulties faced when eating out

Section 5: Improving Awareness and Education
This section targeted ways to enhance knowledge and understanding of the disease:
e Need for awareness campaigns
e Preferred methods for spreading knowledge (e.g., media, health campaigns, educational
sessions)
5) Statistical Analysis
Descriptive statistical analysis was carried out using Microsoft Excel 2016. This included
the computation of means, standard deviations, and percentages, as well as the generation of

graphical representations. Quantitative data are reported as mean + standard deviation (SD).
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1) General aspect of the results

The study was conducted by distributing 315 questionnaires , with only 300 completed
responses received, reflecting a response rate of 95.2%.
1.1) Gender

Our sample consisted of 300 individuals, with a predominance of females, who accounted
for 60.33% (181 cases), while males represented 39.67% (119 cases). This corresponds to a

female-to-male sex ratio of approximately 1.52 (Figure 6).

4 N

Mmen

Mwomen

Figure 6: Distribution of the Participants by gender

1.2) Age

A total of 300 individuals participated in this study, with ages ranging from 9 to 68 years.
They were categorized into six age groups (Table 1). The highest proportion of participants
was recorded in the [19-28] age group, representing 42.33% of the total sample . This was
followed by the [29-38] group with 24.67% , and the [39-48] group with 13.33%. The [9-18]
age group accounted for 9.67%, while the lowest proportions were observed in the [49-58] and
[59-68] age groups, representing 6.67% and 3.33%, respectively.
The average age of the participants was 29.13 + 12.47 years.
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Table 1: Distribution of participants by age

Age group [9-18] [19-28] [29-38] [39-48] [49-58] [59-68]
Effective 29 127 74 40 20 10
Percentage 9.67% 42.33% 24.67% 13.33% 6.67% 3.33%
(%)

1.3) BMI ( Body Mass Index)

Figure 7 presents the distribution of the participants based on their Body Mass Index
(BMI). The majority, 44%, fall within the normal weight range (18.5 < BMI <25). Overweight
individuals make up 30% of the group (25 < BMI < 30)., while 14.67% are categorized as
obese, having a BMI above 30 (BMI > 30). On the other hand, 11.33% of the participants are
considered underweight (BMI < 18).
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Figure 7:Distribution of participants according to the BMI
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1.4) Residence
The distribution of participants according to their place of residence shows that the
majority (58%) live in Guelma city (urban areas), while 42% reside in rural regions, as shown

in Figure 8.

58%

60%
42%

50% /’

40%
30%
20%

10%
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Figure 8: Distribution of Participants by Residential Area

1.5) Prevalence of coeliac disease

According to our findings, the prevalence of coeliac disease among the studied population
15 9.33% ( 95% CI1 6.29 - 13.21) , while the remaining 90.67% did not show signs of the disease
and were considered healthy (Figure 9).

%9.33 #
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Figure 9: Distribution of Participants According to Coeliac Disease Status
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2) Description of patients with coeliac disease
2.1) Gender

Based on the gender distribution, the prevalence among females was 12.71%, while
87.29% remained unaffected. Among males, 95.80% were unaffected, whereas 4.20% were

affected,. This corresponds to a female-to-male sex ratio of 4.6 (figure 10).
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Figure 10: Gender Distribution of the Patients

2.2) Age

The age of the 28 patients included in this study ranged from 9 to 53 years. Participants
were grouped into five age categories (Table 2). The age groups [9-17] and [18-26] each
represented 28.57% of the total sample . The highest proportion was recorded in the [27-35]
age group, comprising 32.14%. The lowest proportions were recorded in the [36—51] and
[45-53] age groups, accounting for 7.14% and 3.57%, respectively.
The average age of the participants was 24.36 + 10.37 years.

Table 2: Distribution of coeliac disease patients by age

Age group [9-17] [18-26] [27-35] [36-44] [45-53]
Effective 8 8 9 2 1
Percentage % 28.57% 28.57% 32.14% 7.14% 3.57%
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2.3) Description of patients with coeliac disease according to the BMI

The patients with coeliac disease were divided into four categories based on BMI
(figurel1). The largest proportion, 53.57% (15 cases), had a normal BMI (18.5 < BMI < 25).
Underweight patients (BMI < 18) accounted for 21.43% (6 cases), while 21.43% (6 cases) were
classified as overweight (25 < BMI < 30). Only one patient, representing 3.57% of the sample,
was categorized in the first-degree obesity group (BMI > 30).

60.00% 53.57%

50.00%

40.00%

30.00% 21.43% 21.43%

20.00%

10.00% 3.57%
0.00% “

Underweight Normal Overweight Obesity

Figure 11: Distribution of patients with celiac disease according to BMI

2.4) Regional Distribution of Coeliac Disease Cases

This study examined coeliac disease cases among participants from Guelma city (urban
areas) and its neighboring rural municipalities. Results showed that 78.57% of those diagnosed
with coeliac disease lived in urban areas, whereas only 21.42% were from rural locations

(Table3).

Table 3: Percentage of Coeliac Disease Cases Across Urban and Rural Areas

Residence Rural areas | Urban areas
Effective 6 22
Percentage % 21.42% 78.57%
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2.5) Diagnosis

The distribution of diagnosis locations among the surveyed patients shows variations in
where they were identified(figure12). The largest proportion (71.43%) of cases were
diagnosed at a gastroenterologist’s clinic (20 individuals), while a smaller percentage
(17.86%)received their diagnosis at a general practitioners' clinic(5 individuals). The lowest

proportion (10.71%) of cases were diagnosed in a hospital or medical center(3 individuals).

4 N

M General practitioners
clinic

® Gastroenterologist's
clinic

M Hospital or medical
center

- /

Figure 12: Distribution of Diagnosis Locations Among Patients

The diagnostic methods used among patients showed varying proportions (Figure 13).
Intestinal biopsy was the most commonly used method, accounting for 53.57% of cases. This
was followed by blood tests at 25%. In 21.43% of cases, diagnosis was made based solely on

the presence of clinical symptoms.
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Understanding coeliac disease in Guelma

I Blood tests s Intestinal biopsy i Clinical symptoms

Figure 13: Relative Distribution of Diagnostic Techniques Among Coeliac Disease Patients

2.6) Age of Disease Onset

The age at disease onset among the surveyed individuals ranges between 1 and 30 years,

with an average age of 11.39 + 7.93 years. The distribution indicates that 53.57% of cases

emerged between 1 and 10 years, while 25% of patients experienced disease onset between 11

and 20 years. Finally, 21.43% of cases were recorded in the 21 to 30 year range (Figure 14).
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Figure 14: Distribution of patients based on the age of disease onset
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2.7) Clinical Manifestations of Coeliac Disease

An analysis of symptoms among the surveyed patients shows that 100% experienced

digestive issues, including bloating, diarrhea, and constipation. Additionally, 21.43% reported

weight loss, while 28.57% suffered from persistent fatigue and exhaustion.

Abdominal pain was noted in 14.29% of cases, whereas skin problems, such as rashes, were

observed in 17.86%. Furthermore, hair loss was identified in 10.71%, along with other

symptoms (Figure 15).
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Figure 15: Distribution of Symptoms Among Patients

2.8) Family history of coeliac disease

As shown in figure 16, 21.43% of the participants answered "yes" to having a family

history of celiac disease. In contrast, 78.57% responded "No," indicating no known cases of

the disease among their family members.

Understanding coeliac disease in Guelma

30

——
| —



Results and discussion Understanding coeliac disease in Guelma

4 )

M yes
4 No

%78.57

Figure 16: Distribution of participants according to the presence or absence of a family

history of coeliac disease.

According to the results shown in figure 17, sisters were the most frequently reported
family members affected by celiac disease, representing 50% of the participants. Maternal
cousins came next with 33.33%, while brothers were the least affected, reported by only

16.67% of the participants.
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Figure 17: Distribution of participants based on which family members are affected by

coeliac disease.
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2.9) Associated Pathologies in Coeliac Patients
The analysis of the collected data revealed that 39.29% of the participants reported
having some health issues, whereas the majority, 60.71%, stated that they do not suffer from

any illnesses (Figure 18).
/ N
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Figure 18: Distribution of Other Diseases Associated with Coeliac Patients

According to our results, anemia is the most prevalent condition among coeliac disease

patients, with a rate of 81.82%. Meanwhile, diabetes follows at 18.18% (figure 19).
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Figure 19: Distribution of Associated Diseases Among Patients.
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2.10) Coeliac disease management
Our findings indicate that non-compliance is the most common dietary pattern among
participants, accounting for 42.86%. This is followed by occasional gluten consumption at

35.71% and strict adherence to a gluten-free diet at 21.43%(figure 20).

42.86%
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35.71%

1 l

Non-compliant Strictly gluten-free Occasionally eat
gluten

Figure 20: Distribution of Adherence to Dietary Regimen Among Coeliac Patients

Our analysis reveals that the most pressing challenge reported by participants is high
cost, affecting 71.43% of them. Other notable difficulties include trouble finding products
(53.57%), limited awareness of ingredients (46.43%), and challenges in adhering to the diet
(42.86%)(figure 21).
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Figure 21: Distribution of Challenges Faced by Coeliac Patients

Our results show that gluten-free bread is the most consumed item among Coeliac
patients, with a 100% consumption rate. Following that, gluten-free pastries are chosen by

53.57% of patients, while gluten-free sweets are consumed by 25%(figure 22).
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Figure 22: Distribution of Products Consumed by Coeliac Patients
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Our analysis highlights that most coeliac patients perceive product prices as High, with
85.71% sharing this view. In contrast, 14.29% regard prices as Medium, while none of the

participants considered them to be Low (0%)(figure 23).
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Figure 23: Distribution of Pricing for Gluten-Free Products Among Coeliac Patients
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In this study, we carried out a cross-sectional study to assess the prevalence, risk factors,
and management of coeliac disease in the city of Guelma (Algeria). While this research
provides crucial epidemiological data, it is important to acknowledge certain limitations and
biases, particularly those associated with selection bias and the reliance on self-reported
symptoms, which could influence the accuracy of the results.

To determine prevalence rates, an anonymous questionnaire was randomly distributed to
300 individuals across several healthcare facilities over a period of two months. Based on the
collected data, the prevalence of coeliac disease in the studied population was estimated to be
9.33%( 95% C1 6.29 - 13.21).

Several studies have reported coeliac disease prevalence rates that either align with or
differ from our findings. For instance, in Algeria multiple studies have reported varying
prevalence rates of coeliac disease. Research conducted in Tébessa showed an increase in
prevalence from 0.12%o in 2000 to 1.11%o in 2014, with an overall average of 0.66%o0ver 14
years (Boukezoula, Abla, & Zidoune, 2015). A broader epidemiological review estimated
Algeria’s coeliac disease prevalence at 1.43%, positioning the country among those with
relatively high gluten intolerance rates (4it Idir, 202(0). Moreover, a comparative investigation
in Western Algeria examined disease profiles in children versus adults, highlighting differences
in symptoms and responses to a gluten-free diet (Mehadji et al., 2023).

A recent Italian study estimated that the prevalence of coeliac disease in 2023 was
0.45%, with Aosta Valley, the Autonomous Province of Trento, and Tuscany showing the
highest rates, while Marche recorded the lowest at 0.36%(Gagliardi, 2025). In contrast, a
Moroccan study found an estimated prevalence of 1 per 135 individuals, indicating that regional
differences in genetic predisposition, dietary habits, and diagnostic techniques might contribute
to variations in disease prevalence (Haddadi et al., 2023).

These disparities in prevalence rates across populations can largely be attributed to the
limitations of cross-sectional studies, which collect data at a single time point rather than
monitoring subjects longitudinally. This methodology may contribute to selection bias and
misclassification errors, affecting the accuracy of prevalence estimates (Savitz & Wellenius,
2022).

In our study, 12.71% of individuals diagnosed with coeliac disease were female, while
4.20% were male, resulting in a female-to-male ratio of 4.6. This trend is consistent with
findings from other studies, where research has shown that women are diagnosed with coeliac

disease more frequently than men, with a female-to-male ratio of 1.85:1 (Jansson-Knodell et
al, 2018).
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Our results are similar to the findings in previous studies in Algeria, coeliac disease is
more prevalent among women than men, with a female-to-male ratio of 1.62 (El Mehadji et al.,
2023).

Several factors may explain this disparity, including hormonal influences, genetic
susceptibility, diagnostic biases, and environmental factors. Oestrogen modulates immune
responses, increasing susceptibility to autoimmune diseases (Galli et al., 2022).

Additionally, genetic factors linked to the X chromosome could play a role
(Hernangomez-Laderas et al., 2023). Women generally seek medical care more frequently,
leading to higher diagnosis rates (Rubio-Tapia et al., 2018). Environmental aspects such as
dietary habits and exposure to triggers may also contribute to gender disparities (Blanco-Garcia

etal., 2025).

According to the age of patients, it ranged from 9 to 53 years. Participants were grouped
into five age categories . The age groups [9—17] and [18-26] each represented 28.57% of the
total sample . The highest proportion was recorded in the [27-35] age group, comprising
32.14%. The lowest proportions were recorded in the [36-51] and [45-53] age groups,
accounting for 7.14% and 3.57%, respectively. The average age of the participants was 24.36
+10.37 years.

Our results align with previous studies conducted in Europe and North Africa, which
highlight the significant role of age in coeliac disease prevalence. For instance, research in
Algeria suggests that coeliac disease is more commonly diagnosed in children than in adults,
indicating potential genetic and regional influences on its distribution (Singh et al., 2018).
Meanwhile, in Italy, recent data indicates that 67% of individuals diagnosed with coeliac
disease are between 18 and 59 years old, reinforcing the idea that adult diagnosis is more
prevalent. Additionally, research confirms that coeliac disease cases in children have doubled
over the past 25 years, pointing to an increasing trend in early detection (Gagliardi, 2025).

Furthermore, previous studies have focused on high-risk factors associated with coeliac
disease, with findings consistently affirming that age plays a crucial role in diagnosis rates

(Collin et al., 2018).

Regarding our results for BMI distribution among coeliac disease patients, distinct
patterns were observed. The majority, 53.57% , maintained a normal BMI (18.5 < BMI < 25),
indicating that most individuals upheld a balanced weight. In contrast, 21.43% were

underweight (BMI < 18), suggesting that malnutrition or dietary restrictions could be

( )
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contributing factors. Interestingly, an equal proportion of 21.43% fell into the overweight
category (25 < BMI < 30), illustrating variability in weight among affected individuals.
Meanwhile, only one patient (3.57%) was classified as obese (BMI > 30), reinforcing that while
obesity exists among coeliac patients, it remains relatively uncommon within this sample.

Our findings are consistent with previous studies exploring the connection between
coeliac disease and BMI, highlighting the essential role of nutritional status in disease
development and progression (Maleki et al., 2024). Research has shown that while many
coeliac patients maintain a normal weight, others experience weight fluctuations due to

malabsorption and dietary adaptations (Monzani et al., 2024).

According to the results of the geographical distribution of coeliac disease patients,
78.57% reside in urban areas, whereas 21.42% live in rural regions.

In contrast, studies from Pakistan show that urban patients are diagnosed more frequently,
as healthcare facilities in rural areas often lack adequate screening tools (Bashir et al., 2022).

The higher prevalence of coeliac disease among urban residents suggests that factors like
advanced healthcare infrastructure, greater awareness, and better access to gluten-free products
contribute to improved disease detection and dietary adherence (Posterick & Ayars, 2023).

Conversely, rural patients experience significant barriers, including lower medical
support, limited knowledge, and restricted food availability, which can lead to undiagnosed or

poorly managed cases(Howell, 2018).

For the results of diagnosis locations among coeliac patients . The majority, 71.43% of
cases, were diagnosed at a gastroenterologist’s clinic. Additionally, 17.86% of diagnoses
occurred in general practitioners' clinics. Meanwhile, 10.71% of patients received their
diagnosis at a hospital or medical centre.

Similarly, research suggests that primary care practitioners are increasingly involved in
recognising early symptoms, leading to more diagnoses initiated in general practice before
specialist referral (Ludvigsson et al., 2014).

Meanwhile, findings indicate that hospital-based diagnoses are relatively uncommon, as
most cases are identified through outpatient consultations rather than inpatient care (Ludvigsson

etal.,, 2014).

The results concerning diagnostic methods for coeliac disease reveal significant

variability in approaches. In our study, intestinal biopsy was the most frequently utilized

( )
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method, performed in 53.57% of patients. Additionally, 25% of patients received a diagnosis
through blood tests, while 21.43% were diagnosed based on clinical symptoms.

Multiple studies confirm that diagnostic variability plays a crucial role in coeliac disease
detection(Arguelles-Grande et al., 2011). Although biopsy remains the most definitive method,
there is a gradual shift toward less invasive techniques, such as serological screening and
genetic testing. Standardizing diagnostic approaches could enhance accuracy, early detection,

and patient outcomes (Elwenspoek et al., 2021).

The results regarding the onset age of coeliac disease reveal considerable variation among
patients. In our study, the age at diagnosis ranged from 1 to 30 years, with an average onset age
of 11.39 + 7.93 years. The majority (53.57%) developed the disease between 1 and 10 years,
while 25% were diagnosed between 11 and 20 years. Additionally, 21.43% of cases
experienced disease onset between 21 and 30 years .

Findings indicate that coeliac disease can develop at any age, but the highest prevalence
occurs in childhood and early adulthood (Caio et al., 2019). These results align with the current
study, where the majority of cases were diagnosed before adulthood (Villanueva et al., 2020).

Results of this study indicate that coeliac disease often manifests in childhood but may
also develop later during adolescence or adulthood, influenced by genetic and environmental
factors.The immune system in children is more sensitive to gluten, leading to an earlier onset
of symptoms, while hormonal changes and dietary shifts can trigger the disease at later stages.
Some cases remain undetected for years until factors such as infections or stress activate the

condition (Villanueva et al., 2020).

According to the results concerning clinical manifestations of coeliac disease All patients
(100%) in our study experienced gastrointestinal symptoms. Additionally, 21.43% reported
weight loss, while 28.57%suffered from persistent fatigue . Abdominal pain was observed in
14.29% of patients, and 17.86% sreported skin problems, such as rashes. Furthermore, 10.71%
experienced hair loss. Other symptoms were reported by 7.14%.

Studies indicate that coeliac disease primarily affects the digestive system, with common
symptoms including chronic diarrhea, anemia, and weight loss (Sharma et al., 2020). However,
some patients experience extraintestinal complications. Non-classical symptoms, such as
chronic fatigue and dermatological issues, are prevalent among adults with the disease, with

persistent exhaustion and skin rashes linked to autoimmune disorders (Rossi et al., 2024).
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Research indicates that coeliac disease primarily affects the digestive system, leading to
malabsorption and gastrointestinal disturbances, with symptoms such as chronic diarrhea and
anemia being the most common (Sharma et al., 2020). Additionally, impaired nutrient
absorption contributes to chronic fatigue and weight loss, impacting overall health (Rossi et al.,
2024). Beyond digestion, the disease manifests in extraintestinal complications, including skin
conditions and oral health issues like mouth ulcers, enamel defects, and tongue pain, likely due

to an abnormal immune response (Manninen et al., 2025).

The results regarding family history of coeliac disease demonstrate a strong hereditary
component. In our study, 21.42% of participants reported having at least one affected family
member. The prevalence among those with an affected sister was 50%, while 33.33% had an
affected cousin and 16.67% had an affected brother, emphasizing the familial clustering of the
disease.

These findings align with previous research on familial prevalence of coeliac disease,
which indicates that first-degree relatives are at an increased risk of developing the condition,
particularly among siblings and parents (Airaksinen et al., 2021). Similarly, our results
reinforce the notion that genetic predisposition plays a crucial role in disease manifestation,
supporting existing studies linking HLA-DQ2.5 and HLA-DQS8 genetic markers to increased
susceptibility (ditella et al., 2025).

For the result of the comorbidities among coeliac disease patients, anaemia was found to
be the most prevalent condition, affecting 81.82% of individuals. In contrast, diabetes was
diagnosed in only 18.18% of patients.

The high prevalence of anaemia among coeliac patients supports the hypothesis that
nutritional deficiencies and malabsorption play a crucial role in disease progression (Seidita et
al., 2022). Additionally, persistent cases of anaemia despite adherence to a gluten-free diet
suggest that dietary interventions alone may not fully correct iron deficiency (Valvano et al.,
2025).

The lower prevalence of diabetes compared to anaemia indicates that while coeliac
disease and type 1 diabetes share genetic predispositions, their co-occurrence remains relatively

uncommon (Malekahmadi et al., 2024).
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According to the results of our study, dietary adherence among coeliac disease patients
presents a significant concern, with 42.86% struggling with non-compliance, while 35.71%
report occasional gluten consumption. Interestingly, only 21.43% maintain strict adherence.

Our results emphasize the global challenges associated with maintaining dietary
restrictions for coeliac patients. Social influences, economic factors, and accessibility issues

significantly impact dietary adherence (Jeanes et al., 2019).

For the result of the c hallenges in maintaining a strict gluten-free diet, our study
highlights key difficulties faced by coeliac patients. The most commonly reported issue was
high cost, affecting 71.43% of participants, while 53.57% struggled with finding gluten-free
products.Another key challenge was limited awareness of ingredients, affecting 46.43% of
individuals. Lastly, 42.86% of patients reported difficulty adhering to the diet.

A study conducted in India found that high costs and limited product availability were
primary concerns for coeliac patients, confirming the financial and accessibility barriers
reported in our study (Domma et al., 2022). Similarly, research from Canada revealed that
confusing food labels made it difficult for patients to identify safe products, supporting our
findings regarding ingredient awareness (Gutowski et al., 2018).

These results highlight the significant challenges faced by individuals managing celiac disease.
The high cost of gluten-free products is a significant obstacle, especially in areas with limited
access to specialized foods. Additionally, scarcity of gluten-free options makes dietary
adherence challenging. Poor food labeling and lack of ingredient awareness further increase

the risk of unintentional gluten exposure for patients (Payette et al., 2025).

For the results concerning the consumption of gluten-free products among coeliac
patients, our study found that gluten-free bread is the most frequently consumed item, with all
participants reporting regular intake. In contrast, gluten-free pastries (53.57%) and sweets
(25%) were consumed less frequently, reflecting varying dietary preferences within this group.
Several studies support these findings, indicating that gluten-free bread remains a staple
despite widespread dissatisfaction with its texture and taste, suggesting that necessity often
outweighs preference (Dean et al., 2024). Gluten-free pastries tend to be more expensive,
affecting purchasing decisions and limiting accessibility for certain consumers (Bauner et al.,
2022). Meanwhile, gluten-free sweets are often chosen based on health and taste

considerations, with increasing demand for better-quality alternatives (Toth et al., 2020).
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These results indicate that dietary choices among coeliac patients are shaped by necessity, cost,
and quality expectations, with staple foods such as bread remaining central, while pastries and
sweets are influenced by economic and nutritional factors (Dean et al., 2024; Bauner et al.,
2022; Toth et al., 2020).

For the result of gluten-free product pricing among coeliac disease patients, our study
highlights a notable concern, with 85.71% perceiving the costs as high, while 14.29% regard
them as medium. Interestingly, none of the participants considered gluten-free product prices
to be low.

Examining studies from other regions, researchers in Algeria found that gluten-free product
prices are two to six times higher than regular food products, posing a significant financial
challenge for coeliac patients (Bouasla et al., 2025).

The study indicates that the high cost of gluten-free products presents a major challenge for
coeliac patients, as many struggle to afford them. This price increase is due to high production
costs, limited availability, and the use of specialized ingredients to ensure gluten-free

certification (Bouasla et al., 2025).
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Conclusion

Coeliac disease is a prevalent autoimmune disorder that poses significant health
challenges, particularly in genetically predisposed individuals. This cross-sectional study has
provided valuable insights into the prevalence, risk factors, and management of coeliac disease
within the population of Guelma.

Despite several challenges in the research process, the study successfully identified key
associations between demographic characteristics, environmental influences, and disease
occurrence. The findings indicate that the prevalence of coeliac disease in Guelma is 9.33%
(95% CI 6.29 - 13.21), with the most affected age group being 9—17 years. High-risk groups
include individuals with a family history of coeliac disease, those with nutritional deficiencies,
and individuals experiencing persistent gastrointestinal symptoms. Additionally, factors such
as low awareness of gluten sources, limited access to gluten-free products, and high costs were
found to contribute to challenges in disease management.

These results highlight the importance of early diagnosis and dietary intervention to
prevent complications such as osteoporosis, anemia, and intestinal malignancies. Public health
strategies should focus on raising awareness, improving access to gluten-free products, and
enhancing diagnostic capabilities to support affected individuals.

Addressing these factors through comprehensive healthcare policies can significantly
improve the quality of life for coeliac patients in Guelma. Furthermore, targeted education
programs could play a crucial role in reducing misconceptions about gluten intolerance and

promoting effective disease management.
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Perspectives and Limitations

This descriptive cross-sectional study provides valuable insights into the prevalence, risk
factors, and management of coeliac disease within the population of Guelma. However, given
the nature of cross-sectional research, the study identifies associations rather than establishes
causality. This means that while key risk factors have been highlighted, they cannot be
definitively confirmed as causal contributors to the development of coeliac disease.

Throughout the research process, we encountered several challenges in data collection,
particularly the low response rate to the questionnaire. Many individuals hesitated to participate
or provide detailed answers, which affected the accuracy of reported data and may have
introduced recall bias participants may not accurately remember or report past dietary habits,
symptoms, or exposure to risk factors.

Additionally, the sample size of 300 participants, while sufficient for preliminary
analysis, may not be large enough to generalize findings to the entire population of Guelma.
Expanding the sample size would enhance statistical power and improve external validity,
ensuring that the results better reflect broader demographic patterns. Furthermore, applying
advanced statistical methods, such as multivariate logistic regression analysis, could refine the
relationship between independent variables and disease prevalence.

Despite these limitations, the study successfully identified critical risk factors, including
genetic predisposition (HLA-DQ2/DQS8), dietary habits, and socioeconomic barriers affecting
access to gluten-free foods. These findings emphasize the need for early screening and
intervention programs aimed at improving disease management and awareness.

To enhance the accuracy of the study's findings, we propose conducting the practical
component in a hospital setting, where medical examinations can be performed directly on
participants. This approach would enable more precise and comprehensive data collection,
covering both clinical diagnosis and laboratory analyses. Implementing this step would help
reduce potential biases associated with questionnaires and improve the validity of findings

related to disease prevalence and risk factors.
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