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List of Abbreviations
AIP: Autoimmune Protocol Diet
BMI: Body Mass Index
CD: Coeliac Disease
GF: Gluten-free
GFD: Gluten-free Diet
HLA: Human Leukocyte Antigen
IgA: Immunoglobulin A
NSAIDs: Non-steroidal Anti-inflammatory Drugs
tTG: Tissue Transglutaminase
WHO: World Health Organization

Glossary
BMI A system used to categorise individuals into “underweight”, 
“normal weight”, “overweight” and “obese”
Dermatitis
Heretiformis: An intensely itchy and blistering skin disorder linked 

with CD Epithelial cell Skin cells
Genetic
Pre-disposition: An individual’s susceptibility to genetic diseases, 
disorders, etc.
Gliadin: Protein found in wheat
Glutamine: An amino acid used in the biosynthesis of proteins
GFD: A diet that specifically excludes any and all wheat products, 
such as barley, rye
HLA DQ2
Genotype: The gene carried by most diagnosed with, or at risk 
for, CD
HLA DQ8
Genotype: The gene few diagnosed with, or at risk for, CD
Hypoglycemia: Low levels of glucose in the blood – low blood sugar
IgA Antigliadin: Produced in response to gluten and prolamines
Malabsorption: Under absorption of nutrients, specifically through 
the small intestine

Summary
Objectives: The primary objective of this review was to provide a systematic review of the literature on the relationship between 
CD and obesity. Further, the reviewer had the purpose of conducting an investigation on this correlation, ranging from pediatrics 
to adults, in specific areas such as the mechanism of the two conditions and the nutritional interventions. The mechanism review 
involved finding any pathogenic and pathophysiological link between the two conditions and investigating the possible association 
in clinical evidence and manifestations and of the symptoms. As a result, the present research was designed to establish a paper 
that can effectively inform not only the public but health care providers, concerning the importance of proper and time-sensitive 
diagnosis.

Methods: In order to achieve these objectives, the researcher conducted desk-based research, which involved a comprehensive 
review of numerous journal articles drawn from various publishers. The search strategy involved the use of both internal and 
external secondary sources of information obtained from Science Direct, PubMed, Journal of Paediatric Gastroenterology and 
Nutrition, The American Journal of Clinical Nutrition, and The European Journal of Clinical Nutrition, among others. Moreover, 
the search strategy also considered the mechanistic pathology, functional physiology, and human intervention.

Results: The key pathophysiological findings indicated that CD and obesity have a connection in the context of the predisposing 
factors, which are genetic, environmental and immunological factors. Further, the two conditions also show connection in the 
aspects of human nutritional interventions, where the intervention for CD was established to involve a GFD, however, some 
patients have been recorded as becoming obese once they start the treatment process.

Conclusion: Conclusively, it was important establishing a link between obesity and CD based on the clinical implications of the 
findings, as well as the general healthcare field; where, the present paper points out for the proper diagnosis of both conditions, 
whether the symptoms are atypical or not. Hence, it was important to provide a precise nutritional intervention for future patients, 
which may involve an introduction of a GFD before diagnosis, and strict follow-up and education for the patients on the importance 
of this intervention.
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Malnutrition: A combination of malabsorption & micronutrient 
deficiencies
Micronutrient
Deficiencies: Vitamin & mineral deficiency
Pathogenetic: Various bacteria, viruses, etc. that cause disease
Pathology: Diagnosis of disease
Prolamine: Plant storage proteins found in seeds of cereal grains 
such as,wheat, barley, rye and corn
Physiology: How living organisms function
Salience
Hierarchy: Ranking system based on prominence and importance
Tissue
Transglutaminase: Calcium dependent universal enzyme which 
catalyses Post-translational modification of proteins and is released 
from cells during inflammation
tTG antibody: Primary blood test for diagnosis of CD
Villi: Finger-like, micronutrient projections found in the small 
intestine, which absorb nutrients.
Villous: Atrophy Damage done to the villi

Introduction
Background
Coeliac Disease is one of the most common chronic illnesses in 
childhood and, in 2007, was estimated to effect one in every 133 
Canadians [1,2]. This illness is a life-long autoimmune condition, 
which affects not only the stomach, small intestine, large intestine 
and bowels, but neurological and psychological states as well 
[1,3]. Once considered a malabsorption syndrome found strictly in 
childhood, CD is now recognized as a multi-system disorder [4].

Previously, CD has been characterized with severe weight loss and 
“failure to thrive”, predominantly in children. According a report 
from Autoimmunity Reviews, CD has been classified as a lifelong 
autoimmune condition that is prompted by a child’s intolerance 
to gluten [5]. Further, a report on CD in the European Journal of 
Paediatrics, by Kneepkens & Von Blomberg established that the 
condition severely limits the absorption of nutrients in the intestinal 
tract due to damage of the villi, making it difficult for children to 
grow and prosper [6].

Moreover, Balamtekin et al. (2010) indicated that because CD is 
an immune mediated inflammatory condition, it affects the small 
bowel mucosa, which results from a genetic intolerance to gluten-
derived peptides (gliadins) of that found in rye, barley, and wheat 
[7,8]. However, more recent studies have been reporting gripping 
correlations between CD and obesity, in both adults and children 
[9,10].

Although the term “failure to thrive” has typically been used to 
describe the typical or ‘classic’ outward symptoms associated with 
malab sorption of nutrients and severe micronutrient deficiencies, 
hence, poor growth in children, it can also be used to describe 
malnutrition and malab sorption, and subsequent intestinal damage 
from misdiagnosis or late-diagnosed CD, especially among the adult 
community as well as those who have been identified as overweight 
or obese [11-14].

Notably, whether the individual is overweight, obese or underweight, 
“failure to thrive” is still a very real issue, as “overweight” or 
“obese” does not mean that the individual is thriving or flourishing 
nutritionally, which is precisely why so many overweight and obese 

individuals with CD are being overlooked [11,15].

Further more, as this autoimmune condition has such drastic and 
different outward symptoms for each individual, it can often be 
discounted and undiagnosed, consequently leading to greater 
inflammation and damage and therefore contributing to a much 
higher risk for other diseases and autoimmune conditions, such as 
rheumatoid arthritis and cardiovascular disease [15,16].

While CD can be diagnosed and developed at any age, more recent 
studies are revealing the misdiagnosis and prevalence surrounding 
obesity and overweight individuals with CD [11]. The global 
prevalence of the disease has been shown to range from between 
one and two per cent, where the presentation of CD has significantly 
changed over the years; whereby, in the last twenty-five years, the 
most notable symptoms, such as malab sorption and diarrhoea have 
radically reduced during the onset of the disease in both children 
and adults, making this disease even more difficult to diagnose at 
the onset [14,17]. Likewise, the atypical presentation of the disease 
has been reported to have significantly increased [18].

Previously, the micronutrient deficiency symptoms of CD, such as 
anemia, meant weight loss and frail body types, however, studies are 
now showing more research towards overweight and obese individuals 
with the same micronutrient deficiencies [18]. Therefore, the continued 
differences in presentation or manifestation of the disease in both 
children and adults indicate a critical aspect in the misdiagnosis and 
correlation of the disease with obesity; thus, some recent studies 
have tried to investigate clinical presentations of the two conditions. 
Overall, it was important investigating the possible relationship 
between CD and obesity, based on the burden of the illnesses, and 
the rising incidences and prevalence throughout the world.

Aims and Objectives
The main aim of the present research was to provide a systematic 
review of the literature on the link between CD and obesity. This 
review was aimed at investigating a relationship concerning CD and 
obesity, ranging from pediatrics to adults. Although CD has not been 
specifically associated with overweight or obese individuals in the 
past, the present research appreciates the fact that more recent studies 
are supporting this trend, possibly due to severe inflammation, 
malnutrition, and a gluten-rich lifestyle. As a result, this review 
focused on the symptoms and effects of CD and how they may 
promote weight gain and obesity through a ‘domino effect’ of one 
symptom leading to another, concentrating on inflammation, diet, 
and lifestyle, as well as specific nutritional interventions. Similarly, 
the central concerns in this review include the pathogenesis and 
clinical evidence of a connection concerning CD and obesity in 
children and adults.

Moreover, it was important to expose any causes and main clinical 
factors that could be linked to both conditions at diagnosis level, 
which is essential to medical practitioners for providing an accurate 
diagnosis. Furthermore, the present review aimed at clarifying if 
gluten withdrawal may affect the standard pattern and trend of 
the nutritional status of CD patients and the comparison drawn to 
obesity cases. Overall, this research will contribute to the nutritional 
research that can help in medical interventions in cases of obesity 
and CD; thus, reducing the overall wastage of resources, as well as 
the misdiagnosis and interventions in cases of the two conditions 
in an individual.
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• To determine a connection in the presentation of CD and obesity 
in both Children and adults.

• To investigate the link in clinical evidences and manifestations, 
and the symptoms of CD and obesity in children and adults as 
reported in the literature.

• To ascertain the pathogenic and pathophysiological link between 
obesity and CD.

• To establish the similarity and difference in previous relevant 
reports on any association between obesity and CD.

Methodology
Search Process
This section presents the review design and the data collection 
strategies that were adopted to conduct this systematic literature 
review. The subsequent sections show how the systematic review and 
meta-analysis were conducted to evaluate the possible relationship 
between CD and obesity as researched and presented in previous 
research, studies and health reports. The specific aspects of the search 
process contained in this section are the search strategy, mechanistic 
pathology search strategy, functional physiology search strategy, 
and the human intervention search strategy.

Review Search Strategy
In the review, the search strategy refers to a structured organization 
of terms that were used in a review and shows how those terms 
combined in order to accurately access quality results [19]. Similarly, 
in order to conduct a comprehensive and explorative review, 
the researcher chose a desk-based research method as the most 
appropriate method to review the relevant past reports in the context 
of the present study.

Notably, the present review adopted both internal and external 
secondary sources of information; where the internal sources were 
mostly the preferred sources due to the authenticity and precise 
information they contained. Otherwise, it was important for the 
review to be performed using both the external and internal secondary 
sources as to have comprehensive research.

Importantly, desk-based research was established to be useful for the 
present review due to the ease of access to the secondary sources of 
data, their availability, and the possibility of obtaining much of the 
relevant information from the secondary sources. To obtain relevant 
information from the secondary sources, there were inclusion and 
exclusion strategies that were used in the selection of appropriate 
journal papers that were reviewed. The inclusion and exclusion 
criterion were adopted to avoid ‘cherry picking’.

Notably, the secondary sources reviewed were carefully examined 
for both credibility and validity of the information contained in those 
sources. The relevant papers were considered as a paper summary or 
an abstract, which were used in the selection of the relevance of the 
paper. Further, the papers were assessed for the year of publication; 
whereby, information that was published between 2000 and 2016 
were considered top sources for the review.

However, some sources were still considered relevant if the paper 
included information that was not accessible in more current 
publications; a few publications from 1969-2000 provided necessary 
information, history and statistics on CD and obesity. Moreover, 
there were specific keywords used to enhance the search of the 
paper from the primary databases, PubMed, Science Direct and the 

European Journal of Clinical Nutrition searches for CD and obesity.

Figure 1: The Flow Chart for the Inclusion and Exclusion Criteria

The flow chart above guided the use of the search terms that were 
developed for this review. The inclusion and exclusion criterion 
helped where the search process of the review papers was the initial 
step, which was followed by the search for mechanistic evidence 
and lastly, the primary literature in humans. Further, there was the 
review of nutritional interventions.

Moreover, the reviewer considered the quality of the studies in terms 
of the evidence and salience hierarchy. The total numbers of papers 
were 10, where the review was given 20 per cent, mechanistic and 
intervention evidence was given 40 per cent each.

The search words were developed based on the key variables in 
the review topic; CD and Obesity. The reviewer used the keyword 
correlation to ascertain the relevance of the papers. Moreover, the 
other strategy that was used to collect the search words involved the 
analysis of the frequency of the words such as, celiac and obesity 
in the title, keywords, and the abstract in the articles published in 
the chosen databases.

Mechanistic Pathology Search Strategy
In the context of mechanistic pathology, the search strategy 
considered specific guidelines and checklists that were used to 
assess the relevant journal papers from the databases. Notably, 
in this section, the animal research that was reviewed considered 
the nature of CD and obesity. Further, the review of the previous 
studies considered three elements; In Vitro, Animal, and Human 
experiments.
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Functional Physiology Search Strategy
In this section, the search strategy involved establishing normal 
functional physiology. A sensitive search found that the proportion 
of articles had experiments conducted about the physiology of 
the humans; particularly, children in the context of obesity and 
CD. Moreover, the specialists were consulted on the validity and 
authenticity of the information presented in the articles or studies 
carried out on the functional physiology of children having either 
obesity or CD.

Human Intervention Search Strategy
This search strategy was based on points of nutritional intervention 
that were identified in the journals listed in the database. The 
strategies that have been used to correct obesity in humans were 

reviewed alongside the intervention and management strategies 
for CD; hence, the relationship between the intervention strategies 
for the two conditions was established. Moreover, the analysis of 
the interventions was conducted to ascertain the frequency of the 
journal papers reporting similar strategies. Further, the authenticity 
of the interventions was measured against the suggestions made by 
nutritionists on how obesity and CD are corrected and/or managed 
in humans.

Results
Synopsis (Part A)
In this section, the mechanism review process and the nutritional 
intervention strategies are presented.

Table 1: The Mechanism Review
Topics Considered: Studies Reviewed:
Evidence of the Relationship in Mechanism for CD 
and Obesity (3.2.1.1)

Sing et al. (2016). This study formed the foundation of the subsequent review sections based 
on the report. Pals et al. 2014

Pathogenetic Link Between CD and Obesity
(3.2.1.2)

Balamtekin, Loots, et al. 2011; Stephan C Bischoff et al. 2014; Brar et al. 2007; Czaja-Bulsa et 
al. 2001; Diamanti, Capriati, Basso, Panetta, Laurora, et al. 2014; Furse & Mee 2005; Green et 
al. 2015; Murray et al. 2008; Ng et al. 2013; Olén et al. 2009; Rodríguez-Almagro et al. 2016; 
Stein & Schuppan 2014; Venkatasubramani et al. 2010 (Fasano 2011; Marsh 1992)

Relationship of CD and Obesity in terms of BMI, 
including the Effect of Gluten Withdrawal on Obese 
CD Patients (3.2.1.3)

(Cheng et al. 2010) Dickey et al. 2006; Kabbani et al. 2012

Prevalence of Obesity in CD Patients
(3.2.1.4)

Brambilla et al. 2013; Icaza-Chavez 2014; Norsa et al. 2013; Reilly et al. 2011b; Valletta et al. 
2010b; Venkatasubramani et al. 2010 (Barera et al. 2000)

Relationship between CD, Obesity and
Liver Disease (3.2.1.5)

Abdo et al. 2004; Aurangzeb et al. 2010; Balamtekin et al. 2010; Brambilla et al. 2013; Capriati 
et al. 2016; Dickey et al. 2006; Fasano 2005; Hunt & van Heel 2009; Hypponen et al. 2000; 
Kelly et al. 2015; Lamacchia et al. 2014; Leffler et al. 2015; Mokdad AH et al. 2003; Nejad et
al. 2011; Norsa et al. 2013; Phatak & Pashankar 2015; Reilly et al. 2011a; Telega et al. 2008; 
Venkatasubramani et al. 2010; Zali et al. 2011

Heredity of CD and Obesity (3.2.1.6)
Alexander et al. 2010; Dieli-crimi et al. 2015; Freeman 2012; Hunt & van Heel 2009; 
Katzmarzyk et al. 2000; Leivers et al. 2014; McCrae 1969; S O’Rahilly & Farooqi 2008; van 
Heel et al. 2005; Visser 2010; Wolters & Wijmenga 2008; Zhernakova & Wijmenga 2008 (Ho 
& MacKenzie 1999; Voight et al. 2006)

Pathophysiological Findings for Obesity and CD 
(3.2.1.7)

Alexander et al. 2010; Leivers et al. 2014; Liu et al. 2014; Murray 1999; Stein & Schuppan 
2014; Yang et al. 2014 (Dickson et al. 2006; Withoff et al. 2016)

Analysis of the Reports and Methodology Used 
in Establishing a Relationship between CD and 
Obesity (3.2.1.8)

Aurangzeb et al. 2010; Bailey & Ferro-Luzzi 1995; Brambilla et al. 2013; Cawley & Burkhauser 
2006; Diamanti, Capriati, Basso, Panetta, Laurora, et al. 2014; Dickey et al. 2006; Kapoerchan 
et al. 2010; Sollid & Khosla 2012; Pals et al. 2014; Valletta et al. 2010b; van Heel et al. 2005
(Dietz & Bellizzi 1999; Reilly et al. 2011a)

Table 2: Nutritional Intervention Table
Topics Considered: Studies Reviewed:

Use of Human Support for Interventions (3.2.2.1)
Campbell 2014; Capristo et al. 2000; Clifton et al. 2008; Frassetto et al. 2009; Gottfried 2016; 
Hinney et al. 2010; Kupfer et al. 2012; Kupper 2005; Lau et al. 2007; Martínez 2014; Pinier 
et al. 2010; Rubio- Tapia et al. 2010; See & JA 2006; Soares et al. 2013; Vilppula et al. 2011; 
Witkow et al. 2008 (Kussmann & Fay 2008)

Withdrawal of GFD and the possible Effects on 
Obese CD Patients (3.2.2.2)

Aurangzeb et al. 2010; Barera et al. 2000; Diamanti, Capriati, Basso, Panetta & Francavilla 
2014; Ludvigsson et al. 2015; Sanchez-Albisua et al. 2005; Valletta et al. 2010b (Mooney et al. 
2014; Nóvoa Medina et al. 2008)

Mandatory Nutritional Follow-Up after
Diagnosis in the case of CD and
Obesity (3.2.2.3)

Diamanti, Capriati, Basso, Panetta & Francavilla 2014; Dickey et al. 2006; Valletta et al. 2010b 
(Dickson et al. 2006)
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The reviewed reports were mostly obtained from PubMed, Science 
Direct, Google Scholar, The Journal of Pediatrics and Child Health, 
Journal of Pediatrics Gastroenterology and Nutrition, and The 
European Journal of Nutrition.

Key pathophysiological findings
In the review of the pathophysiological findings, it was important 
to establish that several studies have been conducted based on the 
three main processes that predispose an individual to either CD 
and/or obesity. Notably, many of the reviewed journals indicated 
that genetic predisposition to the condition, environmental factors, 
and immunologically based inflammations are the key processes 
that determine the prevalence and incidences of CD among various 
populations [20]. Further, it was important noting that the genetic 
factors that have been associated with CD are similar to the ones 
that predispose an individual to becoming overweight or obese. 
Specifically, the HLA DQ2 and DQ8 genotypes were established 
to be critical in presenting the possible relationship among obesity 
and CD [21].

Moreover, genetic predisposition was found to have a significant 
influence on various populations as it determines the prevalence of 
both obesity and CD amongst children and adults. Furthermore, the 
genetic factors indicated that the two conditions could be passed 
from one generation to another, based on the degree of relationships.

Summary of clinical implications and applications
Various elements were reviewed to help identify the possible 
link between the clinical importance of obesity and CD. It was 
necessary to review the literature on a wide spectrum of GFDs as 
a nutritional intervention strategy to help manage CD, including 
go there strategies that could help to control both obesity and CD. 
Notably, the PubMed and Science Direct searches for GFD ensured 
that relevant papers were reviewed and a proper consensus among 
authors was achieved. It was also important noting that the authors 
agreed on the need for introducing a GFD to ensure a controlled 
trial amongst CD patients.

Moreover, there was the call for efficient education of the patients 
as well as post treatment assessment, or observation, to ensure that 
the patients restrict their diet to a GFD. Patient education was a 
chief concern; where the dietician, nutritionist or physician should 
provide information about different variations of GFDs at the time 
of diagnosis. Various authors recommended a useful approach 
of offering a follow-up consultation after diagnosis so that the 
patients could be allowed to ask questions on issues that concern 
their health and diet. Such practices were recommended for both 
obese/overweight patients with CD.

Moreover, the clinicians should find the discoveries of this review 
useful in providing the strategies for effectively helping the 
populations with CD and obesity through nutritional interventions.

Diagram 1: Final Version of Mechanism Diagram

Analysis of Primary Research (Part B)
Evidence for a relationship in the mechanism of CD and obesity
In this section, the summary of the analysis of the previous primary studies has been presented. The section is divided into two subsections: 
the evidence of a relationship in the mechanism between CD and obesity, and points for nutritional intervention.
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Summary of the main case reports
In this section, several publications were found useful in providing 
evidence for a relationship between CD and obesity, especially 
among children in the context of their mechanisms. The review of 
studies from PubMed, Science Direct and The European Journal 
of Clinical Nutrition presented accurate and authentic purpose 
that proved such correlation. A study conducted by Singh et al. 
demonstrated a link between the mechanism of CD and obesity as 
presented in children. In this study, Singh et al. reviewed data on the 
BMI of the study subjects (patients with CD) [18]. The researchers 
retrospectively studied case reports from a total of 210 children, as 
well as adult patients with CD. The BMI categories for this study 
were classified as “underweight”, “normal weight”, “overweight” 
and “obese” and they implemented the revised Indian Association of 
Pediatrics BMI-for-age charts for those subjects between 12 and 18 
years. The results obtained from by Singh et al. indicated that; of the 
210 patients used, 9.1 per cent were categorized as “overweight” and/
or “obese” [18]. The symptoms of the disease that were measured 
included titer of anti-tissue transglutaminase antibody, frequencies 
of diarrhoea, anorexia and weakness, anemia, and severity of villous 
atrophy in those characterized as “underweight”, “normal weight” 
or” overweight” [18].

Overall, this research demonstrated that, in practice, only a third of 
the patients with the CD reported low BMI, suggesting that 8 to 40 
per cent of patients with CD are either overweight or even obese, 
therefore leaving a significant gap for this population within the 
CD community [18].

Concurrently, there were a few cases where the research was not 
comprehensive or precise enough to provide the specifics regarding 
the mechanisms for obesity and CD. Moreover, there are reports 
that show the BMI as an unreliable tool for predicting CD amongst 
children [2]. Otherwise, this study did provide a noteworthy 
insight into a small and significant relationship between CD and 
obesity, where the BMI provided a decent understanding of how the 
expression of these diseases, and weight of an individual, may vary.

Pathogenetic link between CD and obesity
There has been thorough research concerning three processes which, 
when brought together, are considered to result in CD [20,21]. These 
processes include environmental factors, genetic predisposition, 
and immunologically based inflammation [20]. In a report from 
Venkatasubramani et al., the clinical presentation of CD in children 

was noted to be variable and different with the age of the child, which 
implies that even the pathogenetic associations can vary with the age 
of the child [22,23]. Notably, the intestinal adaptation of the child 
consisted of morphological changes of the gut mucosa, which included 
increased illus height, epithelial cell number, and crypt depth [7,23].

Importantly, the report by Venkatasubramani et al. indicated that 
among CD patients, deterioration determines the loss of normal 
intestinal function; which can hypothetically induce increased 
absorption of the intestinal tract [22]. It is this overcompensation 
that can lead to the overall withdrawal of energy, which may exceed 
that which is required by the child; hence, there is the higher risk of 
increased weight, possibly leading to obesity [10,22].

Although there is still a significant relationship between CD and 
the classic presentation of underweight, there are, however, a small 
yet noteworthy number of cases that will present as overweight and 
sometimes even obese. According to a 2001 report from Czaja-Bulsa 
et al., children who are less than two years of age normally exhibit 
‘classic’ presentations of CD, such as weight-loss, alongside malab 
sorption [24]. However, older children and adults can present more 
‘atypical’ symptoms, such as weight gain [16]. Some of the ‘classic 
‘symptoms of CD among children may result from lack of intestinal 
adaptation, which may be less developed among young children 
but prominent among the older ones [16,24]. However, studies by 
Brar et al. and Murray et al. indicated important and diverse views 
on parallels between the pathogenesis of CD and obesity among 
children [25,26]. Specifically, the authors indicated that there was 
no overwhelmingly apparent correlation between the presentation of 
CD and the degree of the atrophy among intestinal villi [25]. Further, 
Murray et al. indicated that the visualized intestine using the video 
endoscopic procedures does not show any correlation between the 
hypothetical atrophy of the intestinal villi and CD [26].

In this report, Murray et al. used 38 consecutive patients, who 
had untreated, biopsy-proven CD, to undergo the wireless capsule 
endoscopy [26]. The results of the study revealed that 35 of the subjects 
had visible deterioration, 20 of them exhibited signs of extensive 
enteropathy,12 showed limited enteropathy that was only on the 
duodenum, while only one patient showed jejunum enteropathy. 
Upon introduction of a GFD, Murray et al. indicated the pattern and 
extent of atrophy to have improved quantitatively and qualitatively 
[26]. Thus, the pathogenesis of CD was established to affect highly 
variable portions of the small intestine, which starts at the duodenum.

Diagram 2: The pathogenesis of CD indicating the Involvement of Environmental, Genetic and Immunological Factors
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The above diagram indicates the pathogenesis of CD, which can 
be manifested at childhood or adulthood. Further, the a etiology of 
CD can be seen as that which is multi factorial and involves strong 
genetic susceptibility [27]. Overall, the studies reviewed in the 
context of the pathogenesis of CD and obesity aided in revealing 
some important correlations between the two aspects. Notably, 
CD may indeed develop among patients with obesity, which can 
reflect ones predisposition, such as the genetic, environmental, 
and nutritional factors [28,29]. Moreover, the symptoms of malab 
sorption have been established to manifest in obese patients at 
the onset of this disease, which may be a factor in the decreased 
prevalence of obesity in CD patients [10].

Relationship between CD and obesity in terms of BMI, including 
the effect of gluten withdrawal on obese patients
In order to better understand the change in BMI and how it may 
relate to those with CD, several studies conducted in the context of 
investigating the BMI and CD were reviewed. Firstly, Kabbani et 
al. conducted a comprehensive study on BMI and the risk of obesity 
in those with CD. Whilst conducting the study, the researchers 
appreciated that CD has been increasingly diagnosed and the weight 
changes have become common aspects after the adoption of a GFD 
[12]. The primary aim of the research done by Kabbani et al. was to 
assess the changes in BMI after an individual was diagnosed within 

a large CD population. Some of the information that was retrieved 
from this research included age and symptoms at diagnosis [12]. 
Further, the researchers reviewed, retrospectively, the electronic 
records of a total of 1018 persons with biopsy-confirmed CD [12]. 
Moreover, the initial and follow-up BMIs were recorded, as well 
as the GFD adherence, as assessed by an expert dietician [12]. The 
subjects were stratified in to two distinct groups of GFD adherence, 
which either involved adequate orinadequate adherence.

The results obtained by Kabbani et al. indicated important aspects 
on the relationship between CD and obesity. The most vital part 
of the results was on the effects of a GFD on BMI and how that 
related to CD [12]. Notably, the mean time that was established to 
be between the first and the last BMI was approximately three and 
a half years. Each patient’s follow-up BMIs were also established 
to be statistically higher than the original BMIs; 65.5 per cent of 
the subjects who were underweight at the diagnosis, at the end 
of the study had attained a normal weight at the follow-up stage. 
However, 4.4 percent had been diagnosed as obese at the follow-
up. The drop in the underweight subjects from the baseline to the 
follow-up was indicated to be statistically significant (from 6.8 per 
cent to 3.8 per cent). The Table below illustrates the excerpt of the 
results obtained from the changes at follow-up for the subjects by 
the BMI category [12].

Table 3: By convention, a BMI change of two points or greater was considered clinically significant
BMI change after diagnosis of CD

BMI category <18.5 18.5–24.9 25–29.9 ≥30
Initial BMI (n = 679) 46 (6.8%) 416 (61.3%) 139 (20.5%) 78 (11.5%)
Follow-up BMI (n = 679) 26 (3.8%) 390 (57.4%) 164 (24.2%) 99 (14.6%)
P value 0.02 0.17 0.11 0.1
BMI increase ≥2 points 24/46 (52.2%) 88/416 (21.2%) 31/139 (22.3%) 17/78 (21.8%)
BMI decrease ≥2 points 1/46 (2.2%) 20/416(4.8%) 25/139(18.0%) 18/78(23.1%)
BMI change <2 points 21/46 (45.6) 308/416 (74%) 83/139 (59.7%) 43/78 (55.1%)

Further review of the results from Kabbani et al., indicated the 
comparison of a large CD population to those of the regional BMI 
data; this was aimed to better characterize the effect of CD on body 
weight within the CD population [12]. It was important noting that 
the weight gain on the GFD may be considered a positive for the 
patients who are underweight at diagnosis, where approximately 66 
percent of the subjects had normal weight at follow-up. Moreover, 
the similar weight gain was indicated to be less favorable among 
the patients who began at normal or overweight at diagnosis, with 
roughly 21.5 per cent of patients having clinically significant weight 
gain, possibly leading to clinical obesity [12].

Other studies in supporting a relationship between CD and 
change in the BMI
A 2006 study conducted by Dickey and Kearney investigated the 
overweight community in CD, specifically, the clinical characteristics 
and the effects of a GFD. This research was found to be very similar 
to the results obtained by Kabbani et al. [12]. In their study, Dickey 
and Kearney considered the review of BMI measurements and 
various clinical and pathological characteristics of CD patients from 
a database of 371 who were diagnosed over a period of ten years [30]. 
The results of the study established the mean BMI as 24.6 kg/m2.

The number of patients who were categorized as “underweight” 

was 17, 221 were “normal weight”, 143 were “overweight” (with 
the BMI over 25), and 48 were considered “obese” (with the BMI ≥ 
30.0) [30]. Overall, it was important obtaining that although many 
individuals with CD are underweight at diagnosis, research is now 
seeing a small, yet significant group of overweight and/or obese 
persons within the CD community. Thus triggering the notion that 
overweight or obese individuals should not be overlooked in the 
diagnosis of CD.

Prevalence of obesity in CD patients
Currently, there are few case series that have been published on this 
topic, however, there were some studies that attempted to reveal a 
specific linkage and prevalence of obesity among CD patients, as 
obesity has been linked to other digestive and gut disorders [31].
Valletta et al. reported the prevalence of obesity and overweight to 
be three and eleven percent respectively, among 149 children who 
had been newly diagnosed with the CD [32].

All subjects used in the study were regularly followed up at the 
outpatient clinic; whereby, only the ones who presented normal 
anti-tTG antibodies at the last visit were considered. Moreover, the 
study collected data on the weight, height and BMIat diagnosis and 
after at least 12 months on a GFD [32]. The results by Valletta et al. 
indicated that only three per cent of the children were considered 
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“obese”; even after a GFD, the proportion of the obese patients 
remained unchanged [33]. The figure below displays the correlation 
between CD and obesity.

Figure 2: The Distribution of BMI z-score at diagnosis of celiac 
disease and after GFD (Valletta et al., 2010)

As seen in Figure 2, Valletta et al. found that upon initiating a GFD 
on the children diagnosed with CD, there was a significant increase 
in the BMI z-score with the overweight children almost doubling in 
percentage. Thus, Valletta et al. identified the need for nutritional 
follow-up with children upon diagnosis of CD [32]. However, 
another retrospective study conducted by Venkatasubramani et al. 
indicated that approximately five per cent of the patients in their 
study had a BMI greater than the 95th percentile from the 143 subjects 
diagnosed with CD [22].

In a 2011 report from Reilly et al., 142 children with newly diagnosed 
CD between the years 2000 and 2008 were studied. In this report, 
it was indicated that 19 percent of the subjects used in the study 
had high BMIs at diagnosis, with 6 percent considered as “obese” 
and 12.6 per cent as “overweight”. With the introduction of a GFD, 
Reilly et al. indicated that 75 percent of the patients with high BMIs 
at diagnosis stage had decreased and the patients with normal BMI 
at diagnosis had significantly increased after the introduction of 
a GFD; resulting in 13 percent being “overweight” [34,35]. At 
the beginning of the study, Reilly et al. established that the initial 
symptom, among 28 per cent of overweight CD patients, included 
abdominal pain [34].

They, too, concluded and that abdominal pain was the most common 
symptom of CD presentation among the overweight patients, which 
was also discovered in a 2010 study by Venkatasubramani et al. 
[22,35]. The diagnoses in these two studies, where patients with CD 
were identified on the basis of screening tests and not the symptoms, 
could result in an increased probability of proper diagnosis of CD 
among obese and overweight persons. Likewise, Brambilla et al. 
reported to have compared 150 children with CD on a GFD against 
288 children who were “healthy gender-and-age matched” [36]. 
They conducted a retrospective study to evaluate the changes in the 
BMI from CD at diagnosis to the last clinical evaluation conducted 
on the children with CD.

In the study, Brambilla et al. established that the median BMI of 
the CD patients was significantly lower than the other 288 healthy 
children. Notably, the children with CD were found to be less 
frequently overweight, however, the obese children were 23.3 per 
cent against the 12 percent of overweight children compared to the 

controls [36]. Importantly, the introduction of a GFD indicated a 
significant decrease in the number of underweight subjects, while 
the number of overweight patients slightly increased compared to 
the controlled group [36].

Similarly, a cross-sectional study by Norsa et al. had enrolled 114 
children, diagnosed with CD, in a serologic remission; specifically, 
the children used were on a GFD for at least one year [37]. Notably, 
the anthropometric measurements performed at diagnosis concluded 
that 8.8 per cent were overweight and 5.3 percent were obese [37]. 
However, after gluten-withdrawal, Norsa et al. indicated that the 
prevalence of overweight and obesity increased to 11.4 percent and 
8 per cent, respectively [37].

Lastly, a critical report that presented the analyzed prevalence 
of obesity among CD patients, specifically in pediatrics, is by 
Venkatasubramani et al. [22]. In this report, the authors analyzed 
the prevalence of obesity among patients for a 17-yearperiod at 
a hospital. The results indicated that 5 per cent of the subjects 
with CD were obese, with the measured BMI at >95th percentile 
[22]. Notably, the BMI reduced in 57 per cent of the subjects upon 
adherence of a GFD. However, this study had several limitations, 
as they only used a small group of children to conduct a long-
term follow-up to provide an accurate prevalence and the possible 
outcome of obesity and CD.

Nevertheless, the authors concluded that, “obesity is more common 
among children with celiac disease than previously recognized” [22].
Therefore, it is important to note that the treatment of CD among 
obese children could potentially reduce the BMI [22].

Relationship between CD, obesity and liver disease
In the review of the pathogenesis of CD it is understood that the 
disease has typically been associated with malab sorption and weight 
loss. Consequently, clinicians may sometimes consider diagnosis of 
CD among overweight and/or obese patients, but this subgroup is 
most often overlooked [38]. Some studies have indicated that those 
who suffer from CD can often fail to display ‘classic’ symptoms; 
thus, can very well be obese, rather than underweight, at the time 
of presentation [30,39]. Overall, there are several health issues that 
have been associated with obesity and CD, one of which being non-
alcoholic fatty liver disease [40,41]. Several studies have drawn the 
conclusion that liver abnormalities are very much associated with 
CD, however, more research is being focused on those with atypical 
presentations of CD, such as overweight, and NAFLD, specifically 
[42,43]. Although this area has been thoroughly researched, it still 
remains unclear as to whether a fatty liver is an effect, a cause or 
merely an connection with CD [44].

Further studies have suggested that NAFLD may be related with 
diet, as studies have discovered that some individuals experience 
their liver damage being revere dafter strict adherence to a GFD, 
however, more research in this particular area is needed [45,46].

An article from Tucker et al. also reported an important relationship 
between CD and obesity at presentation [15]. In this report, 240 
patients registered with CD at the Worcester and Redditch hospital; 
the overall population, spread between two hospitals, indicated that 
the mean BMI was 25.07 and the median 23.6. The researchers an-
alysed the patients and established that 44 per cent of which had a 
BMI in the obese range, while only three percent were considered 
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underweight, with BMI of 18.5 or below [15]. In the early group, 
the BMI mean was 25, while in the late group the BMI was at 25.4. 
The analysis of the patients, who had BMIs of 25 or over, indicated 
that the patients rose in risks of obesity up on presentation of CD.

In Summary, Tucker et al. established that 44 percent of the CD 
patients used in the study, at first referral, were either obese or 
overweight [15]. Signifying the importance of early and proper 
diagnosis, as well as obesity not being overlooked as a very real 
symptom for CD. Similarly, a report from Dickey and Kearney 
indicated the incidences of overweight or obesity in patients at the 
onset of CD. The researchers reviewed BMI measurements and other 
pathological and clinical features from the database of 371 patients, 
which were diagnosed over a ten-year period and were individually 
seen by a gastroenterologist [30].

Notably, the researchers compared the BMI of the patients at the 
onset of CD and after two years of following a GFD. The mean 
BMI for the patients was obtained to be 24.6 kg/m2, where only 17 
patients were underweight, 48 were obese and 143 overweight [30]. 
Overall, the patients who were compliant with a GFD reported that 
81 per cent had gained substantial weight after 2 years. Research 
has also been focused on investigating the causes of obesity within 
CD. The common ‘classic’ symptoms, such as abdominal pain, 
weight loss, low BMI and Frequent diarrhoea have been considered 
to be indicative of the possibility of CD at diagnosis [38,47,48]. 
However, when an obese patient, who had no outward evidence of 
classic malnourishment, presented at the doctor, it would be difficult 
to establish CD based solely on the clinical symptoms alone [38].

Although obesity has not previously been linked with CD, new and 
small sub group of overweight and obese individuals are presenting 
with more atypical symptoms of CD and because of that, are being 
over looked. Further, newly identified cases of CD patients have been 
established to have significant amount of weight gain, especially upon 
starting a GFD [49,50]. However, this is the same diet that has been 
shown to reverse liver damage among those with CD [42,44,45].

A study by Capriati et al. 2016 on the rare presentation of obesity and 
CD revealed important aspects on the two conditions as the authors 
conducted a longitudinal retrospective study, and also reviewed the 
charts of the patients who were consecutively diagnosed with CD 
[51]. Also, the prospective study by Capriati et al. evaluated the 
prevalence of being overweight among CD populations; where the 
changes in the BMI as a measure of nutritional status change was 
used. The researchers measured the BMIto define the nutritional 
status of children; where the status was classified as underweight, 
overweight, and obese [51].

A total of 440 subjects were studied and the results indicated that, 
at diagnosis, 7.8 percent of the patients were overweight, however, 
the proportion increased to 9.8 percent at the end of the study. 
Overall, Capriati et al. verified that obesity is a rare, but prominent 
symptom of CD [51]. Similarly, there have been various survey 
reports which have indicated obesity to be present at the onset or 
diagnosis of CD [7,22,52]. Further, the abovementioned case reports 
on the prevalence of obesity among CD patients range from 8.8 per 
cent to 20.8 percent for the overweight patients, while among the 
obese patients the range is between zeros to six per cent [35-37].

However, the introduction of a GFD presented a situation which 

seems to increase obesity from zero to a gripping 8.8 percent [33,35]. 
Importantly, the study from Venkatasubramani et al. conducted 
fundamental research on the presentation of CD and obesity among 
children. The authors found that five per cent of the 143 subjects 
used in the study were considered obese, with BMIs in the 95th 
percentile [22].

Further, the ‘classic’ CD symptoms, such as “failure to thrive” 
and malab sorption during infancy and school age, has led to most 
physicians considering CD among the differential diagnosis of 
such children but not among the ones who are actually struggling 
with obesity [22]. Overall, the reports tend to confirm that both 
non-coeliac gluten sensitivity and CD are able to generate systemic 
inflammation and as well as malnutrition. Therefore, the combination 
of those consequences may result in long-term effects, such as 
obesity, as well as liver damage [53].

Heredity of CD and obesity
There have been numerous reports that have indicated a relationship 
between CD and obesity in the context of heredity. Notably, the 
diagnosis of CD and obesity among children has, for many years, 
adopted a familiar approach based on the ‘classic’ signs and 
symptoms [54,55]. Although the study from McCrea may be out of 
date in several ways, he derecognize that the genetic a etiology of CD 
indicated an increased incidence among people whose relatives have 
been diagnosed with the disease [56]. The author maintained that 
there was a strong possibility that genetic components in CD form the 
basis for the genetic susceptibility of the multifactorial inheritance 
of the disease, which recent studies and medical procedures have 
confirmed [56,57].

Overall, the study by McCrae provided an in depth, comprehensive 
indication of the familial incidence of CD based on the genetic 
conditions that were established to be 44 per cent [56]. Moreover, it 
was important noting that the findings in the research were consistent 
with the requirement that the susceptibility to the disease is in herited 
but just as a graded character [56].

Comparably, the review of other reports indicated the possibility of 
genetics playing a critical role in the development of both obesity 
and CD. In a study by van Heel et al, it was indicated that CD has 
a strong genetic component, which is higher compared to other 
common complex diseases among children and adults [55]. In this 
study, it was identified that there must be an HLA-DQ2 variant, 
which is required to cause the dietary antigens to the T cells, in 
order for CD to occur [55,58].

However, other research has stated that a significant number of 
individuals with theHLA-DQ2 and HLA-DQ8 genes will not actually 
develop the disorder and, likewise, not everyone with CD will be 
found to carry these specific genes [8]. Evidently more research and 
exploration needs to be done in this area of heredity and genetics.

Nevertheless, Non-HLA genetic factors were also established to 
play a significant role in the development of CD, where such genetic 
factors simply increase the hereditary risk of developing CD by up 
to 31 per cent [57,59-61].

Other studies that have investigated the links between genetics to 
both obesity and CD have indicated a possible connection between 
the two conditions. According to Zhernakova & Wijmenga, the 
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hereditary factors that have been focused on were the regions 
of chromosomes 5 and 19 [62]. Further, van Heel et al. (2005) 
identified that the inherited variants that were found in the tightly 
clustered chromosome labeled “2q CD28-CTLA4-ICOS” are the 
ones linked to CD. Katzmarzyk et al. managed to accurately measure 
the heritability of obesity in terms of the waist circumference and 
the regional and total fat distributions amongst various populations 
[63]. Similarly, S O’Rahilly & Farooqi, indicated that there are 
genes which possibly carry the obesity trait [64]. From the papers 
that have been reviewed, it is clear that CD is an inherited condition, 
as are many of the obesity cases. The two conditions are more 
phenotypically and genetically heterogeneous; hence, they are more 
complex than previously considered. Genetics play an important 
function in the energetic imbalance that may lead to fat accumulation 
in cases of obesity, and in CD, the gluten intolerance may as well be 
associated with genetic factors as proven by some authors [55,65]. 
Thus, the demonstration of the genetic background associated 
with obesity and CD is particularly important in determining the 
correlation between the two health conditions.

Pathophysiological findings for obesity and CD
A study conducted by Stein & Schuppan (2014) on new 
pathophysiological findings in CD and their implications for therapy 
indicated very important information that provides the basis for a 
correlation between CD and obesity [27]. In their study, Stein & 
Schuppan (2014) indicated that CD is becoming one of the most 
common diseases across the world, with the main causal agents 
involving the combination of environmental and genetic factors 
[27]. Although the environmental factor is most often and notably 
considered as gluten, the individual’s intestinal health and microbial 
ecology may very well be a critical element, alongside gluten, for 
causal actors of CD [8].

According to a study by Murray, the pathophysiology of CD 
involves three processes, which culminate in the damage of the 
intestinal mucosa [66]. Those processes include environmental, 
genetic predisposition, and immunologically-based inflammation 
[66]. Leavers et al. and Liu et al. also established that the disease 
is associated with the “HLA DQ2 and DQ8 genotypes as the 
major pathophysiological determinants” [65]. Moreover, the study 
determined that infants with the specific HLA haplotype DR3-DQ2, 
are at a greater risk for developing CD. The HLA phenotypes (HLA-
DQ) have been established to be associated with the prevalence 
of obesity particularly the genetic risk for two to four year olds 
[67]. Hence, there is a significant point of correlation on how 
the pathophysiology of CD and that of obesity, in the context of 
genetics, can be used as evidence of the two conditions existing in 
an individual at the same time or even passed to the next generation.

Analysis of the reports and methodology used in establishing a 
relationship between CD and obesity
As mentioned in the critical review of the methodology that was 
used in the studies summarized above, it is important to note that 
criterion used to define “obesity” or“ overweight” in individuals 
is the BMI and that this tool is widely used by medical, fitness 
and nutrition professionals to classify an individual as “obese”, 
“overweight”, “underweight”, or “normal weight” [68]. Moreover, 
health professionals consider the BMI as an expression of the 
weight of an individual adjusted to stature, which is also an index 
of adiposity [2,69]. Therefore, it has been strongly correlated with 
body fat, however, less correlated with stature.

The advantages of using the BMI as those co-relational studies 
include, simplicity in calculating the body mass and its large-scale 
studies that can assess the risks of the disease [10,70,71]. Moreover, 
BMI is a universal tool that accurately and systematically classifies 
weight due to its limitations as a single measure.

Despite the numerous advantages of using BMI in classifying an 
individual’s weight, it has many limitations, as well as specific 
guidelines to its use. The internationally accepted age-and-sex 
standardized threshold values of BMI for the nutritional status 
in adults should be in accordance with the WHO [68]. Further, 
the curves of the weight and height of children vary with growth, 
especially following their development during puberty, therefore, it is 
required that references to various age groups such as the distribution 
of the percentiles with the cut-off points are necessary for every 
study [30]. Moreover, it is important to use various percentile tables 
based on the data from the reference populations that have different 
anthropometric characteristics.

Overall, considering the guidelines in using the BMI confirms 
that the studies conducted above have a discrete methodological 
heterogeneity. However, based on the calculations of BMI, the 
researchers employed various categorizations indifferent case series, 
which include the BMI z-score, BMI percentile, and the IOTF cut-
off point. Moreover, the studies differed from the geographically 
diverse populations where only Brambilla et al. and Aurangzeb et al. 
compared the case population with a control population. Otherwise, 
the abovementioned studies provided a comprehensive report on how 
CD relates to the obesity in the context of the BMI and population 
variations [36,52].

Points for Nutritional Intervention
Use of human support for interventions
The primary concern in nutritional interventions is to resolve and 
improve the nutritional diagnosis through the provision or delivery 
of the food component of as pecific diet to the patient [72]. Notably, 
in the treatment of CD, there are various nutritional considerations 
that should be taken into account. Accordingly, as gluten is the main 
culprit for CD patients, it is important for this substance in particular 
to be promptly removed upon diagnosis, thus, the recommendation 
for a strict GFD is imperative [73-76].

It is the responsibility of the patient to avoid any and all beverage 
and food items, along with medications and supplements that contain 
any gluten, which implies that a GFD outline should be given to 
the patient alongside significant patient education, follow-up, 
and motivation [75,77]. Overall, in depth medical and nutritional 
intervention has been established as the only accepted and viable 
treatment for CD [78]. Conflictingly, as mentioned above, many 
researchers have found that although adherence to a GFD is the 
only universally accepted treatment for CD, it can easily create 
more problems with unwanted and unnecessary weight gain and 
obesity for the CD community.

Several diets have been associated with weight-loss however, not 
many have successful long-term weight stability. The Paleo Diet is 
focused around the concept of eating “wild animal-source foods (lean 
meats, internal organs, bone marrow, but no dairy) and uncultivated 
plant-source foods (mostly fruits, non-grain, vegetables, nuts, but 
no legumes)” [79].
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The Ketogenic Diet has also shown success with weight-loss, as well as long-term weight stability. This diet is centered around low 
carbohydrate, high fat and moderate protein intake, which is another variation of the standard GFD, however, much more focused on 
keeping carbohydrate intake down due to its ability to stall the fat burning effect of ketosis [80]. The AIP diet has been widely used by 
the Autoimmune Disease community. This restrictive diet is centered on healing and repairing the gut by removing gut irritants [81]. This 
diet is highly anti-inflammatory and therefore can cause weight-loss, even if simply by reducing inflammation in the gut and through 
houtthe body.

Table 4: The Breakdown of Different GFDs
Standard GFD Paleo Diet Ketogenic Diet AIP Diet

GF Grains (rice, quinoa, etc.) Yes NO NO NO
Dairy Yes NO Yes (if not sensitive) NO
Legumes Yes NO NO NO
Lentils Yes NO NO NO
Nuts & Seeds Yes Yes Yes NO
Nighshades (tomatoes, white
potatoes, eggplants, etc.)

Yes Yes (except white 
potatoes)

Yes (except white 
potatoes)

NO

Vegetables (carrots, sweet
potatoes, greens, etc.) Yes Yes Yes Yes

Eggs (all) Yes Yes Yes NO
Meat (all) Yes Yes Yes Yes
Meat organs Yes Yes Yes Yes
Bone broth NO Yes Yes Yes
GF Alcohol Yes Yes Yes (small quantities) NO
NSAIDs Yes NO Yes NO
Pre &
Probiotics NO Yes Yes Yes

GF starches (tapioca, arrowroot, etc.) Yes Yes Yes (small quantities) NO
FODMAPs Yes Yes Yes (if not sensitive) NO

Fruit Yes Yes Yes (small quantities) NO
Refined sugar Yes NO NO NO
Unrefined sugars (maple syrup,
honey, etc.) Yes Yes Yes (small quantities) NO

Oils (EVOO, Avocado) Yes Yes Yes Yes
Seed oils (flax, almond, etc.) Yes Yes Yes NO
Yeast Yes Yes Yes NO

The above table demonstrates the difficulties some might have with 
the Standard GFD, which is prescribed to most at the diagnosis of 
CD. The Standard GFD does not take low-carbohydrate, high-fat, 
high-protein, weight-loss, food sensitivities (beyond gluten) and 
gut health into consideration, as it is only meant to cut out gluten. 
Therefore, it is recommended that each individual diagnosed with 
CD should seek specific, individualized nutritional advice, as well 
as gather more information on the abovementioned diet variations 
to the Standard GFD. The aforementioned diets are considered to be 
extremely healing and repairing to the gut, as well as Furthermore, 
from the abovementioned reviews, there are many important aspects 
of obesity that have been considered in the intervention of the 
condition notably, obesity can result from genetic factors, specifically 
where one or both of the individuals parents have the condition [82]. 
However, there has been data that suggests that simply overeating 
can lead weight gain through the disequilibrium of calories in vs. 
calories out [83].

Mainly, researchers have gathered that a diet rich in carbohydrates, 
alongside physical inactivity, are key points that correlated with 
weight gain, possibly leading to obesity [83,84]. One of the 
nutritional intervention strategies that continue to be extensively 
studied and put in place is the high-protein diet [85]. Some studies 
have found that adhering to a this diet in particular can significantly 
reduce obesity in both children and adults [84].

Withdrawal of a GFD and the possible effects on obese CD patients
Previous studies have established that obesity may develop in a 
CD patient even after the introduction of a GFD, possibly due to 
inflammation, as well as increased caloric consumption and high 
GI intake [52,86-88]. Some of these studies conducted surveys on 
children where the normalization of the BMI in both overweight and 
underweight patients on a GFD reported varied aspects. Notably, 
Aurangzeb et al., Barera et al. and Valletta et al. all conducted surveys 
on the withdrawal effects of gluten among CD patients [32,52,89]. 
In the context of CD healings, the mucosal lining is recovered from 
gluten withdrawal; hence, there is the recovery of the energy balance 
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[10]. Several studies reported similar elements for the nutritional 
intervention of CD and obesity, whereby, the main aspect is that 
the restoration of the absorptive functions of the entire bowel can 
potentially establish a psychological redistribution of the absorptive 
nature in the bowel mucosa [10, 89]. Otherwise, it still remains a 
concern for the authors whether the withdrawal of gluten can result 
in the development of obesity among CD patients. In Summary, 
the reviewed journals indicate different levels of evidence on why 
there is such variability in trends of CD patients upon introduction 
of a GFD. Nevertheless, there was clarification on why some 
patients develop obesity after the introduction of a GFD. Notably, 
the changes in the nutritional behavior of an individual can induce 
the development of obesity, which may be shared by CD patients.

Mandatory nutritional follow-up after diagnosis in the case of 
CD and obesity
There are several reports that have shown a possible link between 
initiation of a GFD and weight gain for patients with CD in the 
context of nutritional intervention. From the study conducted by 
Valletta et al. (2010), it was indicated that, from year to year, that 
there have been significant changes in the presentation of CD, 
including ‘classic’ signs and symptoms becoming less prevalent. 
In the same context, some reports indicated that obesity and CD 
can effectively coexist during childhood and adolescent stages [30]. 
Notably, Vallettaet al. reviewed 149 clinical records of children with 
CD, specifically considering the BMI, height, and weight of the 
children at diagnosis and after 12 months of adherence to a GFD 
[33]. From the review, 11 per cent of the CD patients were considered 
normal to overweight, while three per cent were obese at the initial 
presentation [33]. The authors indicated a significant increase in the 
BMI z-score after the introduction of a GFD, including the number 
of subjects, which was found to double at 22 percent. Overall, 
Valletta et al. established that these results indicated the need for 
careful follow-up, in terms of the nutritional status upon diagnosis 
with CD to address cases of obesity or overweight at presentation. 
Analysis of the report by Valletta et al., found that there were some 
critical aspects of the nutritional intervention for CD and obesity that 
the authors have put forward. The use of the humans as the study 
subjects provided a clear understanding of the possible increase in 
weight among children and adults upon presentation of CD [33].

The results reported by Valletta et al. have been consistent with the 
increasing awareness about a possible link between CD and obesity 
[32]. Specifically, the results indicated that malnutrition, which is a 
symptom used by several healthcare providers, is no longer a reliable 
diagnostic feature of CD in either children or adults [33]. Overall, 
it is evident that studies suggest that a strict GFD may increases 
the risk of obesity, which has also led to concerns being raised 
about hyper-caloric content as well as the nutritional imbalance of 
commercial GFDs. Therefore, it is justifiable as to why the authors 
call for a nutritional follow-up for patients upon introduction of a 
GFD, due to the possible development of obesity.

Discussion
Implications of the research
The research conducted had the primary focus of establishing a 
relationship between CD and obesity. Consequently, the journal 
articles that were reviewed, mainly obtained from the PubMed, 
Science Direct, and the European Journal of Nutrition, gave various 
results concerning the mechanism review of obesity and CD. 
Numerous reports reviewed indicated that obesity and CD have been 

linked; however, it was important to establish that most studies based 
their conceptual and theoretical frameworks on BMI as the reference 
point at the first diagnosis of CD. The use of BMI was supported 
by various studies; among them include Cheng et al, Dickey et al. , 
Dickson et al., Kabbani et al. Singh et al. [12,18,30,91,92].

The main findings from the studies based on BMI were that, in the 
past, the majority of dieticians, nutritionists and physicians did not 
associate CD with being overweight or obese. However, with the 
rising numbers of obese populations being diagnosed with CD, the 
current diagnostic skill requires a comprehensive analysis of the 
possible presence of obesity and CD in an individual. Notably, the 
study conducted by Kabbani et al. (2012) established that weight-loss 
might begin once the CD patient, whom is also obese, starts a GFD, 
with 4.4 percent of the study subjects being obese. Moreover, the 
current diagnosis of CD does not fully relies on the presentation of 
the ‘classic’ symptoms. Otherwise, it is important to appreciate the 
steps that the researchers have made towards advancements in more 
precise and time-sensitive diagnosis of CD, whether in an obese or 
underweight patient, to not only use the signs and symptoms but also 
to use the method that considers obesity as a symptomatic problem. 
Therefore, it is recommended that further studies and research be 
conducted in order to gain a more comprehensive outlook on the 
specific presentation of obesity in CD. Through actively using RCTs, 
cohort and controlled studies, such studies could prove to be highly 
beneficial in establishing a critical and more concrete bond between 
CD and obesity, so that diagnosis and intervention strategies can be 
accurately administered.

Further, the results obtained concerning the pathophysiological 
aspects of the two conditions were important in identifying some 
possible points of connection; mainly, genetics play a critical role 
towards the development and prevalence of both obesity and CD. 
The unifying genotypes were established to be HLA and the non-
HLA, which are the main factors that increase the inheritability of 
both obesity and CD. However, the results obtained may be subject 
to criticism simply based on sample size. The use of small sample 
quantities not only indicates weak effect size of the role of the genetic 
factors on the development of CD and obesity but may also make 
the studies unreliable [93].

Ioannidis also indicated that the research findings are more likely 
to be true particularly where large sample sizes are used, otherwise, 
the results obtained using the small quantities of sample sizes may 
need further studies using a larger sample size so as to ascertain 
a better understanding about the effects of genetics on CD and 
obesity [93].Overall, the availability of several studies indicating 
a correlation between obesity and CD was indicative of a positive 
step towards improvements for the increasing incidences of the two 
conditions [12,51].

The health implications for CD and obesity
The obtained results from the research and information gathered 
for this review, in the context of both mechanism and intervention 
strategies for CD and obesity, are particularly important for the 
enhancement of public health awareness, including diagnosis and 
management of both CD and obesity. The future of health care 
practice is bound to bring a greater understanding of why CD covers 
such a wide spectrum, including its more recent and significant 
correlation with obesity. The use of more reliable standardized 
and serological tests to diagnose the two conditions indicates a 
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replacement for the increased need of biopsies in the diagnosis 
of CD. Further, the increased rate of the disease detection and its 
eminent link with obesity improves the experience of the clinicians 
or diagnosing physicians, as well as the dietician or nutritionist that is 
treating the condition(s). These steps could lead to a better awareness 
and understanding of CD and obesity and aid in improving the most 
important intervention; diet [67].

Moreover, Eid et al. identified the need for improved diagnostic 
measures to help effective treatment of the conditions, since he 
had identified a trend of under diagnosis, specifically in the USA 
[94]. Therefore, Eid et al. supported the possible implication of 
the review of correlation for CD and obesity to act as an agent for 
public awareness and health care providers to effectively diagnose 
and treat the conditions [94].

Respectively, it would be of great benefit for more research within 
the ‘natural prescription’ field for more options and alternative 
approaches to gut and intestinal healing and recovery for CD 
[1,9,94,95].

Studies within this field have found great success with complementary 
lifestyle, dietary and supplemental modifications in order to 
properly support and heal the immune system and gut [1]. The 
recommendations of stress relief, adequate rest and proper exercise, 
alongside daily supplementation of digestive enzymes, probiotics, 
EFAs and multivitamins has been has been recommended to several 
CD patients, in addition to a healthy, nutritionist-monitored GFD 
[1,8,9,95]. Additionally, further research into different types of GFDs 
and their benefits to those with CD would be recommended. Due to 
the different types of gluten-free and grain free alternatives, such 
as buckwheat, millet, cassava, tapioca and rice, it would be highly 
beneficial for more information to be available on which type of 
GFD would deliver the best results; weight-loss, gut healing, liver-
healing etc. Greater education and nutritional guidance is required 
for individuals to make healthier food choices whilst still adhering 
to a strict GFD, specifically for their individual and personal needs.

Although these suggestions and recommendations may seem 
obvious, if not common sense, many individuals struggling with 
autoimmune conditions, like CD, have not seen immediate or 
lasting results from diet alterations alone. Complementary lifestyle 
and supplementation support offer a better chance at sustained 
healing for the gut, immune system, as well as neurologically and 
psychologically [8,9]. Otherwise, it would be important for health 
care providers to also consider the various clinical identifications 
of CD and obesity mechanisms among populations and choose a 
potential intervention strategy for the conditions. Moreover, it is 
important for physicians, nutritionists and dieticians to consider the 
stratification of the populations and how such aspects may influence 
personalized interventions for CD and obesity patients.

Recommendations for primary research
Future primary studies may want to consider the following gaps 
in knowledge:
• Why some CD patients on a GFD become obese
• Conduct experimental therapies for CD in a randomized 

controlled clinical trial
• Primary research on the mechanisms of CD based on animal 

studies developed for specific cohort of individuals from both 
developed and developing countries

• Investigate a correlation between CD and ulcers

Limitations of the research to date and gaps that exist
The limitations of the present review were severely limited research 
concerning nutritional interventions for CD and how it links to 
obesity in the same context, as well as research regarding in depth 
information on what people actually eat whilst adhering to a GFD.

Only a few studies could justify the reliability and accuracy 
concerning the correlation between the nutritional intervention 
between CD and obesity.

Conclusion
The primary focus of this review was to establish a possible 
relationship between CD and obesity. This review outlined the 
common notions about the disease, whereby; vast medical and 
nutritional opinion has previously linked CD to weight loss and 
the inability to gain weight, as many CD patients have typically 
been underweight. This implied that many doctors fail to check for 
CD whenever overweight or obese patients present ‘non-classic’ or 
atypical symptoms of CD. However, with various technologies for 
disease diagnosis being incorporated in current research, there is an 
indication of possible association between obesity and CD. Further, 
numerous studies, research and trials are continually working on 
discovering more information regarding the two conditions in terms 
of presentation, diagnosis and intervention. Generally, the review of 
CD and obesity indicated very important aspects of the conditions, 
particularly among the children. Notably, several medical articles, 
reports and studies presented CD as an extreme form of gluten 
intolerance in the form of an autoimmune disease [10,35,90,96,98].

Notably, various authors indicated that CD could be diagnosed 
at any point in life; however, the individuals who are at a higher 
risk are the ones with a family history. Still, the only concrete, 
medically accepted, solution to managing this condition is through 
strict adherence to a GFD [99]. Overall, the relationship concerning 
obesity and CD was established to exist on two different levels: the 
mechanism and nutritional interventions. In terms of the mechanism 
of CD and obesity, there have been several reports that have 
indicated a link between the two conditions through pathogenetic 
and pathophysiological links. It was important noting the three 
processes that influence the occurrence and development of CD 
and obesity amongst different populations; genetic predisposition, 
environmental factors, and the immunological intolerance of the 
environmental factors [100].

The studies indicated that gluten is the primary environmental factor 
that predisposes an individual to be intolerant to foods containing the 
protein; thus, develops an immunological response associated with 
the inflammation of the mucosal lining of the intestines [5, 20,101]. 
The genetic factors play a role in the development and heritability of 
the disease; whereby the HLA-DQ2/DQ8 and the non-HLA genomic 
loci predispose individuals who are closely related to developing 
the two conditions. Moreover, the genetic factors were established 
to be the largest point of association between obesity and CD.

Finally, obesity appears to be more frequent in the newly diagnosed 
CD patients who are diagnosed on the foundation of symptoms 
such as abdominal pain and on the basis of the standard procedures 
for screening [22,35,37,]. North American children, in particular, 
have begun to present ‘non-classic’ and atypical symptoms and are 
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considerably more overweight, if not obese, at the time of diagnosis 
[35]. Finally, after evaluating all of the information gathered, it is 
worth reviewing the possible importance of introducing a GFD if 
slight gluten-sensitivity is present or in the familial history, rather 
than once a patient is diagnosed with CD [102,103]. Also, lending 
more resources to natural and complementary approaches to the 
management of the condition, as well as healing, could prove to be 
incredibly valuable [104-127].

Dissemination
The following Journals are listed for potential publications in order 
of preference:
1. Journal of Nutritional Disorders & Therapy: this is a globally 

recognized journal with open access, which considers the overall 
wellbeing and infectionson digestion system and nutritional 
disorders such as obesity and CD.

2. Journal of Obesity and Weight Loss Therapy: this is preferred 
because it isa peer reviewed and open access periodical that 
publishes information based on original findings and reviews.

3. International Journal of Digestive Diseases: this journal 
publishes innovative research and comprehensive review 
articles specifically concerning digestive diseases, such as CD.

4. Current Pediatric Research: it is preferred because of its 
open access and acceptance of review reports, commentaries 
and case reports, among others.

Preface/ Acknowledgements
The presented mechanism review on the correlation of CD 
and obesity is part of my Masters of Science degree course in 
Personalized Nutrition. Having been late diagnosed (nearly twenty-
eight years) and many times misdiagnosed with other conditions 
than CD, I believed that this review would prove to be interesting 
and very much needed.

Although the studies were lacking and information surrounding this 
topic was difficult to gather, simply due to the absence of material, 
I did find some very significant research. It was exciting to be able 
to shed some light on a topic that has not been overly researched 
or even highly considered.

I feel that I have learned a great deal by completing this dissertation, 
specifically regarding my ability to properly and professionally 
dissect and analyze different research, studies and trials, and gather 
the essential information required.

I would like to sincerely acknowledge and thank those who have 
made the completion of this dissertation possible; and who have 
helped me out along this journey.

Kate Neil at CNELM has been absolutely outstanding for me. She 
had taken several hours out of several days in order to assist me, no 
matter what the problem. James Neil has been an excellent advisor 
and has also been essential to this entire process. James really helped 
me understand where my research and focus was lacking and guided 
me when I required guidance.

Overall, I’d like to thank everyone at CNELM for helping me 
throughout my M.Sc.degree.

References
1. Torkos S (2008) Coeliac Disease (Gluten Intolerance). The 

Canadian Encyclopediaof Natural Medicine 164-166.
2. Pals M Van Der, Myléus A, Norström F, Hammarroth S, 

Högberg L, et al. (2014) Body mass index is not a reliable tool 
in predictingceliac disease in children. BMC Pediatrics 14: 1-6. 

3. Abenavoli L, Delibasic M, Peta V, Turkulov V, De Lorenzo 
A, et al. (2015) Nutritional profile of adult patients with celiac 
disease.European Review for Medical and Pharacological 
Sciences 19: 4285-4292.

4. Canova C, Pitter G, Ludvigsson JF, Romor P, Zanier L, et al. 
(2016) Celiac Disease and Risk of Autoimmune Disorders: 
APopulation-Based Matched Birth Cohort Study. The Journal 
of Pediatrics174: 146-152. 

5. Di Sabatino A, Vanoli A, Giuffrida P, Luinetti O, Solcia E, et al. 
(2012) The function of tissue transglutaminase in celiacdisease. 
Autoimmunity Reviews 11: 746-753.

6. Kneepkens CMF, Von Blomberg BME (2012) Clinical practice: 
Coeliacdisease. European Journal of Pediatrics 171: 1011-1021.

7. Balamtekin N, Uslu N, Baysoy G, Usta Y, Demir H, et al. 
(2010)the presentation of celiac disease in 220 Turkishchildren. 
Turkish Journal of Pediatrics 52: 239-244.

8. Alexander (2010) Text book of Functional Medicine D. S. 
Jones & S.Quinn, eds., Washington: The Institute for Functional 
Medicine.

9. Balch PA (2006). Prescription for Nutritional Healing 4th Ed.
10. Diamanti A, Capriati T, Basso MS, Panetta F, Francavilla R, 

et al. (2014) CeliacDisease and Overweight in Children: An 
Update. Nutrients 6: 207-220.

11. Sinniah R Roche E (2012) Letter: rising incidence of obesity in 
the celiac population-a malady or maladaptation? Alimentary 
Pharmacology andTherapeutics35: 1483.

12. Kabbani TA, Goldberg A, Kelly CP, Pallav K, Tariq S, et al. 
(2012) Body mass index and the risk of obesity in celiac disease 
treated with the gluten-free diet. Alimentary Pharmacology 
andTherapeutics 35: 723-729.

13. Furse RM, Mee AS (2005) Lesson of the week: Atypical 
presentation of celiac disease. British Medical Journal 330: 
773-774. 

14. Nikaki K, Gupte G (2016) Assessment of intestinal malabsorption. 
Best Practice& Research Clinical Gastroenterology 30: 225-
235.

15. Tucker E,Rostami K, Prabhakaran S, Al Dulaimi D(2012) 
Patients with Coeliac Disease Are Increasingly Overweight 
orObese on Presentation. Journal of Gastrointestinal Liver 
Disease 21: 11-15. 

16. Freeman HJ (2008) Pearls and pitfalls in the diagnosis of adult 
celiac disease.Canadian Journal of Gastroenterology 22: 273-
280. 

17. Koehler P, Weiser H,Scherf K (2007) Celiac Disease.
Encyclopedia of Food Grains (Second Edition) 2: 83-90.

18. Singh I, Agnihotri A, Sharma A, Verma AK, Das P, et al. (2016) 
Patients with celiac disease may have normal weight or mayeven 
be overweight. Indian Journal of Gastroenterology 35: 20-24.

19. Thomas J, Harden A (2007)Methods for the thematic synthesis 
ofqualitative research in systematic reviews. BMC Med Res 
Methodol 8:45.

20. Bischoff SC, Barbara G, Buurman W, Ockhuizen T, Schulzke 
JD, et al. (2014) Intestinal permeability--a new target for 
diseaseprevention and therapy. BMC Gastroenterol 14:1-25.

21. Green PHR, Lebwohl B, Greywoode R (2015) Celiac disease. 

Med Clin Res, 2018 Volume 3 | Issue 6 | 14 of 17



Journal ofAllergy and Clinical Immunology 135: 1099-1106.
22. Venkatasubramani N, Telega G,Werlin S (2010) Obesity in 

Pediatric CeliacDisease. Journal of Pediatric Gastroenterology 
and Nutrition 51: 295-297.

23. Rodríguez Almagro J, Hernández Martínez A, Lucendo AJ, 
Casellas F, Solano Ruiz MC,et al. (2016) Health-related quality 
of life and determinantfactors in celiac disease. A population-
based analysis of adult patients in Spain.Revista espanola de 
enfermedadesdigestivas:organoofficial de la SociedadEspanola 
de PatologiaDigestiva 108: 181-189.

24. Czaja-Bulsa G Garanty-Bogacka B, Syrenicz M, Gebala A (2001) 
Obesity in an 18-year-old boy with untreated celiacdisease. 
Journal of pediatric gastroenterology and nutrition 32: 226.

25. Brar P, Kwon GY, Egbuna II, Holleran S, Ramakrishnan R, et 
al. (2007) Lack of correlation of degree of villous atrophy with 
severity ofclinical presentation of coeliac disease. Digestive 
and Liver Disease 39: 26-29.

26. Murray JA, Rubio-Tapia A, Van Dyke CT, Brogan DL, 
Knipschield MA, et al. (2008) Mucosal Atrophy in 
Celiac Disease: Extent of Involvement,Correlation with 
Clinical Presentation, and Response to Treatment. Clinical 
Gastroenterology and Hepatology 6: 1-18.

27. Stein J,Schuppan D (2014) Coeliac disease-new 
pathophysiological findingsand their implications for therapy. 
Viszeralmedizin: Gastrointestinal Medicineand Surgery 30: 
156-165.

28. Ng SC, Bernstein CN, Vatn MH, Lakatos PL, Loftus EV, et al. 
(2013) Geographical variability and environmental risk factors 
ininflammatory bowel disease. Gut 62: 630-649. 

29. Olén O, Montgomery SM, Marcus C, Ekbom A, Ludvigsson 
JF(2009) Coeliac disease and body mass index: a study of 
two Swedishgeneral population-based registers. Scandinavian 
journal of gastroenterology 44: 1198-1206.

30. Dickey W, Kearney N (2006) Overweight in Celiac Disease: 
Prevalence, ClinicalCharacteristics, and Effect of a Gluten-Free 
Diet. American Journal ofGastroenterology 101: 2356-2359.

31. Icaza-Chavez M (2014) Gut microbiota in health and disease. 
IntegrativeMedicine Research 78: 240-248. 

32. Valletta E, Fornaro M, Cipolli M, Conte S, Bissolo F, et al. 
(2010a) Celiac disease and obesity: need for nutritional follow-
up after diagnosis. European Journal of Clinical Nutrition 64: 
1371-1372

33. Valletta E, Fornaro M, Cipolli M, Conte S, Bissolo F, et al. 
(2010b) Celiac disease and obesity: need for nutritional follow-
up after diagnosis. European Journal of Clinical Nutrition 64: 
1371-1372.

34. Reilly JJ, Dorosty AR, Emmett PM (2011) Identification of 
the obese child: adequacy of the body mass index for clinical 
practice and epidemiology. International journal of obesity 24: 
1623-1627.

35. Reilly NR, Aguilar K, Hassid BG, Cheng J, Defelice AR, et 
al. (2011a) Celiac Disease in Normal-weight and Overweight 
Children: Clinical Features and Growth Outcomes Following 
a Gluten-free Diet. Journal of Pediatric Gastroenterology and 
Nutrition 53: 528-531. 

36. Reilly NR, Aguilar K, Hassid BG, Cheng J, Defelice AR, et 
al. (2011b) Celiac disease in normal-weight and overweight 
children: clinical features and growth outcomes following 
a gluten-free diet. Journal ofpediatric gastroenterology and 
nutrition 53: 528-531. 

37. Brambilla P, Picca M, Dilillo D, Meneghin F, Cravidi C, et 

al. (2013) Changes of body mass index in celiac children on 
a glutenfreediet. Nutrition Metabolism and Cardiovascular 
Diseases 23: 177-182.

38. Norsa L, Shamir R, Zevit N, Verduci E, Hartman C, et al. (2013) 
Cardiovascular disease risk factor profiles in children withceliac 
disease on gluten- free diets. World Journal of Gastroenterology 
19: 5658-5664. 

39. Nejad MR, Sabine HK, Ishaq S, Rostami K(2011) Subclinical 
celiac disease and gluten sensitivity. Gastroenterology and 
Hepatology from Bed to Bench 4: 102-108.

40. Reilly NR, Lebwohl B, Hultcrantz R, Green PH, Ludvigsson 
JF (2015) Increased risk of non-alcoholic fatty liver disease 
afterdiagnosis of celiac disease. Journal of Hepatology 62: 
1405-1411.

41. Rubio-tapia A, Murray JA (2007) The Liver in Celiac Disease. 
Hepatology 46: 1650-1658.

42. Kaukinen K, Halme L, Collin P, Färkkilä M, Mäki M, et al. 
(2002) Celiac disease in patients with severeliver disease: 
Gluten- free diet may reverse hepatic failure.Gastroenterology 
122: 881-888.

43. Schwimmer JB, Celedon MA, Lavine JE, Salem R, Campbell 
N, et al. (2009) Gastroenterology Heritability of Nonalcoholic 
FattyLiver Disease. Gastroenterology 136: 1585-1592.

44. Zali MR, Nejad MR, Rostami K, Alavian SM(2011) Liver 
complications in celiac disease. Hepatitis Monthly 11: 333-341.

45. Abdo A, Meddings J Swain M (2004) Liver abnormalities in 
celiac disease.Clinical Gastroenterology and Hepatology 2: 
107-112.

46. Celiac Disease Foundation (2015) Celiac Disease and Non-
Alcoholic Fatty LiverDisease. 

47. Kelly CP, Bai JC, Liu E, Leffler DA (2015) Advances in 
Diagnosis and Management of Celiac Disease.Gastroenterology 
148: 1175-1186.

48. Lamacchia C, Camarca A, Picascia S, Luccia AD, GianfraniC 
(2014) Cereal-based gluten-free food: How to reconcilenutritional 
and technological properties of wheat proteins with safety for 
celiacdisease patients. Nutrients 6: 575-590.

49. Phatak UP, Pashankar DS (2015) Obesity and Gastrointestinal 
Disorders.Journal of Pediatrics 60: 441-445.

50. Fasano A (2005) Clinical presentation of celiac disease in the 
pediatric population.Gastroenterology 128: S68-S73.

51. Leffler DA, Green PHR, Fasano A (2015) Extraintestinal 
manifestations ofcoeliac disease. Nature Reviews 
Gastroenterology &Hepatology 12: 561-571.

52. Capriati T, Francavilla R, Ferretti F, Castellaneta S, Ancinelli 
M, et al. (2016) The overweight: a rare presentationof celiac 
disease. European Journal of Clinical Nutrition 70: 282-284.

53. Aurangzeb B,Leach ST, Lemberg DA, Day AS (2010) 
Nutritional status of children with coeliac disease. Acta Paediatr 
99: 1020-1025.

54. Ludvigsson JF, Elfström P, Broomé U, Ekbom A, Montgomery 
SM (2007) Celiac Diseaseand Risk of Liver Disease: A General 
Population-Based Study.Clin Gastroenterol Hepatol 5: 63-69.

55. Freeman HJ (2012) Celiac disease and selected long-term health 
issues.Maturitas 73: 206-211.

56. Van Heel DA, Hunt K, Greco L, Wijmenga C (2005) Genetics 
in coeliac disease. Best Practice and Research: Clinical 
Gastroenterology 19: 323-339.

57. McCrae WM (1969) Inheritance of coeliac disease. Journal of 
medical genetics 6: 129-131. 

58. Hunt K, van Heel D (2009) Recent advances in coeliac disease. 

Med Clin Res, 2018 Volume 3 | Issue 6 | 15 of 17



Gut 58: 473-476.
59. Levy J, Bernstein L, Silber N (2014) Celiac Disease: An Immune 

DysregulationSyndrome. Current Problems in Pediatric and 
Adolescent Health Care 44: 324-327.

60. Dieli-crimi R, Cenit MC, Nunez C (2015) the genetics of 
celiac disease: Acomprehensive review of clinical implications. 
Journal of Autoimmunity 64: 26-41.

61. Visser J, Jan Rozing, Anna Sapone, Karen Lammers, Alessio 
Fasano (2010) Tight Junctions, Intestinal Permeability and 
Autoimmunity CeliacDisease and Type 1 Diabetes Paradigms. 
Annals of the New York Academy ofSciences New York 
Sciences 1165: 195-205.

62. Wolters VM, Wijmenga C (2008) Genetic background of 
celiac disease and itsclinical implications. American Journal 
of Gastroenterology 103: 190-195.

63. Zhernakova A, Wijmenga C (2008) HLA and Non-HLA genes 
in celiac disease.Pediatric and Adolescent Medicine 12: 32-45.

64. Katzmarzyk PT, Malina RM, Pérusse L, Rice T, Province MA, 
et al. (2000) Familial resemblance in fatness and fat distribution.
American journal of human biology: the official journal of the 
Human BiologyCouncil 12: 395-404.

65. O’Rahilly S, Farooqi IS (2008) Human obesity as a heritable 
disorder of thecentral control of energy balance. International 
journal of obesity 32: S55-S61.

66. Leivers C,G Martin, M Gasparetto, H Shelley, M Valente (2014) 
Coeliac disease. Paediatrics and Child Health 24: 481-484.

67. Murray JA (1999) the widening spectrum of celiac disease. 
American Journal ofClinical Nutrition 69: 354-365.

68. Yang J, Lernmark A, Uusitalo UM, Lynch KF, Veijola R, et 
al. (2014) Prevalance of Obesity was related to HLA-DQ in 
2-4 Year Old Chicken at Genetic Risk for Type 1 Diabetes. 
International Journal of Obesity 38: 1491-1496.

69. Bailey K, Ferro-Luzzi A (1995) Use of body mass index of 
adults in assessing individual and community nutritional status. 
WHO bulletin 73: 673-680.

70. Cawley J, Burkhauser RV (2006) Beyond BMI: The Value of 
More AccurateMeasures in Social Sciences Research. 

71. Kapoerchan VV, Wiesner M, Hillaert U, Drijfhout JW, Overhand 
M, et al.(2010) Design, synthesis and evaluation of high-affinity 
binders for the celiac disease associated HLA-DQ2 molecule. 
MolecularImmunology 47: 1091-1097.

72. Sollid LM, Khosla C (2012) Novel Therapies for Coeliac 
Disease. Journal ofInternal Medicine 269: 604-613.

73. Pinier M,Fuhrmann G, Verdu EF, Leroux JC (2010) Prevention 
Measures and Exploratory Pharmacological Treatments of 
Celiac Disease. The American Journal of Gastroenterology105: 
2551-2561.

74. Campbell AW (2014) Autoimmunity and the gut. Autoimmune 
Diseases 2014: 152428.

75. Kupfer S, Paski S, Grandison NA, Semrad CE(2012) 395 High 
Prevalence of Overweight and Obese Adult Celiac Patients in 
the Midwestern United States. Gastroenterology 142: S-87.

76. Rubio-Tapia A, Rahim MW, See JA, Lahr BD, Wu TT, et 
al. (2010) Muscosal Recovery and Mortality in Adults with 
CeliacDisease after Treatment with a Gluten-Free Diet. 
Gastroenterology andHepatology 105: 1412-1420.

77. See J, JA M (2006) Gluten-free diet: the medical and nutrition 
management ofceliac disease. Nutrition in Clinical Practice 
21: 1-15.

78. Soares FL, de Oliveira Matoso R, Teixeira LG, Menezes Z, 
Pereira SS, et al. (2013) Gluten-free diet reduces adiposity, 

inflammation andinsulin resistance associated with the induction 
of PPAR-alpha and PPAR gamma expression. The Journal of 
nutritional biochemistry 24: 1105-1111.

79. Kupper C (2005) Dietary guidelines and implementation for 
celiac disease.Gastroenterology 128: S121-S127.

80. Frassetto LA, Schloetter M, Mietus-Synder M, Morris RC, 
et al. (2009) Metabolic and physiologic improvements from 
consuming a paleolithic, hunter-gatherer type diet. European 
Journal of Clinical Nutrition 63: 947-955.

81. Witkow S, Henkin Y, Schwarzfuchs D, Fraser D, Bolotin A, et al. 
(2008)Weight Loss with a Low-Carbohydrate, Mediterranean, 
or Low-Fat Diet. New England Journal Medicine 359: 229-241.

82. Gottfried SM (2016) Is the Autoimmune Protocol Necessary?
83. Hinney A, Vogel CIG, Hebebrand J (2010) From monogenic 

to polygenicobesity: Recent advances. European Child and 
Adolescent Psychiatry 19:297-310.

84. Martínez JA (2014) Perspectives on Personalized Nutrition for 
Obesity. Journal of Nutrigenetics and Nutrigenomics 7: 1-3.

85. Lau DC, Douketis JD, Morrison KM, Hramiak IM, Sharma 
AM, et al.(2007) 2006 Canadian clinical practice guidelines 
on the management and prevention of obesity in adults and 
children. CMAJ 176: S1-13.

86. Clifton PM, Keogh JB, Noakes M (2008) Long-term effects of 
a high-protein weight-loss diet. American Journal of Clinical 
Nutrition 87: 23-29. 

87. Ludvigsson JF, Card TR, Kaukinen K, Bai J, Zingone F, et al. 
(2015) Screening for celiac disease in the general population 
and in high-risk groups. United European gastroenterology 
journal 3: 106-120.

88. Sanchez-Albisua I,Wolf J, Neu A, Geiger H, Wäscher I, et 
al.(2005) Coeliac disease in children with Type 1 diabetes 
mellitus: the effect of the gluten-free diet. Diabetic medicine: 
a journal of the British Diabetic Association 22: 1079-1082.

89. Vilppula A, Kaukinen K, Luostarinen L, Krekelä I, Patrikainen 
H,et al. (2011) Clinical benefit of gluten-free diet in screen-
detected olderceliac disease patients. BMC Gastroenterology 
11: 1-8. 

90. Barera G, Mora S, Brambilla P, Ricotti A, Menni L, et al. (2000) 
Body composition in children with celiac disease and the effects 
of a gluten-free diet: A prospective case-control study. American 
Journalof Clinical Nutrition 72: 71-75.

91. Cheng JM, Brar PS, Lee AR, Green PH (2010) Body Mass 
Index in Celiac Disease: Beneficial Effect of aGluten-free Diet. 
Journal of Clinical Gastroenterology 44: 267-271.

92. Dickson BC, Streutker CJ, Chetty R (2006) coeliac disease: 
an update forpathologists. Journal of clinical pathology 59: 
1008-1016.

93. Ioannidis JPA (2005) why most published research findings are 
false. PLoS Medicine 2: 0696-0701.

94. Eid M, Abougabal A, Zeid A (2013) Celiac Disease: Do not 
miss that diagnosis! The Egyptian Journal of Radiology and 
Nuclear Medicine 44: 727-735.

95. Haas EM, Levin B (2006) Staying Healthy with Nutrition, 
Berkeley, CA: Celestial.

96. Lerner A, Matthias T (2015) Changes in intestinal tight junction 
permeability associated with industrial food additives explain 
the rising incidence of autoimmune disease. Autoimmunity 
Reviews 14: 479-489.

97. Lerner A, Jeremias P, Neidhöfer S, Matthias T (2016) Antibodies 
against neo-epitope tTg complexed to gliadinis different and 
more reliable then anti-tTg for the diagnosis of pediatric 

Med Clin Res, 2018 Volume 3 | Issue 6 | 16 of 17



celiacdisease. Journal of Immunological Methods 429: 15-20.
98. Kochhar GS, Singh T, Gill A, Kirby DF (2016) Celiac Disease: 

Managing a Multisystem Disorder. The Cleveland Clinic Journal 
of Medicine 83: 217-227.

99. Plugis NM, Khosla C (2015) Therapeutic approaches for celiac 
disease. Best Practice & Research Clinical Gastroenterology 
29: 503-521.

100. Vojdani A, Pollard KM, Campbell AW (2014) Environmental 
triggers andautoimmunity. Autoimmune Diseases 2014: 2-4.

101. Stefania De Santis, Elisabetta Cavalcanti, Mauro Mastronardi, 
Emilio Jirillo, Marcello Chieppa (2015) Nutritional keys for 
intestinal barrier modulation. Frontiersin Immunology 6: 612.

102. Penagini F,Dilillo D, Meneghin F, Mameli C, Fabiano V, 
et al. (2013) Gluten-free diet in children: An approach to a 
nutritionally adequate and balanced diet. Nutrients 5: 4553-
4565.

103. Sapone A,Lammers KM, Casolaro V, Cammarota M, Giuliano 
TM,et al. (2011) Divergence of gut permeability and mucosal 
immune gene expression in two gluten-associated conditions: 
celiac disease and gluten sensitivity. BMC medicine 9: 23. 

104. Araya M, Oyarzun A, Lucero Y, Espinosa N, Pérez-Bravo 
F (2015) DQ2, DQ7 and DQ8 Distribution and Clinical 
Manifestations in Celiac Cases and Their First-Degree Relatives. 
Nutrients 7: 4955-4965.

105. Bethune MT, Borda JT, Ribka E, Michael-Xun L, Kathrine PF, 
et al.(2008) A non-human primate model for gluten sensitivity. 
PloS One 3: e1614. 

106. Capristo E, Addolorato G, Mingrone G, De Gaetano A, Greco 
AV, et al. (2000) Changes in body composition, substrate 
oxidation, andresting metabolic rate in adult celiac disease 
patients after a 1-y gluten-free diettreatment. American Journal 
of Clinical Nutrition 72: 76-81.

107. Dietz WH, Bellizzi MC (1999) Introduction: the use of body 
mass index toassess obesity in children. The American journal 
of clinical nutrition 70: 123S-125S. 

108. Fasano A (2011) Zonulin and its regulation of intestinal barrier 
function: the biological door to inflammation, autoimmunity, 
and cancer. Physiological reviews 91: 151-175.

109. Ferrara P (2009) High fat consumption in children with celiac 
disease. Acta Gastro-Enterologica Belgica 72: 296-300.

110. Ho G,Mac Kenzie RG (1999) Functional Characterization of 
Mutations in Melanocortin-4 Receptor Associated with Human 
Obesity. Journal of Biological Chemistry 274: 35816-35822.

111. Huibregtse I, Marietta EV, Rashtak S, Koning F, Rottiers P, 
et al. (2009) Induction of antigen-specific tolerance by oral 
administration of Lactococcus lactis delivered immunodominant 
DQ8-restricted Gliadin peptide in sensitized NOD AB° DQ8 
transgenic mice. Journal of Immunology 183: 2390-2396.

112. Hypponen E, Suvi M Virtanen,Mike G Kenward, Mikael Knip, 
Hans K Akerblom (2000) Risk of Type 1 Diabetes in Children. 
Diabetes Care 23: 1755-1760.

113. Kussmann M, Fay LB (2008) Nutrigenomics and personalized 
nutrition: scienceand concept. Personalized Medicine 5: 447-
455. 

114. Lam YY, Fleet JC, Craig BA, Carnell NS, Campbell WW (2007) 
inadequate protein intake affects skeletal muscle transcript 
profiles in older humans. American Journal of Clinical Nutrition 
85: 1344-1352.

115. Lebwohl B, Green P (2014) Risk of Celiac Disease According to 
HLA Haplotype and Country. New England Journal of Medicine 
371: 42-49.

116. Marietta E, David C, Murray J (2011) Important Lessons 
Derived from Animal Models of Celiac Disease. International 
Reviews of Immunology 30: 197-206.

117. Marsh MN (1992) Gluten, major histocompatibility complex, 
and the small intestine.A molecular and immunobiologic 
approach to the spectrum of gluten sensitivity (’celiac sprue’). 
Gastroenterology 102: 330-354.

118. Mazumdar K, Alvarez X, Borda JT, Dufour J, Martin E, 
et al. (2010) Visualization of transepithelial passage of the 
immunogenic 33-residue peptide from a-2 gliadin in gluten-
sensitive macaques. PLoS ONE 5: e10228.

119. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, et 
al. (2003) Prevalence of obesity, diabetes, and obesity-related 
healthrisk factors, 2001. JAMA 289: 76-79.

120. Mooney PD, Hadjivassiliou M, Sanders DS (2014) Coeliac 
disease. British Medical Journal 348: 1-8.

121. Nóvoa Medina Y, López-Capapé M, Lara Orejas E, Alonso 
Blanco M, Camarero Salces C, et al. (2008) Impact of diagnosis 
of celiac disease on metabolic control of type 1 diabetes. Anales 
de pediatría 68: 13-17.

122. Rubio-Tapia A, Kyle RA, Kaplan EL, Johnson DR, Page W, et 
al. (2009) Increased Prevalence and Mortality in Undiagnosed 
Celiac Disease. Gastroenterology 137: 88-93.

123. Senger S, Luongo D, Maurano F, Mazzeo MF, Siciliano RA, 
et al. (2003) intranasal administration of a recombinant alpha-
gliadin down-regulates the immune response to wheat gliadin 
in DQ8 transgenic mice. Immunol Lett 88: 127-134.

124. Telega G, Bennet TR,Werlin S (2008) Emerging new clinical 
patterns in thepresentation of celiac disease. Archives of 
pediatrics & adolescent medicine162: 164-168.

125. Voight BF, Kudaravalli S, Wen X, Pritchard JK (2006) A map of 
recent positive selection in the human genome. PLoS Biology 
4: 0446-0458.

126. Autoimmune Diseases 2014: 2-4.
127. Withoff S, Li Y, Jonkers I, Wijmenga C (2016) Understanding 

Celiac Disease by Genomics. Trends inGenetics 32: 295-308. 

Copyright: ©2018 Chelsea Spackman. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

Med Clin Res, 2018 Volume 3 | Issue 6 | 17 of 17

Citation: Chelsea Spackman  (2018). Failure to Thrive: A Review for a Relationship between Coeliac Disease and Obesity. Journal of 
Medical & Clinical Research  3(6):1-17.


