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Abstract
Background: Celiac disease (CD) is a systemic, autoimmune condition characterized by a
specific serological and histological profile triggered by gluten ingestion (which is present in
grains including wheat, rye and barley) in genetically predisposed individuals. Currently, the
only effective treatment for CDََis a lifelong strict gluten- free diet (GFD);ََhowever, the diet is
restrictive and, gluten is difficult to avoid.
Objectives: To identify the factors affecting celiac patients’ adherence to GFD to reduce their
morbidities, to determine health and nutrition status of celiac patients, and to clarify the
association between clinical symptoms and GFD adherence.
Subjects and methods: A descriptive analytic cross-sectional study was conducted at Ard ElInsan (AEI) association in Gaza. The study included 70 biopsy confirmed celiac patients
attending AEI aged 2-12 years. Data collection was done by indirect and direct methods. The
indirect method used is a structured face to face questionnaire. Direct methods are anthropometric
measurements, hematological tests, biochemical tests, and serological test. SPSS software was
used to analyze the obtained data.
Results: The mean age of participants was (8.1 ±2.9) years, among them, 52.9% were females.
The study revealed that 40% of patients were on very good GFD adherence, 17.1% were on GFD
borderline adherence and 42.9% were poor GFD adherents. Most of participants were
asymptomatic or with little symptoms, while 18.6% were experiencing symptoms. This study
reported that there was a significant positive association between adherence and the following
variables: education level of father, education level of mother, ability of father and mother to
access to health information, socio-economic level, duration on GFD, regular follow up at AEI,
duration of follow up at AEI, knowledge-based behaviors, and cooperation of siblings in keeping
GFD. Moreover, it reported that there was a significant inverse association between adherence
and poverty. While, current age, gender, age at diagnosis, geo-locality, and presence of firstdegree relative with biopsy-confirmed CD were not significantly associated with adherence to
GFD.
Conclusion: The study showed that poor adherence to GFD is seen in 42.9% of celiac children,
thus increasing the risk for developing complications later in life. There are many modifiable
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factors contribute to GFD adherence, they include ability of father and mother to access to health
information, regular follow up and role of family in keeping GFD.
Recommendations: The study recommends thorough regular follow-up of patients with CD,
provision of financial support for celiac patients, education and counseling celiac patients and
their families, and affirming right behaviors among them to improve adherence to GFD and
health status of celiac patients.
Keywords: Celiac disease, gluten-free diet, adherence, clinical symptoms, Gaza.
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Arabic Abstract
األعراض السريرية وااللتزام بالحمية الغذائية الخالية من الغلوتين لدى األطفال المصابين بالداء الزالقي
(السيلياك) الذين تتراوح أعمارهم بين  12-2سنة والمراجعين في عيادات جمعية أرض اإلنسان في غزة
المقدمة َ َ:الداءَالزالقيَ(السيلياك)َهوَأحدَأمراضَالمناعةَالذاتيةَالجهازيةَوالذيَيتميزَبطابعََمصليَونسيجيَمميزَينتجَ
عنَتناولَالغلوتينَ(بروتينَموجودَفيَالحبوبَكالقمحَوالجاودارَوالشعير)َ،يحدثََلدىَاالفرادَالمهيئينَوراثيًاَ.العالجَالفعالَ
الوحيدَلداءَالسيلياكَهوَاتباعَحَميةَغذائيةَخالية َمنَالغلوتينَ.ومعَذلكَفإنَهذهَالحميةَتعتبرَ ُمقيدةَوصارمةََوَمنَالصعبَ
تجنبَالغلوتين.
األهدافَ:هدفتَهذهَالدراسةَاليَتحديدَالعواملَالمؤثرةَعلىَالتزامَمرضىَالسيلياكَبالحميةَالغذائيةَالخاليةَمنَالغلوتينَللحدَ
منَمضاعفاتَ المرضَ،وكذلكَ تقييمَ الحالةَ الصحيةَوالوضعَ التغذويَ للمرضىَ،وتحديدَ العالقةَبينَ األعراضَ السريريةَ
وااللتزامَبالحميةَالغذائيةَالخاليةَمنَالغلوتينَ.
منهجية الدراسةَ:لقدَاجريتَدراسةَوصفيةَتحليليةَمقطعيةَفيََجمعيةَأرضَاإلنسانَفيَغزةَ.ولقدَشملتَالدراسةَََ70مشاركا ًَ
منَمرضىَالسيلياكَالمراجعينَفيَجمعيةَأرضَاإلنسانَفيَغزةَوالمؤكدَتشخيصهمَبفحصَخزعةَمنَاألمعاءَوالذينَتتراوحَ
أعمارهمَبين َ َ 12-2سنةَ.وقدَتمَالحصولَعلىَبياناتَهذهَالدراسةَبطرقَمباشرةَوغيرَمباشرةَ.الطرقَالمباشرةَشملتَ
القياساتَالجسديةَ،وبعضَالتحاليلَالمخبريةَ .أماَالطريقةَغيرَالمباشرة َفمنَخاللَتعبئةَاستبيان َمنظم َوجهاَلوجهَ .وقد َتمَ
استخدامَبرنامجََSPSSاإلحصائيَلتحليلَالبياناتَ.
النتائجَ:متوسطَالعمرَللمشاركينََ(َ)2.9َ±َ8.1سنةَ،بلغتَنسبةَاإلناثَََ.%َ52.9وكشفتَالدراسةَأنََ% 40منَالمرضىَ
كانواَعلىَالتزامَجيدَللغايةَبالحميةَالغذائيةَ%17.1َ،كانواَعلىَالتزامَأقلَ،وََ%َ42.9كانواَغيرَملتزمينَبالحميةَكماَيجبَ.
منَناحيةَاألعراضَالسريريةَكانَمعظمَالمشاركينَبدونَأعراضَأوَيعانونَمنَأعراضَبسيطةَبينماََ%18.6كانواَيعانونَ
منَأعراضَمتعلقةَبالداءَالزالقيَ.أفادتَهذهَالدراسةَبوجودَعالقةَطرديةَذاتَداللةَاحصائيةَبينَااللتزامَبالحميةَالخاليةَمنَ
الغلوتينَوكلَمنَالمتغيراتَالتاليةَ:مستوىَتعليمَاألبَ،ومستوىَتعليمَاألمَ،وقدرةَاألبَواألم َعلىَالوصولَإلىَالمعلوماتَ
الصحية َ،والمستوىَ االجتماعيَ االقتصاديََ،ومدةَ اتباعَ الحميةَ الخاليةَ منَ الغلوتين َ،والمتابعةَ المنتظمة فيَ جمعيةََأرضَ
االنسانََ،ومدةَ المتابعةََفيَ جمعيةََأرضَ االنسانََ،والسلوكياتَ المبنيةَ علىَ المعرفة َ،وتعاونَ األشقاءَ معَ الطفلَ المريضَ
بالسيلياكَلإللتزامَبالحميةَ.عالوةَعلىَذلكََ،أظهرتَالدراسةَوجودَعالقةَعكسيةَذاتَداللةَاحصائيةَبين َااللتزامَبالحميةَ
الخاليةَمنَالغلوتينَوالفقرَ.بينماَاظهرتَالدراسةَعدمَوجودَفروقَذاتَداللةَاحصائيةَبينَاإللتزامَبالحميةَالخاليةَمنَالغلوتينَ
وكلَ من َ:العمرَ الحاليََ،والجنسََ،والعمرَ عندَ التشخيصََ،والموقعَ الجغرافيََ،ووجودَ قريبَ منَ الدرجةَ األولىَ مشخصَ
بالسيلياكَبعدَفحصَخزعةَمنَاألمعاءَ .
الخالصةَ :خلصتَالدراسةَإلىَأن ََ%َ 42.9منَاألطفالَالمصابينَبالسلياكَالَيلتزمونَبالحميةَكماَيجبَمماَيزيدَخطرَ
اإلصابةَبالمضاعفاتَفيَوقتَالحقَ.كماَخلصتَالدراسةَالىَأنَهناكَالعديدَمنَالعواملَالقابلةَللتعديلَوالتيَتساهمَفيَ
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االلتزامَبالحميةَالخاليةَمنَالغلوتينَ،ومنهاَقدرةَاألبَواألمَعلىَالوصولَإلىَالمعلوماتَالصحيةَ،والمتابعةَالمنتظمةَ،ودورَ
األسرةَفيَالحفاظَعلىَاإللتزامَبالحميةَالخاليةَمنَالغلوتين.
التوصيات َ :توصيَالدراسةَبضرورةَالمتابعةَالمنتظمةَالشاملةَلمرضىَالسيلياكَ،وتوفيرَالدعمَالماليَلهمَ،وتعليمَوإرشادَ
مرضىَالسيلياكَوأسرهمَ،والتأكيدَعلىَالسلوكياتَالصحيحةََلتحسينَااللتزامَبالحميةَالخاليةَمنَالغلوتينَوالحالةَالصحيةَ
لمرضىَالسيلياك.
كلمات دالّةَ:المرضَالزالقيَ،سيلياكَ،الحميةَالخاليةَمنَالغلوتينَ،االلتزامَ،األعراضَالسريريةَ،غزةَ .
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Chapter 1
Introduction
1.1. Background
Celiac disease CD (also known as gluten-sensitive enteropathy) is a chronic immune-mediated
systemic disorder elicited by gluten and related prolamines in genetically susceptible individuals
that is characterized by the presence of a variable combination of gluten-dependent clinical
manifestations, CD-specific antibodies, human leucocyte antigen (HLA)-DQ2 or HLA-DQ8
haplotypes, and enteropathy (Leonard et al., 2017; Meijer et al., 2015).
Gluten is used as the generic term for the storage protein component of wheat, rye and barley
(Lee et al., 2009). In CD, gluten peptides, after crossing the small intestinal epithelium into the
lamina propria, are deaminated by the enzyme tissue-transglutaminase and presented by HLADQ2–positive or HLA-DQ8–positive antigen-presenting cells to activated T cells. Once
activated, the T cells produce interferon-γ and other cytokines, leading to a higher expression of
the HLA-DQ molecules and thereby to increased gluten peptide presentation. This inflammatory
process mediated by T cells leads to mucosal damage of the small bowel (Meijer et al., 2015).
So CD is the result of the interplay between environmental (gluten and related proteins) and
genetic factors HLA-DQ2 and /or HLA-DQ8 and the typical intestinal damage is characterized
by loss of absorptive villi and hyperplasia of the crypts, which it completely resolves upon
elimination of gluten-containing grains from the patient’s diet (Lionetti & Catassi, 2011).
CD is characterized by multiple clinical expressions and there are silent, latent and potential types
of CD. Silent CD is defined as presence of positive serology (anti-tTG IgA or IgG in IgA deficient
subjects), of HLA alleles compatible with CD, and of histological alterations typical of CD, in
patients not affected with CD symptoms (typically, such diagnoses are made by screening
asymptomatic individuals who are at increased risk for CD). Latent CD is defined as presence of
compatible HLA without gastrointestinal symptoms in patients who have had a gluten-dependent
enteropathy at some point of their life. Potential CD is defined as the presence of CD-specific
antibodies and compatible HLA, without histological abnormalities in duodenal biopsies
(Guandalini, 2018; Tonutti & Bizzaro, 2014)
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The development of CD and the onset of symptoms may occur at any age. CD also can affect
any organ, and not just the gastrointestinal tract, the classical clinical picture of overt
malabsorption with diarrhea, abdominal distension and weight loss is observed, but also
nonspecific signs and symptoms such as iron deficiency anemia, osteoporosis, or fatigue are now
common and could be the only sign of CD. In addition, CD may be asymptomatic (Meijer et al.,
2015).
Celiac disease affects about 1% of the general population. Worldwide, there are differences in
prevalence (Lebwohl et al., 2017); It is about 1% within the United States and Europe, and it is
now becoming a common disorder in North Africa, the Middle East, and India. However, the
diagnostic rates are low in these regions because of low availability of diagnostic facilities and
poor disease awareness (Watkins & Zawahir, 2017). The Middle East countries show prevalence
rates of 0.5% in Egypt, 0.8% in Libya, 0.6% in Tunisia (Leonard et al., 2017) and 1.1% in Israel
(Assa et al., 2017). In the Gaza strip (GS), the registered cases of celiac disease at Ard El-Insan
Association (AEI) is about 1080 patients (i.e.0.06% of the total population in the Gaza strip)
(AEI, 2018).
There has been a substantial increase in the prevalence of celiac disease over the last 50 years
and an increase in the rate of diagnosis in the last 10 years (Rubio-Tapia et al., 2013). In the Gaza
Strip number of registered cases at AEI was 237 in 2008 (0.02% of the total population), where
in 2011 it was 403 (0.03%) and reached at the end of 2018 to 1080 cases (0.06%) (AEI, 2018).
Furthermore, first-degree family members of patients with CD have an increased risk for the
disease, ranging from 5% to 30%, depending on their sex and HLA makeup. Patients with other
autoimmune diseases, including type 1 diabetes mellitus and autoimmune thyroid disease, or
patients with selective immunoglobulin A deficiency, and those with certain syndromes such as
Down syndrome, Turner syndrome, and Williams syndrome, have an increased risk of CD
(Meijer et al., 2015).
CD is diagnosed by a combination of clinical suspicion, detection of specific autoantibodies to
tissue-transglutaminase, endomysium, and deamidated forms of gliadin peptides, and histology
of small bowel biopsies performed when the patient is on a gluten-containing diet. The
characteristic histological alterations of the small bowel mucosa of patients with CD who
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consume gluten are partial to total villous atrophy with crypt hyperplasia and intraepithelial
lymphocytic infiltration, rated according to the Marsh classification (Kaswala et al., 2015).
At present, the only treatment of CD is lifelong adherence to the gluten-free diet (GFD) that
reduces the risk of complications and the increased mortality (Meijer et al., 2015; Rubio-Tapia
et al., 2013).
Patients with untreated CD are at risk of some diverse manifestations that include osteoporosis,
infertility, lymphoma, and other autoimmune disorders, such as diabetes mellitus and thyroiditis
(Çaltepe, 2018).
Adherence to GFD leads to improvement and resolution of symptoms, normalization of
serological markers and of duodenal villous atrophy and reduction of potential complications
(including malignancy) and mortality. Growth and development in children return to normal with
adherence to the gluten-free diet. Despite GFD effectiveness in most patients, the gluten-free diet
has numerous difficulties; gluten-free substitute foods are substantially more expensive than their
gluten containing counterparts, insufficient education, misinformation and the poor quality of
information regarding the gluten-free status of food ingredients can lead to confusion among
patients, potential gluten exposure when eating outside, social pressures and problems with
sensory acceptance of gluten‐free food

can also be an impediment to strict adherence.

Uncertainty regarding the presence of gluten in trace amounts in medications and supplements is
another concern. As a result of the vigilance required to adhere to this diet, the burden of
treatment of celiac is high (E Israeli et al., 2010; Lebwohl et al., 2017; Niewinski, 2008; Olsson
et al., 2008).

1.2. Problem Statement
Celiac disease is a serious health problem among children in the Gaza Strip and it is under
diagnosed and under-evaluated even among clinicians and health professionals. It affects growth,
development, and quality of life of children, and leads to serious health consequences. Childhood
period is a critical period in life, as if celiac children aren't managed carefully, they can’t match
their peers and they will suffer from severe consequences and complications later in life. It is not
easy to control celiac disease status unless the patients are adherent to gluten free diet. Adherence
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depends on availability, accessibility of gluten free (GF) flour and products and to a large extent
on patients’ awareness of the presence of gluten in different diet and their compliance.

1.3. Significance of the Study
In the Gaza Strip, number of already diagnosed cases increased dramatically from 237 patient
attending Ard El-Insan in 2008 to 870 in 2017 (AEI, 2017) and this is only the top of the iceberg
where the great majority of diseased people are undiagnosed. The cornerstone of treatment is
GFD which leads to clinical, serologic, and histological improvement beside supporting growth
and nutritional status. In addition, it enhances quality of life and minimizes CD complication and
associated mortality.
However, in the Gaza Strip, adherence of celiac children to GFD and affecting factors, celiac
children physical growth, their nutritional status, the relationship between CD patients’
adherence to GFD and presence of symptoms and serological improvement are not investigated
according to the knowledge of the researcher. Hence, this proposed research is selected as it is
strongly needed for the Palestinian community.

1.4. Principal Goal
To identify the factors affecting celiac patients’ adherence to GFD to reduce their morbidities.

1.5. Specific Objectives
1. To determine health and nutritional status of celiac patients.
2. To reveal factors affecting patients’ adherence to GFD.
3. To clarify the association between clinical symptoms and GFD adherence.
4. To raise recommendations for decision makers and health care providers

1.6. Null Hypothesis
There is no enough adherence to GFD among CD patients in Gaza aged 2-12 years and thus there
is no enough improvement in their health and nutritional status.

4

1.7. Context of The Study
1.7.1. Geographic and Demographic Context
The Occupied Palestinian Territory (oPt) comprises two areas separated geographically; the West
Bank and Gaza Strip and it has a total area of 6020 km2. The West Bank is a landlocked territory
on the west bank of the Jordan River with a total area of 5655 km2, surrounded by Jordan to the
east and Israel to the south, west and north. Gaza Strip is a narrow coastal strip of land along the
Mediterranean Sea with a total area of 365 km2 bordering with Egypt to the south and Israel to
the north and east. It takes its name from Gaza, its main city (FAO, 2016). The total population
of Palestine by mid-2017 was about 4.95 million. The estimated population of West Bank was
3.01 million while the estimated population of Gaza Strip totaled 1.94 million of which 988
thousand males and 956 thousand females. Population density in Gaza Strip is 5,324
persons/km2. The percentage of individuals aged (0-14) constituted 42.6% in Gaza Strip, while
the elderly population aged (65 years and above) constituted 2.85% of the total population in
Gaza Strip in 2017. Gaza Strip comprises five governorates: North Gaza, Gaza, Dier Al-Balah,
Khan Yunis, and Rafah (PCBS, 2017; WHO, 2006a).
1.7.2. Socio-economic Context
The occupation of the Palestinian territory, and the closure of the Gaza Strip affect the social
determinants of health for Palestinians, with 31.5% experiencing moderate or severe food
insecurity, 36.4% of the population dependent on humanitarian assistance for water and
sanitation and 5.3% facing gaps and vulnerabilities in accessing adequate shelter. These
vulnerabilities negatively impact on health outcomes, with the estimated prevalence of stunting
in the Gaza Strip at 10%, highest among children from refugee and low-income families (WHO,
2019).
Unemployment:
The unemployment rate is high in Gaza Strip; where 52% of participants in the labor force in
Gaza Strip were unemployed in 2018 (PCBS, 2017).
Poverty:
More than half the population were poor in Gaza Strip in 2019, as the percentage of poverty
reached 53.0%, and 34% of individuals in Gaza Strip were below the deep poverty line (PCBS,
2019).
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Rising unemployment and poverty is likely to have long term adverse effects on the physical and
mental health of the population (WHO, 2010).
Education:
In Palestine, the percentage of individuals (aged 15 years and above), who have completed
university education (bachelor degree and above), was 15% while the percentage of individuals
who didn't complete any stage of education reached 8%. The Illiteracy rate among individuals
(15 years and above) in Palestine was 3%. Illiteracy gap is significantly noticed among males
and females at 1% and 4% respectively (PCBS, 2019).
1.7.3. Health Service Context
The health system in the occupied Palestinian territory is operating under severe pressure due to
rapid population growth, lack of economic opportunities and adequate financial resources,
shortages in basic supplies and the inherent limitations of occupation or blockade. In the Gaza
Strip, years of blockade and movement restrictions on people and materials, including medical
resources, compounded by the internal Palestinian divide, have led to a serious deterioration in
the availability and quality of health services (WHO, 2016).
Health care in Gaza Strip has unique character. There are four major health service providers;
the Ministry of Health (MOH), United Nations Relief and Work Agency (UNRWA), Nongovernmental Organizations (NGO), and private for-profit providers. MOH provides primary,
secondary and tertiary health services and purchase the unavailable tertiary health services from
domestic and abroad providers. UNRWA provides primary care services, only for refugee and
purchase secondary care services for the hardship cases. NGOs provide primary, secondary and
some tertiary services. Private for-profit sector provides the three level of care through a variety
of specialized hospitals and investigation centers (WHO, 2006a). Despite Ministry of Health
bears the heaviest burden of health care in general, health care services for celiac disease (CD)
patients particularly after diagnosis is provided by Ard El Insan Palestinian Benevolent
Association (AEI). Before diagnosis MOH, AEI, other NGOs and private for-profit providers
participate in diagnosis of celiac patients. After diagnosis, follow up of celiac patients and
relevant health services are provided mainly by AEI.
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Ard El Insan Palestinian Benevolent Association (AEI)
Ard El Insan Palestinian Benevolent Association (AEI) was established since 1984 in Gaza as
successor of the international famous Swiss organization (Terre Des Hommes). In 1999 AEI was
localized as a national NGO by the Palestinian National Authority (PA) Ministry of Interior with
a license number (6037). Furthermore, AEI is an essential and pioneer member of the health and
nutrition cluster of OCHA-within the WHO amongst the UN system in the Gaza Strip and
Palestine and keeps very professional relationship with the Palestinian MOH. It is leading
organization specialized in the field of common childhood diseases, nutrition and community
health in the Gaza Strip. AEI provides preventive and therapeutic services, family counseling
and health education through its centers in Gaza and Khan Yunis according to its strategic plan
which is based on the activities and standards ofََWorld Health Organization (WHO)ََand taking
into account all the laws and protocols adopted by the Palestinian Ministry of Health and others
in line with theََestablished programs and activities. It is working on providing health, nutrition
and social services to children (specially under five), mothers and poor and marginalized families
in order to improve their health, standard of living and community participation through society's
projects and programs.
AEI is the organization in which celiac patients receive health services in the Gaza strip. Among
the main services of AEL, follow-up of children and adults who suffer from celiac disease;
provision of gluten-free flour to them, counselling, conducting educational sessions about the
disease and gluten free diet (GFD), supply dietary supplements for patients with nutrient
deficiencies such as iron, calcium or vitamins deficiencies, provision psychological support forَ
celiac patients, mothers of celiac children and their families through individual and group
counseling sessions, organizing home visits, trips and camps as well as conducting training
courses of cooking and baking gluten free foods.
AEI undertakes great importance to the conduct of scientific research and studies on health and
nutrition at the highest levels; and even exceeded in this context all institutions of community
work and this research contributed to the feeding of the databases of the Ministry of Health and
major international institutions such as the World Health Organization and others (AEI, 2018;
PNGOs, 2018).
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1.8. Operational Definitions
1.8.1. Gluten
Gluten commonly refers to the main storage proteins, the prolamins, of wheat, rye and barley,
which are harmful for patients with celiac disease (Lindfors et al., 2019).
1.8.2. Gluten Free Diet (GFD)
It is a diet devoid of harmful gluten peptides; in practice, this means avoiding all food based on
or containing wheat, rye, barley and all cross- breeds of these cereals (Lindfors et al., 2019). So
GFD consists of a combination of naturally gluten-free foods (e.g. fruit, vegetables, rice,
unprocessed meat) and specially manufactured gluten-free versions of wheat-based foods such
as bread and pasta. (Singh & Whelan, 2011).
1.8.3. ‘Gluten Free’ Product (GF)
The legislation of gluten- free products is based on the WHO Codex Alimentarius standard. On
the basis of these guidelines, both the European Commission in 2012 and the US FDA in 2013
issued regulations defining foods labelled ‘gluten free’ as containing <20 parts per million (ppm)
of gluten (equal to 20 mg per kg of food) when measured by an approved system for testing
(Lindfors et al., 2019).
1.8.4. Celiac Dietary Adherence Test (CDAT)
It is a 7-item instrument (questionnaire) that allows for standardized evaluation of GFD
adherence and is superior to tissue transglutaminase serology. The CDAT may be useful in both
research and clinical settings. CDAT score is the sum of the numeric values of the answered
items of CDAT test. It is from 7 to 35, with higher scores denoting worse GFD adherence.
(Leffler et al., 2009).
1.8.5. Very Good GFD Adherence
It is defined as CDAT score less than 13.
1.8.6. Borderline GFD Adherence
It is defined as CDAT score from 13 to 17.
1.8.7. Poor GFD Adherence
It is defined as CDAT score more than 17.
8

1.8.8. The Symptoms Scale
It is the sum of the numeric values of 13 answered items about symptoms associated with celiac
disease that patients have experienced past two weeks. The maximum value of scale of symptoms
is 52; the higher the scale of symptoms is the better as this means patient experienced no or least
symptoms (Skjerning et al., 2017).
1.8.9. Asymptomatic Patient or Patient with Little Symptoms
It is defined as patient has symptoms scale greater than or equal to 39.
1.8.10. Patient Experiencing Symptoms
It is defined as patient has symptoms scale less than 39.
1.8.11. Level of Socioeconomic Status
Level of socioeconomic status is computed as the sum (grand total) of numeric value of the
answered items in questionnaire of “Scoring of Scale for Measuring Family Socioeconomic
Status”. It is from 1 to 84 with higher number means higher socioeconomic level (El-Gilany et
al., 2012).
1.8.11.1. Very Low Social Level (VLSL)
It is defined as socioeconomic score (grand total) from 1 to 21.
1.8.11.2. Low Social Level (LSL)
It is defined as socioeconomic score (grand total) from 22 to 42.
1.8.11.3. Medium Social Level (MSL)
It is defined as socioeconomic score (grand total) from 43 to 63.
1.8.11.4. High Social Level (HSL)
It is defined as socioeconomic score (grand total) from 64 to 84.
1.8.12. Anemia
According to world health organization (WHO) criterion for anemia; children aged less than 5
years are considered anemic at hemoglobin (Hb) level less than 11 g/dL, children aged 5-11 years
are considered anemic when Hb level is less than 11.5 g/dL, and those aged 12 – 14 years are
anemic at Hb level less than 12 g/dL (WHO, 2011).
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1.8.13. Wasting
It is defined as a weight for height z score (WHZ) (or BMI-for-age z score) below -2.0 (WHO,
2006b).
1.8.13.1. Moderately Wasting
It is defined as a weight for height z score (WHZ) (or BMI-for-age z score) between -3 and 2.(WHO, 2006b).
1.8.13.2. Severely Wasting
It is defined as a weight for height z score (WHZ) (or BMI-for-age z score) below -3 (WHO,
2006b).
1.8.14. Stunting
It is defined as a height for age z score (HAZ) below -2.0 (WHO, 2006b).
1.8.14.1. Moderately Stunting
It is defined as a height for age z score (HAZ) between -3 and -2 (WHO, 2006b).
1.8.14.2. Severely Stunting
It is defined as a height for age z score (HAZ) below -3 (WHO, 2006b).
1.8.15. Underweight
It is defined as a weight for age z score (WAZ) below -2.0 (WHO, 2006b).
1.8.15.1. Moderately Underweight
It is defined as a weight for age z score (WAZ) between -3 and -2 (WHO, 2006b).
1.8.15.2. Severely Underweight
It is defined as a weight for age z score (WAZ) below -3 (WHO, 2006b).
1.8.16. Refractory Celiac Disease (RCD)
RCD is currently defined as villous atrophy with crypt hyperplasia and an increased number of
intraepithelial lymphocytes despite strict dietary compliance to a GFD for >12 months (Valitutti
et al., 2017).
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Chapter 2
Literature Review
2.1 Overview of Celiac Disease
2.1.1. History of CD and Early Insights
Long, long ago, man was a simple hunter/gatherer. His diet consisted of fruits, nuts, perhaps
tubers and the occasional feast of meat. But eventually, before 10,000 years, he learned to
cultivate plants, and the agricultural revolution began. Soon, the hunter/gatherer way of life was
replaced by domestication of crops and animals and ultimately crossbreeding different grass
plants to create such staple grains as wheat, rye and barley, which were nutritious, versatile,
storable, and valuable for trade. This advancement, however, came at a dear price: the emergence
of an illness now known as celiac disease (CD), which is triggered by ingesting a protein in wheat
called gluten or eating similar proteins in rye and barley. Gluten and its relatives had previously
been absent from the human diet. But once grains began fueling the growth of stable
communities, the proteins undoubtedly began killing people (often children) whose bodies
reacted abnormally to them (Fasano, 2009; Guandalini, 2007).
Some 8,000 years after its onset, celiac disease was identified and named. A clever Greek
physician named Aretaeus of Cappadocia, living in the first century AD, wrote about “The
Coeliac Affection.” In fact, he named it “koiliakos” after the Greek word “koelia” (abdomen).
His description: “If the stomach be irretentive of the food and if it passes through undigested and
crude, and nothing ascends into the body, we call such persons celiacs”. Another 17 centuries
went by, and in the early 19th century a Dr. Mathew Baillie, published his observations on a
chronic diarrheal disorder of adults causing malnutrition and characterized by a gas-distended
abdomen. He even went on to suggest dietetic treatment, writing: “Some patients have appeared
to derive considerable advantage from living almost entirely upon rice.” Baillie’s observations,
however, went practically unnoticed (Guandalini, 2007).
British physician Samuel Gee is credited as the modern father of CD. In a lecture at 1887 he
described it as “a kind of chronic indigestion which is met with in persons of all ages, yet is
especially apt to affect children between one and five years old.” He even correctly surmised that
“errors in diet may perhaps be a cause.” As clever as Gee obviously was, the true nature of the
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disease escaped even him, as was clear from his dietary prescription; he suggested feeding these
children thinly sliced bread, toasted on both sides. Identification of gluten as the trigger occurred
after World War II, when Dutch pediatrician Willem-Karel Dicke noticed that a war-related
shortage of bread in the Netherlands led to a significant drop in the death rate among children
affected by CD from greater than 35 percent to essentially zero. He also reported that once wheat
was again available after the conflict, the mortality rate soared to previous levels. Following up
on Dicke’s observation, other scientists looked at the different components of wheat, discovering
that the major protein in that grain, gluten, was the culprit (Fasano, 2009).
The next major breakthrough came in the mid-50s, when Margot Shiner described a new jejunal
biopsy apparatus with which she successfully reached and biopsied the distal duodenum. This –
and the development of the less cumbersome capsule developed shortly after by the American
Lieutenant Colonel Crosby – finally allowed doctors to link the disease with a specific,
recognizable pattern of damage to the proximal small intestinal mucosa. After 1990, CD was
increasingly accepted as an example of an autoimmune disease, associated with a specific gene
(either DQ2 or DQ8) and the missing autoantigen was finally identified in the enzyme “tissue
transglutaminase”. At long last, there was universal acceptance that celiac disease is an
autoimmune condition whose trigger (gluten) and autoantigen (tissue transglutaminase) are
known (Guandalini, 2007).
2.1.2. Background on Celiac Disease
Celiac disease is a systemic, immune-mediated disorder elicited by gluten and related prolamines
in genetically susceptible individuals and characterized by the presence of a variable combination
of gluten-dependent clinical manifestations, CD-specific antibodies, human leukocyte antigen
(HLA–DQ2 or HLA-DQ8 haplotypes), and enteropathy (Valitutti et al., 2017).
CD is one of the most common lifelong food- related disorders worldwide. CD is more prevalent
in females, may develop at any age and can affect almost any ethnicity. Owing to the multifaceted
clinical presentation, diagnosis remains a challenge and CD is heavily underdiagnosed.
Currently, the only effective treatment for celiac disease is a lifelong strict gluten- free diet
(GFD); however, the diet is restrictive and gluten is difficult to avoid. Optimizing diagnosis and
care in CD requires continuous research and education of both patients and health- care
professionals (Lindfors et al., 2019).
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2.1.3. Gluten and Related Protein
Gluten is the term used to identify a mixture of proteins (prolamines) that occurs in the endosperm
of wheat (gliadins) and other cereals such as barley (hordeins) and rye (secalins). The most
common gluten-related disorders in children are CD, wheat allergy (WA) and nonceliac gluten
sensitivity (NCGS). The common feature among these gluten-associated disorders is their
treatment: a GFD (Meijer et al., 2015).
Gluten and gluten-related proteins are present in wheat, rye, and barley, and are used widely in
food processing to give dough the desired baking properties, add flavors, and improve texture.
Previously, oats were thought to be harmful but this appears to be from contamination with wheat
and most people with CD can tolerate pure oats once they have commenced a GFD. However,
there is a percentage of the population with CD who are sensitive to avenin (specific protein
found in oats) (Bai & Ciacci, 2017; Dennis, Lee, & McCarthy, 2019).
Currently, wheat-containing foods comprise as much as up to 50% of energy intake worldwide
In addition, the wheat available now is not the same as the wheat available thousands of years
ago that contained smaller amounts of the highly toxic peptide 33-mer gliadin (Çaltepe, 2018).

2.2. Epidemiology of CD
Until a few decades ago, CD has been considered to be an uncommon disorder affecting mainly
children and remained limited to the Western Europe. However, over time, it was realized that
there is no age bar for CD as it can affect any age group; moreover, it is a global disease. CD is
one of the most common autoimmune disorders, with a prevalence of 1% globally, but wide
variations between countries have been reported. The prevalence of CD is higher in first degree
CD relatives (up to 10%) and in other at-risk groups, particularly patients with type 1 diabetes
mellitus, Down syndrome, and a number of other associated diseases. Population-based
screening studies in Europe, North America, and other parts of the world indicate that CD is a
major public health problem. Furthermore, prevalence of CD has significantly increased over the
past 20 years. There has been a substantial increase in the numbers of new cases of celiac disease,
partly due to better diagnostic tools and thorough screening of individuals considered to be at
high risk for the disorder. It is also related to a genuine increase in the incidence of CD (Bai &
Ciacci, 2017; Caio et al., 2019).
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A 6.4-fold increase in incidence has been recently described in Scotland from 1990 to 2009 and
particularly classical cases of CD are increasing, indicating a true rise in the incidence of pediatric
CD. A recent US study showed that CD prevalence was only 0.2% in the year 1975, and increased
5-fold during the following 25 years. The reasons for these changes are unclear, but have to do
with the environmental components of CD (changes in the quantity and quality of ingested
gluten, infant feeding patterns, the spectrum of intestinal infections, gut microbiota colonization,
etc.) (Catassi, Gatti, & Fasano, 2014).
2.2.1. Celiac Iceberg
CD still represents a statistical iceberg, with far more undiagnosed than diagnosed cases;
although the incidence of clinically diagnosed CD cases is increasing, still the larger part of the
“celiac iceberg” remains undetected worldwide (Catassi et al., 2014) ( Figure 2.1).
The ratio of diagnosed to undiagnosed cases of CD varies from country to country (1 to 2 in
Finland, 1 to 10 in the United States, Argentina, and Germany).While the global pool of the
patients is so large, most patients (83% and 95%) in developed countries, and possibly an even
higher number in developing countries, still remain undiagnosed (Dhawan et al., 2019).

Figure 2.1: Celiac Iceberg (Fasano, 2005)
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In Israel, a serologic CD screening was performed in a representative sample of a young adult
general population. The ratio of overt to silent CD was 1:8. This suggests that most cases of CD
would remain undetected without active screening. There is an urgent need to increase awareness
among primary-care physicians and pediatricians about the wide diversity of clinical
manifestations and the role of serological testing in the diagnosis of CD. This has been
demonstrated in Northern Ireland and Finland as a major factor in the increase in diagnosis in
those countries. There are no substantial differences between the proportions of symptomatic
patients and screening-detected patients (mostly with a subclinical phenotype) in any of the
countries or geographic areas in which epidemiological studies have been carried out (Bai &
Ciacci, 2017; Eran Israeli et al., 2010).
Screening studies in children have revealed that the silent form is more frequent; from each 8
patients found by screening: 3 were presented with atypical CD and 5 with silent CD (Çaltepe,
2018).
2.2.2. Geographical Prevalence of CD
Worldwide, there are differences in prevalence of CD, with a reported prevalence of 0.5–1% of
the general population with the exception of areas showing low frequency of CD-predisposing
genes and low gluten consumption (e.g., sub-Saharan Africa and Japan). (Caio et al., 2019;
Lebwohl et al., 2018).
In Europe and the United States, the mean frequency of CD in the general population is
approximately 1%, with some regional differences, the reasons for which remain elusive. The
prevalence of CD is as high as 2% to 3% in Finland and Sweden, whereas it is only 0.2% in
Germany, although these areas share a similar distribution of causal factors (level of gluten intake
and frequency of HLA-DQ2 and -DQ8). Apart from Europe and North America, CD is a
common disorder in north Africa and Middle East countries as well; however, the diagnostic rate
is still very low in these countries, mostly due to low availability of diagnostic facilities and poor
disease awareness. In the Saharawis, an Arab population living in the western Sahara, the
prevalence of CD in the general population is exceptionally high (5.6%) (Catassi et al., 2014). It
is the highest prevalence of CD in the world. The population there have one of the highest
frequencies of HLA-DQ2 and HLA-DQ8, and their gluten consumption is very high (Bai &
Ciacci, 2017).
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The epidemiology of CD in the Asia Pacific region is still limited and mostly confined to India,
where CD is being more frequently recognized. The frequency of CD in India seems to be higher
in the northern part of the country, so called “celiac belt,” a finding that is at least partially
explained by the wheat-rice shift from the north to the south. The prevalence of CD in India was
reported at 1.04% (Catassi et al., 2014; Makharia et al., 2011).
CD is also on the map in China which is the most populous nation and the second largest by land
area in the world; reports from China have shown that both the CD–predisposing HLA-DQ alleles
and CD are not rare, at least in the provinces of Jiangsu and Zhejiang (Bai & Ciacci, 2017).
Finally, CD is likely to be rare in Japan, Indonesia, Korea, the Philippines and many smaller
Pacific islands because of low wheat consumption and a low frequency of HLA-DQ2 (Catassi et
al., 2014).
However other Middle East countries show prevalence rates of 0.53% in Egypt (Abu-Zekry et
al., 2008), 0.6% in Tunisia (Hariz et al., 2007), 0.79% in Libya (Alarida et al., 2011), 0.6-1.0 %
in Turkey, 0.5-1.0% in Iran (Leonard et al., 2017) and 1.1% in Israel (Assa et al., 2017).
Locally, In the Gaza strip, the registered cases of celiac disease at Ard El-Insan (AEI) is about
1080 patients at the end of 2018 (i.e. 0.06% of the total population in the Gaza strip). Out of
these registered cases, there are 529 cases under 18 years old i.e. 49%. Taking into account, the
substantial increase in prevalence and rate of diagnosis, as the number of registered cases at AEI
was 237 in 2008 (0.02% of the total population), while in 2011 it was 403 (0.03%), then reached
1080 in 2018 (AEI, 2018).
2.2.3. Prevalence of CD Among Age
Celiac disease is now known to affect all age groups, including the elderly; more than 70% of
new patients are diagnosed above the age of 20, and up to 20% of cases are diagnosed in patients
older than 60 years. Some of these adults probably have had undetected disease since childhood;
in other cases, they have contracted the disease in adulthood. Loss of gluten tolerance can occur
at any time in life as a consequence of other triggers besides gluten. However, the highest
incidence of CD seroconversion is between 12 and 36 months of age (Al-Toma et al., 2019; Bai
& Ciacci, 2017; Rodrigo, 2019).
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2.2.4. Prevalence of CD Among Gender
As for most autoimmune diseases, the prevalence of CD is higher in female patients than in male
patients though the severity of illness does not differ between the sexes (Megiorni et al., 2008).
CD is diagnosed more frequently in women with a female-to-male ratio ranging from 2:1 to 3:1.
However, based on serological screening, the actual female to - male ratio is 1.5:1 (Caio et al.,
2019).
2.2.5. Prevalence of CD Among High-risk Groups
The risk of having CD is much greater in first-degree relatives (5–10%) but lesser in seconddegree relatives, as well as in individuals with type 1 diabetes mellitus (T1DM) and other
autoimmune diseases, Down syndrome, and a number of other associated diseases (Al-Toma et
al., 2019).
2.2.5.1. First-degree Relatives
Approximately 7–10% of first-degree relatives may develop CD, and the risk varies considerably
along with their relationship to the index patient. The risk is highest in siblings (9%), followed
by offspring (8%) and parents (3%). Sisters and daughters of the index patient have the highest
risk (one in seven and one in eight, respectively), while the risk is one in 13 in sons, one in 16 in
brothers, one in 32 in mothers, and one in 33 in fathers (Bai & Ciacci, 2017).
2.2.5.2. Second-degree Relatives
The risk of having CD is higher among second-degree relatives (2.3%) of patients in comparison
with the general population (Bai & Ciacci, 2017).
2..2.5.3. Other Risk Groups
The prevalence of CD in patients with unexplained iron -deficiency anemia is 3% to 15%, while
in individuals with unexplained hypertransaminasemia is 2% to 9, and in those with osteoporosis
and osteomalacia of premature onset, is 2% to 4%. Moreover, the prevalence of CD in type 1
diabetes mellitus is 2% to 15%, in thyroid dysfunction is 2% to 7%, in Addison disease, and
autoimmune hepatitis is 3% to 6%, in IgA deficiency is 3%, in IgA nephropathy is 4% and in
Juvenile idiopathic arthritis 1.5-2.5%. In patients with Down syndrome and Turner syndrome,
the prevalence of CD is 6%, and in Williams syndrome, it is 9.5%. The prevalence of CD in
individuals with irritable bowel syndrome is 3% (Bai et al., 2013; Leonard et al., 2017).
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With regard to dermatitis herpetiformis (DH), the overall ratio between CD and DH in different
populations has been 10–20:1. DH in childhood seems to be rare (Al-Toma et al., 2019).

2.3. Pathophysiology of CD
CD is a unique autoimmune disease in that its key genetic elements (human leukocyte antigen
(HLA)-DQ2 and HLA-DQ8), the auto-antigen involved (tissue transglutaminase), and the
environmental trigger (gluten) are all well-defined. Besides genetic predisposition and exposure
to gluten, loss of intestinal barrier function, a pro-inflammatory innate immune response
triggered by gluten, inappropriate adaptive immune response, and an imbalanced gut microbiome
all seem to be key ‘ingredients’ of the CD autoimmunity recipe (Caio et al., 2019) (Figure 2.2).
2.3.1. Genetics
As with any other autoimmune disease, CD has a strong hereditary component as testified by its
high familial recurrence (~ 10–15%) and the high concordance of the disease among
monozygotic twins (75–80%). Also common to other autoimmune diseases is the relevant role
of HLA class II heterodimers, specifically DQ2 and DQ8, in the heritability of CD. Since
HLADQ2/HLA-DQ8 is frequent among the general population (25–35%), and only 3% of these
HLA compatible individuals will go on to develop CD, it is not surprising that genome-wide
association studies have identified more than 100 non-HLA-related genes associated with CD.
The relevance of these additional genes in conferring genetic risk for CD is rather limited, but
they may lead to the discovery of key pathways potentially involved in disease pathogenesis
(Caio et al., 2019).
However, the presence of human leukocyte antigen (HLA) risk alleles is a necessary, but not a
sufficient, factor for the development of CD (< 1% of patients lack DQ2 and DQ8). So HLA
typing tests have a high negative predictive value, and an absence of HLA-DQ2/-DQ8 excludes
the presence of CD in susceptible individualsَ(Bai & Ciacci, 2017).
2.3.2. Gluten as an Environmental Trigger of CD
Gluten is a mixture of gliadins and glutenins, complex proteins unusually rich in prolines and
glutamines that are not completely digestible by intestinal enzymes. The final product of this
partial digestion is a mix of non-digestible immunogenic peptides that can trigger host responses
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(increased intestinal permeability and innate and adaptive immune response) that closely
resemble those instigated by the exposure to gastrointestinal pathogens (Leonard et al., 2017).
2.3.3. Gluten Trafficking from Lumen to Lamina Propria (paracellular and transcellular)
Studies have shown that gliadin can cause an immediate and transient increase in intercellular
tight junction permeability of intestinal epithelial cells. This permeating effect is secondary to
the binding of specific undigestible gliadin fragments to the CXCR3 chemokine receptor with
subsequent release of zonulin (a modulator of intercellular tight junctions that increases
paracellular permeability by causing tight junction disassembly). This process takes place in all
individuals who ingest gluten. For the majority, these events do not lead to abnormal
consequences. However, these same events can lead to an inflammatory process in genetically
predisposed individuals when the immunologic surveillance system mistakenly recognizes
gluten as a pathogen. Thus, this normal physiologic process is also essential to the development
of CD in at-risk individuals. The involvement of the paracellular pathway for gluten trafficking
into the lamina propria has also been corroborated by genetic studies identifying an association
of some tight junction genes with CD (Caio et al., 2019; Leonard et al., 2017).
Additionally, there is evidence that during the acute phase of CD, gluten can also cross the
intestinal barrier through the transcellular pathway via transferrin receptor CD71, once tolerance
to gluten has been broken (Leonard et al., 2017).
2.3.4. The Innate Immune Response
Innate immunity plays a critical role in initiating CD and cytokines such as interleukin (IL)-15
and interferon α can prime the innate immune response by polarizing dendritic cells and
intraepithelial lymphocyte function. Recent results suggest that specific gliadin peptides may
induce epithelial growth factor and an IL-15- dependent proliferation of enterocytes, structural
modifications, vesicular trafficking alterations, signaling and proliferation, and stress/innate
immunity activation. These mucosal events, along with the functional breach of epithelial barrier
function secondary to the gliadin mediated zonulin release, the subsequent access of toxic
peptides in the lamina propria, and gliadin induced production of high levels of the neutrophil
activating and chemoattractant chemokine IL-8, cause the ‘perfect storm’ to initiate CD
enteropathy. More recently, studies showed that gliadin exerts a direct neutrophil chemoattractant
effect by interacting with fMet-Leu-Phe receptor 1 (Caio et al., 2019).
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2.3.5. The Adaptive Immune Response
Neutral glutamine residues in the gluten peptides can be converted to negatively charged
glutamic acids through deamidation by tissue transglutaminase 2 (TG2). Antigen presenting cells
expressing the HLA-DQ2 and HLA-DQ8 molecules have an increased affinity for these
deamidated peptides. Subsequent binding of the generated immunogenic peptides to the HLA
molecules results in peptide complexes that can induce activation and proliferation of host gluten
specific CD4+ T cells in the lamina propria. Activation of these T cells is accompanied by
production of proinflammatory cytokines, metalloproteases, and keratinocyte growth factor by
stromal cells, which induces cryptal hyperplasia and villous blunting secondary to intestinal
epithelial cell death induced by intraepithelial lymphocytes (IELs) (Briani et al., 2008; Caio et
al., 2019).
Activated gluten-specific CD4+ T cells can also stimulate B cell production of anti-gluten, as
well as anti-TG2 (anti-tTG) antibodies. It has been shown that the anti-tTG antibodies in CD can
increase intestinal epithelial cell permeability and it might contribute to the intestinal damage.
Anti- tTG antibodies might also play a role in some of the extraintestinal manifestations of CD,
through interaction with TG2, as well as cross-reaction with other transglutaminases. In fact,
deposits of anti- transglutaminase antibody have been observed in the cerebellum and brainstem
of a patient with gluten sensitivity and cerebellar ataxia, as well as in the papillary dermis of
patients with dermatitis herpetiformis (Briani et al., 2008).
2.3.6. The Role of The Gut Microbiome in The Pathogenesis of CD
The combination of epidemiological, clinical, and animal studies suggests that broad exposure
to a wealth of commensal, non-pathogenic microorganisms early in life is associated with
protection against CD and that pre-, peri-, and post-natal environmental factors may strongly
influence the gut ecosystem. ‘Environment-dependent dysbiosis hypothesis’ reflects the interplay
between host and environmental pressure dictating the balance between health and disease.
Several studies have shown an association between CD and a change in the microbiome
composition. Many environmental factors known to influence the composition of the intestinal
microbiota are also thought to play a role in the development of CD. Early microbiota alterations
in infants were suggested in a recent study comparing microbial communities between DQ2+ and
DQ2− infants. However, to move from association to causation, large-scale, longitudinal studies
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are necessary to define if and how gut microbiota composition and metabolomic profiles may
influence the loss of gluten tolerance and subsequent onset of CD in genetically susceptible
subjects (Caio et al., 2019).
2.3.7. Other Risk Factors for CD
Although gluten exposure is essential for the development of CD, the duration of breastfeeding
and/or time of gluten introduction have no impact on the risk of developing CD. There is
currently no evidence to recommend avoiding either an early (at 4 months of age) or a late (at or
after 6 or even 12 months) gluten introduction in children at risk of CD (Al-Toma et al., 2019).
However, loss of gluten tolerance can occur at any time in life as a consequence of other triggers
besides gluten. Gastrointestinal infections, medications, α -interferon and surgery have also been
implicated as trigger factors. As it has been speculated that stress factors (such as gastrointestinal
infections) can lead to changes in intestinal permeability that give the gluten peptides access to
the lamina propria (Al-Toma et al., 2019; Briani et al., 2008).

Figure 2.2 : Pathophysiology of CD (Schuppan & Gisbert-Schuppan, 2019)
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2.4. Clinical Presentation of CD
The common presentation of CD has shifted from the historically classic symptoms of
malabsorption in childhood to non-classic symptoms, which can be present in childhood or
adulthood (Lebwohl et al., 2018). The clinical picture of CD varies from overt malabsorption to
the silent form, and it is believed that there may be more than five undiagnosed patients for each
diagnosed patient (Çaltepe, 2018).
In 2011, the Oslo classification of CD identified the following clinical presentations: classic, nonclassic, subclinical, potential and refractory. Instead of the ‘classic/non-classic’ categorization,
which does not fully reflect current clinical presentations, a more practical terminology, i.e.,
intestinal/extraintestinal is used. These two terms better represent the main clinical phenotypes
of CD, which may occur individually (i.e., intestinal vs. extraintestinal) or in combination (Caio
et al., 2019).
2.4.1. The Intestinal/ Classic Form of CD
It is more commonly detected in the pediatric population and children younger than 3 years and
is characterized by diarrhea (35.3%), loss of appetite, abdominal distention, and failure to thrive.
Older children and adults may complain of diarrhea, bloating, constipation (20.2%), abdominal
pain (27.8), or weight loss. Nonetheless, in adults, the malabsorption syndrome with chronic
diarrhea, weight loss and significant asthenia is quite rare. Despite its uncommon detection, this
phenotype can cause hospitalization due to cachexia, sarcopenia, significant hypoalbuminemia,
and electrolyte abnormalities. Conversely, an irritable bowel syndrome (IBS)-like presentation
with constipation or alternating bowel and/or dyspepsia-like symptoms, such as nausea and
sometimes vomiting, is more frequent (Caio et al., 2019; Leonard et al., 2017).
2.4.2. The Extraintestinal /Non-classic Form of CD
Extraintestinal symptoms are common in both children and adults. Poor growth, short stature, or
delayed puberty may be the only presenting symptoms of pediatric CD and they can raise the
suspect of an underlying CD in children. Other extraintestinal symptoms include fatigue (26.3%),
iron deficiency microcytic anemia, detectable in up to 40% of cases (iron-deficiency anemia is a
common presentation of CD and is seen in 32% of adults and 9% of children due to iron
malabsorption or chronic inflammation), or more rarely, macrocytic anemia due to folic acid
and/or vitamin B12 deficiency (more frequent in Europe than in the US). Changes in bone
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mineral density, including osteopenia or osteoporosis (affecting about 70% of patients at
diagnosis), are related to altered absorption of calcium and vitamin D3. Other signs include tooth
enamel defects (are common in children who develop celiac disease before age 7 years), aphthous
stomatitis (identified in about 20% of undiagnosed CD patients), and hypertransaminasemia (40–
50% of untreated patients) (Caio et al., 2019; Leonard et al., 2017).
In addition to dermatitis herpetiformis, dermatologic conditions such as urticaria, psoriasis, and
dry skin are more frequent in patients with CD. Up to 22% of patients with CD have neurologic
manifestations, psychiatric manifestations, or both (such as headache, paresthesia,
neuroinflammation, anxiety and depression). Peripheral neuropathy is frequent (0.7%). The
clinical presentation may also include changes in reproductive function characterized by late
menarche, amenorrhea, recurrent miscarriages, premature birth, early menopause, infertility (1.01.5%) and changes in the number and mobility of spermatozoa (Caio et al., 2019; Leonard et al.,
2017) (Table 2.1).
Table 2.1: Symptoms of celiac disease (Schuppan & Gisbert-Schuppan, 2019)
Symptoms of celiac disease

Children/adolescents

Adults

Diarrhea

28 – 55%

18 – 47%

Abdominal pain

12 – 33%

18 – 28%

Severe bloating/ extended abdomen

12 – 29%

26%

Anemia

2 – 19%

38 – 51%

Weight loss/ weight below 5th percentile

13 – 26%

34%

Growth retardation

9 – 16%

--

2.4.3. Subclinical (asymptomatic) Form of CD
This form includes patients with symptoms/ signs below the clinical identification threshold and
are often recognizable only after the appreciation of the beneficial effects induced by the GFD;
as those patients report a “new normality” after starting GFD, and most of them remain on the
diet. A typical example of subclinical cases are those patients undergoing antibody screening due
to being relatives of CD patients or cases identified as a result of a screening strategy in the
general population. Family studies have shown that almost 50% of newly diagnosed CD patients
have an asymptomatic clinical course (Bai & Ciacci, 2017; Caio et al., 2019).
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2.4.4. The Potential Form of CD
It is characterized by positive serological and genetic markers with a normal intestinal mucosa
and minimal signs of inflammation such an increase in IELs. Patients with the potential form can
manifest with classic and non-classic symptoms or be entirely asymptomatic. This form
represents around 10% of subjects with CD. In children, over 80% of patients with potential CD
are asymptomatic and the remaining 20% more commonly experience intestinal symptoms such
as malabsorption, chronic diarrhea, and recurrent abdominal pain rather than extraintestinal
signs. Studies have reported possible fluctuation with spontaneous normalization of serological
markers in patients with potential CD left on a gluten-containing diet. Few patients with potential
CD consuming a gluten-containing diet develop full-blown villous atrophy (Caio et al., 2019).
2.4.5. Refractory CD (RCD)
It is characterized by persistent symptoms and atrophy of the intestinal villi after at least 12
months of a strict GFD. RCD can lead to complications such as ulcerative jejunoileitis,
collagenous sprue, and intestinal lymphoma (Caio et al., 2019).
In recent years, other forms of CD (not included in the Oslo Classification), i.e., seronegative and
GFD non-responsive CD, have been identified in the clinical practice (Caio et al., 2019).
2.4.6. The Seronegative Form of CD
It is characterized by the lack of demonstrable serological markers along with clinical signs of
severe malabsorption and atrophy of the intestinal mucosa. This form should be included in the
differential diagnosis with other diseases that cause atrophy of the intestinal villi. Performing a
genetic test for CD remains a fundamental step since its negative result definitively rules out the
disease. Seronegative CD has a higher risk of morbidity and mortality compared with antibodypositive CD (Caio et al., 2019).
2.4.7. Non-responsive CD
It indicates gastrointestinal (GI) symptoms that persist despite a GFD of more than 12 months;
however, it does not differentiate between active CD (which is related to three main causes:
continuous gluten exposure, slow response to gluten withdrawal and refractory CD) and
associated conditions, which can be responsible for symptom persistence (such as IBS,
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microscopic colitis, lactose/fructose intolerances, small intestine bacterial overgrowth (SIBO) or
pancreatic insufficiency) (Caio et al., 2019).

2.5. Associated diseases
CD can be associated with different autoimmune and idiopathic diseases, including dermatitis
herpetiformis (which, as a single manifestation, should prompt testing for CD), type 1 diabetes
mellitus, Hashimoto’s thyroiditis, hepatic autoimmune diseases (primary biliary cholangitis,
autoimmune hepatitis, primary sclerosing cholangitis), idiopathic dilated cardiomyopathy,
selective IgA deficiency, alopecia areata, Addison’s disease, connective tissue diseases (mainly
Sjogren’s syndrome), chromosomal diseases (Down, Turner, and William’s syndromes), and
neurological diseases (cerebellar ataxia, peripheral neuropathy, epilepsy with and without
occipital calcifications). The estimated prevalence of conditions associated with CD is 30.1% in
adulthood and 20.7% in childhood. The importance of diagnosing CD associated with these
concomitant diseases is twofold since a GFD is able to resolve symptoms, prevent complications,
and improve some of the CD associated diseases (Caio et al., 2019; Ciccocioppo et al., 2015).
The causes for the onset and manifestation of associated diseases are diverse; some share a
similar genetic base, like type 1 diabetes mellitus (T1D); others share pathogenic mechanisms
(involving similar environmental triggers, and the loss of intestinal barrier secondary to
dysfunction of intercellular tight junctions with increased intestinal permeability) and yet, others
are of unknown nature, and associated illnesses may appear both at the time of diagnosis or
throughout the evolution of the disease (Lauret & Rodrigo, 2013).
The most frequent are the autoimmune disorders, which tend to occur more frequently as the age
at diagnosis increases, which can be taken as an index of the duration of gluten exposure. In fact,
in a substantial number of cases, both in adults and children, the disease remains clinically silent
and the only manifestation is the associated disease/s for which they are referred to specialists
other than gastroenterologists, i.e., endocrinologists, rheumatologists, orthopedists etc., who
need to be aware of this association (Ciccocioppo et al., 2015).
2.5.1. Type 1 Diabetes Mellitus
Surely, diabetes mellitus type I is the most frequent autoimmune disease associated with CD,
with a prevalence of CD in type 1 diabetes that is higher in children (6.2%) than in adults (2.7%).
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In children, the risk of having both the diseases is three times higher in those diagnosed with type
1 diabetes aged <4 years than in those diagnosed aged >9 years. Moreover, type 1 diabetes is
only seldom found in individuals already diagnosed with CD, mostly within five years of CD
diagnosis and before 20 years of age, while in the vast majority of cases, CD is detected via
screening antibodies at the time of or after the diagnosis of diabetes. The need for CD screening
is also justified by the evidence of potential improvement in symptoms (if present), body
composition, diabetic control, and reduction in hypoglycemia episodes after diagnosis of CD and
implementation of a GFD, despite the higher glycemic index and fat content of gluten-free foods
compared to their gluten-containing counterparts (Ciccocioppo et al., 2015).
2.5.2. Autoimmune Thyroid Disease
An increased prevalence of autoimmune thyroid diseases, namely Hashimoto’s and Graves’
diseases, has been described in adults and to a greater extent in children with CD, although the
rate varies amongst studies. When screening adolescents with CD for autoantibodies against
thyroid peroxidase, a prevalence of 7.2% was observed in comparison with 2.8% found in
control. In celiac children, it is recommended to screen for autoimmune thyroiditis markers, as
autoimmune thyroiditis can lead to subtle hypothyroidism, which can be easily treated with
synthetic thyroid hormone replacement. Therefore, adding tests for TSH and thyroid
autoantibodies at follow-up laboratory testing appears to be reasonable (Ciccocioppo et al., 2015;
Valitutti et al., 2017).
2.5.3. Selective IgA Deficiency
Selective IgA deficiency is one of the most frequent immunologic disorders associated with CD,
with a reported frequency of 1:39 in populations of both adult and childhood CD, compared to
an estimated frequency of 1:600 in the general population. The reverse is also true, as there is an
increased prevalence of CD found in children with IgA deficiency. While IgA deficiency does
not seem to affect CD presentation, it significantly impacts the diagnostic process since celiac
antibodies utilized for the serological screening are primarily of the IgA subtype (Ciccocioppo et
al., 2015).
2.5.4. Genetic Disorders
Following the established association with some genetic disorders, namely Down’s, Turner, and
Williams syndrome, CD screening is highly recommended for these conditions. This relationship
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between genetic syndromes and CD does not seem to be dependent on a larger percentage of
patients carrying the HLA-DQ2 or HLA-DQ8 haplotypes compared to the general population,
but to a propensity to develop autoimmune associated diseases, including CD (Ciccocioppo et
al., 2015).

2.6. Complications of CD
Poorly treated CD can lead to complications including nutritional deficiencies (such as anemia
and osteoporosis), growth failure, infertility, development of other autoimmune disorders and
malignancy, as well as, it increases mortality. Treatment with GFD precludes most of these
complications. This raises the importance of early diagnosis and treatment of the disease
(Çaltepe, 2018; MacCulloch & Rashid, 2014).
2.6.1. Malignancy
In addition to enteropathy-associated T-cell lymphoma, CD is associated with an increase in
other types of non-Hodgkin lymphoma. In a population-based study, the risk of increased
malignancy was increased for adenocarcinoma of the esophagus, small intestine, colon, liver, and
pancreas, although only estimates for the small intestine and liver remained significant after
excluding the first year after CD diagnosis. The risk of colorectal cancer was found to be
modestly increased in the long term (>5 years after diagnosis) in a second population-based study
(Lebwohl et al., 2018).
2.6.2. Mortality Risk
An association between CD and increased mortality is well documented, with several studies
showing an increased risk of mortality that is reduced with time after diagnosis of CD. A
population-based study in Sweden investigating cause-specific mortality found that patients with
CD were at increased risk of death due to cardiovascular disease, pulmonary disease, and cancer.
The mortality risk associated with undiagnosed CD remains uncertain (Lebwohl et al., 2018). A
cohort study in the USA investigating mortality among people with undiagnosed CD who gave
serum to the Warren Air Force Base found that undiagnosed CD was associated with a nearly 4fold increased risk of death (Rubio–Tapia et al., 2009).
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2.7. Diagnosis of CD
According to American Gastroenterological Association (AGA) guideline, European Society for
the Study of Celiac Disease (ESsCD) guideline and World Gastroenterology Organization
(WGO) Global Guidelines on celiac diseases, the diagnosis of CD is based on a combination of
clinical, serological and histopathological data (Figure 2.3). In a group of children, the diagnosis
may be made without biopsy if strict criteria are available (Al-Toma et al., 2019).

Figure 2.3: Diagnostic algorithm for celiac disease diagnosis (Caio et al., 2019)

2.7.1. The Role of Symptoms/Signs
Symptoms and signs are an important component of every diagnostic effort, as they bring the
patient to the doctor’s office and aid in preliminary problem sorting, even if symptoms are diffuse
and multifaceted; as may be the case in CD. Data with reporting of different symptoms in a recent
pediatric prospective study suggests that malabsorption symptoms (including failure-to-thrive)
increase the accuracy of antibody testing from 98% to 100%. Moreover, the coexistence of other
diseases that are well-known risk factors for CD further supports the likelihood of suspected
diagnosis. These include autoimmune diseases, such as type 1 diabetes, autoimmune thyroid
disease, autoimmune liver disease; and chromosome abnormalities, such as Down and Turner
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syndrome. Such co-occurrence is of diagnostic value; as CD is present in 5% to 10% of children
with type 1 diabetes. Additionally, familial occurrence is common, as asymptomatic first-degree
relatives of patients with CD in a recent meta-analysis had a 7.5% risk of CD (Husby et al., 2019).
Routine blood tests can lead to suspect CD. Low serum levels of hemoglobin, albumin, calcium,
potassium, magnesium, and phosphorus are more commonly detected in CD. Most patients
develop an iron deficiency microcytic anemia with low ferritin values. Elevated levels of bonespecific alkaline phosphatase and a significant vitamin D3 deficiency can be found in patients
with CD and osteopenia/osteoporosis. A cryptogenic increase of transaminases may herald the
presentation of CD even in the absence of other relevant symptoms. Notably, transaminases
revert to normal within 6–12 months of a GFD (Caio et al., 2019).
2.7.2. Serology
Currently, the serological diagnosis of CD is based on tests that are highly predictive and widely
validated, including endomysial antibody (EMA), anti-tissue transglutaminase (anti-tTG), and
deamidated gliadin peptide (DGP). Serological testing for anti-tTG IgA has become important in
the diagnosis of CD based on increasing quality and convenience of assays such as enzymelinked immunosorbent assay, which are well-suited for automation and high-throughput testing.
The IgA EMA is based on antibody reactivity to tissue-bound TG2. EMA is more labor-intensive
and depends on personal judgment and experience. Assays for deamidated gliadin peptide (DGP)
antibodies have been shown to have reasonably high accuracy, although inferior to anti-tTG IgA.
Anti-tTG IgA has been used as a screening test in multiple studies and in populations with a low
incidence of CD. EMA is well suited for second-line confirmatory testing, as EMA has a high
specificity; the specificity of anti-tTG IgA is certainly lower than that of EMA (91 and 99%,
respectively) while the sensitivity of anti-tTG IgA is higher than that of EMA IgA (97% vs. 94%).
False positives for anti-tTG normally display a low antibody titer (less than twice the cut off).
Population screening data suggests that even in the general population anti-tTG IgA assays may
give reasonable results (Caio et al., 2019; Husby et al., 2019).
CD-related antibodies belong to IgA and IgG classes, but only those of IgA class can be regarded
as highly sensitive and specific for CD. The use of IgG markers (except for DGP) is often
misleading due to the high percentage of false positives, and their use should be limited to
patients with IgA deficiency (Caio et al., 2019; Husby et al., 2019).
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2.7.3. Significance of HLA-DQ2 and -DQ8
The absence of HLA-DQ2/DQ8 has primarily been used to exclude the disease with a high
negative predictive value. Determination of HLA-DQ2/DQ8 may be reserved for second-line
evaluation of patients where the diagnosis is doubtful (e.g., due to inconclusive celiac antibodies,
histology, or prior GFD) (Husby et al., 2019).
2.7.4. Biopsy and Histopathological Analysis
The analysis of duodenal biopsy specimens is still of critical importance for confirming CD
diagnosis, biopsies should be taken at esophagogastroduodenoscopy (EGD), which allows the
possibility of multiple biopsies from different parts of the duodenum (current recommendations
are for four biopsies on the second duodenal portion and two biopsies at the bulb).The duodenal
biopsy has been regarded as the reference standard for the diagnosis of CD, but in practical terms,
5% of biopsies may lead to diagnostic uncertainty. The characteristic histologic changes
associated with CD include an increased number of intraepithelial lymphocytes (>25 per 100
enterocytes), elongation of the crypts, and partial to total villous atrophy. Description of the
biopsies including positioning, Marsh classification, villus-crypt ratio, and counting of
lymphocytes (more than 25 per high power field) to define lymphocytosis is recommendedَ
(Husby et al., 2019).
Pediatric patients with high titers (over 10 times the cutoff) of anti-tTG antibodies, detectable
EMA, HLA-DQ2/ HLA-DQ8 positivity, and signs/symptoms suggestive of CD may skip
duodenal biopsy as recommended by recent guidelines by the European Society for Pediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN). However, in some countries such as
the USA, ESPGHAN criteria are not recommended because of the poor reproducibility of the
anti-tTG assays. Both advantages and disadvantages exist to biopsy for children with suspected
CD; however, most pediatric cases, especially those with low to medium anti-tTG2 titers, require
histopathological assessment to confirm CD diagnosis (Caio et al., 2019).
Specific diagnostic procedures such as double-balloon enteroscopy, video capsule endoscopy, or
magnetic resonance imaging are rarely used and may be indicated in the workup of complicated
CD when there are discrepancies between serology ad histology results or when a patient with
CD has persistent or worsening symptoms despite following a GFD (Leonard et al., 2017).
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2.7.5. Difficulty in Diagnosis of CD
This diversity of symptoms represents a challenge for health professionals who are not familiar
with CD. So increased awareness is required in both primary and secondary care to recognize the
variable manifestations of CD. Family studies have shown that almost 50% of newly diagnosed
CD patients have an asymptomatic clinical course. It is therefore likely that half of the
undiagnosed population has this asymptomatic clinical form (Bai & Ciacci, 2017; Eran Israeli et
al., 2010; Lebwohl et al., 2018).
Diagnosis of CD is often delayed for many years when disease progression in the small intestine
is slow or mild. Investigators have noted a long duration of extraintestinal symptoms before
diagnosis. Studies report that symptoms are present for an average of 11 to 12 years prior to
diagnosis. The delay is thought to be due to physicians failing to diagnose the disease rather than
patients not seeking medical care. Absence of specific symptoms and the high variability in
clinical presentation associated with CD have led to the misconception that it is a rare condition
and physicians are not likely to suspect CD as a cause. In national surveys in US, patients reported
having received one or more different diagnoses before a definitive diagnosis of CD was made
(Niewinski, 2008).

2.8. Management of CD
The mainstay of treatment for CD remains lifelong strict adherence to a gluten- free diet (GFD).
It remains one of the very few causative treatments in medicine, with overall excellent results. It
requires significant patient education, motivation and follow-up. Advice by an expert dietitian is
strongly recommended. GFD means no foods or medications containing gluten from wheat, rye,
or barley or their derivatives can be taken, as even small quantities of gluten may be harmful.
Patients with CD should also be educated to avoid food made from gluten-contaminated cereals
that are normally gluten-free like maize, oats, etc. Oats uncontaminated by gluten are safe for
almost all patients with CD. A small percentage of patients with CD may be sensitive to oats and
develop symptoms or even mucosal damage (Al-Toma et al., 2019; Bai & Ciacci, 2017; Lindfors
et al., 2019).
2.8.1. Safe Gluten Intake
It is almost impossible to maintain a diet with a zero-gluten content because gluten contamination
is very common in food. “Hidden” gluten (used as a protein filler) may be found in commercially
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available products. Even products specifically targeted to dietary treatment of CD may contain
tiny amounts of gluten proteins. The susceptibility to gluten contamination of food varies among
patients with CD. A review article on ‘safe’ gluten levels argues that daily intakes of <10 mg
have no effect on mucosal histology, and observable alterations by 100 mg. Therefore, at present,
a safe limit could be set at between 10 and 100 mg per day (Al-Toma et al., 2019; Catassi et al.,
2007).
The legislation of gluten- free products is based on the WHO Codex Alimentarius standard. On
the basis of these guidelines, the European Commission in 2012 and the United States Food and
Drug Administration (US FDA) in 2013 issued regulations defining foods labelled ‘gluten free’
as containing <20 parts per million (ppm) of gluten (equal to 20 mg per kg of food) when
measured by an approved system for testing, which is regarded to be safe for people with CD. In
addition to foodstuffs, drug products also need to be clearly labelled as gluten-free or glutencontaining (Al-Toma et al., 2019; Lindfors et al., 2019).
2.8.2. Role of The Dietician.
The management and follow-up of patients with CD is preferentially performed with a teambased approach in which the dietician has an important role, and newly diagnosed patients should
be referred to a dietitian. An availability of dietitians with a sub-specialism for CD is highly
desirable for evaluating patients for potential current and future dietary nutrient deficiencies,
educate them on how to maintain a strict GFD with provision of healthy alternatives to gluten
and for subsequent monitoring (Al-Toma et al., 2019; Husby et al., 2019).
2.8.3. Impact of GFD
GFD leads to the resolution of intestinal and extraintestinal symptoms, negativity of
autoantibodies, and the regrowth of the intestinal villi. GFD improves nutritional parameters in
symptomatic adults and children with CD including body weight, body mass index and bone
mineralization. In addition, the diet offers a partial protective effect towards several
complications (including malignancy) and reduces mortality. Improvement and resolution of
symptoms typically occurs within days or weeks, and often precedes normalization of serological
markers and of duodenal villous atrophy. While, strict adherence to GFD in most CD patients
leads to the disappearance or significant decrease of antibodies within 12 months (18–24 months
if the antibody titer is very high) together with regrowth of the intestinal villi. In children and
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adolescents, a satisfactory increase in weight and height is an essential marker of the success of
the GFD (Caio et al., 2019; Husby et al., 2019; Lebwohl et al., 2018; Rubio-Tapia et al., 2013).
However, these crucial advantages are accompanied by some disadvantages, including a negative
impact on quality of life, psychological problems, fear of involuntary/ inadvertent contamination
with gluten. Furthermore, although a strict GFD is vital for patients with CD, studies suggest that
the nutritional composition of such a diet might not be ideal. GFD is often associated with a
higher carbohydrate and lower fiber and mineral intake. Likewise, the avoidance of gluten may
result in reduced consumption of beneficial whole grains (beneficial for cardiovascular health),
which may increase cardiovascular risk. So, GFD is accompanied by possible vitamin and
mineral deficiencies, metabolic syndrome, and often severe constipation. However, most of these
drawbacks can be overcome by instructing the patient about the risks of an uncontrolled GF
regimen and by providing nutritional recommendations by a dietician with experience in CD.
From a psychological perspective, the support by a psychologist could be highly useful in
accepting the disease (Caio et al., 2019; Lindfors et al., 2019).
2.8.4. Barriers to GFD Adherence
Although evidence supports the need to treat CD with a GFD, a change in lifelong dietary patterns
can be challenging. The GFD itself imposes a large number of restrictions; as the diet has both
lifestyle and financial implications (Niewinski, 2008).
2.8.4.1. Costs and Availability of Gluten Free Foods
GF substitute foods are substantially more expensive than their gluten-containing counterparts.
Therefore, patients with low incomes might be at particularly high risk of nonadherence to this
diet. The GFD may be difficult to pursue in some countries that have limited access to GF
products, or in settings where limited or minimal financial support is available, especially from
government or other health care providers. In some countries, governments may provide a stipend
to alleviate costs or, alternatively, consider the costs of a GFD as an annual tax credit to the welldocumented patient with biopsy defined CD (Freeman, 2017; Lebwohl et al., 2018).
From a patient’s perspective, the availability of GF products does not always square with
accessibility, i.e., being at the shop shelf at the point of need (Rostami., 2017). MacCulloch and
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Rashid (2014) in their study found out that availability of GF foods was, by far, the most
significant barrier to overall adherence, especially at school and in restaurants.
2.8.4.2. Socio‐cultural/Environmental Barriers
Social pressures, and stigma particularly in adolescence, can also be an impediment to strict
adherence. Its stringency and lifelong duration cause chronic distress and it segregates patients
in a sort of “social apartheid”. Potential gluten exposure when travelling or eating outside home
can be a hazard and a source of anxiety. Gluten is present in many foods (e.g., in sauces, gravies,
and coatings for meat and fish and as an additive for stabilizing, flavoring, and thickening), so
its avoidance is very difficult (Ciccocioppo et al., 2015; Lebwohl et al., 2018; Valitutti et al.,
2017).
2.8.4.3. Safety and Contamination
Another issue related to a GFD is the possibility of cross-contamination. This may result from
inadequate storage and production in the field (crop rotation, shipment), in factories (products
stored or processed in the same plant), at home (shared toaster, cutting boards, colander, shared
spreads, shared utensils, and kitchen equipment), and at restaurants (grill, deep fryers, salad bar).
Uncertainty regarding the presence of gluten in trace amounts in medications and supplements is
another concern (Lebwohl et al., 2018; Valitutti et al., 2017).
2.8.4.4. Labelling
GF products are also often inadequately labelled. The quality of information regarding the glutenfree status of food ingredients is variable and can lead to confusion among patients (Lebwohl et
al., 2018; Lindfors et al., 2019)
2.8.4.5. Illness Diagnosis and Symptom Factors
Other factors that may possibly be associated with poor adherence include diagnosis in
adolescence and local food culture. Furthermore, those patients with no symptoms might be
more prone to occasional gluten ingestion (Lindfors et al., 2019)
2.8.4.6. Taste Acceptance and Palatability
Moreover, many individuals find the GFD less palatable than a regular diet (Lindfors et al.,
2019).
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2.8.4.7. Knowledge and Attitude
Insufficient education and misinformation about GFD and its issues may adversely affect the
adherence to the diet, and there is evidence that adherence to a GFD is improved in those who
are more knowledgeable about CD and the diet. Also support by health providers and families
has a positive impact. So, education and counseling that provide adequate and thorough
information to the patients and their families with regard to CD and the need for lifelong
adherence to a GFD is necessary. Ideally, a team approach, consisting of the patient, physician,
dietitian, and local support groups, should be used when educating the newly diagnosed CD
patient. Numerous resources including books, periodicals, and Websites are available to patients
who are in need of support and information. Based on its assessment of an extensive collection
of medical literature and expert presentations, the National Institutes of Health Consensus
Development Panel on celiac disease identified six elements essential to managing individuals
affected by CD abbreviated in CELIAC: C: Consultation with a skilled dietitian; E: Education
about celiac disease; L: Lifelong adherence to a GFD; I: Identification and treatment of
nutritional deficiencies; A: Access to an advocacy group; and C: Continuous long-term followup. A dietitian who specializes in CD can educate patients about the complexities of the GFD;
sources of hidden gluten; balanced meal planning; label reading; shopping for foods; dining out
and traveling; benefits of exercise and relaxation; appropriate vitamin and mineral
supplementation; and credible resources and support groups (Al-Toma et al., 2019; Niewinski,
2008; Valitutti et al., 2017).
Patients need to learn to integrate the GFD into their school or work schedules, as well as family
life. Another important role of the dietitian is to educate family members who can support the
patient when they face the challenges of the GFD. Patients should be encouraged to be cautious
with their food selection and to avoid all sources of possible gluten contamination (as wheat is
the basis of most grain- based foods, including breads, pasta, pastries and many snack foods, and
is often used as a thickener for sauces and gravies and as an additive for stabilizing, flavoring
and other functions). Reading food label is important; available lists should be checked for
allowable foodstuffs. Family members must also understand the importance of taking
precautionary measures to prevent cross-contamination of foods. GF foods must be stored and
prepared separately, cooking and serving utensils must be thoroughly cleaned with soap and
water prior to use, and a separate toaster must be purchased for the person with CD (however,
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this might not be necessary if toaster bags are used). Collectively, these practices support the
patient’s adherence to the GFD (Al-Toma et al., 2019; Lindfors et al., 2019; Niewinski, 2008).
GFD requires knowledge not only of hidden sources of gluten, but also of healthy GF substitute
grains that provide adequate fiber and nutrients. Patients should be advised to eat a high-fiber
diet supplemented with whole-grain rice, maize, potatoes and ample vegetables. In some settings,
self-help groups may be particularly valuable in providing information not only related to sources
of specific gluten-containing foods and the GFD per se, but also the provision of GF recipes and
other aids related to the gluten-free diet (Al-Toma et al., 2019; Freeman, 2017; Lebwohl et al.,
2018)
Several visits should be scheduled with a dietitian because follow-up is necessary to assess
knowledge, competence, and compliance, as well as to provide reinforcement. Without such
support, a patient is more likely to obtain inaccurate information from health food stores,
alternative health practitioners, family, friends, and other sources, often resulting in confusion,
frustration, and insufficient knowledge regarding CD and the GFD. Patients should be
encouraged to join a CD support group because patients who are active members are usually
more knowledgeable and adherent to their diet. Ongoing support, education, and attention to
changing nutritional needs are critical factors in the patient’s successful adaptation to this new
diet and lifestyle (Niewinski, 2008).

In the pediatric population, as GFD seriously affects the child patient’s quality of life, adherence
is very often suboptimal, ranging from 52% to 95%, with adolescents having serious difficulties
with permanent adherence to the GFD. In general, factors that improve chances of adherence in
children are early age diagnosis, the presence of symptoms after gluten ingestion, a good
awareness in the family, and frequent follow-ups by both a physician and a meticulous
nutritionist. Similarly, in adults the adherence to a GFD improves by having regular follow-ups,
even by telephone, within the setting of a dedicated adult celiac unit. Therefore, patients’
education, close supervision with scheduled nutritional counselling, and maintenance of dietary
adherence when travelling or dining out, are all crucial factors needed to achieve full adherence
(Ciccocioppo et al., 2015).
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According to study performed in Greece, by Roma et al. (2010) on celiac children, compliance
to diet was reported by 58%. Reasons for noncompliance were: poor palatability (32%), dining
outside home (17%), poor availability of products (11%), and asymptomatic disease diagnosed
by screening (11%). The acceptance of the GFD was reported as good in 65%, whereas avoidance
of travelling and restaurants was stated by 17% and 46% of families, respectively. Most families
experienced difficulties detecting gluten from the food label. While better education about the
disease, the availability of GF products, and appropriate food labelling could improve
compliance and quality of life.
In study performed in Canada on celiac children, almost all respondents (95%) reported strict
adherence to a GFD, and 89% noted improved health. More than half of the families avoided
restaurants all or most of the time. Twenty-eight percent of the respondents found it extremely
difficult to locate stores with GF foods, and 27% reported extreme difficulty in finding GF foods
or determining if foods were free of gluten (Rashid et al., 2005).
2.8.5. Nutritional Deficiencies/Excess in CD and GFD
2.8.5.1. Micronutrient Deficiencies.
Nutritional status of the newly diagnosed person with CD depends on the length of time that a
person has lived with active but undiagnosed disease, extent of damage to the GI tract, and degree
of malabsorption. At the time of diagnosis, some patients present with substantial weight loss,
anemia, and evidence of overt vitamin/ mineral deficiencies. Malabsorption of iron, folate, and
calcium is common, as these nutrients are absorbed in the proximal small bowel. As the disease
progresses along the intestine, malabsorption of carbohydrates, fat, and fat-soluble vitamins A,
D, E, and K, and other micronutrients occurs. Secondary lactose intolerance resulting from
decreased lactase production by the damaged villi is also common. A comprehensive nutritional
assessment by a dietitian who is experienced in CD will determine the degree of malnutrition
that exists (Niewinski, 2008).
Adherence to a GFD usually leads to improvement in nutrient absorption. However, a GFD itself
has limitations in nutrient value and vigilant dietary monitoring is necessary. Iron deficiency is
present in 7–80% of celiac patients at diagnosis. CD is present in 2–5% of patients with iron
deficiency anemia (IDA). With a strict GFD, iron stores typically improve. Eating foods rich in
iron is necessary. Intravenous iron therapy may be needed especially in severe cases of deficiency
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and in those who are intolerant or unresponsive for oral therapy. Folate deficiency improves as
the underlying enteropathy improves. A GFD is typically low in folate. Supplementation of folate
and vitamin B12 helped improve anxiety and depression and might be needed for years,
especially in slow-responders. Vitamin B12 deficiency is present in 5–41% of untreated cases of
CD. B12 deficiency is typically corrected with a GFD but should be treated with B12
supplementation in the short term. Vitamin D absorption is decreased due to fat malabsorption.
Further, elimination of milk products in CD with concomitant lactose intolerance will lead also
to vitamin D deficiency. Several studies report vitamin D and calcium levels can normalize
within 1–2 years of a strict GFD and, in some patients, reverse bone loss. Calcium and vitamin
D should be supplemented in celiac patients with documented low serum levels, those with loss
of bone mineral density (BMD) or those who cannot achieve adequate intake via diet. Zinc
deficiency can lead to growth arrest and diminished protein synthesis. With a strict GFD, zinc
deficiencies resolve, and long-term supplementation is not needed. Malabsorption may lead to
deficiency of copper in CD. With copper repletion, the hematological manifestations typically
resolve, but the neurological deficits can be irreversible. Screening for copper deficiency needs
to be considered at diagnosis of CD, especially when any associated deficiency symptoms are
identified. Screening for pyridoxine (vitamin B6) is indicated. In general, these deficiencies are
more common in adults than in children (Al-Toma et al., 2019).
2.8.5.2. Other Nutritional Deficiencies in the GFD.
Macronutrients and energy intake are usually imbalanced both at the diagnosis of CD and also
with adherence to a GFD. The GFD is usually low in fiber. This can lead to constipation, as well
as removal of other health benefits of soluble and insoluble fiber. Children on a GFD were found
to have increased intake of simple sugars, fats and proteins, with higher energy intakes than
controls. Many processed GF products have an increased glycemic index with increased fat and
lower proteins compared with gluten-containing meals (Al-Toma et al., 2019).
2.8.6. Management of Severe Presentations of CD
Rarely CD may present with an acute onset or rapid progression of GI symptoms requiring
hospitalization and/or parenteral nutrition – a scenario called celiac crisis. These patients may
have signs of severe dehydration, hemodynamic instability or orthostatic hypotension,
neurological and renal dysfunction, metabolic acidosis, hypoalbuminemia, electrolyte
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disturbances and significant weight loss. Although it is still unclear what triggers this more
aggressive disease course, current scientific evidence suggests a combination of severe mucosal
inflammation and immune activation. Approximately 50% of patients have an inciting event such
as surgery, infection or pregnancy within months of their crisis. The treatment includes admission
to the hospital for intravenous hydration, electrolyte repletion and the institution of a GFD. About
half of patients may require the initiation of total parenteral nutrition and/or steroids (Al-Toma
et al., 2019).

2.9. Follow-up CD
Follow-up for CD patients is recommended to check adherence to the GFD, symptomatic
improvement, quality of life, progressive normalization of CD-related antibodies, adequacy of
growth (in children), to rule out the onset of autoimmune diseases and metabolic changes, and,
most importantly, to allow for the early diagnosis of any complications. Laboratory tests and
biochemical evaluation is crucial in these patients. Currently, the follow-up of CD in children, is
lacking standardized evidence-based recommendations. However, children with CD should be
followed up regularly. Notably, children who are lost to follow-up are more frequently
nonadherent to GFD and are antibody-positive (Caio et al., 2019; Husby et al., 2019; Vriezinga
et al., 2015).
2.9.1. Systemized Follow-up
Optimally, the clinic should have a gastroenterologist and dietitian, both with a special interest
in CD. The physician should check the integrity of small-bowel absorption, associated
autoimmune conditions (in particular thyroid disorders and T1DM), liver disease and dietary
adherence by measuring celiac-specific antibodies (anti-tTG or EMA/ DGP). Liver enzyme
abnormalities, if present at presentation, need to be followed-up. If these abnormalities are
persistent then further assessment (immunological, radiological and/or histopathological) is
needed. Key endpoints at follow-up of CD patients are absence of symptoms and achieving
mucosal healing. For adult, in the first year after establishing the diagnosis, follow-up needs to
be frequent. Once the disease is stable and the patients manage their diet without problems,
annual or biennial follow-ups should be initiated (Al-Toma et al., 2019).
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Pediatric patients should be seen at 3- to 6-month intervals for the first year after diagnosis. They
should be followed-up for symptomatic improvement and normalization of CD-specific antibody
tests. Once symptoms have resolved and serology has normalized, an annual follow-up visit is
recommended (Valitutti et al., 2017) (Figure 2.4).

Figure 2.4: Proposed algorithm for follow-up in pediatric celiac disease
(Valitutti et al., 2017)
anti-tTgA: anti-tissue transglutaminase antibody; FBC: full blood count; TSH: thyroid-stimulating
hormone; vit: vitamin

2.9.2. Assessment of Adherence to GFD
Dietary adherence improves by having regular follow-up within the setting of a specialist celiac
clinic. One of the important elements concerning adherence is dietetic input. Establishing trust
between the health professional team and patient is important during the follow-up. It is widely
acknowledged that adherence to a GFD can be extremely difficult and challenging in pediatric
patients with CD especially for asymptomatic screen-detected adolescents. An observational
study in children showed that adherence to a GFD was improved by having a regular follow-up
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at tertiary care center compared with those who were annually assessed by their general
pediatrician or who were lost at follow-up (Al-Toma et al., 2019; Valitutti et al., 2017).
There are four complimentary steps to assess dietary adherence:
2.9.2.1. Clinical Assessment:
A strict adherence to the GFD is a pre-requisite to control symptoms, improve quality of life and
decrease the risk of complications. Nutritional status, height and weight need to be assessed. A
significant decrease (or normalization) of markers of malabsorption, such as steatorrhea, should
be expected after a GFD (Al-Toma et al., 2019).
2.9.2.2. Dietetic Review
There is extensive evidence to support the central role of a dietitian in slow-responder patients
or if gluten contamination is suspected. A dietetic review supported by questionnaires evaluating
GFD adherence and food frequency is a useful tool to rule out inadvertent gluten intake and to
provide education for a balanced and adequate but not excessive nutrient intake (Al-Toma et al.,
2019).
2.9.2.3. Serology and Other Markers
All celiac-associated antibodies are gluten-dependent. A decrease from baseline values is
expected within months of strict adherence to the GFD. Lack of declining values and/or
persistently positive serology 1 year after starting a GFD strongly suggests gluten contamination.
Anti-tTG IgA it is the most used method for monitoring the quality of dietary compliance;
however, minor voluntary transgression or unperceived gluten intakes are not detected by this
method. Moreover, Anti-tTG IgA do not fairly correlate to histological healing. Anti-tTG
concentrations should be as close to zero as possible; a normal anti-tTG value can sometimes be
reached only after ≥ 1 y with the diet, especially if the initial value was very elevated. Most
important, however, is that the titer declines consistently over time. Anti-tTG IgG titers (in those
with IgA deficiency) also show decline with time but may not reach normalization despite strict
diet. Anti-deamidated gliadin IgG antibodies have been correlated with villous atrophy and have
been proposed as additional tools in CD follow-up (Al-Toma et al., 2019; Valitutti et al., 2017).
Recent studies have reported that gluten immunogenic peptides (GIPs) are considered to be the
most immunodominant peptide within gluten in CD. GIPs were also found in stool and urine of
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celiac patients on a presumably GFD, showing the capacity to resist and be absorbed and excreted
from the body, providing the first simple and objective means to assess adherence to the GFD.
Detection of these GIPs in stool or urine may help detect dietary gluten exposure. This may
provide a useful tool when clinically available (Al-Toma et al., 2019).
2.9.2.4. Follow-up Biopsy
It is widely known that CD is characterized by villous atrophy, which usually normalizes after
adherence to a GFD. In pediatric patients, repeating duodenal biopsies after starting a GFD
becomes necessary only when patient shows no improvement or when still has laboratory tests
suggestive of active CD over time (Valitutti et al., 2017).
In adults, neither symptoms nor serology is reliable to predict small-bowelََdamage. Currently,
there are no studies indicating an absolute necessity for performing routine follow-up biopsy for
all patients. Data from Finland suggested a more personalized follow-up, wherein the repeat
biopsy is conducted after a few years and only for a selected group based on age, initial disease
severity and response to the GFD. It may be reasonable to do a follow-up biopsy in adults after
1-2 years of starting a GFD to assess for mucosal healing, especially in patients older than 40
years or in those having initially severe presentations. It seems logical to perform a follow-up
biopsy in serology-negative celiac patients because this is the only way possible to confirm
response to GFD. Likewise, repeated biopsies are needed to rule out refractory CD (RCD) or
malignancies (Al-Toma et al., 2019).
2.9.3. Checking Nutritional Adequacy
During follow-up, it is important to investigate for a micronutrient deficiency, such as of iron (a
complete blood count plus serum ferritin), calcium, folic acid, vitamin B6, and vitamin B12. A
few studies have shown that a GFD might lead to protein, lipid, and calorie overload and be
insufficient in fiber, iron, and calcium. Nevertheless, a recent article minimized the importance
of routine screening for nutritional deficiencies during follow-up unless driven by specific
suspicion on clinical grounds (Valitutti et al., 2017).
Cardiovascular disease prevention is also a key part of CD follow-up. Excessive weight gain
might be due both to more efficient absorption after starting a GFD and the type of food
consumed while following a GFD. An increased body mass index (BMI) may play an important
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role in atherogenic effects in younger patients as well. Serum total cholesterol concentrations are
low in patients with undiagnosed CD. Increases in total and HDL concentrations, but not in LDL
concentration, were observed in some studies after patients began consumption of a GFD
(Valitutti et al., 2017).
2.9.4. Complication Prevention and Early Diagnosis of Comorbidities
Follow-up practices also aim to prevent disease complication as well as to identify possible
comorbidities early.
2.9.4.1. Growth and Puberty
In pediatric patients, a frequent and sometimes isolated clinical presentation of CD is impaired
growth. Traditionally, this has been attributed to severe histologic damage leading to
malabsorption of essential nutrients. Other proposed mechanisms are abnormalities in the growth
hormone and insulin-like growth factor I axis and increased prevalence of anti-pituitary
antibodies. Regardless of the causes, after beginning a GFD, substantial catch-up growth usually
follows. Catch-up growth is observed with adherence to a GFD, mostly in the first 6 months from
diagnosis. The absence of catch-up growth requires adherence evaluation and endocrine
assessment. Patients should thus be tested for growth hormone, particularly if anti-pituitary
antibodies are positive. Twenty percent of newly diagnosed children may be affected by both
short stature and delayed puberty at diagnosis. On the other hand, pubertal delay may also be the
only presenting feature of undiagnosed CD. A key role of the physical examination during
follow-up of children with CD is to assess growth and pubertal stage and correctly tailor a specific
endocrine pathway when necessary (Valitutti et al., 2017).
2.9.4.2. Bone Health
Chronic inflammation and malabsorption in CD can lead to alterations in bone metabolism and
bone mineral loss. This manifests as osteopenia and early onset of osteoporosis and osteomalacia.
Rickets is also frequently reported, especially in children from developing countries. The excess
risk of osteoporosis and bone fracture is reduced with good dietary adherence and reduction in
villus atrophy (VA). Bone density increases during the first year of GFD adherence (Al-Toma et
al., 2019; Valitutti et al., 2017).
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However, there is currently no recommendation with regard to screening for bone mineral loss
in children and adolescents, whose bone metabolism is more dynamic than that of adults.
Moreover, there is no clinical predictor of bone involvement to justify a Dual-energy X-ray
absorptiometry (DEXA) scan at diagnosis or afterward. Individuals diagnosed in childhood
increase their bone density more rapidly, and normal bone mineral density is achieved with longterm adherence to a GFD. However, it has been suggested that bone density should be evaluated
in adolescents with poor dietary control in order to improve compliance and to start vitamin D
and/or calcium supplementation if necessary (Valitutti et al., 2017).
For adults, it is strongly recommended to measure calcium, alkaline phosphatase and vitamin D
levels at diagnosis and replace as necessary and a baseline bone density measurement (DEXA)
is needed in adults. The first DEXA scan may be performed at diagnosis, and then to repeat
measurements at 5-year intervals in those with normal baseline measurement. But the interval
needs to be shorter (generally after an interval of 2–3 years) in patients who have low bone
density on index measurement or who have evidence of ongoing VA or poor dietary adherence
(Al-Toma et al., 2019).
2.9.4.3. Autoimmune Comorbidities
Follow-up should also be interpreted as an opportunity for early diagnosis of autoimmune
comorbidities. Autoimmune thyroiditis and type 1 diabetes are the most common disorders
encountered. The association between CD and autoimmune thyroiditis has been repeatedly
described in pediatric populations. Routine screening for autoimmune markers is not
recommended unless justified on clinical grounds, with the possible exception of thyroid function
and autoimmune thyroiditis markers [thyroid-stimulating hormone (TSH), anti-thyreoperoxidase
antibody, and anti-thyreoglobulin antibody]. Autoimmune thyroiditis can lead to subtle
hypothyroidism, which can be easily treated with synthetic thyroid hormone replacement.
Therefore, adding tests for TSH and thyroid autoantibodies at follow-up laboratory testing
appears to be reasonable, even if studies on cost-effectiveness have not yet been conducted
(Valitutti et al., 2017).
2.9.4.4. Nonresponsive CD and Refractory CD
It is widely known that CD is characterized by villous atrophy, which usually normalizes after
adherence to a GFD. Repeating duodenal biopsies after starting a GFD becomes necessary in
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pediatric patients who show no improvement or who still have laboratory tests suggestive of
active CD over time. Refractory CD (RCD) is a severe and often life-threatening complication
of CD. RCD is currently defined as villous atrophy with crypt hyperplasia and an increased
number of intraepithelial lymphocytes despite strict dietary adherence to a GFD for >12 months.
HLA-DQ2 homozygosity has been shown to be much more associated with RCD. RCD is
extremely rare in children and to date only a few cases have been reported. Before suspecting
RCD, all of the other causes of unresponsiveness to a GFD must be excluded. Most commonly,
patients are intentionally not adherent to the diet or, more frequently, inadvertently ingest gluten.
Other differential diagnoses should be considered thoroughly: tropical sprue, common variable
immunodeficiency, autoimmune enteropathy, and intolerance to nongluten dietary proteins may
show overlapping histologic features with uncontrolled CD (Valitutti et al., 2017).
2.9.5. Maximizing Patients’ Quality of Life
During follow-up, the clinician should explore with the patient all factors that can jeopardize
quality of life. Variables such as vitality, physical activity, pain, perception of general health,
social and emotional aspects, and mental health should be evaluated. To reduce the possible
psychological burden in children, current attainable strategies include improving the availability
of GF food through awareness campaigns and always ensuring a safe meal in school cafeterias
(Valitutti et al., 2017).
The studies on the health-related quality of life (QoL) of celiac patients showed that a wide
variety of issues can affect the QoL of patients. Besides age and gender, clinical manifestations
and compliance with diet are strongly associated with the QoL in CD. In adults, the disease may
be quite burdensome, especially in patients with abdominal complaints with signs of
malnutrition, which explains the reduced health-related QoL observed in untreated celiac
patients. The initiation of a GFD has usually resulted in significant improvement. The persistence
of poor QoL despite appropriate GFD might be explained by the significant burden and social
restrictions caused by the treatment. Women with CD may have an increased risk for anxiety
despite appropriate dietary treatment. However, the perception of good health-related QoL may
change with age. So, children seem to have better health-related QoL than adults with CD. For
those asymptomatic children diagnosed after screening, QoL did not improve (Al-Toma et al.,
2019).
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2.9.6. Transition from Childhood to Adulthood in CD
Children and adolescents with CD need to be sufficiently prepared for the transfer to adult care,
and the process of transition needs to be well organized. The transition process should include
an incremental shift in knowledge and decisions to the adolescent patient with CD. The physical,
mental and psychosocial development is central to transition, which varies between individuals.
Some adolescents and young adults with CD will experience a delay in pubertal and sexual
development and may continue so beyond the expected age of pubertal completion (Al-Toma et
al., 2019).
Some young adults may question their diagnosis and feel that re-evaluation is needed especially
if the diagnosis is only based on serology. If the existing diagnostic guidelines have not been met
and the diagnosis needs re-evaluation, a new diagnostic approach should be instituted. Serology,
HLADQ2/ 8 genotyping and histology may be part of this approach. Moreover, adherence to a
GFD can be difficult, particularly with new challenges: peer pressure and the stigma of ‘being
different’ and increasing independence from parents. Furthermore, GF products are expensive;
this becomes more relevant for adolescents/ young adults if they move away from home and live
on a limited budget (Al-Toma et al., 2019).
2.9.7. At-risk Family Members
It is advisable to follow-up these individuals with serology. The time interval is not defined but
3–5 years would be reasonable. Those who get positive serology or develop symptoms should
have duodenal biopsy examination (Al-Toma et al., 2019).

2.10. Potential Therapies for CD
Due to the relevant burden induced by gluten withdrawal with consequent worsening of quality
of life and suboptimal adherence, about 40% of CD patients are unsatisfied with their alimentary
regimen and they would be keen to explore alternative treatments. In recent years, researchers
have attempted to meet the requests of CD patients seeking therapies different from diet. Clinical
trials are currently in progress, but only few have reached later clinical trial phases (Caio et al.,
2019).
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2.10.1. Overview of Potential Therapeutic Options
With better understanding of the pathogenesis of CD many potential therapeutic targets have
emerged, and there is increasing interest in identifying and testing novel therapies for CD.
Clinical trials are being conducted to test the efficacy of inhibiting one or more steps in the
pathophysiological pathway of CD. Different agents targeted the following steps:
1. Dietary modification (gluten replacement or removal)
2. Oral enzyme supplements (gluten digestion by endopeptidases). Latiglutinase (IMGX-003 or
ALV-003), AN-PEP (prolyl endopeptidases derived from Aspergillus niger) and STAN1 (a
cocktail of microbial enzymes) have been tested.
3. Enhancing tight junction integrity using larazotide acetate.
4. TG2-inhibition and modulation of the immune system. A European phase-II gluten rechallenge study with ZED1227 (an irreversible TG2 inhibitor) has been started.
5. Blocking HLA-DQ2. Based on experience from other parts of medicine, it is unlikely that this
strategy will succeed.
6. Induction of tolerance to gluten using Nexvax2, which is a novel, peptide-based, epitopespecific immunotherapy based on the principle of desensitization therapy for allergic conditions
using whole proteins, or induction of infection with parasites to regulate host immune system by
upregulation of T helper type 2 (Th2) response (Al-Toma et al., 2019).
2.10.2. Results of Novel Therapies
A number of current clinical studies have shown promising results, especially compounds for
enzymatic gluten detoxification or to modulate tight junction integrity, but these have been of a
short duration and low power; therefore, studies with longer duration and greater power will be
needed to assess both efficacy and long-term safety (Al-Toma et al., 2019).
Larazotide acetate is a zonulin antagonist blocking tight junction disassembly, thereby limiting
gluten crossing a permeable intestinal mucosal barrier. Larazotide has shown efficacy in gluten
related symptom control rather than in restoring complete epithelial barrier integrity and
preventing gluten from crossing the mucosal lining. Taken together, the data so far published
indicate that larazotide may be beneficial in allowing patients to tolerate minimal amounts of
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gluten such as those derived from inadvertent ingestion or probably for ‘gluten-free holidays’,
i.e., a short period during which patients are allowed to eat a minimal amount of gluten.
ALV003 (or latiglutenase) targets gluten and degrades it into small fragments in the stomach
before they pass into the duodenum. This strategy has also been demonstrated to be able to
‘digest’ only small quantities of gluten and thus would be effective against contamination but not
to protect patients from the effects driven by large quantities of gluten. However, a recent phase
2b study by Murray et al. showed that ALV003 (or latiglutenase) did not improve histologic and
symptoms scores in 494 CD patients with moderate to severe symptoms versus placebo. Finally,
vaccination (Nexvax2) is a possible therapeutic strategy aimed at desensitizing patients with CD
to gliadin peptides. Although abdominal pain and vomiting were major side effects, the trial
passed phase 1. Vaccines could represent a definitive cure for CD should data show actual
efficacy (Caio et al., 2019).
As with any novel therapy, the projected costs of the new therapies will need to be weighed
against the value and benefit provided compared to that of a GFD alone. Ultimately health
insurance plans would need to compensate these costs to permit patients to afford such
medications, as they already face considerable costs to adhere to a GFD (Al-Toma et al., 2019).
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Chapter 3
Subjects and Methods
3.1. Study Design
The current cross-sectional study was conducted to assess adherence to GFD, clinical symptoms
and relevant nutritional status among celiac children aged 2-12 years attending AEI association
in Gaza aiming to reduce complications, morbidity, and mortality.
In general, a cross sectional study measures the prevalence of health outcomes or determinants
of health, or both, in a population at a point in time or over a short period. This design has its
own advantages that we can collect data on many variables, from a large number and dispersed
subjects, data on attitudes and behaviors, it can answer questions on who, what, when, where,
good for exploratory research, generates hypotheses for future research, and data useful to many
different researchers.

3.2. Setting of the Study
The study was conducted at celiac clinic in Ard El-Insan Palestinian Benevolent Association in
Gaza. AEI is leading organization specialized in the field of common childhood diseases,
nutrition and community health in the Gaza Strip.

3.3. Period of the Study
The study began in April, 2018 after obtaining ethical approval from the Faculty of Pharmacy of
Al Azhar University, Helsinki committee in Gaza Strip and AEI association. Then questionnaire
was constructed, after that, pilot study was conducted in July 2018. Data collection was
conducted during the period from August 2018 until October 2018. Data entry, analysis and
writing of the study continued untilَJune 2020.

3.4. Study Population
Children who have biopsy-proven CD and aged from 2 to 12 years.

3.5. Target Population
Verified CD children based on intestinal biopsy aged from 2 to 12 years who attending AEI clinic
in Gaza during the study period.
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3.6. Sample Size and Sampling
Convenient purposeful sample. All celiac children who are registered in AEI clinic in Gaza and
fulfill the inclusion criteria were selected.

3.7. Response Rate
During the total study period, 74 patients were selected according to the inclusion criteria and
after excluding patients who participate in pilot study. Finally, 70 patients were included in the
result analysis as 4 patients refused to participate. So, the response rate is 94.6%

3.8. Eligibility Criteria:
3.8.1. Inclusion Criteria:
•

Male and female children who were diagnosed with CD and attending AEI clinic.

•

Aged 2-12 years.

•

Verified CD cases based on intestinal biopsy and the individuals should have been
diagnosed before the study.

•

Inhabitant of the Gaza Strip.

3.8.2. Exclusion Criteria:
•

Children with CD but not in the defined range of age.

•

Patients who are not verified with intestinal biopsy.

•

Patients on steroids or anti-inflammatory drugs or transplant patients.

3.9. Pilot Study
A pilot study was conducted in July 2018 to evaluate the appropriateness of the questions and
the clarity of the wording. Five cases were randomly selected then they were omitted from the
study. Questionnaires questions were revised based on feedback from the pilot, and the final
questionnaires were developed and modified. Lastly for questionnaire validation, the
questionnaires were evaluated by the supervisors, and experts in survey research, statistical
analysis, and English language who provided suggestions for the overall organization and
structure of the questionnaires.
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3.10. Data Collection Tools
Data collection was done by indirect and direct methods. The indirect method used is a structured
face to face questionnaire. Data were collected by the investigator. The questionnaire was
prepared to include variables in relation to the objectives of the study. Direct methods are
anthropometric measurements (weight, height, calculated weight-for- length/height, calculated
weight-for-age, calculated length/height-for-age and calculated BMI-for-age) and laboratory
tests which including hematological tests, biochemical tests (albumin, total protein, calcium,
phosphorus, fasting blood sugar, creatinine, urea, and liver enzymes) and serological test (antitissue transglutaminase IgA antibodies ‘Anti-tTG’).
3.10.1. Patients' Interview Questionnaire
A face to face structured interview questionnaire has been designed and used to collect data from
each participant by the researcher herself (Annex 2).
The following were the main parts of the questionnaire:
1. Introductory part of the questionnaire; includes serial number, name, mobile number and date
of completion of the questionnaire.
2. Personal information; including gender, age, parents’ employment status, parents’ education
level and child’s family socioeconomic status (El-Gilany et al., 2012).
3. History of diagnosis and clinical symptoms prior to diagnosis and at time of study; using some
questions and tool from previous studies with modifications (Rashid et al., 2005; Skjerning et al.,
2017)
4. Adherence to Gluten Free Diet; using Celiac Dietary Adherence Test (CDAT) after
modification (Leffler et al., 2009), and adherence-related questions (e.g.: type of glutencontained food consumed, the place where accidental or intentional mistakes happened,
challenges associated with GFD that patients faced, and items that would improve patients’
adherence and quality of life) (Roma et al., 2010; Tapsas, Fälth-Magnusson, Högberg,
Hammersjö, & Hollén, 2014).
5. Knowledge about CD and GFD and Knowledge-Based Behaviors (Roma et al., 2010).
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3.10.2. Anthropometric Measurements
3.10.2.1. Body Weight
The body weight was measured to the nearest 0.1 kg by using the digital seca scale. This
procedure was done after calibration of the scale to zero, each patient was asked to take off the
heavy clothes and shoes, keep on light clothes and remove heavy objects such as wallet and
mobile prior to standing on the weighing. Two measurements wereََobtained and their average
was registered.
3.10.2.2. Body Height
Height was measured to the nearest 0.5 cm using a seca stadiometer in the standing position,
following the same details as for weighing, and check that shoes have been removed, heels
together, and not using anything in the head. Patient's head, shoulders, buttocks, and heels should
touch the vertical board. The average of the two measurements was used.
Then for children under five years, the WHO Anthro Software was used to calculate weightfor-length, weight-for-age, length-for-age and BMI-for-age.
While WHO AnthroPlus Software was used for participants aged from five to twelve years to
calculate weight-for-age, height-for-age and BMI-for-age.
3.10.2.3. Weight-for-length/height
Weight-for-length/height reflects body weight in proportion to attained growth in length or
height. This indicator helps to identify children with low weight-for-height who may be wasted
or severely wasted (WHO, 2006b).
3.10.2.4. Weight-for-age
Weight-for-age reflects body weight relative to the child’s age on a given day. This indicator is
used to assess whether a child is underweight or severely underweight, but it is not used to
classify a child as overweight or obese. It is important to note also that a child may be
underweight either because of short length/height (stunting) or thinness or both (WHO, 2006b).
3.10.2.4. Length/height-for-age
Length/height-for-age reflects attained growth in length or height at the child’s age at a given
visit. This indicator can help to identify children who are stunted or severely stunted due to
prolonged undernutrition or repeated illness (WHO, 2006b).
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3.10.2.5 BMI-for-age
BMI-for-age is an indicator that is especially useful for screening for overweight and obesity in
addition to identifying wasting (WHO, 2006b) (Table 3.1).
Table 3.1: WHO growth indicators
Growth indicators
Z-score

Length/height forage

Above 3

Very Tall

Above 2
Above 1

Weight-for age
Better assessed
from weight-forheight or BMIfor-age.

Weight-for
length/height

BMI-for-age

Obese

Obese

Overweight

Overweight

Possible risk of
overweight

Possible risk of
overweight

0 (Median)
Below -1
Below -2

Moderately Stunted

Moderately
Underweight

Moderately
Wasted

Moderately
Wasted

Below -3

Severely Stunted

Severely
Underweight

Severely Wasted

Severely
Wasted

Measurements in the shaded boxes are in the normal range (WHO, 2006b)

3.10.3. Laboratory Examinations
Blood Sampling and Processing
Under complete aseptic technique, 5 ml sample of venous blood was withdrawn after overnight
fasting (12 hours) b-y well-trained medical technologist from each patient then sample is divided
into two parts; 3 ml from the blood sample was collected in a tube containing anticoagulant
(EDTA) for hematological tests, and from the remainder, serum was obtained by centrifugation
at room temperature for both biochemical and serological examinations
3.10.3.1. Hematological Examinations
Complete Blood Count was done using Orphée which was calibrated before testing. CBC helps
to identify anemia. According to world health organization (WHO) criterion for anemia; children
aged less than 5 years are considered anemic at Hb level less than 11 g/dL, children aged 5-11
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years are considered anemic when Hb level is less than 11.5 g/dL and those aged 12 – 14 years
are anemic at Hb level less than 12 g/dL (WHO, 2011).
3.10.3.2. Biochemical Examinations
After centrifugation at room temperature, one ml of resultant serum was used for analysis of
albumin, total protein, calcium, phosphorus, glucose, creatinine, urea, alanine aminotransferase
and aspartate aminotransferase using Erba biochemical analyzer XL 200 which is fully
automated. Quantitative methods were applied under high quality of measurements,
specifications, and quality controls.
Test

Normal range

Albumin

3.5 - 5.0 g/dl

Total protein

6.0 - 8.0 g/dl

Calcium

8.8 – 10.5 mg/dl

Phosphorus

2.5 - 5 mg/dl

Fasting glucose

60 - 110 mg/dl

Creatinine

0.3 -0.7 mg/dl

Urea,

13 - 43 mg/dl

Alanine aminotransferase

5 - 40 U/L

Aspartate aminotransferase

12 – 40 U/L

3.10.3.3. Serological Examination
About one ml sample of serum was analyzed for Anti-Tissue-Transglutaminase IgA (Anti-tTG)
by enzyme-linked immunosorbent assay (ELISA) test system. This test measures quantitatively
IgA class autoantibodies to tissue transglutaminase (tTG) in human serum. Normal range with
this ELISA assay is up to 10 U/ml.
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3.11. Ethical Considerations
3.11.1. Consent Form
Consent forms was obtained from patient or one of patient’s parents (Annex 1). The patient's
consent form was required for inclusion in the study. The patient /parent was always informed
about the characteristics of the study and the usefulness of the achieved results.
3.11.2. Approval Letters
▪ Approval letters from Dean of college of pharmacy.
▪ Approval of Dean of postgraduate studies & research affairs.
▪ Ethical approval from Helsinki Committee (Annex 3)
▪ Approval of Ard EL-Insan association (Annex 4)

3.12. Data Recording
The findings of the study were voided in the corresponding forms. The forms filled in each
working day were reviewed, amended if necessary, by the researcher. The revised forms were
entered into an application of SPSS version 23.

3.13. Statistical Processing
Statistical analyses were performed with SPSS for Windows, SPSS version 23.
3.13.1. Data Entry and Cleaning
Once the study was completed, the data in the revised forms were stored in an electronic format
and cleaned.
3.13.2. Data Analysis
The statistical analysis included frequency distributions of the events of interest. Pearson chi
square test was used for comparing categorized variables and T- tests for quantitative variables,
and p-value less than 0.05 was used for statistical significance.
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3.14. Obstacles of the Study
1. Incorrect information from some patients regarding their occupation and economic status.
2. It was difficult for some patients/parents to remember exact duration between onset of
symptoms and final diagnosis and to determine precisely the place where gluten- containing food
was ingested.
3. Serological test is expensive and has been self-financed.
4. Patients within inclusion criteria were difficult to recall them at period of study and inability
to reach to some of them because of absence/ change of their mobile numbers to contact.
5. Small size of sample despite high CD global prevalence due to CD iceberg and number of
already diagnosed cases is much less than the real number of present CD cases.
6. The study included only the registered patients at AEI clinic as it is the only clinic manages
CD patient in Gaza.
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Chapter 4
Results
This cross-sectional study was conducted to identify the factors affecting CD patients’ adherence
to GFD and to assess clinical symptoms and relevant nutritional status among celiac children
aged 2-12 years using different tools in order to help reducing their morbidity and mortality.
During the study period, 74 patients were selected according to the inclusion criteria and after
excluding patients who participated in pilot study. Four patients refused to participate so finally;
70 patients were included in the result analysis with a response rate of 94.6%.

4.1. Socio-demographic Characteristics
The socio-demographic characteristics of celiac children and their families are presented in
table 4.1. The study revealed that from the 70 patients, 37 (52.9%) were females and 33 (47.1%)
were males. Patients' mean age was 8.1 ±2.9 years (range: 2.3-12.7 years). Those who were less
than 5 years represents 20% of participants.
Of all participants, 62.9% were refugees and 18.6% were living in camps. In respect to
governates, most of the patients (67.1%) were from Gaza governorate and 25.7% were from north
governorate. In term of education, 38.6% of patients’ fathers had completed high education,
whereas 31.4% of their mothers had a high education. Among patients’ fathers, 4.3% were
illiterate, while only 1.4% of mothers were illiterate. Concerning occupation 2.9% of fathers were
not working compared to 87.1% of mothers were not working. Regarding to patients’ mothers’
marital status, almost all of them were married (97.1%). In respect to mother’s age at birth of
celiac child, 84.3% of mothers were at age of 19 to 35 years at patient’s birth. Concerning socioeconomic level, 54.3% of patients’ families were of a middle socio-economic level, 35.7% were
of a low socio-economic level, and only 10% had a high socio-economic level. Regarding
poverty, 78.6% of patients’ families were considered poor according to the international poverty
line that defined as living at less than $2 per capita per day (WorldBank, 2017). In respect to the
crowding index which is number of usual residents in each room (Goodyear, Fabian, & Hay,
2011), most of families (78.6%) had a room for more than two persons.
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Table 4.1: Socio-demographic characteristics (total 70)
Characteristics
No. (%)
Gender
Male
33 (47.1)
Female
37 (52.9)
Refugee Status
Refugee
44 (62.9)
Non-refugee
26 (37.1)
Residency (Governorate)
North
18 (25.7)
Gaza
47 (67.2)
Middle
5 (7.1)
Education level of father
Less than secondary
23 (32.8)
Secondary
20 (28.6)
High Education
27 (38.6)
Occupation of father
Non-working
2 (2.8)
Worker/ business
34 (48.6)
Professional
34 (48.6)
Categorized mother age at child birth (yr.)
Less than or equal to 18
6 (8.6)
19 – 35
59 (84.3)
Greater than 35
5 (7.1)
Crowding index (person/room)
≤2
15 (21.4)
>2
55 (78.6)
Poverty
Poor (< $2/capita/day)
55 (78.6)
Not poor (≥ $2/capita/day)
15 (21.4)

Characteristics
Categorized Age
under 5
above 5
Geo-locality
Urban
Camp
Mother's marital status
Married
Divorced
Suspended
Education level of mother
Less than secondary
Secondary
High Education
Occupation of mother
Non-working
Working (Professional)

No. (%)
14 (20)
56 (80)
57 (81.4)
13 (18.6)
68 (97.2)
1 (1.4)
1 (1.4)
19 (27.2)
29 (41.4)
22 (31.4)
61 (87.1)
9 (12.9)

Family
Nuclear
Extended

53 (75.7)
17 (24.3)

Social level*
Low Social Level (LSL)
Medium Social Level (MSL)
High Social Level (HSL)

25 (35.7)
38 (54.3)
7 (10)

*: Level of Family Socioeconomic Status (El-Gilany et al., 2012)

4.2. Medical History
4.2.1. Clinical Symptoms Prior to Diagnosis of CD
All children presented with more than one symptom before diagnosis. The most common
symptom among celiac children before diagnosis was failure to thrive (present in 94% of
participants), followed by abdominal pain (81%).

58

Other prominent gastrointestinal symptoms included; bloating (79%), followed by anorexia
(76%), followed by weight loss (70%), followed by diarrhea and steatorrhea (64%), followed by
nausea/ vomiting (43%), while constipation was a complaint in 27% of participants
Major non-gastrointestinal symptoms included; fatigue (79%), anemia of unexplained cause
(49%), bone pain and arthralgia (47%), sores at mouth (44%), and chronic skin lesions or skin
allergic manifestations (30%). Further details are shown in table 4.2.
Table 4.2: Clinical symptoms prior to diagnosis
Symptom or Sign
Failure to thrive/short stature
Fatigue & weakness
Anorexia
Diarrhea
Sleep disorders
Bone ache/ arthralgia
Nausea/vomiting
Recurrent headache
Tooth discoloration/loss enamel

No. (%)
66 (94)
55 (79)
53 (76)
45 (64)
35 (50)
33 (47)
30 (43)
20 (29)

Symptom or Sign
Abdominal pain
Bloating & distension
Weight loss
Steatorrhea
Anemia of unexplained cause
Sores at mouth
Chronic skin lesions
Constipation
Peripheral neuropathy

18 (26)

No. (%)
57 (81)
55 (79)
49 (70)
45 (64)
34 (49)
31 (44)
21 (30)
19 (27)
5 (7)

4.2.2. History of Diagnosis of CD
Age at diagnosis, physicians consulted and durations spent before final diagnosis
The mean age at diagnosis of CD was 4.1 ±3.1 years (range: 0.5–12.0 years), and 42.9% of
participants were diagnosed at age less than or equal to 2 years.
Most of the families (87.1%) consulted at least two pediatricians, and 48.6 % of families
consulted two or more gastroenterologists before confirmation of the diagnosis of CD.
Forty seven percent of participants needed ≥ one year from the onset of symptoms until
confirmation of the diagnosis of CD. The mean time between the onset of symptoms and the
diagnosis of CD was 1.6 ±2.1 year (range: 0.1–9.5 years). The mean time between the onset of
symptoms and first medical examination was 0.2 ±0.9 year (range: 0.0–6.9 years). Ninety percent
of patients’ families seek medical examination within first six months of onset of symptoms.
Further details are displayed in table 4.3.
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Table 4.3: History of diagnosis of CD
Characteristics
Duration between onset of symptoms &
final confirmed diagnosis (yr.)
Duration between onset of symptoms &
first medical examination (yr.)
Duration between first medical examination
&final confirmed diagnosis (yr.)
No. of pediatricians consulted before
confirmation of diagnosis
No. of gastroenterologists consulted before
confirmation of diagnosis
Age at diagnosis (yr.)

Mean ±SD*

Min.

Max.

Median Range

1.6

2.1

0.1

9.5

0.8

9.4

0.2

0.9

0.0

6.9

0.0

6.9

1.4

2.0

0.0

9.5

0.5

9.5

4.2

2.7

1.0

15.0

4.0

14.0

1.7

0.9

1.0

4.0

1.0

3.0

4.1

3.1

0.5

12.0

3.4

11.5

*: Standard Deviation

4.2.3. Other Diseases and Presence of Relatives with Biopsy-Confirmed CD
As shown in table 4.4, six patients (8.6%) had at least one first-degree relative with biopsy
confirmed CD.
The sum of existing other diseases with CD is 41.3%. Two patients (2.9%) had type 1 diabetes,
1.4% had hypothyroidism, 2.9 % had elevated liver enzymes, 4.3% had hepatomegaly, 1.4% had
liver failure, and 4.3% had splenomegaly. Moreover, 1.4% had Williams syndrome, 1.4%, had
thalassemia minor, 4.3% had lactose intolerance, 1.4% had hypercoagulable state, 1.4% had
Hartnup disease, 1.4% had lymphocytic colitis, 2.9% had chronic skin disorders, 1.4% had
psoriasis, 1.4% had Familial Mediterranean fever and 1.4% had Horseshoe kidney (ren arcuatus).
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Table 4.4: Other Diseases and presence of relatives with biopsy-confirmed CD (total 70)
Characteristics
No. (%)
First-degree relative with biopsy-confirmed CD
Yes
6 (8.6)
No
64 (91.4)
Type 1 diabetes
Yes
2 (2.9)
No
68 (97.1)
lactose intolerance
Yes
3 (4.3)
No
67 (95.7)
Williams syndrome
Yes
1 (1.4)
No
69 (98.6)
Hartnup disease
Yes
1 (1.4)
No
69 (98.6)
Lymphocytic colitis
Yes
1 (1.4)
No
69 (98.6)
Chronic skin disorders
Yes
2 (2.9)
No
68 (97.1)
Psoriasis
Yes
1 (1.4)
No
69 (98.6)
Familial Mediterranean fever
Yes
1 (1.4)
No
69 (98.6)

Characteristics
No. (%)
Hypothyroidism/ endocrine disturbance
1 (1.4)
Yes
69
(98.6)
No
Thalassemia minor
Yes
1 (1.4)
No
69 (98.6)
Hepatomegaly
Yes
3 (4.3)
No
67 (95.7)
Splenomegaly
Yes
3 (4.3)
No
67 (95.7)
Liver failure
Yes
1 (1.4)
No
69 (98.6)
Elevated liver enzymes
Yes
2 (2.9)
No
68 (97.1)
Hypercoagulable states
Yes
1 (1.4)
No
69 (98.6)
Horseshoe kidney 'ren arcuatus'
Yes
1 (1.4)
No
69 (98.6)

4.3. Nutritional Status of Patients
4.3.1. Anthropometric Measurements
The results of the anthropometric measurement of participants are presented in table 4.5.
4.3.1.1. Wasting
According to weight-for-length/height and BMI-for-age that were calculated by WHO Anthro
Software for children under five years and by WHO AnthroPlus Software for children above five
years, thirteen (18.6%) celiac participants were wasted; three (4.3%) were severely wasted and
ten (14.3%)َwere moderately wasted.
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4.3.1.2. Stunting
According to length/height-for-age which was calculated by WHO Anthro Software for children
under five years and by WHO AnthroPlus Software for children above five years, thirty (42.9%)
celiac participants were stunted; six (8.6%) were severely stunted and twenty-four (34.3%)ََwere
moderately stunted.
4.3.1.3. Underweight
According to weight-for-age which was calculated by WHO Anthro Software for children under
five years and by WHO AnthroPlus Software for children above five years, thirty tow (45.7%)
participants were underweight; twenty-one (30%) were severely underweight and eleven
(15.7%)َwere moderately underweight (Figure 4.1).
Table 4.5: Anthropometric results (total 70)
Characteristics

No. (%)

Wasting
Wasted

13 (18.6)

Not Wasted
Underweight

57 (81.4)

Underweight

32 (45.7)

Normal
Stunting

38 (54.3)

Stunted

30 (42.9)

Normal

40 (57.1)
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Wasting

Stunting

Wasted
19%

Underweight

Underweight
46%

Stunted
43%

Not wasted
81%

Normal
57%

Normal
54%

Figure 4.1: Anthropometric results of participants

4.3.2. Anemia
As shown in table 4.6, in total, there were twenty-six (37.1%) anemic children according to
definition of WHO for anemia. Among children under five years, six (42.9%) from fourteen
were anemic, all were female. While among children above five years, twenty (35.7%) from
fifty-six were anemic, seven were female and thirteen were male. Half of total anemic children
(13) were female.
4.3.3. Biochemical Findings
Albumin blood level was low in 2 (2.9%), while total protein level was low in three (4.3%).
Calcium blood level was low in 6 (8.6%), but phosphate was normal in all participants.
Fasting blood glucose level was high in tow participants who were diagnosed with diabetes. Tow
(2.9%) had high creatinine level and one (1.4%) had high urea level (Table 4.6).

4.4. Serological Test
The result of anti-tissue-Transglutaminase IgA (Anti-tTG) was normal in 59 (84.3%) and
abnormal (more than 10 U/ml) in 11 (15.7%) of participants. Tow (2.9%) had very high titers
(over 10 times the cutoff) (Table 4.6). The mean of anti-tTG was 14.0 ±35.5 (range: 2.1–201.0).
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4.5. Laboratory Findings (Liver enzymes)
Aspartate aminotransferase (AST) was high in three (4.3%) participants and alanine
aminotransferase (ALT) was high in one (1.4%) (Table 4.6).
Table 4.6: Hematological, biochemical, serological, and laboratory results (total 70)
Characteristics
Anemia
Anemic
Not anemic
Albumin (3.5 - 5.0 g/dl)
Low
Normal
Calcium (8.8 – 10.5 mg/dl)
Low
Normal
ALT (5 – 40 mg/dl)
Normal
High

No. (%)
26 (37.1)
44 (62.9)
2 (2.9)
68 (97.1)
6 (8.6)
64 (91.4)
69 (98.6)
1 (1.4)

Characteristics
Glucose (60 - 110 mg/dl)
Normal
High
Total protein (6.0 - 8.0 g/dl)
Low
Normal
Serology “Anti-tTG” (up to 10)
Normal
High
AST (12 – 40 mg/dl)
Normal
High

No. (%)
68 (97.1)
2 (2.9)
3 (4.3)
67 (95.7)
59 (84.3)
11 (15.7)
67 (95.7)
3 (4.3)

4.6. Clinical Status of Patients
According to Skjerning et al. (2017), symptoms scale is computed from the sum of the numeric
values of the 13 answered items about symptoms associated with celiac disease that patients have
experienced within the past two weeks of data collection. Numeric values of items: 0= All the
time, 1 = Most of the time, 2 = Sometimes, 3 = Rarely, 4 = Never. The maximum value is 52,
and the higher the symptoms scale is the better as this means patient experienced no or least
symptoms. As shown in table 4.7, the mean of symptoms scale was 43.4 ±9.3 (range: 1–52).
Clinical status was classified according to the symptoms scale into two categories: experiencing
symptoms (>39), and asymptomatic or with little symptoms (≥ 39). The results showed that
18.6% were experiencing symptoms and most of participants (81.4%) were asymptomatic or with
little symptoms as shown in table 4.8.

4.7. Adherence to Gluten Free Diet
According to Celiac Dietary Adherence Test (CDAT) after modification, adherence score
computed from the sum of the numeric values of the 7 answered items, so it is additive from 7 to
35, with higher scores denoting worse GFD adherence. Adherence was classified according to
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the combined score to three categories: very good GFD adherence (>13), borderline GFD
adherence (13- 17), and poor GFD adherence (<17).
Table 4.8 indicated that twenty-eight (40%) participants showed very good GFD adherence,
twelve (17.1%) participants showed borderline GFD adherence, and thirty (42.9%) participants
showed poor GFD adherence.
4.7.1. Duration of GFD and Duration of Follow-up at AEI
The mean duration of GFD was 3.7 ±2.5 years (range: 0.0–11.5 years). Likewise, the mean
duration of follow up at Ard El-Insan was 3.7 ±2.4 years (range: 0.0 –12.0years) as shown in
table 4.7.
Table 4.7: Symptoms scale, CDAT score, duration on GFD and duration of follow up at AEI

Characteristics
Symptoms scale

Mean
43.4

±SD
9.3

Min.
1

Max.
52

Range
51

GFD adherence score (CDAT score)

15.9

7.1

7

34

27

The duration on GFD (yr.)

3.7

2.5

0.0

11.5

11.5

Duration of follow up at AEI clinic (yr.)

3.7

2.4

0.0

12.0

12.0

Table 4.8: Adherence to GFD and clinical status at time of study (total 70)
Characteristics

No. (%)

Categorized adherence to GFD

Characteristics

No. (%)

Clinical status

Very good GFD adherence (>13)

28 (40)

Experiencing symptoms (>39)

13 (18.6)

Borderline GFD adherence (13- 17)

12 (17.1)

Asymptomatic or with little
symptoms (≥ 39)

57 (81.4)

Poor GFD adherence (<17)

30 (42.9)

4.7.2. Visiting AEI, Getting GF Flour and Membership in a Patient Support Group
Regarding to visiting AEI clinic for follow up regularly, fifty-nine (84.3%) reported regular
follow up, where eleven (15.7%) reported no regular follow up.
All participants (100%) reported that they obtained gluten-free GF flour from AEI association,
but all (100%) reported that the amount did not meet patient’s need of GF flour. Thirty-seven
(52.9%) participants reported they could not buy the remainder of GF flour. Of these 37
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participants, thirty-three (89.2%) used GF alternative (GF pasta, potato, corn) and four (10.8%)
used gluten containing flour/food in celiac patients’ diet.
Thirty tow (45.7%) of all participants had a membership in a patient support group. Fifty-one
(72.9%) of cases participated in celiac disease events (such as, baking course, health education
courses). Fourteen (20%) participated in one celiac disease event, sixteen (22.9%) participated
in tow celiac disease events, and twenty-one (30%) participated in three or more celiac disease
events as shown in table 4.9.
4.7.3. Symptoms After an Incidental Intake of Gluten
Symptoms after an incidental intake of gluten were experienced in 43 (61.4%) of 70 children.
The mean interval between gluten intake and CD-related symptoms was 16.3 hour ± 19.3 hour
(range: 0.5–74 hour). More than one-third of these patients (34.8 %) reacted close to the
consumption of gluten, that is, during the first hour after gluten intake.
However, of all who reacted to gluten; 21 (48.8%) experienced symptoms before 12 hours, and
22 (51.2%) experienced symptoms after 12 hours as shown in table 4.9.
Table 4.9: Visiting AEI, getting GF flour, and interval between gluten intake and
symptoms
Characteristics
No. (%)
Could patient’ family buy the remainder of
GF flour required
Yes
33 (47.1)
No
37 (52.9)
Total
70 (100)
Visiting AEI clinic for follow up regularly
Yes
59 (84.3)
No
11 (15.7)
Total
70 (100)
Number of celiac disease events in which
celiac patient participated
0
19 (27.1)
1
14 (20)
2
16 (22.9)
≥3
21 (30)
Total
70 (100)

Characteristics
No. (%)
In cases family could not buy the
remainder, what do they do
Use alternative GF food
33 (89.2)
Use gluten containing flour/food
4 (10.8)
1
Total
37 (100)
Having a membership in a patient support
group
Yes
32 (45.7)
No
38 (54.3)
Total
70 (100)
Categorized interval between gluten intake
and symptoms
Less than 12 hr.
21 (48.8)
More than 12 hr.
22 (51.2)
2
Total
43 (100)

1: Total of only participants who reported they could not buy the remainder of GF flour.
2: Total of only participants who experienced symptoms.

66

4.8. Items That Would Improve Patients’ Adherence and Quality of Life
When participants were asked to select three items that would improve patient’s adherence to
GFD and their quality of life, more free provision of GF flour/food was selected by 84.3%, more
GF foods/ choices in the supermarket/restaurants was selected by 65.7%, earlier diagnosis of
celiac disease was selected by 61.4%, and better labeling of gluten containing ingredient was
selected by 44.3%. Further details are shown in table 4.10.
Table 4.10: Items that would improve patients’ adherence and quality of life (total 70)
Characteristics

No. (%)

More free provision of GF flour/food
Yes
No
More GF foods in the supermarket/restaurants
Yes
No
Earlier diagnosis of celiac disease
Yes
No
Better labeling of gluten containing ingredient
Yes
No
Support group
Yes
No
Better dietary counseling
Yes
No

59 (84.3)
11 (15.7)
46 (65.7)
24 (34.3)
43 (61.4)
27 (38.6)
31 (44.3)
39 (55.7)
16 (22.9)
54 (77.1)
15 (21.4)
55 (78.6)

4.9. Knowledge and Knowledge- Based Behaviors
4.9.1. Knowledge About Food if Containing Gluten
All participants knew that natural foods like fruits, vegetables, lentils, meat, fish and milk
products do not contain gluten. Thirty tow 32 (45.7%) of participant answered incorrectly to
question about using products labelled as “wheat free” (not gluten free) in the celiac child’s diet,
as well as, twenty five (35.7%) answered incorrectly about awareness that these wheat free
products may contain other cereals like rye or barley which contain gluten. Whereas two (2.9%)
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answered incorrectly about food that contain gluten which celiac patient cannot tolerate as shown
in table 4.11.
4.9.2. Knowledge About CD and Right Dietary Practices
The attitude and practice of participants toward gluten free diet and celiac disease -related issues
were evaluated. Forty-five (64.3%) answered incorrectly about the cure of celiac disease
completely.
Ten (14.3%) had wrong knowledge regarding to the necessity to follow lifelong gluten-free diet
for celiac patient, and five (7.1%) had wrong knowledge about serious health problems resulted
from ingestion of foods containing gluten many times. However, only one (1.4%) had wrong
knowledge about possibility of gluten presence in food that celiac patient ate outside home (for
instance at restaurants). Further details are shown in table 4.11.
4.9.3. Knowledge-Based Behavior and Cooperation of Family and School
Fourteen (20%) did not follow protective measures to avoid contamination with gluten while
preparing GF foods such as washing hands and utensils and keeping GF foods in special cans
and utensils and ten (14.3%) did not provide celiac child with special gluten free food when
he/she went outside.
In 77.1% of participants, celiac child’s siblings cooperated with him/her in keeping adherence to
GFD. When parents were asked about the measures that they did to ensure refraining of celiac
child from food containing gluten at school or kindergarten, 85.7% selected providing the child
with GF food when going to school or kindergarten, 72.9% selected talking to the manager of
kindergarten or school, and only 20% selected talking to the canteen of school or kindergarten.
Whereas, ten (14.3%) participants did not take any measure to ensure adherence to GFD at school
or kindergarten as shown in table 4.12.
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Table 4.11: Participants’ knowledge (total 70)
Characteristics
No. (%)
Knowledge about food if containing gluten
Knowing that celiac patient can’t tolerate foods containing wheat and other cereals like
barley and rye, found in bread, breakfast cereals, rusks, pasta, cookies, deserts, etc.
Right knowledge
68 (97.1)
Wrong knowledge
2 (2.9)
Depending on label of “wheat free” (not gluten free) in the celiac child’s diet
Right knowledge
38 (54.3)
Wrong knowledge
32 (45.7)
Knowing that wheat free products may contain other cereals like rye or barley
Right knowledge
45 (64.3)
Wrong knowledge
25 (35.7)
Knowledge about CD and right dietary practices
Knowing that celiac children must follow a gluten-free diet for life
Right knowledge
60 (85.7)
Wrong knowledge
10 (14.3)
Necessary to carefully inspect food labels for ensuring that they don’t contain gluten
Right knowledge
67 (95.7)
Wrong knowledge
3 (4.3)
knowing that if celiac patient consumes foods containing gluten many times, it is likely that
he will feel as sick as he was before the initiation of the GFD
Right knowledge
65 (92.9)
Wrong knowledge
5 (7.1)
Celiac patient eats out, for instance at restaurants, the foods he eats may be contaminated
with gluten
Right knowledge
69 (98.6)
Wrong knowledge
1 (1.4)
Celiac children who properly comply to their diet may be just as healthy as children without
celiac
Right knowledge
67 (95.7)
Wrong knowledge
3 (4.3)
Thinking that celiac disease can be cured completely
Right knowledge
25 (35.7)
Wrong knowledge
45 (64.3)
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Table 4.12: Participants’ behaviors (total 70)
Characteristics
No. (%)
Providing celiac child with special gluten free food when he/she went outside
Yes
60 (85.7)
No
10 (14.3)
Following protective measures to avoid contamination with gluten while preparing GF foods
Yes
56 (80)
No
14 (20)
If child’s siblings cooperate with him/her in keeping adherence to GFD
Yes
54 (77.1)
No
16 (22.9)
Means to ensure that child refrain from food containing gluten school or kindergarten *
Talking to the manager of kindergarten or school
Yes
51 (72.9)
No
19 (27.1)
Talking to the canteen of school or kindergarten
Yes
14 (20)
No
56 (80)
Providing the child with GF food when going to school or kindergarten
Yes
60 (85.7)
No
10 (14.3)
*: Each participant can choose more than one measure that he did.

4.10. Adherence and Socio-demographic Characteristics
Cross tabulation was done to study the relationship between adherence and socio-demographic
variables. The results showed that 48.5% of males were with very good GFD adherence versus
32.4% of females were with very good GFD adherence. However, this difference was not
statistically significant (P=0.39)َas shown in table 4.13.
Concerning the age of patients, 57.1% of patients aged less than five were with poor adherence
versus 39.3%% of those who aged more than five were with poor adherence, however, the
difference did not reach statistical significance (p=0.48) as shown in table 4.13.
There were no statistically significant differences between adherence groups regarding to refugee
status (p=0.53), geo-locality (p=0.51), type of family (p=0.71), mother age (p=0.33), and mother
age at child birth (p=0.86) as shown in table 4.13.
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There was statistically significant difference between adherence groups regarding poverty
(p=0.006). 66.7% of patients considered not poor were very good adherent compared to only
32.7% of poor patients were very good adherent as shown in table 4.13.
There was statistically significant difference between adherence groups regarding to social level
of families of celiac children (p=0.010). Among patients with high social level, 71.4 % were very
good adherent and 0% were poor adherent, versus 16% of patients with low social level were
very good GFD adherent and 64% of them were poor adherent as shown in table 4.13.
Concerning the occupation of father, 50% of professional fathers, their children were very good
adherent versus 32.4% among worker fathers. However, the difference did not reach statistical
significance (p=0.26) as presented in table 4.14.
Regarding to the occupation of mother, 66.7% of professional mothers, their children were very
good adherent versus 36.1% among not working mothers. However,ََthis difference was not
statistically significant (p=0.11) as presented in table 4.14.
Education levels of fathers of celiac children was related to patient’s adherence to GFD as results
showed that there was statistically significant difference between adherence groups (p=0.006).
Among children for fathers with high education, 59.3% were very good adherent children versus
only 30.4% of children for fathers with less than secondary education were very good adherent
as presented in table 4.14.
Regarding to mother education level, there was also statistically significant difference between
adherence groups (p=0.025). Among children for mothers with high education, 68.2% were very
good adherent children compared to only 21.1% of children for mothers with less than secondary
education were very good adherent as presented in table 4.14.
In respect to access of father to health information, there was statistically significant difference
between adherence groups (p=0.006). Among children for fathers who were able to reach health
information especially information related to CD and GFD, 55.9% were with very good GFD
adherence, versus only 25% of patients for fathers who were not able to reach health information
were with very good adherence as presented in table 4.14.
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In respect to access of mother to health information, there was statistically significant difference
between adherence groups (p=0.013). Among children for mothers who were able to reach health
information, 53.8% were with very good GFD adherence, versus only 22.6% of patients for
mothers who were not able to reach health information as presented in table 4.14.
Table 4.13: Adherence rating among socio-demographic determinants (total 70)

Variable

GFD Adherence
Very good
Borderline Poor
No (%)
No (%)
No (%)

Total
No (%)

Fisher’s
exact
test

P
value

Gender
Male
16 (48.5)
Female
12 (32.4)
Categorized age at study
Under 5 years
4 (28.6)
Above 5 years
24 (42.9)
Refugee Status
Refugee
18 (40.9)
Non-refugee
10 (38.5)
Geo-locality
Urban
21 (36.8)
Camp
7 (53.8)
Family
22 (41.5)
Nuclear
Extended
6 (35.3)
Poverty (< $2/capita/day)
Poor
18 (32.7)
Not poor
10 (66.7)
Social level
LSL
4 (16.0)
MSL
19 (50.0)
HSL
5 (71.4)
Categorized mother age
18-44 years
24 (37.5)
45-64 years
4 (66.6)
Categorized mother's age at birth
≤ 18
2 (33.3)
19 – 35
23 (39.0)
> 35
3 (60.0)

5 (15.1)
7 (18.9)

12 (36.4)
18 (48.7)

33 (100)
37 (100)

1.88

0.39

2 (14.3)
10 (17.9)

8 (57.1)
22 (39.2)

14 (100)
56 (100)

1.49

0.48

9 (20.5)
3 (11.5)

17 (38.6)
13 (50.0)

44 (100)
26 (100)

1.28

0.53

10 (17.5)

26 (45.7)

2 (15.4)

4 (30.8)

57 (100)
13 (100)

1.34

0.51

8 (15.1)
4 (23.5)

23 (43.4)
7 (41.2)

53 (100)
17 (100)

0.67

0.71

8 (14.6)
4 (26.7)

29 (52.7)
1 (6.6)

55 (100)
15 (100)

10.24

0.006

5 (20.0)
5 (13.2)
2 (28.6)

16 (64.0)
14 (36.8)
0 (0.0)

25 (100)
38 (100)
7 (100)

11 (17.2)
1 (16.7)

29 (45.3)
1 (16.7)

64 (100)
6 (100)

2.22

0.33

1 (16.7)
10 (16.9)
1 (20.0)

3 (50.0)
26 (44.1)
1 (20.0)

6 (100)
59 (100)
5 (100)

1.31

0.86

13.21

LSL: Low Social Level, MSL: Medium Social Level, HSL: High Social Level
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0.010

Table 4.14: Adherence rating among parents’ education and occupation (total 70)
GFD Adherence
Very good Borderline Poor
Variable
No (%)
No (%)
No (%)
Education level of father
Less than secondary
7 (30.4)
3 (13.0)
13 (56.6)
Secondary
5 (25.0)
2 (10.0)
13 (65.0)
High Education
16 (59.3)
7 (25.9)
4 (14.8)
Education level of mother
Less than secondary
4 (21.1)
4 (21.1)
11 (57.8)
Secondary
9 (31.0)
6 (20.7)
14 (48.3)
High Education
15 (68.2)
2 (9.1)
5 (22.7)
Father’s Occupation
Non-working
0 (0.0)
1 (50.0)
1 (50.0)
Worker/ business
11 (32.4)
5 (14.7)
18 (52.9)
Professional
17 (50.0)
6 (17.6)
11 (32.4)
Mother's Occupation
Non-working
22 (36.1)
10 (16.4)
29 (47.5)
Working (Professional)
6 (66.7)
2 (22.2)
1 (11.1)
Access of father to health information
Yes
19 (55.9)
7 (20.6)
8 (23.5)
No
9 (25.0)
5 (13.9)
22 (61.1)
Access of mother to health information
Yes
21 (53.9)
7 (17.9)
11 (28.2)
No
7 (22.6)
5 (16.1)
19 (61.3)

Fisher’s
exact
test

P
value

23 (100)
20 (100)
27 (100)

14.44

0.006

19 (100)
29 (100)
22 (100)

11.15

0.025

2 (100)
34 (100)
34 (100)

5.24

0.26

61 (100)
9 (100)

4.42

0.11

34 (100)
36 (100)

10.39

0.006

39 (100)
31 (100)

8.67

0.013

Total
No (%)

4.11. Adherence and Medical History
4.11.1. Adherence and history of diagnosis
ANOVA test was done to study the relation between adherence to GFD and history of CD
diagnosis as presented in table 4.15. The result showed that there was no statistically significant
difference between adherence groups regarding to the duration between the onset of symptoms
& the first medical examination (p=0.15), the duration between first medical examination & the
final confirmed diagnosis (p=0.95), and the duration between the onset of symptoms & the final
confirmed diagnosis (p=0.53).
Regarding to the age of diagnosis, the mean age among very good GFD adherent group (3.6 ±2.8)
was less than both borderline GFD adherent group (4.3 ±3.3) and poor GFD adherent group (4.5
±3.2). However, this difference was not statistically significant (p=0.52).
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Concerning the duration on gluten free diet, the results showed that there was statistically
significant variation between adherence groups (p=0.01). The mean of duration on GFD among
very good GFD adherent group (4.7 ±2.6) was higher than both borderline GFD adherent group
(3.5 ±1.7) and poor GFD adherent group (2.7 ±2.3). This indicates that adherence to GFD
increased as the duration on GFD increased.
Moreover, the results showed that there was statistically significant variation between adherence
groups regarding to the duration of follow up at AEI (p=0.02). The mean of duration of follow
up at AEI among very good GFD adherent group (4.6 ±2.8) was higher than both borderline GFD
adherent group (3.5 ±1.7) and poor GFD adherent group (2.9 ±2.1). This indicates that adherence
to GFD increased as the duration of follow up at AEI increased.
The result showed that there was no statistically significant difference between adherence groups
regarding to both number of pediatricians were consulted before confirmation of the diagnosis
(p=0.95), and number of gastroenterologists consulted before confirmation of the diagnosis
(p=0.93).
4.11.2. Adherence and First-degree Relative with Biopsy-confirmed CD
Cross tabulation was done to study the relationship between adherence and presence of firstdegree relative with biopsy-confirmed CD as shown in table 4.16. The results showed that 66.7%
of celiac children who had first-degree relative with biopsy-confirmed CD were very good GFD
adherent versus 37.5% of children who did not have first-degree relative with biopsy-confirmed
CD. However, this variation did not reach the statistical significance (P=0.30).
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Table 4.15: Adherence and history of diagnosis of CD (total 70)
Variable

Category

No. Mean

±SD

F

P value

0.66

0.52

1.92

0.15

0.05

0.95

0.64

0.53

5.29

0.01

3.93

0.02

Very good GFD adherence 28

3.6

2.8

Borderline GFD adherence 12

4.3

3.3

Poor GFD adherence

30

4.5

3.2

Duration between the
onset of symptoms & the
first medical examination
(year)
Duration between first
medical examination &
the final confirmed
diagnosis (year)

Very good GFD adherence 28

0.0

0.1

Borderline GFD adherence 12
Poor GFD adherence
30

0.7
0.3

2.0
0.7

Very good GFD adherence 28

1.3

1.9

Borderline GFD adherence 12
Poor GFD adherence
30

1.4

1.5

1.4

2.4

Duration between the
onset of symptoms & the
final confirmed diagnosis
(year)

Very good GFD adherence 28

1.3

1.9

Borderline GFD adherence 12

2.1

2.1

Poor GFD adherence

30

1.7

2.4

The duration on GFD
(year)

Very good GFD adherence 28

4.7

2.6

Borderline GFD adherence 12

3.5

1.7

Poor GFD adherence

30

2.7

2.3

Very good GFD adherence 28

4.6

2.8

Borderline GFD adherence 12

3.5

1.7

Poor GFD adherence

30

2.9

2.1

Very good GFD adherence 28

4.2

3.3

Borderline GFD adherence 12
Poor GFD adherence
30
Very good GFD adherence 28

4.3
4.1
1.8

2.8
2.0
0.8

0.05

0.95

Borderline GFD adherence 12

1.7

1.1

0.08

0.93

Poor GFD adherence

1.7

0.8

Age at diagnosis (year)

Duration of follow up at
Ard El-Insan Clinic
(year)
No. of pediatricians were
consulted before
confirmation of the
diagnosis
No. of gastroenterologists
consulted before
confirmation of the
diagnosis
F: ANOVA test
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Table 4. 16: Adherence and presence of first-degree relative with biopsy-confirmed CD
(total 70)
Variable

Very good

GFD Adherence
Borderline Poor

No (%)
No (%)
No (%)
First-degree relative with biopsy-confirmed CD
Yes
4 (66.7)
0 (0.0)
2 (33.3)
No
24 (37.4)
12 (18.8)
28 (43.8)

Total
No (%)
6 (100)
64 (100)

Fisher’s P exact test value

2.43

0.30

4.12. Adherence and Nutritional Status of Patients
4.12.1. Adherence and anthropometric variables
Cross tabulation was done to study the relationship between adherence and anthropometric
variables as shown in table 4.17. The results showed that there was statistically significant
difference between adherence groups regarding to wasting (P=0.017). 33.3% of poor adherent
group were wasted, compared to only 10.7% of very good adherent group were wasted.
Regarding to underweight, 56.7% of poor adherent group were underweight versus 39.3% of
very good adherent were underweight. However, the difference did not reach statistical
significance (p=0.26).
Concerning stunting, 53.3% of poor adherent group were stunted, compared to 32.1% of very
good adherent. However, the difference did not reach statistical significance (p=0.26).
Additionally, ANOVA test was done to compare the means of adherence groups in reference to
weight and height as presented in table 4.18. The results showed that very good adherent group
was heavier than poor adherent group; average weight of very good adherent group was (22.5
±7) kg; compared to the average weight of poor adherent group (19.2 ±6.7) kg. However, this
difference was not statistically significant (P= 0.21).
The results also showed that very good adherent group was taller than poor adherent group;
average height of very good adherent group was (120.3 ±17.2) cm; compared to the average
height of poor adherent group (114.3±17.4) cm. However, this difference was not statistically
significant (P= 0.41).
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4.12.2. Adherence and Anemia
Cross tabulation was done to study the relationship between adherence and anemia as shown in
table 4.17. The results showed that within very good adherent group, 21.4% were anemic,
compared to 50% of poor adherent group were anemic. However, this variation did not reach the
statistically significance (P=0.07).
As well as ANOVA test was done to compare the means of adherence groups in reference to
hemoglobin level as indicated in table 4.19. The results showed that its average within very good
adherent group was the highest (11.83 ±1.19) compared to borderline adherent group (11.58
±0.96) and poor adherent group (11.30 ±1.38). However, this difference did not reach the
statistical significance (P= 0.27).
Table 4.17: Adherence and Nutritional Status (total 70)
Very good
No (%)

Variable
Wasting
Wasted
Not Wasted
Underweight
Underweight
Normal
Stunting
Stunted
Normal
Anemia
Anemic
Not anemic

GFD Adherence
Borderline.
Poor
No (%)
No (%)

Fisher’s
exact
test

P -value

3 (10.7)
25 (89.3)

0 (0.0)
12 (100)

10 (33.3)
20 (66.7)

8.20

0.017

11 (39.3)
17 (60.7)

4 (33.3)
8 (66.7)

17 (56.7)
13 (43.3)

2.66

0.26

9 (32.1)
19 (67.9)

5 (41.7)
7 (58.3)

16 (53.3)
14 (46.7)

2.6

0.26

6 (21.4)
22 (78.6)

5 (41.7)
7 (58.3)

15 (50.0)
15 (50.0)

5.19

0.07

Table 4.18: Adherence and anthropometric measures (total 70)
Variable
Weight
(Kg)
Height
(cm)

Category
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence

No.
28
12
30
28
12
30

F: ANOVA test
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Mean
22.5
21.5
19.2
120.3
117.1
114.3

±SD
7.0
7.7
6.7
17.2
15.1
17.4

F

P -value

1.60

0.21

0.89

0.41

4.12.3. Adherence and Biochemical Indicators
ANOVA test was done to compare the means of biochemical indicators (albumin, total protein,
calcium, phosphorous, glucose, urea, creatinine) among adherence groups. The results showed
that there were no statistically significant variations between adherent groups regarding to
albumin (P= 0.47), total protein (P= 0.7), calcium (P= 0.99), phosphorous (P= 0.51), glucose
(P=0.34), urea (P= 0.22), and creatinine (P= 0.28) as presented in table 4.19.

4.13. Adherence and Serological test
ANOVA test was done to compare the means of adherence groups in reference to the level of
anti- tTG. The results showed that its average within poor adherent group was the highest (22.54
±50.86) compared to very good adherent group (8.44 ±16.9) and borderline adherent group (5.79
±6.43). However, this difference did not reach the statistical significance (P= 0.22) as presented
in table 4.19. Additionally, cross tabulation was done to study the relationship between adherence
and serological status, as shown in table 4.20. The results showed that within very good adherent
group, 10.7% had abnormal serological findings, compared to 23.3% of poor adherent group had
abnormal serological findings. However, this variation did not reach the statistically significance
(P=0.31).

4.14. Adherence and Laboratory Findings
ANOVA test was done to compare the means of liver enzymes (ALT and AST) among adherence
groups. The results showed that there were no statistically significant variations between adherent
groups regarding to both ALT (P= 0.86), and AST (P= 0.91) as presented in table 4.19.
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Table 4.19: The relation between adherence and biochemical, serological, and laboratory
findings (total 70)
Variable
Hemoglobin

Albumin

Total protein

Calcium

Phosphorous

Glucose

Urea

Creatinine

Anti-tTG

ALT

AST

Category

No.

Mean ±SD

Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence

28
12
30
28

11.83
11.58
11.30
4.61

1.19
0.96
1.38
0.38

Borderline GFD adherence
Poor GFD adherence

12
30

4.60
4.72

0.41
0.36

Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence

28
12
30
28
12
30
28
12
30
28
12

7.37
7.39
7.51
9.33
9.35
9.33
4.14
4.31
4.27
98.13
84.13

0.67
0.70
0.63
0.62
0.54
0.46
0.56
0.61
0.41
60.67
8.63

Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence

30
28
12
30
28
12
30
28
12

83.95
18.28
21.58
22.17
0.56
0.51
0.53
8.44
5.79

8.07
7.24
8.25
10.05
0.10
0.06
0.10
16.90
6.43

Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence
Very good GFD adherence
Borderline GFD adherence
Poor GFD adherence

30
28
12
30
28
12
30

22.54
13.80
12.65
13.03
28.61
28.27
29.30

50.86
7.87
4.24
6.37
8.19
7.96
7.93

F: ANOVA test
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F

P -value

1.33

0.27

0.77

0.47

0.36

0.7

0.01

0.99

0.68

0.51

1.10

0.34

1.55

0.22

1.28

0.28

1.56

0.22

0.156 0.86

0.09

0.91

Table 4.20: Adherence and serological status (total 70)

Very good
No (%)
Categorized anti-tTG
Normal
25 (89.3)
Abnormal
3 (10.7)
Total
28 (100.0)
Variable

GFD Adherence
Borderline Poor
No (%)
No (%)
11 (91.7)
1 (8.3)
12 (100.0)

Fisher’s
exact test

P -value

2.34

0.31

23 (76.7)
7 (23.3)
30 (100.0)

4.15. Adherence and Clinical Symptoms
ANOVA test was done to study the relationship between adherence and current clinical
symptoms. The results showed that the mean of symptoms scale among very good adherent group
was the highest (48.1 ±3.8) when compared to borderline GFD adherent group (39.3 ±10.8) and
poor GFD adherent group (40.7 ±10.5) and this difference had statistical significance (p= 0.001)
as presented in table 4.21. The higher the symptoms scale is the better as this means patient
experienced no or least symptom. This indicates that the more the patients adhere to GFF, the
less they suffer from symptoms (the better they are clinically).
Table 4.21: Adherence and Clinical Symptoms
Variable

Category

No.

Symptoms
Scale

Very good GFD adherence 28
Borderline GFD adherence 12
Poor GFD adherence
30

Mean ±SD

F

P-value

48.1
39.3
40.7

7.20

.001

3.8
10.8
10.5

4.16. Adherence and Follow up at AEI and Membership in Patient
Support Group
Cross tabulation was done to study the relationship between the adherence status and regular
follow up at AEI, and having a membership in patient support group as shown in table 4.22.
The results showed that there was statistically significant difference between adherence groups
regarding to regular follow up at AEI (P=0.002). 90.9% of patients who did not follow up at AEI
were poor GFD adherent versus 33.9% of who visited AEI regularly for follow up were poor
GFD adherent.
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Regarding to having a membership in a patient support group, 43.8% of participants had a
membership were very good adherent, versus 36.8% of who did not have. However, this
difference did not reach statistical significance (p=0.12).
Table 4. 22: Adherence and regular follow up at AEI and having a membership in patient
support group

Variable

GFD Adherence
Very good Borderline Poor

No (%)
No (%)
No (%)
Visiting AEI clinic for follow up regularly
Yes
28 (47.5)
11 (18.6)
20 (33.9)
No
0 (0.0)
1 (9.1)
10 (90.9)
Having a membership in patient support group
Yes
14 (43.7)
8 (25.0)
10 (31.3)
No
14 (36.9)
4 (10.5)
20 (52.6)

Total

Fisher’s
exact test P-value

No (%)
14 (100)
56 (100)

12.74

0.002

32 (100)
38 (100)

4.18

0.12

4.17. Adherence and Knowledge and Knowledge - Based Behaviors
4.17.1. Adherence and Knowledge
Cross tabulation was done to study the relationship between adherence status and knowledge
about food if containing gluten and knowledge about CD and dietary practices, the results showed
that that there were no statistically significant differences between adherence groups as shown in
table 4.23.
4.17.2. Adherence and Knowledge-Based Behaviors and Cooperation of Family and
School
The results showed that 100% of patients who were not provided with their special gluten free
food when they went outside were poor adherent versus 33.3% of those who were provided with
GF foods were poor adherent. This difference was statistically significant (p=0.000) as presented
in table 4.24.
Regarding to following protective measures to avoid contamination with gluten while preparing
GF foods such as washing hands and utensils and keeping GF foods in special cans and utensils,
100% of who did not follow these measures were poor adherent, versus 28.6 % of who follow.
This difference was statistically significant (p=0.000) as presented in table 4.24.
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The results showed that celiac children whose siblings cooperated with them in keeping
adherence to GFD were more adherent, and this difference was statistically significant (p=0.001)
as presented in table 4.24.
Table 4.23: The Relation between adherence and knowledge (total 70)

Variable

Very good
GFD
adherence
No (%)

Borderline
GFD
adherence.
No (%)

Poor GFD
adherence Total
No (%)

No (%)

Fisher’ P s exact valu
test
e

Adherence and Knowledge about food if containing gluten
Knowing that celiac patient can’t tolerate foods containing wheat and other cereals like
barley and rye
Right knowledge
28 (41.2)
12 (17.6)
28 (41.2)
68 (100)
2.74
0.25
Wrong knowledge
0 (0.0)
0 (0.0)
2 (100)
2 (100)
Depending on label of “wheat free” (not gluten free) in the celiac child’s diet
Right knowledge
15 (39.5)
7 (18.4)
16 (42.1)
38 (100)
0.10
0.95
Wrong knowledge
13 (40.6)
5 (15.6)
14 (43.8)
32 (100)
Knowing that wheat free products may contain other cereals like rye or barley
Right knowledge
18 (40.0)
9 (20.0)
18 (40.0)
45 (100) 0.84
0.66
Wrong knowledge
10 (40.0)
3 (12.0)
12 (48.0)
25 (100)
Adherence and Knowledge about CD and right dietary practice
Knowing that celiac children must follow a gluten-free diet for life
Right knowledge
25 (41.7)
12 (20.0)
23 (38.3)
60 (100)
4.30
0.12
Wrong knowledge
3 (30.0)
0 (0.0)
7 (70.0)
10 (100)
Knowing that it is necessary to always carefully inspect food labels for ensuring that they
don’t contain gluten
Right knowledge
67 (100)
28 (41.8)
12 (17.9)
27 (40.3)
4.18
0.12
Wrong knowledge
3 (100)
0 (0.0)
0 (0.0)
3 (100)
knowing that if celiac patient consumes foods containing gluten many times, it is likely
that he will feel as sick as he was before the initiation of the GFD
Right knowledge
28 (43.1)
11 (16.9)
26 (40.0)
65 (100) 3.91
0.14
Wrong knowledge
0 (0.0)
1 (20.0)
4 (80.0)
5 (100)
Thinking that celiac disease can be cured completely
Right knowledge
25 (100)
12 (48.0)
5 (20.0)
8 (32.0)
1.88
0.40
Wrong knowledge
45 (100)
16 (35.6)
7 (15.6)
22 (48.8)
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Table 4.24: The Relation between Adherence and knowledge-based behaviors (total 70)
Very good Borderline Poor GFD
Fisher’s
GFD
GFD
adherence Total
P
Variable
exact
adherence adherence.
value
test
No (%)
No (%)
No (%)
No (%)
Providing celiac child with special gluten free food when he/she go outside
Yes
28 (46.7)
12 (20.0)
20 (33.3)
60 (100)
15.56
0.000
No
0 (0.0)
0 (0.0)
10 (100)
10 (100)
Following protective measures to avoid contamination with gluten while preparing GF foods
Yes
28 (50.0)
12 (21.4)
16 (28.6)
56 (100)
23.33
0.000
No
0 (0.0)
0 (0.0)
14 (100)
14 (100)
If child’s siblings cooperate with him/her in keeping adherence to GFD
Yes
25 (46.3)
12 (22.2)
17 (31.5)
54 (100)
13.03
0.001
No
3 (18.8)
0 (0.0)
13 (81.2)
16 (100)
Means to ensure that child refrain from food containing gluten school or kindergarten *
Talking to the manager of kindergarten or school
Yes
23 (45.1)
10 (19.6)
18 (35.3)
51 (100) 4.39
0.11
No
5 (26.3)
2 (10.5)
12 (63.2)
19 (100)
Talking to the canteen of school or kindergarten
Yes
8 (57.1)
0 (0.0)
6 (42.9)
14 (100)
4.29
0.12
No
20 (35.7)
12 (21.4)
24 (42.9)
56 (100)
Providing the child with GF food when going to school or kindergarten
Yes
28 (46.7)
12 (20.0)
20 (33.3)
60 (100)
15.56
0.000
No
0 (0.0)
0 (0.0)
10 (100)
10 (100)

83

Chapter 5
Discussion
In this chapter the researcher explains the findings of this study in the context of previous studies
on adherence to GFD and associated factors and on clinical symptoms and relevant nutritional
status among celiac patients.

5.1. Socio-demographic Characteristics of The Study Participants
Gender: in the present study, females were more than males (52.9% versus 47.1%). This result
is consistent with being CD is predominant in female (Caio et al., 2019), and it is similar to the
result of Canadian study on biopsy-confirmed celiac children where the percentage of female
was 58% (Rashid et al., 2005). As well as this result is similar to the result reported by Størdal et
al. (2013); they carried out a cohort study to describe the occurrence of clinically diagnosed celiac
disease in children ages 0 to 12 years in Norway and they found out that 58.2% of celiac children
were girls.
Age: in this study, the target age was from two to twelve years. The results showed that the mean
age was 8.1 ±2.9 years (range: 2.3-12.7 years) and this result is similar to the result reported by
Rashid et al. (2005); they carried out a study on 168 biopsy-confirmed celiac children who were
<16 years old and reported that that the mean age was 9.1 ± 4.1 years (range: 2–15 years).
Refugee status: 62.9% of participants were refugees and this is consistent with the percentage
of the population of refugees in Gaza Strip (GS) which at the end of 2018 reached about 64% of
the total population residing in GS (PCBS, 2019).
Residency: the results of the current study showed that the most of the patients (67.1%) were
from Gaza governorate, and 25.7% were from north governorate. It could be attributed to our
sample collection from health center in Gaza city; as Ard El Insan Palestinian Benevolent
Association (AEI) has two centers in GS one in Gaza city and the other in Khan Yunis city and
the study was carried out in Gaza center.
Education level of children’s parents: in the present study, education of parents was classified
into three groups: less than secondary, secondary, and high education (2 years institute, university
and postgraduate). The results showed that 38.6% of patients’ fathers had completed high
84

education, whereas 31.4% of their mothers had a high education. The Labor Force Survey data
for 2018 revealed that the percentage of individuals (aged 15 years and above), who have
completed university education (bachelor degree and above) was 15% (PCBS, 2019).
The results also showed that 4.3% of patients’ fathers were illiterate, while only 1.4% of mothers
were illiterate. This is consistent with percent of illiteracy in Gaza Strip was (2.4%), but it is
inconsistent with nature of illiteracy gap; in 2018, the illiteracy rate among persons aged 15 years
and above in Gaza Strip was 2.4% and illiteracy gap is significantly noticed between males and
females; 1.3% for males and 3.4% for females.
Parents’ occupation: in the present study, occupation of father and mother was classified into
three groups: non-working, worker/ business (unskilled manual worker, skilled manual
worker/farmer and trades/business), and professional/ semi-professional. The results showed that
2.9% of fathers were not working compared to 87.1% of mothers were not working. This huge
gap between males and females in respect to working reflects the gender bias and opportunities
for males to work as skilled/ unskilled worker (48.6% of fathers were workers versus 48.6% were
professional or semi-professional), while these opportunities are not available for females.
Moreover, PCBS (2019), stated that the unemployment rate among youth (18-29 years) in
Palestine increased in 2018 as it reached 45% (36% among males and 70% among females).
PCBS (2019) also reported that the rate of unemployment among graduates (18-29 years) holding
intermediate diploma degree or higher was 58% during 2018 (40% for males and 73% for
females).
Socio-economic level: in the present study, more than half patients (54.3%) were of a middle
socio-economic level, 35.7% were of a low socio-economic level, and 10% had a high socioeconomic level. It could be attributed to our sample collection from health center in Gaza city;
Gaza city is the main city of GS and most of its population are educated and are working not as
villages and camps.
Poverty: 78.6% of patients’ families were considered poor according to the international poverty
line that defined by the World Bank as living at less than $2 per capita per day (WorldBank,
2017). It is not surprising in the poor Gaza Strip, which is suffering from blockade and ruined
infrastructure. PCBS (2019) reported that the percentage of poverty in Gaza Strip was estimated
at 53% during 2017 and 34% of the Palestinians in Gaza Strip suffer from abject poverty.
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However, the percentage of poverty in our sample is higher than its percentage in general
population in Gaza Strip. This could be attributed to our sample collection from Ard El Insan
which is benevolent association working on providing health, nutrition and social services
particularly to poor and marginalized families in order to improve their health, standard of living
and community participation (AEI, 2018), so most of its beneficiaries are poor.

5.2. Medical History
5.2.1. Symptoms Prior to Diagnosis of CD
In the present study, all children presented with more than one symptom before diagnosis. This
result is similar to the result of Roma et al. (2010); they carried out a study on 73 biopsyconfirmed celiac children of median age 9.4 years. They found out that most children presented
with more than one symptom before diagnosis, whereas 11% were asymptomatic at diagnosis.
As well as the result comes in agreement with the result reported by Rashid et al. (2005); who
also found out the majority of children (96.4%) suffered more than one symptom. However, it is
noteworthy that in Gaza strip, there is no screening programs for celiac disease, so, all
participants of the current study (patients attending AEI) presented with symptoms that bring the
patient to the doctor’s office and aid in diagnosis.
The results of the current study showed that the most common symptom before diagnosis was
failure to thrive (94%), followed by abdominal pain (81%). The results also showed that other
prominent gastrointestinal symptoms included; bloating, anorexia, weight loss, diarrhea,
steatorrhea, nausea/ vomiting and constipation. This result is similar to the result reported by
Rashid et al. (2005); they found out that abdominal pain was the most common symptom, present
in 90% of the respondents and other prominent gastrointestinal symptoms included weight loss,
diarrhea, nausea and vomiting, and constipation. The result also comes in agreement with the
result reported by Roma et al. (2010); they reported that most common symptoms before
diagnosis were diarrhea, bloating and distension, failure to thrive, abdominal pain, anorexia and
anemia.
The results also showed that major non-gastrointestinal symptoms other than failure to thrive
included; fatigue, anemia of unexplained cause, bone/ joint pain mouth sores, and chronic skin
lesions or skin allergic manifestations. The result is similar to the result reported by Rashid et al.
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(2005); they reported that major non-gastrointestinal symptoms included growth failure, extreme
fatigue, anemia, mood swings or depression, eczema, bone/joint pain and mouth ulcers.
5.2.2. History of Diagnosis of CD
Age at diagnosis, physicians consulted and durations spent before final diagnosis
In the present study, the median age at diagnosis of CD was 3.4 years (mean 4.1 ±3.1 years;
range: 0.5–12.0 years). This result comes in agreement with results of previous studies; Rashid
et al. (2005); reported that the median age at diagnosis of celiac disease was 3.0 years (mean: 4.8
± 4.0 years; range: 1–15 years); and Roma et al. (2010) reported that the mean age at diagnosis
was 4.0 ±2.1 years.
The results showed that most of the families (87.1%) consulted at least two pediatricians, and
48.6 % of families consulted at least two gastroenterologists before confirmation of the diagnosis
of CD. This contradict with Rashid et al. (2005) study which showed that 30% consulted at least
2 pediatricians, and 6% consulted ≥2 gastroenterologists before establishing the diagnosis of
celiac disease. Also, disagreed with Roma et al. (2010) which stated that 25% of families
consulted more than one pediatrician before confirmation of the diagnosis of CD, and the initial
diagnosis later proved to be incorrect for 59% of the sample.
The result showed that median time between the onset of symptoms and the diagnosis of CD was
0.8 year (range: 0.1–9.5 years). This result comes in agreement with the result reported by Rashid
et al. (2005), as they found out that the median time between the onset of symptoms and the
diagnosis of CD was 1 year (range: 0–12 years).
5.2.3. Family History and Associated Diseases
Family history
In the present study, 8.6% had a first-degree relative with biopsy confirmed CD. This result is
consistent with being the risk of having CD is much greater in first-degree relatives (7–10%) (Bai
& Ciacci, 2017). Moreover, the result comes in agreement with the result reported by Rashid et
al. (2005); as they found out that 8% of celiac children had a first-degree relative with biopsyconfirmed celiac disease.
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Associated diseases
In the current study, the results showed that 2.9% of participants had type 1 diabetes, and 1.4%
had hypothyroidism. The percentage of coexistence of type 1 diabetes in this study is less than
reported in the previous research studies; Størdal et al. (2013) reported that 4.7% of celiac
children had type 1 diabetes, and Rashid et al. (2005) reported that 8% of celiac children had type
1 diabetes. However, despite diabetes mellitus type I is the most frequent autoimmune disease
associated with CD, type 1 diabetes is only seldom found in individuals already diagnosed with
CD. While in the vast majority of cases, CD is detected via screening antibodies at the time of or
after the diagnosis of diabetes (Ciccocioppo et al., 2015).
The results of the present study showed 1.4% of participants had hypothyroidism. This result is
consistent to the result reported by Størdal et al. (2013); they found out that 1.4% of celiac
children had thyroid disease.

5.3. Nutritional Status of Patients
5.3.1. Anthropometric Measurements
The results of the present study showed that 18.6% of celiac children were wasted, 42.9% were
stunted, and 45.7% were underweight. PMS (2013) reported that wasting showed a prevalence
of 4.4% among 6-59 months aged children in Palestine. They reported also that the prevalence
of stunting among 6-59 months aged children was 10.4% for total Palestine and it was higher in
the Gaza Strip (13.5% of the boys and 8.1% of the girls) than in the West Bank (12.5% of the
boys and 6.5% of the girls). This indicates that celiac children were malnourished much more
than children in the general population in GS.
Aurangzeb et al. (2010) carried out a study to assess the nutritional status of children with newly
diagnosed CD with comparison to matched controls and they found out that 8.7% were wasted,
4.2% were stunted and 20.8% were overweight, although none were obese. Patwari et al. (2003)
carried out a prospective study to evaluate the clinical and nutritional profile of children
diagnosed as CD; the average of follow up on GFD was 22 months. They found that height for
age Z score was significantly lower, mean BMI was significantly higher, and weight for age Z
score, and weight for height Z score were comparable to controls. Fröhlich-Reiterer et al. (2011)
found out that patients with biopsy-proven celiac disease (BPCD) had a significantly lower
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weight standard deviation score (SDS); and height SDS compared with patients without celiac
disease. In a subgroup of 9805 patients (183 with BPCD), significantly lower height and weight
SDS were still found after a 5-year follow-up.
5.3.2. Anemia
According to WHO criterion for anemia, the results of current study showed that in total, 37.1%
of participants were anemic; among children under five years, 42.9% were anemic, and among
children above five years, 35.7% were anemic. PMS (2013)ََreported that 26.4% of the children
aged between 6 and 59 months in Palestine were anemic; while the Gaza Strip presented with a
higher prevalence of anemia with 30.7% (22.9% of mild and 7.8% moderate forms) compared to
21.5% in West Bank (14.5% mild and 7.0% moderate forms).
Patwari et al. (2003) reported that at diagnosis, the nutritional and hematological indices were
significantly lower in celiac patients than in controls, and 80% of celiac cases had microcytic
hypochromic anemia and 20% had dimorphic anemia. On GFD for at least a period of more than
6 months, 19% had microcytic anemia and in 81%, the hematological picture was normocytic
normochromic.
Fernández et al. (2019) conducted a cross-sectional age and gender-matched study in 70 celiac
and 67 non-celiac volunteers to assess nutritional status in celiac children and adolescents on a
long-term GFD. They found out that celiac children and adolescents may have a higher risk of
iron and folate deficiencies.

5.4. Serological Finding
The results of the current study showed that the level of anti-tissue-Transglutaminase IgA (AntitTG) was abnormal (more than 10 U/ml) in 15.7% of participants. This result is less than the
results of previous studies; Jadrešin et al. (2008), found out that 26.8% of their study participants
had positive EMA and Roma et al. (2010), reported that about 39.7% of their study participants
had positive EMA/t-TG antibodies.

5.5. Clinical Status of Patients
In the present study symptoms scale of Skjerning et al. (2017) was used for assessment of
symptoms associated with CD. The value of 52 indicates asymptomatic patients on scale; the
higher the scale is the better as this means patient experienced no or little symptoms. Clinical
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status was classified according to the symptoms scale into two categories: experiencing
symptoms (>39), and asymptomatic or with little symptoms (≥ 39). The results showed that
18.6% were experiencing symptoms and most of participants (81.4%) was asymptomatic or with
little symptoms. Roma et al. (2010) found out that 83.6% of all celiac participants were
asymptomatic, although 37.7% of asymptomatic children had positive EMA/t-TG antibodies.
Rashid et al. (2005) reported that after starting the GFD, 89% of celiac children noted a
significant improvement in health. Mahadev et al. (2013) found out that most celiac patients’
symptoms were either improved (70%) or somewhat improved (13%) with GFD.

5.6. Adherence to Gluten Free Diet Among Celiac Patients
As the gluten free diet is currently the central feature in the management of CD, it is crucial to
evaluate a child’s adherence to the diet to reduce future disease complications. Clinicians often
consider the adherence to the GFD a surrogate to the extent of disease activity of the small
intestine. At present, no evaluative tool exists for the evaluation of children on a GFD; therefore,
there is significant variability in how adherence is assessed for children with CD. The North
American Society for Pediatric Gastroenterology, Hepatology and Nutrition Celiac Disease
Guidelines state “There is little evidence on the most effective means of monitoring patients with
CD”. Studies of children with CD have relied on a variety of assessments of GFD adherence
including interview, dietary recall, visual analogue scales and repeat celiac serology such as
tissue transglutaminase (TTG) antibodies. This has led to significant variation in the adherence
rates reported in children, ranging from 30% to 95%. Reliance on serology alone may miss
ongoing gluten exposure and the opportunity for intervention for children with CD. Recent
reports of repeat endoscopy in children with CD identify that up to 19% have ongoing
enteropathy despite following a GFD (Dowhaniuk et al., 2020).
In the present study, Celiac Dietary Adherence Test (CDAT) (7-item based questionnaire that is
considered valid and reliable tool to evaluate adherence to GFD) was used after modification.
The results showed that the adherence rate was about fifty-seven (40% was very good GFD
adherence and 17.1% was GFD borderline adherence) and 42.9% was poor GFD adherence. This
result is consistent with previous literature in which the proportion of patients reporting to adhere
to a strict diet ranges between 42% to 96% (Lindfors et al., 2019). This result agrees also with
the previous studies on adherence among the pediatric population, which identified that the GFD
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seriously affects the child patient’s quality of life, and adherence is very often suboptimal,
ranging from 52% to 95%, with adolescents having serious difficulties with permanent adherence
to the GFD (Ciccocioppo et al., 2015). However, the adherence rate varies due to the difference
in the operational definition, selection of cut off points and is likely due to a combination of many
factors.
Roma et al. (2010) reported that among 73 children with CD, 42 (58%) stated that they were not
aware of taking any food containing gluten (compliant) and 42% said that they sometimes ate
gluten containing food (noncompliant). Jadrešin et al. (2008) carried out a study on 71 celiac
children, assessed their GFD compliance and found out that according to the questionnaire,
59.1% were on a strict GFD, 26.8% were taking small amounts of gluten (semi-strict), and 14.1%
were not on a specific diet (not on GFD).
5.6.1. Duration of Follow-up at Ard El-Insan
In this study, the mean duration of follow up at Ard El-Insan was 3.7 ± 2.4 years (range: 0.0 –
12.0 years). This result is similar to the result reported by Roma et al. (2010); they carried out a
study on 73 biopsy-confirmed celiac children of median age 9.4 years and they found out that the
mean duration of their follow up was 3.8 ± 4.1years (range: 1–15.5 years).
5.6.2. Symptoms After an Incidental Intake of Gluten
The results of the current study showed that 61.4% of celiac children experienced symptoms after
an incidental intake of gluten, and more than one-third of these patients (34.8 %) reacted close
to the consumption of gluten, that is, during the first hour after gluten intake. This result is similar
to the result reported by Tapsas et al. (2014); they carried out a study on 316 children and
adolescents with a biopsy confirmed CD diagnosis in southeast Sweden and they found out that
symptoms after an incidental intake of gluten were experienced in 61.6% of children, of whom
87.5% had symptoms from the gastrointestinal tract. Non gastrointestinal symptoms such as
tiredness and headache were experienced by some of the patients. They also found out that more
than one-third of the patients (35.2%) reacted close to the consumption of gluten, that is, during
the first hour after gluten intake and there was no correlation between the amount of accidental
gluten intake and the time of the debut of the symptoms. Roma et al. (2010) found out that the
accidental consumption of gluten after initiation of the GFD triggered reactions in 80% of the
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participants (abdominal pain 60%, vomiting 20%, diarrhea-bloating 20%, and most displayed
more than one symptom).

5.7. Factors Influencing Adherence to Gluten Free Diet Among Celiac
Patients
While lifelong and complete adherence to GFD is essential to success in the management of CD,
it is extremely difficult and challenging for patients to follow GFD. There are many barriers to
maintenance of GFD; some of them are universal and some of them are unique to each country.
The common barriers to adherence to GFD include inadequate information and education about
the disease, cultural beliefs, hidden gluten in the gluten-free (GF) food, food contamination,
social pressure, high cost of GF products, and inadequate/no food labeling on the packaged food
items. (Freeman, 2017; Rajpoot et al., 2015)
In the present study, education level of father, education level of mother, ability of father to
access to health information, ability of mother to access to health information, poverty, socioeconomic level, duration on GFD, regular follow up at AEI, duration of follow up at AEI,
providing celiac child with special gluten free food when going outside, following of protective
measures to avoid contamination with gluten while preparing/ storing GF foods and cooperation
of siblings in keeping GFD were associated significantly with adherence to GFD.
5.7.1. Socio-demographic Factors
Gender and adherence to GFD: the results of the current study showed that there was no
statistically significant difference in adherence regarding to gender. This result comes in
agreement with the result reported by Tapsas et al. (2014), as they found out that sex was not
associated with adherence to the diet in celiac children. It also agrees with findings of Kurppa et
al. (2012), as they reported that there was no association between adherence and gender.
Age and adherence to GFD: the present study revealed that there was no statistically significant
difference in adherence between patients aged less than five years and those aged more than five

(all are less than 12 years). This result comes in agreement with the result reported by Tapsas et
al. (2014), as they stated that the current age was not associated with adherence to the diet in
celiac children.
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Education levels of patient’s father and adherence to GFD: the results of the current study
showed that education level of fathers of celiac children was related to patient’s adherence to
GFD with statistical significance; as children for fathers with high education, were more adherent
than children for fathers with less than secondary education. This result comes in agreement with
the result reported by Anson et al. (1990); as they found out that parents of compliant patients
are better educated and from a higher social class than noncompliant patients. While Roma et al.
(2010) identified that the education levels of both fathers and mothers were not significantly
correlated with adherence of celiac children to GFD.
Education levels of patient’s mother and adherence to GFD: the results of the current study
showed that education level of mothers of celiac children was related to patient’s adherence to
GFD with statistical significance; as children for mothers with high education, were more
adherent children than children for mothers with less than secondary education. This result is
consistent with result reported by Garg and Gupta (2014); they identified that mother’s education
was significantly associated with celiac children compliance. Also, Chauhan et al. (2010) in their
study identified that dietary compliance was higher in children with higher maternal education.
While Roma et al. (2010) identified that the education levels of both fathers and mothers were
not significantly correlated with adherence of celiac children to GFD.
Ability of parents to access to health information and adherence to GFD: the current study
showed that there was statistically significant difference in adherence regarding to the ability of
father to access to health information, and it also showed that there was statistically significant
difference in adherence regarding to ability of mother to access to health information. Garg and
Gupta (2014) stated that since parents are the ones responsible for feeding the child, parents’
knowledge and general awareness about the disease do significantly relate to compliance, as
parents of children in the compliant group had better understanding of the nature of the disease
and were also very evidently more aware about the treatment and better identified the gluten-free
food. Mathur (2016) identified that knowledge of parents regarding to celiac disease, parents’
and child’s attitude towards restrictive diet and child’s feelings were important factors associated
with adherence. As well as, Chauhan et al. (2010) reported that dietary compliance of celiac
children was higher when parents having better knowledge and understanding of disease.
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Poverty and adherence to GFD: the results of the current study showed that there was
statistically significant difference in adherence regarding to poverty, as patients considered not
poor were more adherent than poor patients. Chauhan et al. (2010) identified that adherence was
better in patients belonging to families with higher per capita income, nuclear family, and
families with less number of siblings. While Garg and Gupta (2014), stated that number of
children in compliant and noncompliant group was not significantly different in relation to per
capita family income nor number of siblings.
However, gluten-free diets are generally costly, and its perceived cost remains a barrier to
adherence. In some countries, governments may provide a stipend to alleviate costs or,
alternatively, consider the costs of a gluten-free diet as an annual tax credit to the welldocumented patient with biopsy defined celiac disease. While the gluten free diet may be difficult
to pursue in some countries where limited or minimal financial support is available, especially
from government or other health care providers (Freeman, 2017). Gaza Strip experiences poor
economic situation caused by the siege which has affected all levels in Gaza Strip. AEI was one
of the associations that were affected, as it is the only one that provides gluten free flour to celiac
patients. During the data collection, there was a lack of gluten free flour that was provided by
AEI to patients.
Socio-economic level and adherence to GFD: the results of the current study showed that the
socio-economic level was related to patient’s adherence to GFD with statistical significance; as
high social level group had the most percent of very good adherence, and it had no one patient
with poor adherence. This result comes in agreement with the result reported by Anson et al.
(1990); as they found out that parents of compliant patients are from a higher social class and
better educated than noncompliant patients.
Type of family and adherence to GFD: the results of the current study showed that adherence
was better in patients belonging to nuclear families but this difference was not statistically
significant. Garg and Gupta (2014) stated that compliance to GFD was significantly associated
with type of family, as children living in nuclear families were more compliant than children
from joint families. Joint family may lead to noncompliance as with many people around the
child having all varieties of food, tempts the child and leads him to consume gluten containing
food. Also, Chauhan et al. (2010) identified that adherence was better in patients belonging to
94

nuclear family, in families with higher per capita income, and families with less number of
siblings.
5.7.2. Factors Related to Medical History
Age at diagnosis and adherence: in the present study, the results showed that there is no
statistically significant difference in adherence regarding to the age at diagnosis This finding is
consistent with finding of Garg and Gupta (2014); they identified that number of children in
compliant and noncompliant group was not significantly different in relation to age at diagnosis
of CD, and the symptom with which the child came when he was diagnosed with CD (whether
gastrointestinal or non-gastrointestinal). While, Barnea et al. (2014) found out that adherence
was better in those diagnosed before the age of 10, compared to children with older age of
diagnosis.
Presence of first-degree relative with biopsy-confirmed CD and adherence: the results of the
current study showed that there was no statistically significant difference in adherence regarding
to presence of first-degree relative with biopsy-confirmed CD, despite celiac children who had
first-degree relative with biopsy-confirmed CD were more adherent than children who did not
have first-degree relative with biopsy-confirmed CD. This result comes in agreement with the
other results; Kivelä et al. (2017) reported that there was no significant association between the
presence of strict adherence and celiac disease in the family or concomitant T1DM in the child.
Also, Kurppa et al. (2012) reported that there was no association between non-adherence and
family history of celiac disease. Roma et al. (2010) identified that the presence of sibling(s)
without CD was not significantly correlated with compliance.
5.7.3. Treatment Factors
The duration on gluten free diet and adherence to GFD: the results of current study showed
that there was statistically significant variation in adherence regarding to the duration on gluten
free diet; the mean of duration on GFD among very good adherent group was higher than both
borderline adherent group and poor adherent group. While, Kurppa et al. (2012) identified that
there was no association between non-adherence and duration of diet, presence of comorbidities,
family history of CD, or lack of follow-up.
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Regular follow up and duration of follow up at AEI and adherence to GFD: the results of
the current study showed that there was statistically significant difference in adherence regarding
to regular follow up at AEI; adherence wasََgreatly better among patients who followed up at AEI
regularly than those who did not follow up regularly. Moreover, the results of the current study
showed that adherence was significantly related to the duration of follow up at AEI; adherence
was better with longer duration of follow up.
Hall et al. (2009) stated that regular dietetic follow up and detailed discussion of the disease by
the physician have been found to be strongly associated with adherence. Barnea et al. (2014)
carried out a case-control study and found out that 35% of children with CD were lost to followup (LTFU), and LTFU is associated with non-adherence to GFD and positive serology. While,
Kurppa et al. (2012) identified that there was no association between non-adherence and lack of
follow-up, duration of diet, presence of comorbidities, or family history of CD.
Having a membership in a patient support group and adherence to GFD: the results of the
current study showed that adherence was better in patients who had a membership in a patient
support group, but this difference was not statistically significant. Hall et al. (2009) stated that
adherence is most strongly associated with membership in an advocacy group and regular dietetic
follow‐up.
See et al. (2015) stated that membership in celiac disease support groups has been associated
with improved dietary adherence. Furthermore, social media enables support groups to form that
are no longer limited to physical meetings. All patients should seek out community support
because support groups can have varied roles: social and emotional support or empathy;
adjustment; awareness of local and national sources of gluten-free foods; product sampling;
practical advice for gluten-free food preparation; advocacy or representation; dissemination of
up-to-date information; travel information and/or experience.
5.7.4. Knowledge and Knowledge - Based Behaviors
In the present study, knowledge about the disease and its treatment, and knowledge-based
behaviors were evaluated, and the results showed that 64.3% of participants answered incorrectly
about the cure of CD completely, 45.7% of participant answered incorrectly to question about
using products labelled as “wheat free” (not gluten free) in the celiac child’s diet, as well as,
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35.7% answered incorrectly about awareness that these wheat free products may contain other
cereals like rye or barley which contain gluten. Moreover, 20% did not follow protective
measures to avoid contamination with gluten while preparing GF foods such as washing hands
and utensils before and keeping GF foods in special cans and utensils, and 14.3% did not provide
celiac child with special GF food when going outside. Celiac child’s siblings of 77.1% of celiac
patients cooperated with them in keeping adherence to GFD. Roma et al. (2010) identified that
despite the information offered, 57.5% answered incorrectly to more than two of the 15 questions;
therefore, they had insufficient knowledge about CD according to their definition.
Regarding to adherence, results of the current study showed that generally, adherence was better
in participants who had better knowledge, but this difference was not statistically significant.
Moreover, the results of the current study showed that knowledge-based behaviors were related
to patient’s adherence to GFD with statistical significance. Children who were provided with GF
foods when they went outside were with greatly better adherence, with statistical significance.
As well as, participants who followed protective measures to avoid contamination with gluten
while preparing GF foods such as washing hands and utensils before and keeping GF foods in
special cans and utensils were with greatly better adherence, with statistical significance. This
result comes in agreement with results of previous studies; Roma et al. (2010), reported that
sufficient knowledge about CD correlated significantly with compliance; Mathur (2016),
reported that mother’s education, knowledge of parents regarding CD, parents’ and child’s
attitude towards restrictive diet and child’s feelings were important factors associated with
adherence. As well as the effective counseling is the most important factor to assure the required
restriction in the diet among the patients; Charalampopoulos et al. (2013) reported that parental
perceived knowledge was independently and significantly associated with dietary adherence; and
Chauhan et al. (2010), reported that dietary compliance was higher in children with higher
maternal education, and when parents having better knowledge and understanding of disease.
Also, Garg and Gupta (2014), reported that mothers’ education, parents having better knowledge
of celiac disease, parents’ and child’s attitude towards his/her having to follow a restrictive diet
and child’s feelings were shown to be significantly associated with compliance. They also
highlighted that higher degree of compliance is noted when parents have better knowledge about
CD and the gluten containing items, understand importance of GFD for betterment of health and
development of child, and are able to distinguish gluten containing from gluten-free food so that
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they handle the menu better. Mother’s education is found as a significant factor related with the
compliance. It may be because mother is responsible for buying and preparation of food items,
and with her knowledge, she is able to identify better which food stuff is gluten free.
5.7.5.Cooperation of Siblings
The results of the current study showed that siblings’ cooperation was related to patient’s
adherence to GFD with statistical significance; adherence was far better among celiac children
whose siblings cooperated with them in keeping adherence to GFD.
Celiac disease touches all family members (especially when the patient is a child) who are
important to the adherence to GFD (See et al., 2015).Effective management of CD requires
intense family cooperation as well as concerted national efforts to provide these patients easy
access to gluten free diets (Kalra et al., 1999).

5.8. Relation Between Adherence and Nutritional Status of Patients
5.8.1. Adherence and Anthropometric Variables
The result of the current study showed that very good adherent group was heavier than poor
adherent group, despite this difference was not statistically significant. Also, the results showed
that very good adherent group was taller than poor adherent group, despite this difference was
not statistically significant.
Moreover, the results of the current study showed that there was statistically significant
difference between adherence groups regarding to wasting; poor adherent group had the highest
percent of wasting (33.3% of poor adherents were wasted versus 10.7% of very good adherents).
The results also showed that the highest percent of underweight was among poor adherent
patients (56.7% of poor adherent patients versus 39.3% of very good adherent patients), but this
difference was not statistically significant. Concerning stunting, the results also showed that poor
adherent group had the highest percent of stunting (53.3% of poor adherents versus 32.1% of
very good adherents), however, the difference was not statistically significant.
Jadrešin et al. (2008) found out that the patients on strict GFD had the greatest body height, yet
the difference was not significant. These patients also had a higher mean body mass. They also
reported that there was no significant height and weight difference between EMA-positive and
EMA-negative patients. Rajpoot et al. (2015) found out that patients with excellent and good
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adherence to GFD had a significantly higher improvement in weight after 6 months of follow up
than those who remained poorly adherent.
5.8.2. Adherence and Anemia
The results of the current study showed that the mean of hemoglobin within very good adherent
group was the highest. However, this difference did not reach the statistical significance. The
result also showed that the percent of anemia within very good adherent group was much lower
than borderline adherent group and poor adherent group. However, this variation did not reach
statistical significance
Jadrešin et al. (2008) found out that the patients on strict GFD had significantly higher mean
hemoglobin and mean cell hemoglobin levels than both semi-strict GFD patients, and those who
are not on GFD. But there was no significant difference between EMA-positive and EMAnegative patients. Rajpoot et al. (2015) found out that patients with excellent and good adherence
to GFD had a significantly higher improvement in the level of hemoglobin after 6 months of
follow up than those who remained poorly adherent.

5.9. Relation Between Adherence and Serological finding.
In the present study, the results showed that the mean of anti- tTG level within poor adherent
group was the highest compared to very good adherent group and borderline adherent group, but
this difference was not statistically significant. The result also showed that 10.7% of very good
adherent group and 8.3% of borderline adherent group had abnormal serological findings,
compared to 23.3% of poor adherent group. However, this variation did not reach statistical
significance.
Jadrešin et al. (2008) found out that 9.5% of ‘strict GFD’ group, 26.3% of ‘semi strict GFD’
group, and all (100%) of ‘not on GFD’ group had positive EMA. They also stated that although
59% (42/71) reported compliance with GFD, only 53% (38/71) were compliant and EMA
negative. Roma et al. (2010) found out that 23.8% of compliant participants had positive EMA/tTG antibodies, and 61.3% of noncompliant children had positive EMA/t-TG antibodies. They
also stated that 37.7% of the asymptomatic children had positive EMA/t-TG antibodies.
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5.10. Relation Between Adherence and Clinical Symptoms
The results of the current study showed that there was significant relation between symptoms
scale and adherence; the mean of symptoms scale among very good adherent group was the
highest (the best clinical status) when compared to borderline GFD adherent group and poor GFD
adherent group and this difference had statistical significance. This result is consistent of the
result of Rajpoot et al. (2015); they assessed 146 celiac patients for symptom improvement using
celiac symptom index (CSI) and they found out that there was a significant improvement in celiac
symptom index CSI in celiac patients with excellent and good adherence to GFD from baseline
to 6 months. Whereas, patients adhering poorly to GFD had no improvement in CSI at 6 months
compared to that at the baseline. Roma et al. (2010) reported that all children on a strict GFD
were asymptomatic, although 23.8% of them had positive EMA and anti t- TG antibodies.
Whereas, among noncompliant children, 61.3% were asymptomatic.
Jadrešin et al. (2008) reported that except for chronic fatigue in ‘semi strict’ GFD group, the rate
of other symptoms was not significantly higher in any group (strict GFD group, semi strict GFD
group, and not on GFD group), and almost half of the celiac patients were likely to abandon GFD
without experiencing major symptoms, thus increasing the risk for developing complications
later in life. An active attitude is required in the follow-up of patients with CD.

5.11. Items That Would Improve Patients’ Adherence and Quality of
Life
In the present study, participants were asked to select three items that would improve patient’s
adherence to GFD and their quality of life, and the result showed that more free provision of GF
flour/food (financial support) was selected by 84.3%, more GF foods/ choices in the
supermarket/restaurants was selected by 65.7%, earlier diagnosis of celiac disease was selected
by 61.4%, and better labeling of gluten containing ingredient was selected by 44.3%.
In study of Roma et al. (2010), when participants were asked to select three items that would
improve their quality of life, families and children proposed a better labelling of glutencontaining ingredients (76%), more GF foods in the supermarkets (58%), and GF choices on
restaurant menus and in school canteens (42%). In study of Rashid et al. (2005), the participants
were asked to select 2 items that they felt would improve their quality of life. Better labeling of
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gluten-containing ingredients was selected by 63% of the respondents, more gluten-free foods in
the supermarket and gluten-free choices on restaurant menus by 49%. Earlier diagnosis of celiac
disease was selected by 34%. MacCulloch and Rashid (2014) reported that when participants
were asked what would support better adherence to a GF diet, participants listed improving the
variety and taste of GF products as the most important. The support of family members and celiac
association were also identified as being helpful. When participants were asked what would make
it easier to eat GF food, increased availability, lower cost, and education for schools/restaurants
were noted. In addition, participants suggested certification for restaurants and vendors to prove
knowledge of GF dietary requirements.
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Chapter 6
Conclusion and Recommendations
6.1 Conclusion
This is a cross-sectional study conducted to identify the factors affecting CD patients’ adherence
to GFD and to assess clinical symptoms and relevant nutritional status among celiac children
aged 2-12 years using different tools in order to help reducing their morbidity and mortality. The
study is conducted at AEI association in Gaza and included 70 celiac children.
The researcher concluded that:
•

According to clinical status; most of participants were asymptomatic or with little
symptoms and 18.6% were experiencing symptoms.

•

Adherence rate was about fifty-seven (40% was very good GFD adherence and 17.1%
was GFD borderline adherence) and 42.9% was poor GFD adherence.

•

There was a significant positive association between education level of father, and
education level of mother, and adherence of celiac children to GFD.

•

There was a significant positive association between ability of fathers and mothers to
access to health information and adherence of their children to GFD.

•

There was a significant inverse association between poverty and adherence to GFD.

•

There was a significant positive association between socio-economic level and
adherence to GFD.

•

There were significant positive associations between duration on GFD, regular follow up
at AEI and the duration of follow up at AEI and adherence to GFD.

•

There was a significant positive association between providing celiac child with special
gluten free food when going outside, and adherence to GFD.

•

There was a significant positive association between following protective measures to
avoid contamination with gluten and adherence to GFD.

•

There was a significant positive association between cooperation of siblings in keeping
GFD and adherence to GFD.

•

There was a significant positive association between symptoms scale and adherence;
(better adherence was positively associated with better clinical status).
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•

Current age, gender, age at diagnosis, geo-locality, mother age, and presence of firstdegree relative with biopsy-confirmed CD were not significantly associated with
adherence to GFD.

•

More free provision of GF flour/food, more GF foods/ choices in the
supermarket/restaurants, earlier diagnosis of CD, and better labeling of gluten containing
ingredient could improve adherence to GFD and quality of life.

6.2. Recommendations
Efforts for early diagnosis and optimal management of celiac patients are addressed to policy
makers, healthcare providers, celiac patients and their families. Therefore, the following
recommendations are suggested:
6.2.1. Recommendations for Policy Makers and Healthcare Providers
•

Organize celiac screening programs particularly for individuals at high risk such as; firstdegree relatives of celiac patients, as well as in individuals with type 1 diabetes mellitus
(T1DM), autoimmune thyroid diseases, Down syndrome, Turner syndrome, Williams
syndrome, and other associated diseases

•

Increase the awareness about the wide diversity of clinical manifestations of CD and
about associated diseases among medical professionals in different health care centers
especially primary-care physicians and pediatricians for achieving early correct
diagnosis.

•

Regular follow up of celiac patients thoroughly in clinic with team that has a physician
and dietitian, both with a special interest in CD. They should check the integrity of smallbowel absorption, associated autoimmune conditions, complication, nutritional status,
and dietary adherence.

•

Educate and counsel celiac patients and their families to provide adequate and thorough
information with regard to CD and the need for lifelong adherence to GFD.

•

Educate patients about the complexities of the GFD; gluten containing foodstuffs
(including sauces, creams, and other additives) and GF foodstuffs; sources of hidden
gluten; protective measures to avoid contamination with gluten; balanced meal planning;
label reading; shopping for foods; dining out and traveling; providing celiac child with
GF foods; and credible resources.
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•

Encourage patients to join a CD support group to provide social and emotional support;
awareness of local and national sources of gluten-free foods; practical advice for glutenfree food preparation; dissemination of up-to-date information. Thus, their adherence to
GFD and health status would be improved.

•

Educate family about the importance of their role, support and cooperation in keeping
adherence to GFD.

•

Provide a psychological support for accepting the disease and the new lifestyle.

•

Provide financial support for GFD foodstuffs and/or provide free GF flour/foods for
patients with biopsy confirmed celiac disease in quantities that meet their nutritional
demands for improving their adherence.

•

Enhance traders and the owners of stores via ministry of economy to secure GF foods in
their stores.

•

Provide GF foods/ choices in the restaurants and schools with standardized training for
staff at restaurants, schools, and camps for protecting patients from inadvertent gluten
exposure.

•

Establish education programs to enhance awareness at community and institutional
levels about CD and GFD and its issues.

2.6.2. Advices to Celiac Patients and Their Families
•

Patients and their families (specially parents) should seek continuous education about CD
and GFD from credible resources.

•

It is advisable for family members to follow-up with serology, and those who get positive
serology or develop symptoms should have duodenal biopsy examination.

•

Periodic visit of patients in the health centers regularly for follow up is very important
for celiac patients.

•

Family members (specially parents) should provide support for celiac patients and help
them in keeping adherence to GFD.

•

Be cautious with food selection and avoid all sources of possible gluten contamination
(as wheat is often used as a thickener for sauces and gravies and as an additive for
stabilizing, flavoring and other functions). So, reading food label is important
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•

Follow protective measures to avoid cross-contamination with gluten while preparing GF
foods such as washing hands and utensils and keeping GF foods in special cans and
utensils.

•

Provide celiac child with GF foods when going outside (specially at school) to ensure
refraining from food containing gluten

•

Meal provided for celiac patients should be not only gluten free but also, balanced and
rich in nutrient and fiber, consult the dietician when you need.

•

If there is deficiency in any vitamins or minerals, they may need to be corrected by dietary
supplements prescribed by their healthcare team.

•

Celiac patients should join a CD support group as patients who are active members are
usually more knowledgeable and adherent to their diet.
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Annex 1: Consent Form

Clinical Symptoms and Gluten Free Diet Adherence among Celiac Children Aged 2-12
Years Attending Ard El-Insan Clinics in Gaza

(Consent Form)
My name is Asmaa Amin Attaallah, I am going to make a research study entitled Clinical
Symptoms and Gluten Free Diet Adherence among Celiac Children Aged 2-12 Years Attending
Ard El-Insan Clinics in Gaza.
The research will be done in order to obtain a Master Degree in Clinical Nutrition. This is a
supervised program at Al-Azhar University, in Gaza city. The study aims to investigate
adherence to gluten free diet, clinical symptoms and relevant nutritional status among celiac
patients in Gaza aged 2-12 years.
I would like to invite you to participate in this important study, your participation might help in
clarifying certain important points and play an important role in the study. Also, the results of
this research might help decision-makers to take actions toward improvement of celiac patient's
status.
You are not compelled to participate. Also, non - participating in this study will not affect the
quality of care you might need.
I will ask you some questions about your celiac patient, his/her health and disease status,
dietary issues and about the family. I will make some body measurements and I will draw
sample of blood for analysis.
Any information you give us will be kept confidential.
Thank you for time and effort
Participant's signature: __________________________
Date: ____/____/_________
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Annex 2: Questionnaire
Child Name …………………

DOB

/

/

DOV

/

/

SN……

Residency: 1. North
2. Gaza
3. Middle
Mobile No
Refugee Status: 1. Refugee
2. Non-refugee
Gender: 1. Male
2. Female
Geo-locality:
1. Urban
2. Rural
3. Camp
Family: 1. Nuclear 2. Extended
Mother’s age: ………………. years
Number siblings………………….
Mother marital status: 1. Married 2. Divorced 3. Widow
Order of the child……………….
Anthropometric: 1. Weight kg)……………….2. Height (m)……......
Child age at diagnosis………………. Years
Scoring of Scale for Measuring Family Socioeconomic Status
Education & Cultural Domain (score =30)
Occupation Domain (score = 10)
Highest level of education
Husband Wife
Occupation
Husband Wife
Illiterate
0
0
Non-working/housewife
0
0
Read & write
2
2
Unskilled manual worker
1
1
Primary
4
4
Skilled manual worker/farmer
2
2
Preparatory
6
6
Trades/business
3
3
Secondary
8
8
Semi-professional/clerk
4
4
2 years institute
10
10
Professional
5
5
University
12
12
Postgraduate
14
14
Access to health information = 1
Family Possession Domain (score = 12)
1 each for the presence of items given below:
Refrigerator, Radio, TV, Telephone/mobile phone, Car, Washing machine, Agricultural land, Non-agricultural land for
housing, Shop or animal shed, Other house (beside the house in which the family is living), Animals/poultry, computer/internet
Family Domain (score = 10)
Home Sanitation Domain (score = 12)
Residence: Camp = 0; Rural = 1; Urban = 2
Services (1 each for the presence of the following items): Pure
Number of family members (parents, children & all
water supply, Electricity, Natural gas, Sewerage system,
dependents); < 5 members = 2; ≥ 5 members = 1
Municipal collection of solid waste, Flush latrines, Air condition
Number of earning family members;
Type of house:
1 member = 1; 2 members = 2; ≥ 3 members = 3
Owned, ≥ 4 rooms = 4, < 4 rooms = 3
Education of children (aged ≥ 5years, whether free or
Rented, ≥ 4 rooms = 2, < 4 = 1
private education);
No place to reside = 0
All children going or ever gone to school = 3
≥ 50% going or ever gone to school = 2
Crowding index: (No of family members/No of rooms):
< 50% going or ever gone to school = 1
≤ 1 person per room = 1
None go/gone to school/not applicable = 0
> 1 person per room = 0
Economic Domain (score = 5)
Health Care Domain (score = 5)
Income from all sources:
Usual score of health care:
In debt = 0;
Private health facilities = 5;
just meet routine expenses = 1;
Health insurance = 4;
meet routine expenses and emergencies = 2;
Free governmental health service = 3;
Able to save/invest money = 3
More than one of the above sources = 2;
Family receives governmental support: Yes = 1; No = 0
Traditional healer/self-care = 1
Family pay tax: Yes = 1; No = 0
Family income/month =
ILS;
Number of family members =
Number of rooms =

Grand Total
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Part One: Diagnosis & Clinical Symptoms
No.

History of diagnosis of celiac disease

1

Duration between the onset of symptoms & the final confirmed diagnosis

2

Duration between the onset of symptoms & the first medical examination

3

Duration between first medical examination & the final confirmed diagnosis

4

How many pediatricians were consulted before confirmation of the diagnosis

5

How many gastroenterologists were consulted before confirmation of the diagnosis

6

Duration of follow up at Ard El-Insan Clinics

Clinical symptoms or signs prior to diagnosis of celiac disease
Symptoms & Signs

Yes

No

Symptoms & Signs

Yes

Diarrhea

Fatigue & weakness

Steatorrhea

Recurrent headache

Abdominal pain

Peripheral neuropathy

Bloating & distension

Sleep disorders

Nausea/vomiting

Sores at mouth

Anorexia

Weight loss

Constipation

Failure to thrive/short stature

Bone ache/ arthralgia

Tooth discoloration/loss of tooth enamel

Dermatitis herpetiformis

Chronic skin lesions/skin allergic
manifestations

Anemia of unexplained cause

First-degree relative with biopsy-confirmed CD

1. Yes

2. No

Presence of other autoimmune disease or other associated disease? 1. Yes

2. No

If yes (specify) …………………………………………………………………….
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No

Has patient experienced any of these problems associated with having celiac disease the
past two weeks?
All the time Most of the
Sometimes Rarely Never
time
Problems
(0)
(1)
(2)
(3)
(4)
Abdominal pain
Diarrhea
Constipation
Nausea
Acid regurgitation
Vomiting
Feeling bloated
Lack of appetite
Fatigue
Headache
Sadness
Mood swings
Other (please state)
Symptoms Scale
The symptoms scale can be computed from sum the numeric values of the answered items
(Skjerning et al., 2017)
Part Two: Adherence to Gluten Free Diet
Celiac Dietary Adherence Test (CDAT)
Question
1
2
3
4
5
Have your child ever been bothered by
None of
A little of
Some of the
Most of All of the
low energy level during the past 4 weeks?
the time
the time
time
the time
time
Have your child ever been bothered by
None of
A little of
Some of the
Most of All of the
headaches/other pain as bone pain during
the time
the time
time
the time
time
the past 4 weeks?
Your child able to follow a GFD when
Strongly Somewhat Neither agree Somewhat Strongly
dining outside your home
agree
agree
nor disagree
disagree
disagree
Before you do something you carefully
Strongly Somewhat Neither agree Somewhat Strongly
consider the consequences
agree
agree
nor disagree
disagree
disagree
You do not consider your son/daughter a
Strongly Somewhat Neither agree Somewhat Strongly
failing child
agree
agree
nor disagree
disagree
disagree
How important to your child health are
Very
Somewhat
Neutral/
A little
Not at all
accidental gluten exposures?
important important
unsure
important important
Over the past 4 weeks, how many times
has your child eaten foods containing
0 (never)
1-2
3-5
6-10
>10
gluten on purpose?
Gluten-free diet compliance score of the patient
Scores are additive from 7 to 35, with higher scores denoting worse GFD adherence. A combined
score of less than 13 showed excellent or very good GFD adherence. Score of greater than 17
had fair to poor GFD adherence (Leffler et al., 2009).
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The duration on GFD …………
In case of accidental/intentional gluten intake, does patient experience any CD related
symptoms?
1.Yes
2. No
Time interval between accidental gluten intake and symptoms (reactions)……. hours
Where did the accidental mistakes happen?
Yes
No
Home
Homes of friends and relatives
Training places and playgrounds

Yes
Child care (school, Kindergarten, etc.)
Journeys
No mistakes happened

By which gluten-containing foods/ products did mistakes happen?
Yes No
Bread
Pizzas and pastry and cakes& other
baked foods
Variants of snacks; chips, beverages,
Sweets :Kunafah, baklava, Qataif, kolaj,
chocolate and other candies, chewing
balah-sham, Ghuraibah, basbousa,
gum, biscuits & ice cream
Ma’amoul & Sahlab
Groats, couscous, freika
Foods prepared in gluten contaminated
pasta containing gluten& indomie
kitchen facilities or utensils
Processed/creamy cheese or cream,
Wrong type of sauce/ additives on food
processed /canned meats
naturally gluten free (ketchup, tomato
paste, mayonnaise prepared spices and
condiments)
Do you have problems in attempt to adhere to GFD? 1. Yes 2. No
If yes, what are the problems associated with GFD?
Problem
Poor palatability
High Cost of the gluten-free products
Stigmatism

Yes

No

No

Absence of symptoms / thinking they are
healthy without following special diet
Difficulty to comply outside home such
as at homes of friends/relatives, journeys,
restaurant & school attendance
Translation to adolescence
Child feels different

Problem
Social pressure
Poor availability of GF products
Insufficient labeling of food and
medications
No significant improvement in
health despite following GFD
It is tiring to always be observant
when trying to avoid mistake and
to find the right food
No enough informationََََ

Do you obtain gluten-free flour from Ard El-Insan association? 1. Yes
2. No
If yes, does the amount meet patient’s need of GF flour?
1. Yes
2. No
If no, could you buy the remainder?
1. Yes
2. No
If no what do you do?
1.Use GF alternatives (pasta, potato, corn)
2. Use gluten containing flour/food
Does the patient have a membership in a patient support group? 1. Yes
2. No
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Yes

No

Yes

No

How many times have you participated in celiac disease events? (Baking course, health
education courses or others……………….
Do you visit AEI clinics for follow up regularly?
1. Yes
2. No
Please select 3 items that would improve patient’s quality of life/compliance?
1. Better dietary counseling
2. More GF foods in the supermarket/restaurants
3. Support group
4. Better labeling of gluten containing ingredient
5. More free provision of GF flour/food
6. Earlier diagnosis of celiac disease
Part Three: Knowledge about CD and GFD
No.
Question
1. Do you know that your child with celiac disease can’t tolerate foods containing wheat and
other cereals like barley and rye, found in bread, breakfast cereals, rusks, pasta, cookies,
deserts, etc.)?
2. Are you aware that natural foods like fruits, vegetables, lentils, meat, fish and milk
products do not contain gluten?
3. Are you aware that children with celiac disease must follow a gluten-free diet for life?
4. Do you know that you must always carefully inspect food labels so that you are sure that
they don’t contain gluten?
5. Do you know that if your child consumes foods containing gluten many times, it is likely
that he will feel as sick as he was before the initiation of the GFD?
6. Do you use products labelled as wheat free (not gluten free) in the child’s diet?
7. Are you aware that these wheat free products may contain other cereals like rye or barley?
8. Are you aware that when your child eats out, for instance at restaurants, fast food, that the
foods he eats may be contaminated with gluten?
9. Are you aware that children with celiac disease who properly comply to their diet may be
just as healthy as children without celiac disease?
10. Do you follow protective measures to avoid contamination with gluten while preparing GF
foods such as washing hands and utensils and keeping GF foods in special cans and
utensils ...etc.
11. Do you provide your celiac child with special gluten free food when he/she go outside?
12. Do you think that celiac disease can be cured completely?

Yes

Knowledge-Based Behaviors
1. What are the means to ensure that your child refrains from food containing gluten at
school or kindergarten?
1 – Talk to the manager of kindergarten or school
2 – Talk to the canteen of school or kindergarten
3 – Provide the child with GF food
2. Do the child’s siblings cooperate with him/her in keeping adherence to GFD?
1.Yes
2. No

Note: When parents complete the questionnaire, the child will be encouraged to be
involved in answering the questions (especially those who are 6 years or more)
120

No

Lab Findings

Hematological tests
Parameter

Value

Parameter

RBCs

WBCs

Hematocrit

MCV

Hemoglobin (g/dl)

MCH

MCHC

PLT

Value

Biochemical tests
Parameter

Value

Parameter

Total protein (g/dl)

Albumin (g/dl)

Calcium (mg/dl)

Phosphorus (mg/dl)

Creatinine (mg/dl)

Urea (mg/dl)

ALT (U/L)

Glucose (mg/dl)

AST (U/L
Serological test
Parameter

Value

Anti-t TG antibody:
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Value

Annex 3: Helsinki Committee approval Letter
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Annex 4: Ard EL-Insan Approval letter
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