
© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 

 

 

THE PREVENTION OF CELIAC DISEASE USING FUZZY COGNITIVE 

MAPS 

 

Capstone Design 

Spring 2020 

Jad Fechtali 

Supervised by Dr. Ilham Kissani 

 

 

 

 



1 

THE PREVENTION OF CELIAC DISEASE USING FUZZY COGNITIVE MAPS 

 

 

 

 

 

 

 

 

 

 

 



2 

AKNOWLEDGMENTS: 

I’d like to dedicate my project to the people who supported me the most, my parents and the closest 

people to me my siblings. I would also like to deeply thank my best friends who have always been 

there for me, Hamza Bouflous and Othman Essabti who have always been there when I needed them.  

 

I’d like to express my deepest gratitude and thanks to my supervisor, Dr. Kissani, for her mentorship 

and her guidance all along the creation of this project, for agreeing to be my supervisor and giving 

me the opportunity to work on a topic that is very close to my heart.  

 

All of my gratitude does to Al Akhawayn University for the quality education it has provided me 

with and the tools it has given me to create this project and to face whatever problems and hurdles I 

encountered during this journey.  

 

Last but not least, I want to thank every single person who contributed to this project with little or 

much effort, specially my dear family and my close friends for the constant support all throughout 

my Journey at AUI  

 

 

 

 

 

 

 

 

 



3 

Table of Contents  

 
List of figures ……………………………………………………………………….….3 

Abstract          ………………………………………………………………………......5 

Introduction …………………………………………………………………………….6 

Literature review……………………………………………………………….…..…...8 

Methodology……………………………………………………………………………12 

Steeple Analysis ……………………………………………………………….……….13 

Celiac disease around the world.......................................................................................17 

Questions asked to the doctors about the celiac disease………………………….…......21 

Overview of the project………………………………………………………………….25 

 The analysis of the survey……………………………………………………….26 

 Hypothesis Testing – T test……………………………………………………...31 

           Correlation..............................................................................................................41 

 Fuzzy cognitive maps............................................................................................66 

 General Interpretation …………………………………………………………….…….68 

Conclusion ……………………………………………………………………………….69 

References ……………………………………………………………………………….70 

Appendix …………………………………………………………………………………71 

 

 

 

 

 

 



4 

List of figures: 
 
Figure1: Percentage of people diagnosed and non- diagnosed 

Figure2: Accurate diagnosis across the years. 

Figure3: Family member that could have celiac disease 

Figure 4:  Percentage of digestive problems 

Figure 5:  Percentage of muscle Cramps 

Figure 6: Percentage of Calcium deficiency 

Figure 7:  Percentage of Vitamin D deficiency 

Figure 8:   Percentage of Iron deficiency 

Figure 9:   Percentage of Skin Rash problems 

Figure 10:  Percentage of Missed periods 

Figure 11:  Percentage of Mouth Sores 

Figure 12:   Percentage of Seizures 

Figure 13:   Percentage of Neuropathic symptoms 

Figure 14:    Correlation test vitamin D and calcium 

Figure 15:     Correlation test vitamin D and Iron 

Figure 16:   Correlation test vitamin D and digestive problems 

Figure 17:   Correlation test vitamin D and Muscle Cramps. 

Figure 18:   Correlation test vitamin D and Skin rash 

Figure 19:   Correlation test vitamin D and missed periods 

Figure 20:   Correlation test vitamin D and Neuropathic symptoms 

Figure 21:  Correlation test vitamin D and mouth sores 

Figure 22:  Correlation test vitamin D and seizures 

Figure 23: Correlation between calcium and digestive problems 

figure 24:   Correlation between calcium and muscle cramps 

figure 25:   Correlation between calcium and iron 



5 

Figure 26:   Correlation between calcium and skin rash 

Figure 27:  Correlation between calcium and missed periods 

Figure 28:   Correlation between calcium and Neuropathic symptoms 

Figure 29:  Correlation between calcium and mouth sores 

Figure 30:  Correlation between calcium and seizures 

Figure 31:  Correlation between Iron and digestive problems 

Figure 32:  Correlation between Iron and Muscle Crams 

Figure 33: Correlation between Iron and skin rash 

Figure 34: Correlation between Iron and missed periods 

Figure 35:  Correlation between Iron and neuropathic symptoms 

 Figure 36:  Correlation between Iron and mouth sores 

Figure 37: Correlation between Iron and seizures 

Figure 38: Correlation of all symptoms 

Figure 39: The abbreviations of all symptoms 

Figure 40: Fuzzy cognitive map (symptoms of celiac disease). 

 

 

 

 

 

 

 

 

 

 



6 

Abstract: 

 

This capstone aims to prevent the celiac disease using statistical tools. 

The accomplishment of this project needed many steps; That started from doing a research and 

finding the common symptoms of the disease. The second step was to launch a survey in order to 

collect the data from people who are having this problem and also people not suffering from celiac 

disease . Then, the data was collected and divided into 10 symptoms which were analyzed 

separately at the beginning. The third step was to find the relation between all the symptoms and to 

find which one is affecting or responsible to the other. In other words, we will be using the data to 

find the causality between each two symptoms. The causality was done using the R language. The 

R language gave us the correlation and its graphs which would be helpful later. Excel was used in 

this project mainly to find the statistics of each symptom. Also, it was used to launch the t test. 

Finally, all the work done before was used to create the fuzzy cognitive maps that is showing the 

causality of each symptom. The FCM was created using the software FCM experts. 
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I.  Introduction 

 

Celiac disease is a chronic, autoimmune disease of the intestine that happens when gluten is 

ingested. This protein mass is found in the grains of several cereals, including wheat, barley and 

rye. This condition is difficult to diagnose given the many effects it can cause. The treatment is 

based on the gluten-free diet. (Doctissimo, 2020) 

 

Celiac disease can happen at any age. It can appear in young children from the age of 6 months, 

after the introduction of cereals in their diet, as it can occur in adulthood. Women are 2 to 3 times 

more affected than men. The main risk factors are genetic factors (presence of the HLA DQ2 and 

DQ8 genes). In addition, it seems that the baby's eating habits could influence the onset of the 

disease. 

 

This malabsorption can generate extremely varied and more or less intense disorders depending on 

the individual, starting with digestive manifestations including chronic diarrhea, bloating, 

constipation as well as anemia due to iron and vitamin B9 deficiencies, and other deficiencies in 

vitamins A, E, K but also in vitamin D and calcium with, therefore, a risk of osteoporosis (bone 

demineralization). Edema of the lower limbs, neurological disorders (ataxia-lack of fine 

coordination of voluntary movements, epilepsy, etc.), hemorrhagic syndromes (bleeding of the 

mucous membranes), vitiligo (skin depigmentation), reproductive disorders (amenorrhea- absence 

of rules and infertility) or even damage to the liver and bile ducts appear in very advanced forms. 

These affect less than 10% of celiac patients. (Snfge.org, 2020) 

 

The treatment of this disease consists in avoiding any ingestion of gluten during the life, whether 

the celiac disease is severe or mild. Healing occurs in the over whelming majority of cases with full 

villous regrowth after about a year, provided that the gluten-free diet is as strict as possible. The 

main cause of treatment failure is poor adherence to the gluten-free diet, voluntary or not, which 

can be identified by the measurement of anti-transglutaminase antibodies. It is sometimes difficult 

to strictly follow the gluten-free diet, which is particularly demanding. Indeed, gluten, often used by 
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the food industry, is found hidden in a multitude of products under different names, or even in 

certain products contaminated with flour during their manufacture. (Snfge.org, 2020) 

 

II. Literature review: 

 

As business grows and and develop, it can be really hard for big companies to extract useful 

information from huge data sets. These challenges when dealing with big data has caused an 

increase in the use of data mining. involves analyzing large datasets and deducing useful results. 

Data mining uses different tools and algorithms to find patterns and results. It's an expanding part of 

data science as more and more businesses are using it. (Mohan & Elayidom M, 2016) 

 

Data mining allows companies to obtain usable information from their data by extracting simple 

information. However, the process of data mining is very complex and requires a combination of 

several steps. The process of data mining is different from one coprporation to another, but its steps 

usually look like this: 

 

Data selection: Step 1 of the process is to choose the data sources that will be used for the 

extraction of valuble and logical information.(Mirza & Edin, 2012) 

 

Data extraction: Step 2 of the process is to collect the data and extract it.(Mirza & Edin, 2012) 

 

Transforming data: Step 3,  the data is turned into useful and cohesive information and be 

represented in a logical format. (Mirza & Edin, 2012) 

 

Cleaning out data: This step consists of making sure the data is free of any errors, that it's cohesive 

and avoid any redunduncies. (Mirza & Edin, 2012) 

 

Data storage and management: This consists of storing data indifferent warehouses based on data 

type. Typed of data range from: transactional data to metadata and non-operational data. This can 

later be found on different application softwares that can be accessed by business analysts.(Mirza & 

Edin, 2012) 



9 

 

Data analysis and exploration: This is when the process really begins. This calls for finding out 

trends a create parameters through that.  These can be used for prescriptive analysis, descriptive 

analysis, diagnostic analysis, predictive analysis or risk management. (Mirza & Edin, 2012) 

 

Data visualization: This is usually the final step where the results are represented in a cohesive  

and logical form and that usually through infographics and graphs. (Mirza & Edin, 2012) 

 

What factors to consider when choosing data mining tools: 

 

Classification: Consists of assigning individual data objects to different predefined classes. 

(Wghmode, Sawant, & Ketkar , 2017) 

 

Gap Analysis: Helps you with finding out which objects do not respect the dependency rule and 

therefore find out the reasons behind these discrepancies. (Wghmode, Sawant, & Ketkar , 2017) 

 

Cluster analysis: Defines clusters of objects with similar aspects and puts them in a group. 

(Wghmode, Sawant, & Ketkar , 2017) 

 

Association analysis: Finds out where there is correlation between different elements.(Wghmode, 

Sawant, & Ketkar , 2017) 

 

Regression analysis: Defines what the relationship is between a dependent and independent 

variable or more. It's often use in the predictive analysis of the dependent variable.. (Wghmode, 

Sawant, & Ketkar , 2017) 

 

Predictive analysis: This consists of predecting what prospective trends could look like. 

(Wghmode, Sawant, & Ketkar , 2017) 

 

 

The popular multi-purpose data mining tools that are leading the trends: 
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Rapid Miner (erstwhile YALE): 

 
This is a popular software thanks to its straight forwardness and facility to use. It doesn't require 

coding; it's instant and open source and it provides Advanced analytics. It is written in Java. (Mohan 

& Elayidom M, 2016) 

 

WEKA: 

 
This software is based on JAVA a free of charge customization tool. It includes all visualization and 

predictive analysis, clustering, association, regression, classification, and modeling techniques. 

(Mohan & Elayidom M, 2016) 

 

R-Programming Tool: 

 
This is based on FORTRAN and C, it’s a script writing program for data miners. 

 It can be used for both linear and nonlinear models in graphical analysis, time-based data analysis 

and other data mining functions. (Mohan & Elayidom M, 2016) 

 

Python based Orange and NTLK: 

 
Python is one of the most widely used softwares thanks to its simple interface and extremely helpful 

features. Orange and NTLK are both composed in Python, one for data and text analysis and one for 

data scraping that can be used to help out with customers’ needs. (Mohan & Elayidom M, 2016) 

 

  Knime: 

 
Knime uses GUI which shows the network of data nodes. (Mohan & Elayidom M, 2016). 

 

FCM experts: 

 
FCM experts is a program based on java, was designed by Dr Gonzalo Napoles, is used to perform 

and create Fuzzy cognitive maps which are tools that give an idea about the causality of some 

variable. It is also used in the decision-making process. 
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I. Methodology: 

 

        The celiac disease is starting to become well known around the world; we can obviously see that 

from the number of researches that is increasing day after day. This disease could be classified as a 

mysterious disease; it could be diagnosed at an early age and sometimes no. Since, I’m one of the 

people suffering from this disease and not getting enough information about it, especially in Morocco. 

I decided with the help of Dr Ilham kissani to start the analysis of this disease and come up with a 

research that could be helpful for other people. To analyze it, I started by collecting some information 

from the internet and some books. Also, I had meetings with doctors to ask them some questions 

related to the disease; the answers that I gathered would be used to compare it with the output of all 

the analysis.  

This analysis is composed of collecting data about people suffering from the disease. The data would 

be the results of their analysis to diagnosis the disease such as the vitamin D, calcium, and iron.  I 

took into consideration the importance of the difference of the ages, and the gender of the patients. I 

got the data of 20 patients, since it is very hard to find people affected by this disease. 

  This analysis aims to prevent the disease and will help to diagnose the disease in an early age; 

because if the disease is discovered in an early age it could cause many problems to the patient that 

can go to cancer.  

   For preventing this disease, it was very important to use EXCEL to classify the data and get some 

graphs. Moreover, it was essential to use the R language to find and calculate the correlation and 

causality of all the symptoms. Finally, all the output got from R language are used as an input for the 

software: FCM experts that Interpret all the data using Fuzzy cognitive Maps. 
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II. STEEPLE analysis: 

• Social: 

Stephen Jones, founder of the British Quinoa Company, says that “while we hear a lot about the 

negative effects of quinoa production in South America, attention should be paid to the benefits that 

the crop has also given the people in the region, something which is often overlooked in the media”. 

Studies were conducted and proved that farmers are living a better live thanks to the gluten free 

industry especially in countries like Peru and Bolivia. 

• Environmental: 

There are environmental consequences to the increased production of gluten-free grains such as 

quinoa to quarter to a rising demand. Year after people are getting infatuated with the gluten free 

regime for different reasons. There are people who need it, people who believe in its health benefits 

and others who just perceive it as a trend. This industry has helped producers have a better life, but it 

has also affected the environment. Jager conduced a research that found out that the increasing 

demand had been met with an increase in production. In Bolivia, the soils don’t really get enough rest 

time to recover and farmers continuously keep planting the crop. Drucker explains: “Over time, the 

soil becomes eroded, pest and diseases spread, and yields decrease. Research organizations in Bolivia 

are currently working on solutions for sustainable intensification in these areas.” The increase in 

gluten free grains caused some farmers who weren’t in the city no more to come back and cultivate 

then in part time as they’re becoming more lucrative.  

The president of Eco Agriculture Partners Sara Scherr has expressed how she thinks consumers 

should be more aware and vocal about how there’s a need for a more sustainable way to produce 

gluten-free grains. In countries where the production of gluten free grains are only part of the industry 

and not all of the economy like in Bolivia, there has been more possibilities to experiment with 

sustainability. In the United states and other countries in Europe, they have been able to grow 

sustainable grains. Some of the benefits that are brought from the production of these grains is the 

http://www.britishquinoa.co.uk/
https://www.theguardian.com/world/bolivia
http://www.ecoagriculture.org/
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fact they are resistant to salt and drought which are set to worsen in the coming years because of 

climate change.  

• Economical political:  

Contacted by ALM, Nawal Kanouni, professor of gastroenterology at the University Hospital of 

Rabat indicates that the number of the Moroccan population with celiac disease is estimated between 

0.3 and 1%. This same estimate is also found in our neighbors in France. 

They seriously looked into the subject. Today, the gluten-free market in France is valued at between 

50 and 60 million euros. Italy leads the Old Continent with a market estimated at 100 million euros. 

The research company Mintel also estimates that this market in the United States, one of the largest 

in the world, should reach 15.6 billion dollars in 2016, an increase of 48% compared to 2013. 

Nevertheless, national industry is slow to follow suit. And this has a significant impact on the prices 

of these imported products. 

In fact, they mainly come from France and Italy. Flour, breads and cereals, yeasts, doughs, pancakes 

and cookies are all products that celiac tear off like hotcakes. 

However, other consumers who do not develop an allergy or intolerance to gluten are also on the 

lookout for these products, anxious to preserve their health capital. 

Their prices remain more expensive, however. "It is a niche market. And as it responds to a health 

anxiety, those who want to get it are ready to pay more, "reveals a merchant. 

The price of the various gluten-free flours varies on average between 39 and 220 DH per kilogram as 

indicated on a dedicated website http://www.lavieclaire.ma/. Ditto for breads, pancakes and toast 

some of which can cost 38 DH for 90g. 

They are sold twice as expensive as their gluten equivalent. This is the strength of manufacturers: 

having transformed the habits of certain consumers into a selling 

• Legal: 

Celiac disease is taken seriously. It’s an inflammatory disorder of the small intestine and consuming 

food with gluten in it can be harmful. The fact that it’s present in a lot of the daily food we eat such 
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as bread, pasta, cake and even traditional dishes such as couscous and “Medhossa” makes it very 

important to make sure a person suffering from celiac disease is a 100% sure whatever they’re putting 

in their stomach is a 100% gluten free. To help consumers feel fully confident that their food is safe 

and respects their needs or wants of a gluten free diet, the FDA has made sure that food labeled to be 

“gluten-free” respect what they claim to be and fit into the standard. In 2013, the Food and Drug 

Administration declared what characteristics are needed for the food to fit in this category. This 

decision has been reached thanks to the efforts of advocates of people suffering from celiac disease 

who were constantly at risk because there wasn’t any guarantee that food labeled to be gluten free 

was actually safe for them to eat so they pushed for a standardized definition to be published. A 

deadline was set for manufacturers to make sure their labels comply to the requirement that it does 

not include any gluten-containing grain, derived from a gluten-containing grain that has not been 

processed to remove gluten, or derived from a gluten-containing grain that has been processed to 

remove gluten (e.g., wheat starch). If any of these ingredients represented 20 ppm or more, the food 

was not to be considered gluten free. If there is more, it could be considered as an unavoidable 

presence. The FDA conducts tests on products labeled gluten free, if the requirements are found to 

not be respected, a second chance is given to the company to make the appropriate changes. 

• Ethical:  

Again, the fashion and beliefs seem to trump medicine. However, science poses a clear premise: no 

study has shown that it is in your interest to do without gluten if you do not have celiac disease, a 

pathology that causes serious digestive tract disorders. "The people concerned - around 1% of the 

population - are at risk of lymphoma in the intestine", asserts Florence Foucaut. Others? In absolute 

terms, they risk nothing succumbing to the marketing of gluten free. Admittedly, they decrease their 

protein intake, gluten being one of many presents in cereals (rye, oats, wheat, barley). But they can 

completely replace it. "It's like removing three yellow pearls from a necklace. It changes the necklace, 

but it's still there," says the nutritionist. As for those who claim to better digest or lose weight, they 
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are misled, according to her: "In fact, they just stopped starchy foods, bread, cakes. Inevitably, that 

makes you lose weight.” 

Gluten-free foods benefit from a healthy, natural and even dietary image when this is not the case. 

As pointed out in the special edition of the magazine 60 million consumers in July 2018, these foods 

from the food industry are not of great nutritional interest. After all, removing gluten from a food is 

not enough to make it dietary or nutritionally interesting. 

It could even be the opposite: "These products are often rich in lipids and added sugars, of poor 

nutritional quality", informs Dr Sophie Ortega, medical nutritionist. "They have the same 

disadvantages as traditional processed dishes." In these recipes, wheat is also generally replaced by 

rice flour, corn flour ... low in fiber, vitamins and minerals. The magazine 60 million consumers thus 

report a Spanish study which found a gluten-free bread twice as rich in fat and three times less in 

protein than the classic version. 

To compensate for the soft and binding effect of gluten, manufacturers add many additives, thickeners 

and emulsifiers which are not part of the composition of the original recipe. In addition, the flours 

used in gluten-free products often have a much higher glycemic index than wheat flour. As a result, 

these products promote the release of insulin and thus cravings and weight gain. 

In addition, not only being of little nutritional interest, these foods are also more expensive. According 

to a study by the University of Vienna cited by 60 million consumers, commercial gluten-free 

products are on average twice as expensive as their gluten-free counterparts. However, greed does 

not seem to be the only reason for the price difference. The production of gluten-free food imposes 

precise processes to avoid contamination which represents a certain cost, the raw material to replace 

wheat would also be more expensive. 

For Dr. Ortega, if there were only two things to remember in the long list of gluten-free products on 

the market it would be bread and pasta but "only for intolerant" because they are more complicated 

to do yourself. "For the rest, it is better to favor homemade food." 
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Here are some quick statistics about celiac disease: 

 
• The first reference for this disease dates back to the year 250 and comes from Greece. 

• At least 1 in 300 people are gluten intolerant in Europe. 

• 90% of people with celiac disease go undiagnosed. 

• In 50% of cases, people with this disease show no symptoms. 

• The risk of developing gluten intolerance is up to 10% higher when a direct parent is affected. 

• The only treatment currently available is a 100% gluten-free diet. 

• 80% of people have celiac disease are not diagnosed. 

• 1% to 2% of the general population have celiac disease 

• 30% of celiac people still suffer from symptoms even when following a gluten-free diet. 

 

        

        Today celiac disease is increasingly diagnosed in adulthood. Before 1980, the average age of 

patients diagnosed was 30 years. Today, it is between 40 and 45 years old. As the patient ages, the 

clinical signs change. Many patients are not diagnosed until adulthood, so they develop symptomatic 

celiac disease with extra-intestinal symptoms. 
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Figure 1: Percentage of people diagnosed and non- diagnosed 

 

 

6-10 years is the average time before a person with celiac disease is properly diagnosed. 

 

 

 
Figure2: Accurate diagnosis across the years. 
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5 to 22% of people with celiac disease have a direct family member (first degree relative) who also 

has celiac disease. 

 

 
 

Figure 3: Family members that could have celiac disease 

 

           In France, 1 person / 100 would be gluten intolerant. Gluten intolerance affects at least 600,000 

French people. However due to the ignorance of the disease and the difficulty in establishing a 

diagnosis, only 60,000 French people are aware of their intolerance. 

(Source: AFDIAG / French Association of Gluten Intolerants) 

The number of regular gluten-free consumers in France is estimated at 5 million. (Source: AFP / 

SIAL 2016). 

             7 million French people say they are concerned by the gluten-free issue, 14% of the 

population over 15 years old (BVA survey - Maïzena, March 2014) 

If few people are gluten intolerant, it is necessary to take into account people who are hypersensitive 

to gluten, who suffer from digestive discomfort, unexplained fatigue or even depression. Only a 

permanent gluten-free diet can currently fight these diseases or symptoms. The gluten-free economy 

is constantly growing 
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The gluten-free market is constantly growing. It is estimated (at the end of 2016) between 50 and 60 

million euros in France with an increase of 20% per year for five years. 

+ 216%: evolution of the index of the number of requests from the Google search engine in France 

on the term "gluten-free" from January 2009 to January 2014. 

Globally, this market could reach 3 billion euros by 2020 (between +16 and + 20% per year) 

In the United States, 60% of restaurateurs have included gluten-free on their menu. 

(https://www.lesgasteliers.fr/gluten-faits-chiffres-2/) 

              

When it comes to celiac disease, people in non-European countries are becoming more and more 

aware, even middle eastern populations. This disease wasn’t really recognized until the 1990s, until 

serologic screening test became more widely distributed in India, North Africa and the middle east, 

which increased the rates of diagnosis with a more realistic number of people with celiac disease that 

is closer to the prevalence rates in Western countries. Mostly, the prevalence rate is between 0.14% 

and 1.3% according to Serology and between 0.033% to 1.17% according to Biopsies. However, in 

high risk populations, prevalence can go from 2.4% to a whopping 44%. North Africa has recorder 

the greatest relevance rate while North India has a rate that is close to the Western once and also in 

Latin America. However, the prevalence rate of celiac disease in East Asia is very low, as well as in 

Sub-Saharan Africa and when it comes to African Americans. 

In a study conducted to determine what the prevalence rate of celiac disease is in different parts of 

the world and in different populations. This study was based on a meta-analysis of 96 studies that 

were published from January 1991 to March 2016 from different continents such as Australia, Africa 

and Europe etc. The prevalence of celiac disease was 0.4% in South America, 0.5% in Africa and 

North America, 0.6% in Asia, and 0.8% in Europe and Oceania. It was more frequent in females than 

males and was significantly more present in children than adults. It was concluded that the relevance 

of celiac disease can be change by age, sex and location. 

https://www.lesgasteliers.fr/gluten-faits-chiffres-2/
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Here are the questions asked to some doctors in order to compare the answers with the analysis 

conducted: 

 

1) Can you define briefly the celiac disease? 

the celiac disease is a chronic and autoimmune enteropathy caused by the ingestion of products that 

contains gluten which leads to an abnormal immune reaction that can damage the intestinal wall, 

inflame it and cause an atrophy of the intestinal villi ( folds of the lining covering the small intestine 

which increase the absorption surfaces of nutrients). to be clear, the gluten doesn't exist in this form 

in the cereals, it's formed from two types of proteins: polyamines and glutenins. Generally, it is the 

polyamines (glutamine et proline) that are toxic. In a normal case, the peptides of the gliadine can't 

enter the intestinal wall and gets degraded on their way. while when someone has the disease, an 

important quantity crosses the intestinal epithelium intact through the transferrin transporter therefore 

escape from the lysosomal degradation. These peptides once in the chorion (connective tissue) 

undergo a deamination by an enzyme: transglutaminases, which forms complexes that are recognized 

by T lymphocytes, once these lymphocytes are actives, they produce cytokines which provokes an 

immune reaction against those gluten's proteins. this cause lesions in the intestinal wall, digestive 

disorder and poor nutrient uptake. 

2) What are the symptoms of this disease? 

 

the celiac disease can come out in different forms, generally it starts for children after the introduction 

of gluten in food. it is expressed by chronic greasy diarrhea which is called steatorrhea, asthenia or 

chronic fatigue, weight loss, anorexia, abdominal bloating and anemia. Other signs are more rare like 

tetany crisis or spasmophilia, skin pigmentation, edemas, deformation of fingers and nails or digital 

hyppocratism e  etc. these clinical disorders decrease quickly from some weeks to months after the 

patient starts a gluten free diet. Sometimes in absence of the diet for a long time some complications 
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may come up like: intestinal and esophageal cancers, intestinal ulceration, sterility, osteoporosis and 

neurological complications. 

 3) Do you often ask people to run tests for this disease? 

 

given the rarity of the prevalence of this disease (1% of Moroccan's citizen) and the high price of the 

blood tests of this disease, it's difficult to prescribe them to every person with abdominal pain. these 

tests are prescribed when the patient present all the symptoms in a long period. after we're sure that 

the patient has it, we prescribe generally an endoscopy to see the state of the intestines and the severity 

of the intestinal lesions 

4) Is there analysis of this disease in Morocco? 

 

the analysis of this disease are some serology tests: they search for some exact substances names anti-

transglutaminases or autoantibody. this analysis is available in Morocco.  

   5) Can you tell us if the rate of this disease increases with time? 

the celiac disease was very underestimated a long time because of the high frequency of latent forms 

and also because of the absence of epidemiological surveys which made it unknown. whereas, with 

all the awareness activities of this disease it is becoming more and more popular so there will be more 

tests which means the prevalence rate of this disease will increase with time. some statistics tests 

showed that the rate of this disease increase every year in Morocco.  

6) Is this disease 100% hereditary? 

the celiac disease is a complex disease present some hereditary factors and environmental. although, 

the hereditary factors represent 99%, the only factor exogenous known today and that plays a major 

role in the celiac disease is the presence of gluten in the aliments. so a subject genetically predisposed, 

the gluten absorption even if it was a small quantity provokes an immune reaction. 
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7) How can we prevent this disease? 

 

Actually, and because of the lack of knowledge of the causes of this disease, there is no way to prevent 

it. Once diagnose, a gluten free diet prevents the possible complications, the crisis and the onset of 

the symptoms.    

8) what are the consequences if someone didn't follow the diet? 

 

 the complications of this disease in case the gluten free diet is not followed are numerous and diverse 

like:  stunted growth for children, vitamins deficiency especially vitamin D and K, an anemia, 

osteoporosis, fertility disorder, some neuropathies etc. the celiac disease is associated with a high risk 

of the autoimmune diseases especially diabetes type 1 and a lot of cancers. the strict gluten free diet 

and for life protect largely the occurrence of this complications and prevent the mortality associated 

to these complications. 

9) Are there any researches to find a remedy against this disease? 

 

A lot of researches are made to find an efficient cure for the celiac disease. for example, lately a study 

showed that a new treatment that rehabilitate the immune system can be promising. it consists on a 

small particle that contains a small amount of gluten teach the immune system that the antigen (In 

this case gluten) is harmless. this particle hide gluten in an envelope that doesn't trigger an immune 

response. Other treatments are actually in development and are tested constantly like some pills that 

limit the symptoms and the consequences of the ingestion of gluten. 

 

10) Can you give us some statistics related to this disease? 

 

Some studies showed that the celiac disease is two time more frequent in women than in men, even 

more. the celiac disease is more and more diagnosed in adults than in children. the women age varies 

from 16 and 56 years old with a 33 years old average. We know that the prevalence of this disease in 

Morocco is between 1% and 2%. This disease is a lot less present in Asia because its food culture is 
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based on other cereals than wheat like rice. Today it is estimates in Europe one person in 100 have 

this disease. 
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VII. Overview of the project: 

 

The analysis of the data gathered:  

 

The data that we have are the most common and principle symptoms of all patient suffering from this 

disease. We got the data concerning 20 patients. 

The variable or the symptoms that would be used during this research are as follow: 

 

• Digestive problems 

• Muscle cramps 

• Calcium 

• Vitamin D 

• Iron 

• Skin rash 

• Missed periods 

• Mouth sores  

• Seizures 

• Neuropathic problems  

 

 

 

  

 



25 

A. Analysis of the survey: 

 

Figure 4: Percentages of digestive problems 

 

This figure represents the percentage of people suffering from the digestive problems. From this 

graph we can conclude that 45% of patients suffer from digestive problem, which is common in the 

disease because one of the main symptoms is a high frequent digestive problem. It is very rare when 

we find someone suffering from this disease and not having some digestive problems. 

 

 

Figure 5: Percentage of muscle Cramps 
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The chart above is representing the percentages of people having muscle cramps problems. It shows 

that most of the patients are facing low muscle cramps problems. This repartition goes with the 

researches that I have done.  

 

Figure 6: Percentage of Calcium deficiency 

 

The chart represents that 95% of the people suffering from the celiac disease have a problem of low 

calcium. This could be explained with the no- absorption of the calcium. Also, the remining 5% are 

just within the average. 

 

Figure 7: Percentage of Vitamin D deficiency 
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After collecting the data of 20 patient, the percentage of people that having the vitamin D lower than 

the average consists of most of the patients by having a percentage of 75%. The remaining 25% is 

people that have the vitamin D within or close to the average. It is very rare to find someone having 

a normal or good vitamin D ratio. 

 

Figure 8: Percentage of Iron deficiency 

 

This chart represents the percentage of the Iron deficiency for people suffering from the disease. The 

percentages show that 70% of the patients are suffering from the Iron deficiency. Only 30% of those 

people that are having a normal iron ratio or at least close to the normal. 

 

Figure 9: Percentage of Skin Rash problems 
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According to the figure above, 75% of the person diagnosed with celiac disease are not facing or at 

least having some low skin rash problems. Also, 25% on the patients are having some medium skin 

rash problems. This percentages go in parallel with the research that I have done, and the answers got 

from doctors. 

 

Figure 10: Percentage of Missed periods 

 

This figure is about the missed periods that female patients are facing. We can see that the percentages 

are close to each other. Thus, we can say that half of patients are having the problem of missing 

periods. 

 

Figure 11: Percentage of Mouth Sores 

45%

55%

Missed Periods

Yes

No

15%

85%

Mouth Sores

Yes

No



29 

 

 

Mouths sores are classified as a secondary celiac disease symptom. The graph above shows that only 

15% of the patients are having mouth sores, and 85% of celiac disease are not having mouth sores or 

at least had this problem once or a little more.  

 

 

 

Figure 12: Percentage of Seizures 

The figure is showing that 95% of the persons diagnosed are not having seizures and 5% of them are 

facing this problem. According to some doctors it’s very rare to face this problem; and it could be 

explained for people who has diagnosed the disease very late.  
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Figure 13: Percentage of Neuropathic symptoms 

 

B. Hypothesis testing- t test: 

 

1) For digestive problems: 

i. The hypothesis: 

For this test, we will be testing if the digestive problems are the only symptom that could confirm 

that a person is affected by the celiac disease.  
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iii.  Interpretation: 

The hypothesis that says that digestive problems are the only symptoms that diagnose the celiac 

disease is reject; because the t Stat is higher than t Critical one -tail with a 5% of significance level. 

 

 

2) For Muscle cramps: 

i. Hypothesis: 

For this test we will be considering that muscle cramps are the first symptom of celiac disease. This 

test will confirm or reject the null hypothesis. 

ii. Excel results: 
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iii. Interpretation: 

We reject the hypothesis that states that muscle cramps are the only symptom that confirm the 

affection with the celiac disease. Since the t stat is higher than t critical one tail; with a significance 

level of 5%. So, we need more symptoms to confirm the disease. 

 

3) For Calcium: 

i.  Hypothesis: 

In this test we will be checking if a low calcium could be considerate a symptom that confirms the 

affection with the celiac disease; or we will need other symptoms. 

ii. Excel results: 
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iii. interpretation: 

Since the t stat is higher than t critical one tail, the hypothesis that states calcium could confirm that 

a patient could have the celiac disease or not. The level of significance is a 5%. 

 

 

4) For Iron: 

i. The hypothesis: 

The test in this stage would be checking if an Iron deficiency is an enough symptom that could help 

to confirm that a patient is having a celiac disease or not. 

ii. Excel results: 
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iii. interpretation: 

The result of the t stat shows that the hypothesis is rejected because t stat is higher than t critical with 

a level of 5 % of significance level. 

 

 

5) For vitamin D: 

i. The hypothesis: 

The following test is about to check whether the vitamin D is responsible for the affection for the 

celiac disease. 

ii. Excel results: 
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iii. Interpretation: 

T critical with one tail is lower than t test with a significance level of 5%. Thus, the hypothesis is 

rejected. 

 

 

7)For Skin rash: 

 

i. hypothesis: 

Whenever a person has a skin rash the doctor could say that the person is having a celiac disease. The 

following test is done to check if the hypothesis is rejected or not. 

ii. Excel Results: 

 

 

 

 

 



36 

iii. Interpretation: 

Since the t- critical is higher than t test we fail to reject the hypothesis that skin rash is a principle 

symptom of celiac disease. 

8) For missed periods: 

i. The hypothesis: 

We will be checking with this test the null hypothesis which consider that the missed periods for 

females could be considerate as an infection with the celiac disease. 

ii. Excel results: 

 

 

 

iii. Interpretation: 

Since the t critical one tail is lower than t stat; with a significance level of 5% the hypothesis is 

rejected. 
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8)Mouth sores: 

i. Hypothesis: 

In this test we will be checking if mouth sores are responsible for the infection with the celiac disease. 

 

ii. Excel results:  

 
 

 

iii. Interpretation: 

The results show that t stat is higher than t critical with a significance level of 5%. So, the hypothesis 

will be rejected. 

 

 

9)Seizures: 

i. Hypothesis: 
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The test would check if a person has seizures and have done all tests related to this problem. We will 

have a hypothesis that seizures are related to celiac disease. 

ii. Excel results: 

 

 

 

 

iii. Interpretation: 

T critical is higher than t stat with a significance level of 5% so we fail to reject the hypothesis. 

 

 

10)Neuropathic problems  

i. Hypothesis: 
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This test will be checking if the null hypothesis that states neuropathic problems are a major symptom 

for the celiac disease. 

 

ii. Excel results: 

 

 

 

 

 

iii. Interpretation: 

The t critical one tail is higher than t stat with a significance level of 5%, so we fail to reject the 

hypothesis. 
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C. Correlation: 

Correlation between Vitamin D and other symptoms: 

Correlation test vitamin D and calcium: 

statistic value probability 

cor -0.1524 0.5214 

 

 

 

Figure 14: Correlation test vitamin D and calcium 

The figure above is graph of the correlation between calcium and Vitamin D. The correlation value 

of -0.1524 it indicates that there is no relation between calcium and vitamin D for people suffering 

from celiac disease. 

  Correlation test between vitamin D and Iron: 
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statistic value probability 

cor 0.2658 0.2574 

 

 

Figure15: Correlation test vitamin D and Iron 

 

The figure above is about the linear correlation between Vitamin D and Iron. The value of the 

correlation is 0.2658, this value shows that there is a relation between the two symptoms. 

 

Correlation between vitamin D and digestive problems: 

statistic value probability 

cor -0.0687 0.7735 
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Figure16: Correlation test vitamin D and digestive problems 

 

The figure above is about the correlation between Vitamin D and digestive problems. The value of 

the correlation is -0.0687; this negative value shows that there is no relation between digestive 

problems and Vitamin D. 

Correlation between vitamin D and Muscle Crams: 

Statistic value probability 

Corr 0.2073 0.3805 
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Figure17: Correlation test vitamin D and Muscle Cramps. 

The figure is about the linear correlation between Muscle Cramps and vitamin D. The value of the 

correlation is 0.2073 which translate that there is a relation between the two symptoms. 

Correlation between vitamin D and skin rash: 

Statistic value probability 

Corr -0.3532 0.1266 
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Figure18: Correlation test vitamin D and Skin rash 

 

This graph is about the correlation between Vitamin D and skin rash. The coefficient of correlation 

is -0.3532 which is a negative value that states the no-relation/low between both symptoms  

Correlation between vitamin D and missed periods: 

Statistic value probability 

Corr -0.1336 0.5745 
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Figure 19: Correlation test vitamin D and missed periods 

The graph is about the correlation between vitamin D and missed periods. The coefficient of the 

correlation is a negative value -0.1336 

 

Correlation between vitamin D and neuropathic Symptoms 

Statistic value probability 

Corr -0.0034 0.9188 
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Figure 20: Correlation test vitamin D and Neuropathic symptoms 

 

The graph is the diagram of correlation between Vitamin D and neuropathic symptoms. The value of 

the correlation is -0.0034. We can conclude that there is a low relation between both symptoms. 

Correlation between vitamin D and mouth sores: 

Statistic value probability 

Corr -0.2042 0.3877 
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Figure 21: Correlation test vitamin D and mouth sores 

The diagram is a plot of linear correlation between Vitamin D and mouth sores. The coefficient of 

correlation is 0.2042; this value shows that there is relation between both symptoms. 

 

Correlation between vitamin D and seizures: 

Statistic value probability 

Corr 0.1395 0.5575 
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Figure 22: Correlation test vitamin D and seizures 

 

The figure shows the correlation between Vitamin D and seizures. The value of the correlation is 

0.1395.  

Correlation between calcium and other symptoms: 

       Correlation between calcium and digestive problems: 

Statistic value probability 

Corr 0.0226 0.9248 
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Figure 23:  Correlation between calcium and digestive problems 

The diagram is about the correlation between calcium and digestive problems. The value of the 

correlation is 0.0226. which state that there is a small positive relationship between the two 

symptoms. 

 

Correlation between calcium and Muscle Crams: 

Statistic value probability 

Corr -0.4363 0.0545 
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Figure 24:  correlation between calcium and Muscle Cramps 

 

The diagram above shows the correlation between calcium and muscle cramps. The coefficient of 

correlation is -0.4363. this coefficient shows that there is a very low relation between the symptoms. 

 

Correlation between calcium and Iron: 

Statistic value probability 

Corr 0.1193 0.6164 

 

 

 

 



51 

 

Figure 25:  Correlation between calcium and Iron 

 

The figure above is a plot of the correlation between calcium and Iron. The value of correlation is 

0.1193.  the value shows that there is a small relation between the two symptoms. 

 

Correlation between calcium and skin rash: 

 

Statistic value probability 

Corr 0.0701 0.7691 
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Figure 26:  Correlation between calcium and skin rash 

 

The graph above is about the correlation between calcium and skin rash. The coefficient of correlation 

is 0.0701. this value shows that there is a small relation. 

Correlation between calcium and missed periods: 

 

Statistic value probability 

Corr 0.1013 0.6709 
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Figure 27:  Correlation between calcium and missed periods 

The graph above is about the correlation between calcium and missed periods. The value of the 

correlation is -0.1013. which state that there is a negative relation between both symptoms.  

 

Correlation between calcium and neuropathic Symptoms: 

Statistic value probability 

Corr -0.0205 0.9318 
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Figure 28:  Correlation between calcium and Neuropathic symptoms 

 

The graph is the plot of correlation between calcium and Neuropathic Symptoms. The correlation 

value is -0.0205. 

Correlation between calcium and mouth sores : 

Statistic value probability 

Corr -0.0594 0.8034 
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Figure 29:  Correlation between calcium and mouth sores 

 

The graph is the correlation between calcium and mouth sores.  The correlation value is -0.0594. This 

coefficient shows that there is no relation. 

 

 

Correlation between calcium and seizures: 

Statistic value probability 

Corr -0.5471 0.0125 
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Figure 30:  Correlation between calcium and seizures 

 

The graph is the plot of correlation between seizures and calcium. The coefficient of relation is -

0.5471. This coefficient shows that there is no relation between both symptoms especially for people 

having the celiac disease. 
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Correlation between Iron and other symptoms: 

Correlation between Iron and digestive problems: 

Statistic value probability 

Corr 0.1256 0.5977 

 

 

 

Figure 31: Correlation between Iron and digestive problems 

 

The diagram is showing the correlation between Iron and digestive problems. The coefficient of 

correlation is 0.1256. this means that there is a very small relation between both symptoms. 

 

 



58 

 

Correlation between Iron and muscle Crams: 

 

statistic Value probability 

corr -0.0735 0.7582 

 

 

 

Figure 32: Correlation between Iron and Muscle Crams 

 

The graph shows that correlation between Iron and Muscle Cramps is a negative relation. The value 

of the correlation is -0.0735. 
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Correlation between Iron and skin rash: 

Statistic value probability 

Corr -0.1446 0.543 

 

 

 

Figure 33: Correlation between Iron and skin rash 

The graph above is a plot of the correlation between Iron and skin rash.  The coefficient of correlation 

is -0.1446. This mean that there is a negative relation. 

Statistic value probability 

Corr 0.2909 0.2134 

Correlation between Iron and missed periods: 
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Figure 34: Correlation between Iron and missed periods 

 

The graph above is about to show the correlation between Iron and missed periods.  The coefficient 

of correlation is 0.2909 which shows that there is a relation between the two symptoms for celiac 

disease. 

Correlation between Iron and neuropathic symptoms: 

Statistic value probability 

Corr 0.2856 0.2222 
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Figure 35: Correlation between Iron and neuropathic symptoms 

 

The graph shows the linear correlation between Iron and neuropathic symptoms. The correlation 

value is 0.2856. this value shows that there is a relation between both symptoms. 

Correlation between Iron and mouth sores: 

Statistic value probability 

Corr -0.0502 0.8336 
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Figure 36: Correlation between Iron and mouth sores 

 

The graph above is about the correlation between Iron and mouth sores. The value of the coefficient 

of correlation is -0.0502. this value shows that there is a very small relation between both symptoms. 

Correlation between Iron and seizures: 

Statistic value probability 

Corr -0.1219  
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Figure 37: Correlation between Iron and seizures 

 

The graph above is about to show the relation between Iron and seizures. The coefficient of 

correlation is -0.1219; this value shows that there is a very small relation between both symptoms.  

 

Causality: 

  C1 c2 c3 C4 c5 c6 c7 c8 c9 c10 

c1 1 -0.1418 0.0226 -0.0687 0.1256 0.2843 0.1485 0.0689 -0.1231 -0.3389 

c2 -0.1418 1 -0.4363 0.2073 -0.0735 2843 0.1485 0.0689 -1231 -0.3389 

c3 -0.4363 -0.4363 1 -0.1524 0.1193 0.0701 0.1013 -0.0205 -0.2042 -0.5471 

c4 -0.0687 0.2073 -0.1524 1 0.2658 -0.3532 -0.1336 -0.0034 -0.2042 0.1395 

c5 0.1256 -0.0735 0.1193 0.2658 1 -0.1446 0.2909 0.2856 -0.0502 -0.1219 
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c6 0.2843 -0.0739 0.0701 -0.3532 -0.1446 1 -0.2901 0.0808 -0.2887 -0.1325 

c7 0.1485 0.3474 0.1013 -0.1336 0.2909 -0.2901 1 -0.0985 0.3015 0.2536 

c8 0.0689 -0.1972 -0.0205 -0.0034 0.2856 0.0808 -0.0985 1 0.14 

-

0.0966

4 

c9 -0.1231 -0.128 -0.0594 -0.2042 -0.0502 -0.2887 0.3015 0.14 1 -0.1147 

c10 -0.3389 0.3819 -0.5471 0.1395 -0.1219 -0.1325 0.2536 -0.0964 -0.1147 1 

 
 

Figure 38: Correlation of all symptoms 

 

 

C1: Digestive problems C2: Muscle Crams C3: calcium 

C4: vitamin D C5: Iron deficiency C6: skin rash 

C7: Missed periods C8: neuropathic Symptoms C9: mouth sores 

 

 

       C10: seizures 

Figure 39: The abbreviations of all symptoms 

 

The table above shows the causality between all symptoms of celiac disease. This causality is 

correlation between all symptoms. This causality will help us to implant it in FCM software that could 

give us the fuzzy cognitive maps.  
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D. Fuzzy cognitive maps of all symptoms:  
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Figure 40: Fuzzy cognitive map (symptoms of celiac disease) 

 

Interpretation: 

 

 

The figure above is a Fuzzy cognitive map which was generated using the software FCM. This map 

shows the relation between each symptom. This relation is labeled using the causality between each 

node. In this we use   the correlation as an index of causality. This index is between -1 and 1; It means 

that whenever a relation between two symptoms is close to one. we can conclude that there is a cause 

and effect relation between both. For the fuzzy cognitive map that we have. We can conclude that the 

digestive problems and lack of calcium are both a centered symptom which means that they are the 

one that could be responsible of the infection by the celiac disease. 
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General interpretation: 

 

The celiac disease is due to many symptoms, but the most common ones are Digestive problems, 

calcium, and Iron deficiency. This analysis is going in parallel with the answers got from the doctors 

and the researches on the web. The questions sent to doctors were performed in a way which would 

help us to compare them with the results got. Moreover, from the correlation analysis we found that 

the Iron Deficiency has a positive relation with all other symptoms. Generally, this disease is hard to 

predict; but the research and analysis done would help to discovered in an early age for the patient. 

The early diagnosis would be very important in term of the health of the patient and the patient will 

get use it the new style of life which is very deferent that a normal person. Furthermore, the analysis 

shows that a huge number of people is affected by the disease; but the industry is still considering the 

gluten-intolerance as a way of living for rich people; it could be easily concluded from the prices of 

gluten free products which are 10 times more expensive than any other product.   
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VIII. Conclusion: 

Most people having a celiac disease, or a gluten intolerance had a late diagnosis; this late diagnosis 

can have many harmful effects that can start from simple digestive problems to a cancer. 

The problem of the late diagnosis especially in Morocco is due to the lack of Knowledge regarding 

this disease or many other diseases like lactose intolerance that have similar consequences. In this 

project we have analyzed this problem from statistical way to predict the disease. The report provides 

the statistical view of the gluten intolerance by giving some statistics about each symptom. 

The usage of Excel was helpful to find the percentage of each symptom where we found that digestive 

problems, Calcium, and Iron could be considerate as the main symptoms of the disease. Also using 

the R language, we got the relation between each symptom to find the causality of all the problem. 

This correlation was implemented as a value to find the Fuzzy cognitive map that give an overview 

of the disease and could be used for the decision-making. 
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Appendix: 
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