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Preface
TPreface
The research for this piece began, unbeknownst to me, during the fall of 2013. I was spending a semester abroad in Donostía-San Sebastián, Spain, and it was supposed to be the best semester of my undergraduate career. Then I became terribly sick. I was so tired I could barely walk, my face was swollen and puffy, and I was constantly in a pain—a pain that is hard to describe in retrospect. Most disconcerting was the fact that I simply was no longer myself. I became depressed and I almost completely stopped eating, because whatever I ate made me feel worse. 

During this time I had been accepted into Dr. Ferguson’s honors seminar on food and culture, EATS 101. I was so disillusioned with my health and with food in general that I drafted an email explaining that I would have to drop the course because I could not bear even thinking about food. Fortunately I never sent that email. It is ironic that I am now writing this piece as both a food studies major and the veteran of not just one, but two courses with Dr. Ferguson. 

Few people are lucky enough to know the impact of EATS 101. I always describe the class subject as, “Life, the universe and everything—through food.” At the first dinner of the semester I pushed food around on my plate to make it look as if I was eating, fearful of becoming sick. But I stuck with the weekly seminars. In these classes I learned from biologists, art historians, and policy makers not only about food as biological sustenance but also as being strongly significant in ritual and culture. Food is so much more than nutrition. 


In February, after two long months of weekly doctor appointments and blood tests, I got the official diagnosis of celiac disease, a gluten-triggered autoimmune condition. That evening I pored over blogs and research papers, trying to understand this new and foreign world of gluten-free. I became frustrated with the lack of formal medical support for the disease, and heartbroken by stories from other sufferers. As I read on I was shocked by all of the ways in which life could be changed by one simple but essential medical treatment – a treatment that relies solely on eliminating a single culturally significant food. 

My journey with CD has been relatively easy, because I happened to be ensconced in a community that supported me, and I was given the tools I needed to adhere to the GFmy diet. My hope for this piece is that it will help to elucidate some the complexities of a food-based illness and demonstrate a few ways of achieving some of the support that I gained from my community. 











Introduction

Ten years ago, celiac disease (CD) diagnoses were confined to relatively few patients, and gluten-free (GF)GF was virtually unheard of.[footnoteRef:1] Today, most people have not only heard about gluten but often also have a strong opinion about it. The TV show South Park broadcasted an entire episode ridiculing the “fad,” and Jennifer Lawrence made headlines when she called gluten-free a “new cool eating disorder.”[footnoteRef:2] Surveys found that in March of 2013, twenty nine percent of Americans were either cutting back on gluten or avoiding it all together, with or without a diagnosis of celiac disease.[footnoteRef:3] While the trend in GF may be ephemeral, the increasingly prevalent disease that makes GF medically necessary is not.      [1:  Often referred to as coeliac or celiac sprue]  [2:  Miller, J. (2014, October 8). 5 Things Jennifer Lawrence Is Looking For in a Boyfriend. Retrieved March 18, 2015, from http://www.vanityfair.com/hollywood/2014/10/jennifer-lawrence-boyfriend]  [3:  Kingsbury, K. (2014, March 4). Bloated cost of a gluten-free diet is hard to digest. Retrieved March 18, 2015, from http://www.reuters.com/article/2014/03/04/glutenfree-expensive-correcte-idUSL2N0LI1MP20140304] 


Long before GF was “trendy,” Dr. Samuel Gee – hardly a People Magazine-type trendsetter –described it in an 1888 speech entitled “On the Coeliac Affection” at St. Bartholomew’s Hospital in London. He identified a patient who suffered lingering diarrhea, a corpse-like pallor, and a ghastly wasting that could not be amended by any form of nutritional supplementation.[footnoteRef:4],[footnoteRef:5] Since Gee’s first description, understanding of the disease has grown tremendously. We now know that over three million people suffer from CD in the US alone.[footnoteRef:6] As a primarily digestive condition, CD has always been linked to food. In fact, in Gee’s first piece he ponders that, “errors in diet  [4:  Guandalini, S. (2007). A Brief History of Celiac Disease, 1. ]  [5:  Gee, S. (1888). On Coeliac Affection. St. Bartholomew's Hospital Reports, XXIV, 18.]  [6:  Kingsbury, K. Bloated cost of a gluten-free diet is hard to digest. ] 

may perhaps be of cause, but what error?”[footnoteRef:7] In 1955 Willem Dicke, a Dutch physician, officially linked the disease to gluten. Since then little has changed; the GF diet remains the only treatment for patients. [footnoteRef:8]  [7:  Gee, S. (1888). On Coeliac Affection. St. Bartholomew's Hospital Reports, XXIV, 17-17.]  [8:  Reily, Norelle, Green, Peter (2014). "Presentation of Celiac Disease in Children and Adults." In Celiac Disease, 18.] 

                         
Why bother researching CD further when the GF diet already provides an “effective” cure? 
            
Research on CD as a strictly medical condition is imperative. It is now thought to affect approximately 2% of the population and rates of known disease prevalence have seen a five-fold increase since 1974.[footnoteRef:9] There is no firmsolid evidence to explain what drives this increase, but it is an active area of research. Further, the disease’s understood symptomology is changing from that of a primarily gastrointestinal condition to one that is linked to multifactorial conditions such as depression and cancer. [footnoteRef:10]  An increased understanding of the mechanics of CD could shed light on the biology of other diseasespathology is being expanded to explain this; it is possible that advances in CD could be applicable to other diseases.[footnoteRef:11] New studies in this field are being initiated almost daily.   [9: Catassi C, Kryszak D, Bhatti B, et al. Natural history of celiac disease autoimmunity in a USA cohort followed since 1974. Ann Med 2010; 42:530–538.]  [10:  Sollid, Ludvig M. "Coeliac Disease: Dissecting a Complex Inflammatory Disorder." Nature Reviews Immunology, 2002, 647-55.]  [11:  Sollid, Ludvig M. "Coeliac Disease: Dissecting a Complex Inflammatory Disorder." ] 


Moreover, a deeper significance of CD comes from its inextricable link to culturally significant and ubiquitous gluten. Adherence to GF diet is low – between 40 and 90 percent depending on the study – and the rate of diagnosis of CD even lower.[footnoteRef:12] Celiacs who do not adhere to the GF diet are at riskrisk sustained or worsened symptoms. Whether they are undiagnosed or continue to consume gluten after diagnosis, they increase their risks for autoimmune disorders like Type I diabetes and multiple sclerosis (MS), osteoporosis, anemia, infertility and miscarriage, neurological conditions, and intestinal cancers.[footnoteRef:13] The reasons for poor diagnosis and compliance rates cannot be explained through objective science; it is necessary to look at the social context of diet and disease. We are falling short because we are neither diagnosing CD sufficiently nor making the diet accessible. Addressing these lacunae in current celiac treatment will require a multidisciplinary approach. [12:  Hall, N., Rubin, G., & Charnock, A. (2009). Systematic Review: Adherence To A Gluten-free Diet In Adult Patients With Coeliac Disease. Alimentary Pharmacology & Therapeutics, 315-330.]  [13:  What is Celiac Disease? - Celiac Disease Foundation. (2014, January 1). Retrieved March 23, 2015, from http://celiac.org/celiac-disease/what-is-celiac-disease/] 

 In this report I will outline the biological and extra-biological factors that contribute to the real-life experiences of people with CD and suggest ways in which we can better treat both.

Research is changing our understanding of CD every day; the facts and figures about disease prevalence and manifestation are constantly in flux. There is a wealth of information about CD but little is sufficiently accurate or comprehensive. Much of the confusion surrounding the disease has precipitated from unclear reporting and misinformation, especially in the popular press. I have attempted, to the best of my ability, to use only those statistics that have been corroborated by multiple studies or observations. It should be understood that while individual numbers may change, it is the overall trends surrounding the disease that will give us insight. 

To fully understand this disease, however, we must step out from the world of evidence-based research. Science does not explain the ways a patient feels about dietary changes, even though these strongly affect the way a patient’s biological symptoms respond to treatment. Much of the my data comes from conversations with people whose lives have been changed by the disease and on my own personal experience. While these stories by no means reflect the experience of all patients, they can give us insight into those aspects of illness that are not identifiable through statistics. 





















Chapter 1 – A Biomedical Perspective

Celiac disease (CD) is by all definitions a complex disease. It is biologically complicated with strong genetic and environmental components. The only known treatment demands adherence to a strict diet, which in many ways is incompatible with our modern food system. While much of this paper will focus on the role that a gluten-free (GF) diet and patient experience play in the healing process, it is important to first lay the foundation for understanding the disease on a biological level.  In the next section I will review the current literature surrounding the scientific and biological basis for CD and describe future research directions for understanding both CD and a number of lifestyle-related medical conditions. 

Genetics and Pathophysiology 

As with most complex conditions, our understanding of  celiac diseaseCD etiology is incomplete. However, our understanding of the mechanics of CD is vastly better than that of other complex diseases. We know that each patient must harbor a copy of a “celiac” allele at a genetic locus that confers sensitivity and that this allele may lie dormant for a large proportion of a patient’s life (or even forever). We also know that in individuals with this celiac allele eating gluten causes something to trigger an immune reaction, which basically wreaks havoc in the digestive system and may have sustained impacts elsewhere in the body.  What we do not know is why that gene is “turned on” in some people and not in others, or why the symptoms of CD are so varied amongst sufferers. 

In order to fully understand CD it seems natural to first define the role of gluten, the precipitating factor in symptom onset.[footnoteRef:14] Gluten is an elastic storage protein found in some grains. It is a fairly large protein formed from two subunits, glutenin and gliadin, which are bound to starch in the endosperms of plants such as wheat, barley and rye.[footnoteRef:15] The proteins are rich in proline and glutenin residues, which resist degradation in the digestive system. This allows them to remain there long after other food particles have been eliminated.[footnoteRef:16]   [14:  It became apparent that the role of gluten needed to be defined after an episode of Jimmy Kimmel live took to the streets to ask people in LA what gluten was. People, who were all on GF diets, called it everything from a “flour derivative” to something that “makes you fat.” ]  [15:  "Science: A Closer Look at Gluten." YouTube. YouTube. Web. 15 Nov. 2014. <https://www.youtube.com/watch?v=zDEcvSc2UKA>.]  [16:  Sollid, Ludvig M. "Coeliac Disease: Dissecting a Complex Inflammatory Disorder." Nature Reviews Immunology, 2002, 647-55.] 


The major sites affected by celiac disease are the microvilli of the small intestines, which are critical in the uptake of nutrients from the digestive tract. As food is digested, it is broken down into smaller pieces such as simple sugars, amino acids, and fat molecules. For these nutrients to get wherever they need to go in your body, they are absorbed in the small intestine. The amount of nutrients that can be absorbed is directly proportional to the amount of space along the wall of your intestines; this is why they are a convoluted 20 feet long. To increase the amount of surface area in the intestines without making a person the size of a whale the tubes are folded into millions of little hair-like projections called villi, which in turn have hair-like projections called microvilli. [footnoteRef:17] In patients with CD the presence of gliadin in the intestines causes a cascade of immune reactions that degrades these microvilli and stops the absorption of essential nutrients from food (Fig 1).    [17:  Kumar, Vinod, Cisca Wijmenga, and Sebo Withoff. "From Genome-wide Association Studies to Disease Mechanisms: Celiac Disease as a Model for Autoimmune Diseases." Seminars in Immunopathology: 567-80. Print.] 


[image: ] 
Figure 1: Comparison of normal intestinal microvilli (right) to those of a patient with active CD (left). [footnoteRef:18]  [18:  Celiac Disease. (n.d.). Retrieved February 1, 2015, from http://gastro.ucla.edu/body.cfm?id=20] 


CD is in part a genetic disorder. Early on researchers noticed that CD clusters in families and high concordance between siblings (20-60%) and monozygotic twins (75%) suggested a strong genetic component to CD.[footnoteRef:19] Further studies found that more than 95% of celiac patients are positive for DQ2 (found in a majority of patients) or DQ8 (found in a minority of patients) haplotype—which is a collection of related alleles—at the major histocompatibility complex II class (MCHII) of human leukocyte antigen complex (HLA).[footnoteRef:20] The HLA region is a super-gene that encodes proteins that regulate the immune system.  The MCHII region more specifically encodes for proteins that present antigens to T-lymphocytes for immune system recognition and distinguish invading pathogens from the cells of the body. Mutations in these regions may cause the immune system to “attack” tissues or antigens unnecessarily and are common contributors to other autoimmune diseases like diabetes, rheumatoid arthritis and lupus.[footnoteRef:21]      [19:  Sollid, L. (n.d.). Coeliac disease: Dissecting a complex inflammatory disorder. Nature Reviews Immunology, 647-655.]  [20:  Kaukinen, K., Partanen, J., Maki, M., & Collin, P. (n.d.). HLA-DQ typing in the diagnosis of celiac disease. The American Journal of Gastroenterology, 695-699.]  [21:  Shiina, T., Hosomichi, K., Inoko, H., & Kulski, J. (2009). The HLA genomic loci map: Expression, interaction, diversity and disease. Journal of Human Genetics, 15-39.] 


So how does having one of these genes translate into degradation of the microvilli? DQ2 and DQ8 code for heterodimers or receptors on the surface of immune system antigen presenting cells (APCs). When a person eats gluten it is broken down into the gliadin and glutenin parts subunits and absorbed through the microvilli. In the tissues of the small intestine the DQ2 and DQ8 receptors on an APC bind to this gliadin subunit with the help of an enzyme called tissue transglutaminase (TG2).[footnoteRef:22] Once bound to an APC, gliadin is then “presented” to a CD4+ T-lymphocyte, which will then activate immune response and inflammation. This inflammation causes the release of cytokines—small proteins that serve as alarms—like interferon-γ (IFN-γ), interleukin-2 (IL-2) and tissue necrosis factor (TNF), which effectively kill the cells of the microvilli while attempting to destroy the recognized gliadin invader (Fig. 2).[footnoteRef:23]  [22:  Celiac Disease. (2014, January 1). Retrieved January 31, 2015, from http://www.bio.davidson.edu/immunology/Students/spring2006/Mohr/celiac.html]  [23:  Kagnoff, M. (2007). Celiac disease: Pathogenesis of a model immunogenetic disease. Journal of Clinical Investigation, 41-49.] 

[image: ]

Fig. 2: – Jabri et al. Molecular pathway for the normal and abnormal immune recognition of gluten and subsequent microvilli atrophy.[footnoteRef:24] [24:  Jabri, B., and Sollid, L.M. (2009). Tissue-mediated control of immunopa- thology in coeliac disease. Nat. Rev. Immunol. 9, 860. 
	] 



Once this pathway is triggered, levels of TG2, gliadin-sensitive T-cells and cytokines are increased and the cycle of microvilli degradation is perpetuated until gliadin is removed from the system for a substantial amount of time.[footnoteRef:25] Many researchers are attempting to create a drug for CD through a controlling a number of these players. So far blocking of the IFN-γ cytokine has been the most promising in eliminating the gastrointestinal discomfort and other symptoms of mucosal damage in patients.[footnoteRef:26]   [25:  Sollid, L. (n.d.). Coeliac disease: Dissecting a complex inflammatory disorder. Nature Reviews Immunology, 647-655.]  [26:  Kagnoff, M. (2007). Celiac disease: Pathogenesis of a model immunogenetic disease. Journal of Clinical Investigation, 41-49.] 


Fortunately, the microvilli and intestinal linings are constantly regenerating due to the normal wear-and-tear of digestion. Once gluten is eliminated from the diet, the celiac immune reaction will cease and the microvilli will regrow. Generally patients can expect improved symptoms within a few weeks to months after adopting the GF diet.[footnoteRef:27] The rate at which a person’s villi regenerate depends largely on the length of time of exposure to gluten, and older patients tend to heal much more slowly than children.[footnoteRef:28] However, long after this reaction ceases the adaptive immune system retains memory cells to identify gluten. With a normal disease, such as chicken pox, this is beneficial because it allows the immune system to act more quickly and prevent repeat infections. With CD however, eEven after the microvilli have fully regenerated, a small amount of gluten (~500μg) can restart the immune reaction and lead to rapid microvilli degradation.[footnoteRef:29]  [27:  Reily, Norelle, and Peter Green. "Presentation of Celiac Disease in Children and Adults." In Celiac Disease. New York, 2014]  [28:  Ibid. ]  [29:  Bai, J., Fried, M., Corazza, G., Schuppan, D., Farthing, M., Catassi, C., ... Lemair, A. (n.d.). World Gastroenterology Organisation Global Guidelines on Celiac Disease. Journal of Clinical Gastroenterology, 121-126] 



  Figure 3: CD status options for the general population. 

Classifying a person’s status with CD is an equally complex matter (Fig 3). Of the general US population ~30% of people carry a gene for CD, which is necessary to trigger symptoms. These people are at an elevated risk of developing CD – as the other 70% of the population has virtually no risk. Only~3% of this ~30% (.9% of the general population) will develop CD. From what is known, the other 97% of individuals positive for the CD gene experience no atypical reaction to gluten.[footnoteRef:30] Once a person has developed CD, as evidenced by autoimmune antibodies and/or endoscopic proof of intestinal damage, they can be broken into two further categories – active and inactive CD. A person has active CD if they still eat gluten on a regular basis and likely have sustained symptoms of the disease. An inactive celiac is “treated” for the disease and does not eat gluten regularly, but will experience symptoms if gluten is re-introduced to the system. [footnoteRef:31] A few individuals have been classified as having refractory CD, where even strict elimination of gluten from the diet continues to cause symptoms, but this is rare and largely unstudied.[footnoteRef:32]  [30:  Sollid, Ludvig M. "Coeliac Disease: Dissecting a Complex Inflammatory Disorder." Nature Reviews Immunology, 2002, 647-55.]  [31:  Barker and Liu. "Celiac Disease”]  [32:  Ibid. ] 



Patient Presents With… The Changing Phenotype of Celiac Disease 

When CD was first described by Gee in late 1800s, the “typical” patient was identified by extreme weight loss, malnutrition, diarrhea and general failure to thrive.[footnoteRef:33] This presentation makes sense as degraded microvilli lead to an inability to absorb fats and nutrients. It was generally diagnosed in children, who rarely made it to adulthood without severe complications. They often present with delayed onset puberty, and to this day 2-8% of children with inexplicably short stature will test positive for celiacCD.[footnoteRef:34] As the disease has evolved, however, “typical” symptoms are becoming more difficult to define and onset of symptoms has pushed later into adulthood, with the average age of diagnosis being 45.[footnoteRef:35] Children still tend to present with more textbook symptoms, but as the age of diagnosis increases, symptoms are more likely to be diverse.  [33:  Reily and Green. "Presentation of Celiac Disease in Children and Adults." ]  [34:  Ibid.  ]  [35:  Shah, Sveta, and Daniel Leffler. "Celiac Disease: An Underappreciated Issue In Women’s Health." Women's Health: 753-66.] 

[image: ] 
Figure 4: Laparra et al. Presenting Symptom of patients with CD, Adults n = 1,499, children n = 318.[footnoteRef:36]   [36:  Laparra, José, Marta Olivares, and Yolanda Sanz. "Role of Gut Microbes in Celiac Disease Risk and Pathogenesis." In Celiac Disease, 82-90. 1st ed. Vol. 1. Springer New York: Humana Press. ] 



The later the disease begins, the more occult and varied the symptoms appear to be. Fifty percent of adults present with diarrhea or IBS as the major symptoms, but an increasing number of those who test positive for the disease will not experience these “textbook” celiac symptoms (Fig 43).[footnoteRef:37] These symptoms flood into all sorts of categories from gastrointestinal discomfort or headaches to chronic fatigue and anxiety (Fig. 52).[footnoteRef:38] Many of the symptoms seem fairly normal and are often hard to even identify as symptoms. For instance, how many Americans adults are not generally tired?[footnoteRef:39] But in CD these symptoms can drastically affect the patient’s life. The variety and relative frequency of the types of symptoms of CD makes it hard to narrow the cause down to gluten, and the etiology of the differences in disease manifestation is still not well understood.  [37:  Reily, Norelle, and Peter Green. "Presentation of Celiac Disease in Children and Adults." In Celiac Disease. New York, 2014]  [38:  Bai, J., Fried, M., Corazza, G., Schuppan, D., Farthing, M., Catassi, C., ... Lemair, A. (n.d.). World Gastroenterology Organisation Global Guidelines on Celiac Disease. Journal of Clinical Gastroenterology, 121-126.]  [39:  Of interest is the recent decision by the Institute of Medicine to change the name of chronic fatigue disorder to systemic exertion intolerance disorder.  ] 

[image: ]Figure 54: Commonly reported symptoms of CD and related conditions. 


Figure 5: Commonly reported symptoms of CD and related conditions.[footnoteRef:40]  [40:  Bai et al. World Gastroenterology Organisation Global Guidelines on Celiac Disease. ] 


The most notable, but not universal, feature of CD is malabsorption of essential nutrients, which manifests as anemia, decreased bone density, dental enamel defects, skin lesions, night blindness and more.[footnoteRef:41] Fat-soluble vitamins like A, D, E and K and folic acid are the most likely to be malabsorbed, along with iron, magnesium, calcium, copper, zinc and selenium in subjects with active CD.[footnoteRef:42] The longer a patient goes before diagnosis, the more severe nutritional deficits are likely to be. Some evidence supports the idea that nutritional imbalances could be the cause of many other extra-intestinal celiac symptoms.[footnoteRef:43]  [41:  Laparra, José, Marta Olivares, and Yolanda Sanz. "Role of Gut Microbes in Celiac Disease Risk and Pathogenesis." In Celiac Disease, 82-90. 1st ed. Vol. 1. Springer New York: Humana Press, 0.]  [42:  Ibid. ]  [43:  Simpson, Suzanne. "Nutrition in Celiac Disease." In Celiac Disease, 123-125. New York, 2014.] 


Malabsorption of fats plus chronic diarrhea, with general loss of appetite, used to leave the “typical” celiac looking thin and pale. However, this image of CD has shifted as today more than 30% of CD patients are overweight and symptoms like weight gain, hypothyroidism and swollen faces are becoming more and more frequently reported.[footnoteRef:44] 	Comment by Corbin Jones: This para just seems to hange here.  Could you integrate it else where? [44:  Koehler, Peter, and Herbert Wieser. Celiac Disease and Gluten Multidisciplinary Challenges and Opportunities. Burlington: Elsevier Science, 2014.] 


CD has also become increasingly associated with neurological conditions such as depression, anxiety, migraines, ataxia and epilepsy. MRIs of patients with CD show changes in the appearance of the brain including reduction in grey matter and white matter abnormalities.[footnoteRef:45] These are likely due to vitamin deficiency, but also may be related to the production of neurotoxins from the chronically activate immune system found in active celiacs. Sleep disorders are extremely common and have shown some improvement with a gluten-free diet after diagnosis. Interestingly, CD is strongly linked to schizophrenia and people with schizophrenia generally have significantly higher levels of anti-gliadin antibodies than the general population. The symptoms tend to improve with a gluten-free diet, but this is not always the case.  [45:  Jackson, J., Eaton, W., Cascella, N., Fasano, A., Santora, D., Sullivan, K., ... & Kelly, D. L. (2014). Gluten sensitivity and relationship to psychiatric symptoms in people with schizophrenia. Schizophrenia research, 159(2), 539-542.] 


  Figure 5: CD status options for the general population. 

Classifying a person’s status with CD is an equally complex matter (Fig 5). Of the general US population ~30% of people carry a gene for CD, which is necessary to trigger symptoms. These people are at an elevated risk of developing CD – as the other 70% of the population has virtually no risk – but only ~3% of this ~30% (.9% of the general population) will develop CD. From what we know, the other 97% of individuals positive for the CD gene experience no atypical reaction to gluten.[footnoteRef:46] Once a person has developed CD, as evidenced by autoimmune antibodies and/or endoscopic proof of intestinal damage, they can be broken into two further categories – active and inactive CD. A person has active CD if they still eat gluten on a regular basisand likely have sustained symptoms of the disease. An inactive celiac is “treated” for the disease and does not eat gluten regularly, but will experience symptoms if gluten is re-introduced to the system. [footnoteRef:47] A few individuals have been classified as having refractory CD, where even strict elimination of gluten from the diet continues to cause symptoms, but this is rare and largely unstudied.[footnoteRef:48]  [46: ]  [47: ]  [48: ] 


Diagnostic Procedure

CD Celiac is not commonly screened for in the US since it is at such a low prevalence (~1%), but it remains one of the most under-diagnosed conditions in Western populations.[footnoteRef:49] The average time of diagnosis from initial symptom appearance is seven years, during which time chronic inflammation can exacerbate symptoms and may even result in permanent damage and increased complications, morbidity and mortality.[footnoteRef:50] Screening is not recommended by the WHO and is encouraged only in high-risk populations such as those with first-degree relative with CD or related autoimmune conditions, as false-positives occur in ~2% of cases, and unnecessary adherence to a gluten-free diet may have negative health effects.[footnoteRef:51],[footnoteRef:52] Further, since CD must be triggered it is possible a person may test negative for the disease, but develop it later, people may get a false sense of security.  A primary physician generally diagnoses CD, although CD may be suggested by specialists such as rheumatologists and gastroenterologists who see the patient for related conditions. Most celiac patients are first identified through testing for chronic anemia that is not helped by dietary supplementation.[footnoteRef:53]  [49:  Ibid.  ]  [50:  Bai, Fried and Corazza.World Gastroenterology Organisation Global Guidelines on Celiac Disease.]  [51:  "False Positives." University of Chicago Celiac Disease Center. January 1, 2014. Accessed January 20, 2015.]  [52:  Jonas F Ludvigsson, Timothy R Card, Katri Kaukinen, Julio Bai, Fabiana Zingone, David S Sanders, and Joseph A Murray. “Screening for celiac disease in the general population and in high-risk groups.” United European Gastroenterology Journal 2050640614561668, first published on December 18, 2014 doi:10.1177/2050640614561668]  [53:  Bai, Fried and Corazza . World Gastroenterology Organisation Global Guidelines on Celiac Disease.] 


The challenge of diagnosis is further complicated because the exact testing protocol for CD is still widely debated among doctors. Upon recognition of potential symptoms for CD, serological testing is used to detect antibodies to number components in the disease pathology.[footnoteRef:54] Serological tests are important because they are non-invasive and carry only minimal risks, but they have variable levels of specificity and sensitivity and therefore may often result in a false positive.[footnoteRef:55]  If gliadin antibodies are found, a genetic test will be used because while presence of the HLA-DQ8 or DQ2 only predicts ~3-6% of celiac cases, it is ~97% accurate in negative prediction.  That is, if the patient tests negative for either gene the genetic information may be used to rule out CD in the case of a false positive on the antibody screening.[footnoteRef:56]  [54:  Koehler and Wieser. Celiac Disease and Gluten Multidisciplinary Challenges and Opportunities. ]  [55:  Ibid.]  [56:  Ibid. ] 


If the genetic test comes back positive, patients will generally be scheduled for an intestinal biopsy to confirm the diagnosis. The biopsy will also show doctors the extent of microvilli damage, which is staged using a Marsh score (Fig 6) [footnoteRef:57] and will give a more accurate sample for local antibody testing.[footnoteRef:58] Endoscopies are generally used last as they are fairly invasive and carry the risk of negative side effects.  There are also other conditions that can cause the microvilli damage seen in an endoscopy, so it is critical that antibodies and the genetic background are also confirmed for CD diagnosis.[footnoteRef:59]   [57:  Ibid. ]  [58:  Barker and Liu. "Celiac Disease: Pathophysiology, Clinical Manifestations, And Associated Autoimmune Conditions." ]  [59:  Koehler and Wieser. Celiac Disease and Gluten Multidisciplinary Challenges and Opportunities] 


[image: ]
Figure 6: Marsh scoring for microvilli degradation.[footnoteRef:60] Microvilli are scored from 0-4 with a score of 0 being normal villous architecture and low enterocyte infiltration and a score of 4 being entirely flat villi with close to no crypts. An additional sub score of a, b or c defines degrees of villous atrophy based on villous/crypt ratio.[footnoteRef:61]  [60:  Wikipedia. Accessed January 20, 2015. http://en.wikipedia.org/wiki/Coeliac_disease#mediaviewer/File:Coeliac_Disease.png.]  [61:  Koehler and Wieser. Celiac Disease and Gluten Multidisciplinary Challenges and Opportunities.] 


If active CD is confirmed, it is critical that patients undergo routine follow-up diagnostics to ensure that antibody counts drop and the microvilli begin to heal while the patient follows a gluten-free diet. In addition to follow-up antibody screenings, additional tests for bone density, iron and vitamin absorption, and other related symptoms of CD should be administered to rule out possible secondary conditions.[footnoteRef:62] Normally, if symptoms do not improve, it is due to low adherence to the gluten-free diet and frequent contamination. As mentioned, However, in a few cases recurrent CD can occur despite strict adherence.. [footnoteRef:63] The cause for this remains unknown.  [62:  Ibid. ]  [63:  Barker and. Liu. "Celiac Disease: Pathophysiology, Clinical Manifestations and Associated Autoimmune Conditions." ] 


One of the biggest challenges in the field of CD diagnosis is in patients who begin a gluten-free diet before formal diagnosis. This may be due to self-diagnosis, which has risen with the prevalence of the gluten-free diet trend, or to a physician who is inexperienced in diagnosis of CD and may recommend that patients try out the diet to see if it improves symptoms. In a NY Times Piece on CD versus non-celiac gluten sensitivity, Mayo Clinic Physician and Celiac Expert, Dr. Joseph A. Murray stressed the importance to, “Test first, test right.” He continued to explain that, “We’re seeing people with symptoms who go on a gluten-free diet, and then we can’t make a correct diagnosis.”[footnoteRef:64] Both antibody screenings and the intestinal biopsy are only accurate when the patient has been eating gluten at normal levels for a significant amount of time. The genetic test for CD works regardless of diet, but as mentioned previously is only predictive of CD in 3-6% of cases.[footnoteRef:65]  [64:  Brody, J. (2014, October 6). When Gluten Sensitivity Isn't Celiac Disease. Retrieved March 22, 2015, from http://well.blogs.nytimes.com/2014/10/06/when-gluten-sensitivity-isnt-celiac-disease/?_r=0]  [65:  Koehler, Peter, and Herbert Wieser. Celiac Disease and Gluten Multidisciplinary Challenges and Opportunities. Burlington: Elsevier Science, 2014.] 


The importance of formal diagnosis is frequently underestimated. Patients and many self-proclaimed CD experts suggest that simply feeling better when not eating gluten is enough to support eliminating it from the diet. However, patients without formal diagnosis are more likely to revert from the diet or “cheat” and eat small amounts of gluten that may still cause severe negative reactions.[footnoteRef:66] Many gluten-containing products are also quite healthy so eliminating them unnecessarily can be detrimental to overall nutrition.   If a patient who is already on a gluten-free diet later determines that formal diagnosis is necessary, they will need to consume large amounts of gluten for at least two weeks (, informally dubbed the “gluten challenge”) in order to restore microvilli damage and antibody presence.[footnoteRef:67] If this patient is positive for CD, these two weeks can inflict serious harm since symptoms tend to be more drastic and painfulacute when gluten has not been present in the digestive system for long periods of time.[footnoteRef:68]  [66:  "Interview with Alice Bast." Interview.]  [67:  Koehler, Peter, and Herbert Wieser. Celiac Disease and Gluten Multidisciplinary Challenges and Opportunities. Burlington: Elsevier Science, 2014.]  [68:  Ibid. ] 








Autoimmune Implications

When asked about her elevator pitch for CD, Alice Bast, the president of the National Association for Celiac Awareness (NFCA), answered, “Celiac disease is going to be the disease that unlocks all autoimmune diseases.”[footnoteRef:69] For all of the publicity that CD receives in relation to its increasing prevalence, financial burden and complex symptoms, its implications for autoimmune research are probably the least known—but potentially the most important.   [69:  "Interview with Alice Bast." Interview.] 


Autoimmune diseases are characterized as conditions where the immune system attacks healthy body tissue by mistake. Notable autoimmune diseases include Type I diabetes, multiple sclerosis, rheumatoid arthritis, psoriasis, and of course CD. These diseases affect nearly 23.5 million Americans—more than cancer or heart disease—and cost well over $100 billion annually.[footnoteRef:70] There are several theories for why these diseases occur. The most prominent is the hygiene hypothesis, which suggests that humans are not exposed to enough pathogens to keep the immune system busy, causing “bored” cells to attack healthy tissue.  Approximately 30% of individuals with active or inactive CD have one or more additional autoimmune diseases (Figure 7). [footnoteRef:71] This is ten times the general population incidence of  ~3%.[footnoteRef:72] For many, removing gluten from the diet lessens the severity of such other conditions, even though there is currently no concrete evidence that the gluten-free diet is effective in treating autoimmune issues in patients without CD.  [70:  "  Statistics." AARDA. Accessed January 20, 2015. http://www.aarda.org/autoimmune-information/autoimmune-statistics/.]  [71:  Reily, Norelle, and Peter Green. "Presentation of Celiac Disease in Children and Adults." In Celiac Disease. New York, 2014]  [72:  Ibid. ] 



	Autoimmune Condition 
	Prevalence in CD Population

	Addison’s Disease
	5-12%

	Autoimmune Thyroid Disease (Graves/Hashimoto’s)
	2-7%

	Autoimmune Hepatitis
	3-6%

	Crohn’s Disease
	8.5%

	Dermatitis Herpetiformis
	25%

	Gluten Ataxia
	10-12%

	Idiopathic Dilated Cardiomyopathy
	 5.7%

	Juvenile Idiopathic Arthritis
	 2.5-7%

	Microscopic Colitis
	 4%

	Multiple Sclerosis
	 11%

	Peripheral Neuropathy
	 9%

	Primary Bilary Cirrhosis
	 3-7%

	Primary Sclerosing Cholangitis
	 3%

	Psoriasis
	 4.3%

	Scleroderma
	 4%

	Sjögren’s Syndrome
	 4.5-15%

	Type 1 Diabetes Mellitus
	 4%

	Ulcerative Colitis
	 3.6%


Figure 7: Autoimmune Conditions Associated with CD [footnoteRef:73] [73:  "What Is Celiac Disease? - Celiac Disease Foundation." Celiac Disease Foundation. Accessed February 2, 2015. http://celiac.org/celiac-disease/what-is-celiac-disease/.] 



As mentioned earlier, CD manifestation is based on both environmental and genetic factors, as is common with most autoimmune conditions. However, unlike most autoimmune conditions, one of two haplotypes (DQ2 or DQ8) has been identified in nearly all cases of CD. Further, CD is unique in having a known environmental symptom trigger, and removal of that stimulus almost universally resolves the symptoms of the disease.[footnoteRef:74] These known associations make CD an excellent model for studying the genetic contribution and the pathways and the specific events that occur to create its symptoms. Further, the direct relationship between gluten and symptom activation allows for researchers to turn the pathway on and off, in vivo, to measure the pathophysiology in a controlled manner. Unfortunately, it is still unclear what exactly causes the celiac gene to “turn on” (resulting in active celiac rather than just carrying the gene). Once this is understood it is possible that a similar mechanism may be involved in the activation of other autoimmune diseases with genetic components. 	Comment by Corbin Jones: yeah, but because the initial trigger moment is still not observed, it is hard to understand what causes the initial autoimmune reaction.  Just my thoughts. [74:  Kumar, Vinod, Cisca Wijmenga, and Sebo Withoff. "From Genome-wide Association Studies to Disease Mechanisms: Celiac Disease as a Model for Autoimmune Diseases." Seminars in Immunopathology: 567-80. Print.] 


One of the most interesting areas of CD research is discovering the non-HLA (that is not DQ2 or DQ8) genetic basis of the disease. Genome wide association studies (GWAS) have now revealed thirty-nine additional genetic loci that are highly correlated with CD.[footnoteRef:75] These other parts of the genome may influence the triggering of the immune reaction or the way in which the symptoms caused by gluten manifest. Interestingly, a number of these loci are also found in other autoimmune diseases, suggesting a possibility for susceptibility factors.[footnoteRef:76] For example, at least fourteen genetic loci are shared between CD and rheumatoid arthritis.[footnoteRef:77] This overlap suggests that autoimmune disorders may have shared pathways and that it may be possible that a single treatment could be used for multiple autoimmune disorders.     [75:  Kumar et al. " Celiac Disease as a Model for Autoimmune Diseases." ]  [76:  Ibid. ]  [77:  Ibid. ] 


One of the other major benefits of using CD as a model for the study of autoimmune disease is that it engages both the adaptive and innate immune system. In addition to GWAS studies, recent breakthroughs in CD research have been made using BioGPS database searches, which have allowed researchers to pinpoint the specific cells that are affected by the genetic makeup of CD.[footnoteRef:78] The previously accepted view of CD, as explained earlier, was that it functions mainly through the mediation of adaptive immune system T-cells, which recognize gluten epitopes in the presence of a “triggered” HLA gene. BioGPS data has now associated CD loci not only with T-cells, but also with B-cells – which could be involved in presenting gluten to the T-cells that induce immune response – and neutrophils of the innate immune system – which induce the chronic inflammation that is so characteristic of CD. [footnoteRef:79] Studies have also shown that natural killer cells may also play a role in CD as reduced numbers increase susceptibility to gliadin.[footnoteRef:80]  [78:  Kumar et al. "From Genome-wide Association Studies to Disease Mechanisms.”]  [79:  Ibid. ]  [80:  Ibid. ] 


Autoimmune diseases are currently among the most pressing and elusive areas of medical research. New data emerges almost daily connecting conditions and guessing at the mechanisms behind such complex conditions. While understanding the genetic and environmental pathology of CD is critical for creating cures for the approximately 140 million people who suffer from it, it also has enormous potential in advancing our understanding of general human health through the genetic basis of complex diseases and its role in the immune system.[footnoteRef:81]  [81:  Bai, J., Fried, M., Corazza, G., Schuppan, D., Farthing, M., Catassi, C., ... Lemair, A. (n.d.). World Gastroenterology Organisation Global Guidelines on Celiac Disease. Journal of Clinical Gastroenterology, 121-126.] 


Microbiome 

As previously explained, the genetic factors of CD are necessary, but not sufficient for the development of the disease. While gluten is known to cause the celiac symptoms in individuals who express the heterodimer, the “trigger” for activation of the gene remains unknown. One of the most promising leads in understanding of this “trigger” of CD lies in the rapidly expanding field of microbiome research. 

The microbiome is a broad term for the trillions of eukaryotes, archaea, bacteria and viruses that inhabit and interact with the human body. Anton van Leeuwenhoek, a Dutch naturalist discovered it in the late 17th century when he used a microscope to observe thousands of tiny cells moving on his own dental plaque. [footnoteRef:82] However, it was not until nearly three hundred years later that this knowledge truly began to come to fruition with the 2007the founding of the Human Microbiome Project in 2007.[footnoteRef:83]  This project sought to determine the role that these microorganisms play in health and disease with the idea that microbes could be modulating the effects of both the environment and inherited factors.[footnoteRef:84]  [82:  Yong, Ed. "There Is No Healthy Microbiome." The New York Times. November 1, 2014. Accessed January 18, 2015. http://www.nytimes.com/2014/11/02/opinion/sunday/there-is-no-healthy-microbiome.html?_r=0.]  [83:  "Human Microbiome." Encyclopedia Britannica Online. Accessed January 1, 2015. http://www.britannica.com/EBchecked/topic/1806911/human-microbiome.]  [84:  Ibid. ] 


While the exact mechanisms of these microbial interactions is largely unknown, we do know that they can increase the bioavailability of some foods by breaking them down, producing vitamins that we are unable to synthesize independently, impacting immune system recognition of dangerous compounds, and producing anti-inflammatory compounds.[footnoteRef:85] It is also believed that during early childhood development, the gut microbiome could interact with the innate and adaptive immune system, influencing T-effector and regulatory cell balance and the development of tolerance to dietary antigens such as gluten.[footnoteRef:86]  [85:  "The Human Microbiome." Human Microbiome RSS. Accessed January 18, 2015. http://hmpdacc.org/overview/about.php.]  [86:  Laparra, José, Marta Olivares, and Yolanda Sanz. "Role of Gut Microbes in Celiac Disease Risk and Pathogenesis." In Celiac Disease, 82-90. 1st ed. Vol. 1. Springer New York: Humana Press, 0.] 


The growth of this project and our subsequent understanding of the differences in microbial populations between humans has been largely influenced by advances in genetic sequencing technology (, which is used to identify microbial species and distinguish them from human cells) through comparative sequencing of the 16s rDNA regions. While it is still early in the development of the microbiome research field, changes in microbial ecology are beginning to be strongly correlated with the manifestation of several diseases, including CD and other autoimmune conditions. Observational studies have shown that children and adults with active CD have altered microbiomes, or dysbiosis—most notably an increase in the ratio of Gram-negative to Gram-positive bacteria.[footnoteRef:87]  [87:  Ibid. ] 


The exact origin of the individual microbiome is unknown, but what it is known is that it isto be influenced by both genetic and environmental components – not unlike the etiology of CD. This association is evidenced most strongly by the fact that the microbiomes of monozygotic twins are significantly more similar than those of unrelated individuals, but are varied enough to indicate that post-natal factors also play a substantial role.[footnoteRef:88] Variations in microbiomes are also seen between ethnic groups, locations and diets. Could it be that changes in the differences in microbiomes relate to some of the variations in CD prevalence and symptom manifestation?  	Comment by Corbin Jones: Maybe connect back to CD better? [88:  Turnbaugh PJ, et al. A core gut microbiome in obese and lean twins. Nature. 2009;457:480–484.] 


The microbiome changes drastically throughout life,, a phenomena that could relate to the timing of CD symptom onset.  Bbeginning as a baby inherits the mother’s microbiome during birth – in utero fetuses are thought to be sterile. Babies born through vaginal delivery tend to have almost identical microbiomes to those of the mother, and further founding microbial populations are inherited from mother to child through breast-feeding.[footnoteRef:89] Early childhood diet has shown strong linkage to both the development of the microbiome and to increased risks of CD.[footnoteRef:90] At this stage the immune system is still immature, and it is in fact the microbiome that likely stimulates much of the maturation of the immune response.[footnoteRef:91] Breast-feeding appears to have a somewhat protective effect on development of CD in infants with the celiac gene. One particular study found that infants with the DQ8 or DQ2 genotype exhibited lower numbers of bifidobacteria, which had been previously shown to be associated with active CD, and a more normalized microbiome was achieved with breast-feeding and likely re-inoculation of the missing microbes. Incomplete normalization of microbial ecology in these infants suggests that both genotype and environmental factors such as breast-feeding influence the microbiome.[footnoteRef:92]  [89:  Cho, Ilseung, and Martin Blaser. "The Human Microbiome: At the Interface of Health and Disease." Nature Reviews. Genetics. Accessed December 1, 2015. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3418802/.]  [90:  Laparra et al. "Role of Gut Microbes in Celiac Disease Risk and Pathogenesis."]  [91:  Toivanen P, Vaahtovuo J, Eerola E. Influence of major histocompatibility complex on bacterial composition of fecal flora. Infect Immun. 2001;69(4):2372–7. ]  [92:  Laparra et al. "Role of Gut Microbes in Celiac Disease Risk and Pathogenesis."] 


As the child grows, however, microbial populations tend to develop further and are strongly influenced by factors such as diet and early childhood antibiotic use. Several hypotheses suggest that infectious agents, such as rotavirus, hepatitis C and Epstein Barr, could play a role in triggering CD, as each increases intestinal permeability and immune response, perhaps to the point of overreaction to agents like gluten.[footnoteRef:93] While a variety of factors play a role in the development of active CD, early childhood development could explain some of the variation both in the triggering of CD and in the manifestation of symptoms.    [93:  Ibid. ] 


Further proof of dysbiosis and CD in adults has been shown in studies noting differences in microbial ecology in adults with and without CD, and further in treated as oppose to untreated patients with CD.[footnoteRef:94] Studies have also noted variations in specific microbiota derived metabolites between treated CD patients and healthy adults. These metabolites also vary depending on principal symptom complaints, further suggesting that microbial differences could account for some of the variation in manifestation of CD.[footnoteRef:95] Variations between symptomatic and asymptomatic patients with CD indicate that imbalances in the gut microbiome of CD subjects are not solely the result of sustained inflammation, although this could lead to further imbalance in the microbiome.[footnoteRef:96] Dysbioisis is also believed to affect distant anatomical sites through inappropriate activation of host immune response. This has been shown in mice toIn mice altered microbiomes may correlate rheumatoid arthritis as the cause, a with local expansion of Th17 cells, which migrate to the periphery causing B cell activation and destruction of the joints.[footnoteRef:97] 	Comment by Corbin Jones: Did you define this for your reader earlier… if forget.	Comment by Corbin Jones: Sentence is a bit awkward [94:  Ibid. ]  [95:  Ibid. ]  [96:  Ibid. ]  [97:  Ivanov II, et al. Induction of intestinal Th17 cells by segmented filamentous bacteria. Cell. 2009;139:485–498.] 


Microbial species also vary in resilience to perturbation as studies show that both oral inoculation and antibiotic application may show no effect on certain species, while hugely impacting others.[footnoteRef:98] There is also high conservation of higher taxa species between individuals and even species, whereas lower taxa species tend to show more diversity.[footnoteRef:99]   [98:  Cho, Ilseung, and Martin Blaser. "The Human Microbiome: At the Interface of Health and Disease." Nature Reviews. Genetics. Accessed December 1, 2015. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3418802/.]  [99:  Huse SM, et al. Exploring microbial diversity and taxonomy using SSU rRNA hypervariable tag sequencing. PLoS genetics. 2008;4:e1000255.] 


Expansion in the field of microbiota suggests that restoring dysbiosis or reintroducing certain microbes could potentially be used to prevent CD from manifesting in a susceptible (DQ2 or DQ8 positive) individual, or to reverse the symptoms of CD in already triggered patients. Probiotics have been shown to have some effect in eliminating immunogenic peptides from gluten and improvement in the permeability of the intestinal wall. Before this is possible more conclusive analysis of the normal and abnormal microbiota will need to be completed. Regardless, the microbiome remains an exciting frontier in understanding the causes the role that genetic and environmental mechanisms play in the development of CD. 

Complex Celiac Biology Has Exciting Potential For Research 	Comment by Corbin Jones: Seems like here is whare you should talk about the CD as a model of immune disease…

Celiac disease is an ever-expanding field of research in biology and medicine. The complex biological basis of the disease contributes to a wide variety of medical symptoms in patients, which can have crippling and lasting effects. Understanding the series of events leading to the disease will help to develop improved diagnostic tools and potentially a non diet-based cure for the disease. We are also increasingly discovering that symptoms previously thought to be unconnected are in fact related to CD, which suggests common biological roots of many diseases. While more of CD’s physiology is better understood than that of similar diseases, there are still huge gaps in our understanding of it, and this may be crucial to developing treatments for CD patients. Further, understanding CD through its genetics, molecular pathways, treatment and interactions with the microbiome may serve as a model for improving our understanding of other autoimmune conditions and overall human health.



















Chapter II – A Disease Complicated By Food and Culture

I have now described the complex biology of CD and the variety of factors that lead to its expression. However, once a person is diagnosed with CD the medical treatment is very simple. Unlike other conditions that may have multiple treatment options of varying effectiveness, there is currently just one treatment for CD, and it works with extremely high efficacy – the gluten-free diet (GF). However,But as the biological symptoms of CD improve, patients begin to face an entirely different battle, which is ingrained in the role that food plays in our society. While patients with CD report excellent health after treatment when compared to patients with similar diseases—for example, gastrointestinal reflux disease, hypertension, diabetes mellitus or congestive heart failure—they consistently rank their treatment burden much higher than other groups.[footnoteRef:100] Our society is built around food. It provides us first with the nutrients to survive and thrive, but it also serves as the backbone of social interaction and culture. We use food to both celebrate and to mourn. We create bonds in shared kitchens and at dining tables; we pass down memories through recipes.   [100:  Ukkola, A. (2012). Patients' experiences and perceptions of living with coeliac disease - implications for optimizing care. Journal of Gastrointestinal and Liver Diseases, 21(1), 17-22.] 


Insufficiency in the ways the disease is handled affects the quality of life in celiacs both before and after diagnosis. Pre-diagnosis reductions in QoL come from under-diagnosis of the condition, which causes both biological and emotional stress. Post-diagnosis effects on the other hand are caused by the role of food in human socialization and identity.  


While at first it may seem trivial to examine these aspects of the disease, QoL impact can affect adherence to the diet. It is absolutely critical that celiacs maintain a GF diet since even a minisculetiny amount of gluten can re-trigger symptoms with lasting effects.[footnoteRef:101] While strict dietary adherence rates should be as close to 100% as possible (barring the inevitable occasional accidental “gluten poisoning”) studies have shown that the actual range falls somewhere between 42% and 91%.[footnoteRef:102] Levels of adherence are largely connected to cognitive, emotional and socio-cultural influences, membership in advocacy groups, and regular dietetic follow-up.[footnoteRef:103]  [101:  Hall, N., Rubin, G., & Charnock, A. (2009). Systematic Review: Adherence To A Gluten-free Diet In Adult Patients With Coeliac Disease. Alimentary Pharmacology & Therapeutics, 315-330.]  [102:  Hall et al. Systematic Review: Adherence To A Gluten-free Diet In Adult Patients With Coeliac Disease. ]  [103:  Ibid. ] 



Why Do We Eat So Much Gluten in the First Place? 

There is no food more fundamental to our culture than wheat. It was the ability to bake compact bread that would not rot or mold that allowed us to migrate.[footnoteRef:104] Historical food shortages can be mapped by the price of bread. It is unlikely that that Marie Antoinette would ever have said, “Let them eat rice!” and Jesus fed bread to the 5,000, not kale or turnips.  [104:  Food: A Culinary History, 127] 


Contrary to assertions by popular sources such as the Paleo Diet, grains have been an integral part of our diet for thousands of years. In fact, in 2010, Italian researchers found 30,000 year-old grinding stones coated with starch grains from plants like cattailscattail starch grains. This, suggeststing that our ancestors were beginning to grind their own flours and made a Pita bread of sortsmaybe even bake bread.[footnoteRef:105] Further studies have outlined traces of grains – though vastly different from our modern wheat – in the plaque of Neanderthal teeth and on a 2-million-year-old Australopithecus sediba tooth. While these early grains likely did not yet contain gluten, it is speculated that the ability to grind and store high-calorie roots and grains allowed people to be less dependent on seasonal game, and easy transportability of food allowed early humans to expand their range.[footnoteRef:106]  [105:  Zuk, M. (2013). Paleofantasy: What evolution really tells us about sex, diet, and how we live (1st ed.). New York NY: W.W. Norton and Company.]  [106:  Zuk, M. Paleofantasy. ] 


Wild wheat varietals such as emmer and einkorn have been found from about 23,000 years ago; wheat was domesticated about 10,000 years ago, near Israel, during the Neolithic agricultural revolution.[footnoteRef:107] Although vastly different from the engineered wheat of today, this primitive wheat had larger seeds and held more nutrients than those of other grasses.  The less brittle ranchis, or seed binders, allowed it to be easily harvested and turned into food.[footnoteRef:108] Wheat’s large seeds were not readily dispersed in the wind, like other grasses of its kind, but its symbiotic evolution with humans caused them to sow the seeds and propagate the crop in exchange for its nutritional advantage. The sowing of seeds led to settlement and the disappearance of the hunter-gatherer lifestyle, essentially giving rise to modern humanity. In fact, it was not until nearly 2,000 years after this domestication of wheat, and with it barley, that cattle were first domesticated.[footnoteRef:109] The stable food supply offered by agriculture of wheat and grains allowed populations to expand into the Mediterranean and the rest of Europe by 300 BC, carrying with them these grains and the knowledge of how to store and cultivate them.[footnoteRef:110] [107:  Eckardt, N. (2010). Evolution of Domesticated Bread Wheat. The Plant Cell Online, 993-993.]  [108:  Ears of plenty. (2005, December 24). Retrieved February 13, 2015, from http://www.economist.com/node/5323362]  [109:  Ibid. ]  [110:  Evans, L. (1981). Wheat science, today and tomorrow. Cambridge: Cambridge University Press.] 


It was the Romans who really elevated wheat to its cultural throne. They created the first milling industry using slaves and animals in 200 BC, and developed finer flour for the wealthy by using sieves.  The very name ‘flour’ comes from the Latin flos, or flower, referring to the best and most cherished part of the plant.[footnoteRef:111] In 168 BC the foundation of the Roman Bakers Guild, or Collegium Pistorum, created a structure for the industry. It was here that the science of leavened bread was solidified, and baked goods shifted from being reserved for the wealthy to being an integral part of the everyday diet. Wheat soon played a salient role in a number of cultural events like the farnacalia, or harvest celebration. Traditional wedding vows were even titled the confarati, or eating of wheat together, where couples literally ate bread at the altar. To this day we honor this tradition with wedding cakes.[footnoteRef:112] Many of the conquests of the Roman Empire were initiated in order to find lands to cultivate with wheat for importing to Rome. Through this expansion the Empire spread its grain-centric customs.[footnoteRef:113]  [111:  Flour Etymology. (2014, July 9). Retrieved from http://www.etymonline.com/index.php?term=flour]  [112:  Evans, L. (1981). Wheat science, today and tomorrow. Cambridge: Cambridge University Press.]  [113:  Lancon, B. (2000). Rome in late antiquity: Everyday life and urban change, AD 312-609. New York: Routledge.] 


By 1815, wheat and similar grains had become such an integral part of the global diet that when wheat prices hit an unprecedented high due to a bad crop season, Thomas Malthus predicted a complete population crash with the realization that wheat-yield would never match the increase in demand from mouths to feed. Years later, William Crookes predicted that global starvation was inevitable within a generation with the inability to produce enough wheat, but with the invention of the tractor and nitrogen fixation in the early 1900s, wheat soon became more economical to produce than almost any other crop. By that time, wheat-based products made up nearly 1/3 of the American diet. 

The purpose of this section is not to make anyone an expert on the rich and illustrious history of wheat. It is to stress the cultural and biological significance that eating wheat and other glutinous products has played throughout our history. Celiac disease and the rise of the gluten-free diet challenges a food group that is more ingrained in our society than any other food; it is natural that the removal of such a significant food would have serious consequences, both nutritionally and culturally. 

The Road to Diagnosis: Untreated and Misinformed 
I’ve been offered anti depressants, Valium, Ativan, Klonopin, enough to start a small drug ring. I had been tested for MS, Lupus, Lyme Disease, hepatitis, rheumatoid arthritis and a slew of others. All of which turned out to be negative. Not to mention the numerous colonoscopies, barium enemas, MRI’s, CT scans, x-rays, nerve tests and so much blood taken that I could have filled a river’s worth. I’ve been told I had Epstein Barr, irritable bowl syndrome, chronic fatigue and treated for an phantom parasite that was never actually found. All of which I was given some sort of medication and a suggestion to see a therapist. That all this could be some sort of depression. How is it when doctors can’t figure out your symptoms it somehow becomes your mind? I was so tired of explaining and begging people to help me. I felt so ignored! I’M NOT CRAZY! PLEASE DON’T SEND ME AWAY WITH A PRESCRIPTION FOR VALIUM AND A NUMBER OF YOUR FAVORITE THERAPIST!! I DON’T NEED ANTIDEPRESSANTS, I NEED HELP!!!!!!!!! 
Every test came back normal, but what I was experiencing was anything but normal.

Nothing, silence, a small sigh is all that came out of me, that and tears.[footnoteRef:114] [114:  "Jennifer's Way - Learn to Live Again...Gluten Free." Jennifer’s Way. Web. 4 Nov. 2014.] 


To understand the gravity of the gluten-free dietCD, it is important towe have to first look at the road patients take to get to a celiac diagnosis. As previously noted, approximately 83% of Americans with CD go undiagnosed or are misdiagnosed with other conditions.[footnoteRef:115] The average time for diagnosis with celiac is seven years from onset of symptoms. That means seven years of progressive damage to microvilli, [footnoteRef:116] seven years of mineral deficiency, seven years of all of the other symptoms of celiac diseaseCD. Most importantly, it means seven years of not knowing what is wrong. I have read dozens of blogs and stories written by celiac patients, and almost all emphasize the time before diagnosis and the struggle to navigate the medical system. The combination of persistent biological symptoms and the agonizing mental stress of not knowing what is wrong can cause huge negative consequences for patients. [footnoteRef:117]   [115: Ibid. ]  [116:  Bai, J., Fried, M., Corazza, G., Schuppan, D., Farthing, M., Catassi, C., ... Lemair, A. (n.d.). World Gastroenterology Organisation Global Guidelines on Celiac Disease. Journal of Clinical Gastroenterology, 121-126.]  [117:  "Celiac Disease Facts and Figures." Celiac Disease Center. University of Chicago, 10 Aug. 2005. Web. 15 Nov. 2014. <http://www.uchospitals.edu/pdf/uch_007937.pdf>.] 


Studies have shown that more than a third of people with active (non-treated) CD also suffer from depression, and that CD increases a person’s risk of major depression by two hundred and seventy percent.[footnoteRef:118]  Risk of suicide among those with CD is also increased by fifty five percent.[footnoteRef:119] While a portion of these results can be attributed to nutritional deficiencies and there is some speculation that there may be a genetic link between CD and mood disorders, it is likely that many of these results comes from the agony of years of misdiagnosis.[footnoteRef:120] [118:  "National Foundation for Celiac Disease Awareness." Celiac Disease and Mental Health. Web. 15 Nov. 2014. <http://www.celiaccentral.org/mental-health/>.]  [119:  Ibid. ]  [120:  Ludvigsson, J., Reutfors, J., Ösby, U., Ekbom, A., & Montgomery, S. (2007). Coeliac disease and risk of mood disorders — A general population-based cohort study. Journal of Affective Disorders, 117-126.] 


Was this it? Did she find it? A lump, a bump, a swollen something that would explain years of unanswered, unexplained illness. Was it cancer? Was I dying? And if so, how long did I have?[footnoteRef:121] [121:  “Jennifer's Way - Learn to Live Again...Gluten Free." ] 



Patients note significant distress from speculating about other conditions that may explain their symptoms. “WebMD syndrome” is frequent prior to diagnosis.  and Mmany bloggers report thinking they have cancer, MS, or any one of a host of autoimmune conditions. Several people I have spoken to report having written wills and planned funerals, with no idea of what exactly they suffer from.[footnoteRef:122] Before reaching a celiac diagnosis many patients yo-yo between dozens of diets in attempt to alleviate symptoms, but often find them to be only exacerbated.[footnoteRef:123]  [122:  “"National Foundation for Celiac Disease Awareness." Celiac Disease and Mental Health. ]  [123:  Ibid. ] 


“There is something that happens to you when you feel unheard for so long. You die a little. I was physically, mentally and spiritually done. I was ready to take the obligatory prescription, along with the diagnosis of crazy, and go. I was done fighting for an answer and proving my sanity.”[footnoteRef:124] [124:  “Jennifer's Way - Learn to Live Again...Gluten Free." Jennifers Way. Web. 4 Nov. 2014.] 


For many, this anxiety comes from knowing that something is wrong, but not feeling as if their friends, families or doctors believe them. Doctors are notoriously villainized on celiac blogs and support groups. For example, glutendude.com, one of the most popular gluten-free blogs, has an entire section dedicated to “doctor horror stories” where readers can post their experiences of navigating diagnosis.[footnoteRef:125] There are several hundred stories posted, each as shocking and heartbreaking as the next. These complaints range from everything from simple frustrations with excessive testing to doctors walking out of the room, or accusing patients of lying about their symptoms.[footnoteRef:126]   [125:  Doctor Horror Stories. (2014, August 1). Retrieved February 7, 2015, from http://glutendude.com/doctor-horror-stories/]  [126:  Ibid. ] 


I want an official diagnosis, because I want appropriate follow-up care and I want to be able to tell people that I can’t eat that dish at the departmental lunch because of a diagnosed condition. I hate being that crazy girl who is self-diagnosing.[footnoteRef:127] [127:  Dear Gluten Dude: I Hate Being that Crazy Girl who is Self-Diagnosing Herself as a Celiac. (2014, January 16). Retrieved March 21, 2015, from http://glutendude.com/dear-gluten-dude/self-diagnosed-celiac/] 


On the other end of this spectrum, though, is the potential for over-diagnosis. Self-diagnosis of CD is rampant given the increase of media attention to CD and the GF diet. Along with self-diagnosis, more and more people are going to their physicians asking for CD tests. My physician informally noted that the number of tests they are ordering for CD has increased twenty-fold in the last year, largely because of patient requests. Although little formal research has been done to address the exact reasoning behind this desire for a CD diagnosis, it is plausible that the wide variety of symptoms associated with CD, including weight gain, fatigue, and nutritional deficiency, make it an attractive solution for other hard to diagnose conditions. 

The prevalence of media attention to CD may also be increasing the likelihood that a physician will diagnose it, even if it is unlikely to be the actual cause of symptoms. While not specific to CD, one study by Schmidt et al found that for multiple conditions, simply reading about a disease on the Internet increased the number of cases mistakenly diagnosed of said disease, correctly or incorrectly, with that disease by a hundred-fold.[footnoteRef:128] Prescribing a GF diet is an easy solution for getting repeat patients out of the office.  [128:  Schmidt, H., Mamede, S., Berge, K., Gog, T., Saase, J., & Rikers, R. (2014). Exposure to Media Information About a Disease Can Cause Doctors to Misdiagnose Similar-Looking Clinical Cases. Academic Medicine, 1-1. Retrieved February 7, 2015, from http://www.ncbi.nlm.nih.gov/pubmed/24362387] 


I didn’t know anything was wrong with me. I know I felt tired and I know I was pretty thin, but I didn’t know. I didn’t realize at the times that I was particularly symptomatic… those links, they all come back to coeliac disease, but on their own you don’t pick up on them, the doctors don’t pick them up.[footnoteRef:129] [129:  Taylor, E., Dickson-Swift, V., & Anderson, K. (2012). Coeliac disease: The path to diagnosis and the reality of living with the disease. Journal of Human Nutrition and Dietetics, 340-348.] 


The contrast between under- and over-diagnosis of CD creates a conundrum for the medical community. Proper testing for CD is expensive, costing anywhere from $100 - $3,000 and unnecessary adherence to the GF diet can have negative health impacts, like decreased nutrtion or increased stress.[footnoteRef:130] Extensive media attention to CD and the GF diet has led to a public mistrust of diagnosis, both positive and negative, and has caused many people to continue to believe they may have CD despite not carrying the gene. The hesitancy to over-diagnosis CD increases the burden of over-diagnosis for those who actually do have CD, causing devastating symptoms to persist for a disease with such a sure-fire cure. The only thing that is clear when it comes to the diagnosis of CD is that it is imperative that education be improved for both patients and physicians. Only this can ensure that testing is made available for those who really need it.  [130:  "National Foundation for Celiac Disease Awareness." Celiac Disease and Diagnosis. Web. 15 Nov. 2014. <http://www.celiaccentral.org/diagnosis/>.] 


Giving Up Gluten
Natalie - Your test for celiac disease is positive. I recommend that you consider going on a gluten-free diet for the next 3 months and monitor for improvement in your symptoms. We can then discuss at your next follow-up visit. Please let me know if you have any questions or would like to discuss via phone. – Dr. XXXX

Ironically, when I received the above email I was eating some cookies that a friend and I had just baked. My doctor and I had decided to test for celiac as a Hail Mary in an attempt to explain my bizarre list of symptoms. I had very little faith that that this test would be the answer. When I read that word ‘positive’ I actually spat the cookie half way across the room – I was just so flabbergasted that gluten had been the cause for so many months of agony. I laughed with my friend. “All right, so no more gluten. How hard could that be?”

I figured that ‘no gluten’ meant I would just have to avoid eating bread, pizza, pasta, etc. I quickly discovered that eating GF was far more difficult than that.  Certainly my first assumption was correct. As outlined in Chapter One, gluten is a protein found in wheat, barley, rye and some oats and is made up of two subunits gliadin and glutenin. In the presence of water the two proteins change shape and bond, creating an elastic network. [footnoteRef:131]  In baking, this elastic network traps CO2 and swollen starch molecules, helping it to rise and giving it a chewy, stretchy texture. Varying the amount of gluten protein in baked goods alters their structure, and many bakers add extra gluten to their flours to increase stability. [footnoteRef:132] Breads need high-gluten flours, while cakes and more crumbly goods need barely enough to hold them together. All-purpose flour contains a middle range of gluten protein, making it perfect for piecrusts, cookies, and anything that falls somewhere between bread and cake on the chewy spectrum.[footnoteRef:133]  [131:  "Science: A Closer Look at Gluten." YouTube. YouTube. Web. 15 Nov. 2014. <https://www.youtube.com/watch?v=zDEcvSc2UKA>.]  [132:  Ibid.]  [133:  Ibid.] 


However, gluten is also frequently used as an additive to improve the texture, flavor and color of processed foods. It is isolated from wheat through a number of washes with water until the glutenin and gliadin starches dissolve and separate. Its elastic property makes it a good thickening agent that is resistant to the extreme kneading used in commercial kitchens.[footnoteRef:134]  Wheat is heavily subsidized by the US government and is an incredibly cheap way to add bulk to processed foods.[footnoteRef:135] It is found in thickened soups and salty soy sauce, and adds cheap protein to vegetarian meat substitutes.[footnoteRef:136] Gluten is hidden in a number of common ingredients such as hydrolyzed vegetable protein, modified food starch, natural flavoring, dextrin, maltodextrin and caramel coloring. [footnoteRef:137] [134:  Day, L., Augustin, M., Batey, I., & Wrigley, C. (2006). Wheat-gluten Uses And Industry Needs. Trends in Food Science & Technology, 82-90.]  [135:   2012 Farm Subsidy Database. (2013, January 1). Retrieved March 20, 2015, from http://farm.ewg.org/progdetail.php?fips=00000&progcode=wheat]  [136:  "Science: A Closer Look at Gluten."]  [137:  Perlmutter, D., & Loberg, K. (2013). Grain brain: The surprising truth about wheat, carbs, and sugar--your brain's silent killers (1st ed.). New York, NY: Little, Brown and Co.] 


As little as 50 mg of gluten per day can trigger symptoms in someone with CD. [footnoteRef:138] This is about .0033 tablespoons or 1/100 of slice of bread. It is also enough gluten to be picked up on a grill or a manufacturing line used for wheat products, or in water that has already been used to boil wheat pasta. This low threshold of gluten sensitivity makes it imperative that celiacs know every single thing that goes into the food they eat and it bars them from eating any number of foods.  [138:  Catassi C, et al. A prospective, double-blind, placebo-controlled trial to establish a safe gluten threshold for patients with celiac disease. The American Journal of Clinical Nutrition. 2007;85(1):160–6.] 


The first step after a CD diagnosis is scouring the kitchen with a fine-tooth comb and a list of hidden gluten ingredients. The second step is trying to take that comb to the world. 

The Social Burden of CD

There are few conditions that are treated by dietary changes in such a black and white manner as CD. A majority of patients report significant improvement of CD symptoms with strict adherence to the GF diet. I firmly believe that when Hippocrates said, “Let food be thy medicine and let medicine be thy food,” he was referring to CD. However, we must also consider a second quote from Jean Brillat-Savarin, “Tell me what you eat and I’ll tell you who you are.” We are in many ways defined by the food we eat. It is the recipes passed down from our ancestors, the tastes with which we have grown up, and the choices we have made as individuals. Any dietary restriction carries heavy consequences when it comes to changing your culture, but the presence of gluten in so many culturally significant foods can make adhering to the diet almost unbearable for many. 

When I gave up gluten that rainy morning in December, I stood in the kitchen and cried. Partly because I believed this was the reason for my sickness and I could soon be well. Partly because if this “gluten thing” was truly the problem, I thought I could never eat my favorite foods (bread, pasta and cake) again.[footnoteRef:139]  [139:  My Gluten-Free Story. (n.d.). Retrieved October 15, 2014, from http://www.glutenfreegluten.com/about/my-gluten-free-story/] 


Science is really good at quantifying biological impacts of diseases, but it is hard to quantify the social burden that this diet can have on a patient. Several studies have attempted to bridge this gap through extensive analysis of interviews with celiac patients and have identified isolation, shame, worry and fear as common descriptors for patient perception of the illness and its dietary burden. [footnoteRef:140] Addolorato et al., one of the earliest studies to examine the psychological burden of CD during diagnosis, found that while both anxiety and depression were high at the time of diagnosis with CD, a year out only levels of anxiety had decreased. At the time of diagnosis they found that anxiety and depression are both caused by the biological symptoms of CD (malnutrition and cerebral blood flow abnormality) and the psychological effects of coping with an unidentified chronic disease. Upon diagnosis, symptoms of anxiety improved with physical symptoms, but already present depression was sustained or worsened through the social conflicts imposed by the diet.[footnoteRef:141]   [140:  Sverker, A., Hensing, G., & Hallert, C. (2005). 'Controlled by food'- lived experiences of coeliac disease. Journal of Human Nutrition and Dietetics, 171-180.]  [141:  Addolorato, G., Leggio, L., D’angelo, C., Mirijello, A., Ferrulli, A., Cardone, S., ... Gasbarrini, G. (2008). Affective and Psychiatric Disorders in Celiac Disease. Digestive Diseases, 140-148.] 


Delving into just what it is about the diet that makes it so intrusive on normal social function, Lee et al. found that over 45% of patients report that their health needs have negatively impacted their interaction with friends, family or social groups quite severely. The GF diet has prevented them from travelling, eating out, and going to other social activities centered on food .[footnoteRef:142] The months following my diagnosis were spent scouring ingredient labels, and almost daily I would cross foods off my list of favorites and realize that I would never eat them again. The once unnoticed significance of food in rituals such as Sunday brunch, birthdays and 2.00 A.M. taco-truck trips became shockingly clear. One of the most common complaints from patients is the painful realization that their wedding cake will be gluten-free. [142:  Lee, A., Ng, D., Diamond, B., Ciaccio, E., & Green, P. (2012). Living with coeliac disease: Survey results from the USA. Journal of Human Nutrition and Dietetics, 4.] 


I know it can all return: to this day if I accidentally get glutened so many symptoms come back. And fast! Within an hour I gain those 5-6 inches. And that super-amped anxiety will return that night – with a vengeance! – and I can’t sleep for days. And it takes nearly a week for the really bad stuff to subside and a few weeks to totally go away. But it eventually disappears again. The body is an amazing thing.[footnoteRef:143] [143:  My Gluten-Free Story. (2011, January 1). Retrieved March 20, 2015, from http://www.glutenfreegluten.com/about/my-gluten-free-story/] 


The GF diet was found to have the biggest effect on a person’s ability to eat out of the house, with 25-30% of patients reporting not going out to eat at all.[footnoteRef:144] The average American eats out five times a week for social gatherings, business meetings or simply squeezing in a quick bite during a jam-packed day, and most people enjoy the experience. While many restaurants are creating GF menus, it is hard to prevent gluten cross-contamination in busy kitchens. For celiacs, not being able to go out means missing out on those lunchtime work meetings, or a best friend’s birthday dinner, or even on being able to travel too far from their home. It is hard to argue that restaurants should be responsible for ensuring that their customers have GF options – maintaining such high standards can be costly and impractical. But it is a serious problem for celiacs, who find themselves weighing the safety of potentially gluten-thickened salad dressing, or a sandwich that may well have been made with GF bread but even so have picked up enough crumbs of gluten on the grill to reverse weeks of austere dietary precaution.  [144:  Lee et al. Living with coeliac disease. ] 


Beyond birthday cakes and dinner parties, Leffler et al. found that 37% of CD respondents avoided meaningful religious practices in order to maintain their GF diet. For instance, bread and wheat are rampant throughout the Christian Bible and serve as a foundation for building a sense of community and relationship with God. Corinthians 10:17 states, “For we [being] many are one bread, [and] one body: for we are all partakers of that one bread.” Matthew 26:26: “And as they were eating, Jesus took bread, and blessed [it], and broke [it], and gave [it] to the disciples, and said, Take, eat; this is my body.”

The word communion literally means, “to share in common.” In the Christian church, taking Holy Communion allows followers to connect not only with God but also with a larger community over a shared “meal.”  Every member of the congregation partakes in the same breaking of bread and drinks from the same chalice, creating a sense of unity and connection with people they may never have so much as spoken to. The idea is that it does not matter who you are; you are all connected by a belief in, and celebration of, the same god. 

Without bread, however, it is easy for this shared experience to be lost. Although a few groups have created gluten-free communion wafers that are widely accepted in most churches, Canon Law states that for communion, the bread must be wheaten only, and recently made, so that there is no danger of corruption. Catholics believe in the Eucharist, i.e. that bread is literally turned into the Body of Christ during mass and that consuming the body of Christ allows Him to live on through his followers. Gluten-free wafers cannot truly become the body of Christ and are thus unacceptable. The church suggests that consuming only wine, the blood of Christ will do., Bbut this presents additional problems as one tradition of communion involves dipping the bread into the wine, which spreads enough crumbs to trigger celiac symptoms for anyone who drinks from it. Some churches have begun to offer a separate chalice for those who cannot eat gluten, but can one truly be connected to the congregation while drinking from a separate cup? 

“The hard thing is not really the food. It’s just that you can’t be like everyone else, that’s heavy.”[footnoteRef:145]  [145:  Olsson et al. "Food That Makes You Different: The Stigma Experienced by Adolescents With Celiac Disease." ] 


The studies outlined in this section show that while the GF diet may fix the biological symptoms of CD, the social burden of the disease leaves a huge hole in the full recovery of a patient’s quality of life. The ritual significance of food is often overlooked. It is very easy to dismiss the problem. —Iit is “just food,” after all., Bbut nourishment is far deeper than the simple act of eating calories to produce energy. While the impact of food and food-based rituals varies from patient to patient, the aforementioned studies show that these aspects of the disease can strongly affect quality of life and need to be better addressed in the prescription of the GF diet. 

Growing Up Gluten-Free 

A large proportion of CD diagnoses come before patients are even able to cook or order for themselves. Children with CD face all the obstacles mentioned earlier, and more. Young patients (less than 29 years old) report a more negative impact of the GF diet than older patients, and tend to have substantially lower adherence to the gluten-free diet.[footnoteRef:146]  Although CD symptoms are much more reversible in children with less substantial microvilli damage, many face recurrent symptoms and do not heal as well as they should due in part to the barriers they face in keeping GF. This disproportionately low adherence likely comes from a combination of not being able to access safe GF food or reliance on a guardian to provide such food and a desire to appear “normal,” which may result in making riskier decisions when it comes to eating GF.[footnoteRef:147] [146:  Ukkola, A. (2012). Patients' experiences and perceptions of living with coeliac disease - implications for optimizing care. Journal of Gastrointestinal and Liver Diseases, 21(1), 17-22.]  [147:  Olsson, C., P. Lyon, A. Hornell, A. Ivarsson, and Y. M. Sydner. "Food That Makes You Different: The Stigma Experienced by Adolescents With Celiac Disease." Qualitative Health Research (2009): 976-84. Print.] 


Children with CD are often not able to advocate for themselves when it comes to ordering or preparing meals, which can make dietary adherence difficult. Most schools do not offer GF foods in the cafeteria and it is commonly recommended that parents pack their children’s lunches.  Children whose schools do provide GF foods report that it is often forgotten or given to other students out of confusion. For children who are too young to remind people about their dietary restrictions, parents have to spend extensive time working with teachers and staff to make sure that their child does not accidentally eat something; gluten poisoning among younger celiacs is frequent. A similar burden comes with play dates and other activities. The burden is then placed not only on the parents of the child with CD, but also on those who may look after the child.  Since there are so many hidden sources of gluten it becomes a nightmare to ensure a safe diet when a child is eating food provided by people who may not be knowledgeable about what is safe and what is not. Children report having their condition minimized by adults who did not understand the severity of the condition, and who even told them that non-GF foods were safe to eat. 

Children with CD describe a burdensome impact of always having to take extra precautions regarding food. There is a whole realm of psychology that focuses on the social identities that people construct through the narratives, actions and personal information that they reveal to others.[footnoteRef:148] Between the ages of ten and twelve is when we start to define things that we like and do not like, and where we want to go in life.  Often kids with CD begin to define themselves primarily as being different. So much of growing up happens around birthday parties and sleepovers, going out to meals without parents for the first time, and even sneaking that first beer. Just as adults struggle with work lunches and church rituals, a child growing up with CD finds that food-centered rituals events become a huge burden and often an opportunity to be set apart rather than included. A celiac diagnosis at any age is hard, but during a time when the patient is constructing their sense of self the diagnosis can be life shattering.  [148:  Olsson et. al. "Food That Makes You Different”, 976.] 


“Sometimes when I take my food, it’s as if everyone stares at me… “What kind of strange and disgusting food are you eating?” Most likely, they don’t think so but that’s how I feel.”[footnoteRef:149] [149:  Ibid. 980.] 


A Swedish study addressing the stigmatization of CD and the GF dietD found that in general adolescents thought very little about their disease at home or in day-to-day life. In these situations, and when symptoms were under control, the disease was considered to be invisible.  However, the patients reported serious distress in situations where their disease became visible. Previous studies have affirmed this relationship in other chronic diseases such as psoriasis, epilepsy, chronic fatigue, and juvenile arthritis.[footnoteRef:150],[footnoteRef:151] Children can be cruel, and often any sign of being different can spiral into social disapproval.  Everyone faces this at some point in their life, be it when they get braces or develop acne, but with CD it can be particularly detrimental.  While other diseases become burdensome when the child goes through a flare-up every month or so, the presence of CD has the potential to be revealed at every single meal.  [150:  Åsbring, P., and A-L. Närvänen. "Women's Experiences of Stigma in Relation to Chronic Fatigue Syndrome and Fibromyalgia." Qualitative Health Research (2002): 148-60. Print.]  [151:  Guell, C. "Painful Childhood: Children Living With Juvenile Arthritis." Qualitative Health Research (2007): 884-92. Print.] 


“I don’t want other people to feel sorry for me be because I have celiac disease.”[footnoteRef:152] [152:  Olsson, "Food That Makes You Different”, 979.] 


Children were especially worried about the burden that their diet places on others. While adults focused on minimization of their disease, children also reported amplification of their condition to the point of being embarrassed or feeling pitied. Many expressed feelings of guilt or fear of being a burden, and several described feeling that they were broken. Older children often face the difficulty of making their friends eat at restaurants with good GF options and may be bullied or not invited to gatherings because of their restrictions. 

“I think it’s crappy, because it’s so difficult when you are first visiting someone, or the first time you are visiting a boyfriend. Then it’s so hard to say “I can’t eat this”… Then I feel like everyone has to make sacrifices and buy other food, more expensive food. I found it hard. And you just can’t eat what you like.”[footnoteRef:153]  [153:  Olsson, et al. "Food That Makes You Different”. ] 


Between the inability to self-advocate for gluten-free food and the guilt and emotional burdens of having a diet that is so different from everyone else’s,, iit is unsurprising that younger people with CD have more dissatisfaction with the diet. To cope with these burdens, children often concealed their condition from others and were more likely to intentionally eat gluten than their adult counterparts.[footnoteRef:154]  [154:  Ibid.] 


Interestingly, a survey of primarily adult patients with CD found that perception of negative impact on quality of life on the diet decreases significantly over time. Overall quality of life was rated positively in 84% of patients who were diagnosed as children, whereas it was only 50% in those diagnosed later in life.[footnoteRef:155] There are two ways to interpret these figures, and both interpretations are likely to play a part. The first is that life as a child with CD is so filled with struggle that once they become adults and can shop and choose for themselves it is easier.  The second is that with gluten’s ubiquitous presence in life, the GF diet has a steep learning curve, and children with CD grow into adults who know the ins and outs of how to not get ‘glutened,’ and who may not even remember life without the diet. They also build up a thick skin for some of the social complexities of the diet. Regardless, success with the GF diet appears to come from gaining the ability to control a diet that seems to affect every aspect of life.    [155:  Lee, A., Ng, D., Diamond, B., Ciaccio, E., & Green, P. (2012). Living with coeliac disease: Survey results from the USA. Journal of Human Nutrition and Dietetics, 4.] 


Gluten-Free Families and Households

Family dinners are the time for duels over the last dollop of mashed potatoes. They are for learning to bake Grandma’s secret pecan pie recipe. They are for catching up after a long day at school or work, and for talking about the future and dinners to come. For many families, dinner is the only time in the day to be a family—but for the families of the 12 % of the population with CD, family dinners are changing. 

As a genetic condition, the most immediate impact of CD on the family is in an increased likelihood that they will have the disease. The National Foundation for Celiac Awareness (NCFCAC) reports that 1 in 22 first-degree relatives and 1 in 39 second-degree relatives of someone with CD will develop the condition.[footnoteRef:156] NFCANCFC encourages family members to undergo testing as soon as a member of their family is diagnosed with CD, or is even found to be positive for the HLA-DQ2 or DQ8 allele. Testing in at-risk populations, such as family members, can reduce the morbidity of undiagnosed CD and can allow patients who may be genetically positive for the disease to watch for triggering before extensive biological damage can be done.[footnoteRef:157] [156:  National Foundation for Celiac Disease Awareness. (2014, September 1). Retrieved February 18, 2015, from http://www.celiaccentral.org/familytalk/]  [157:  Ibid. ] 


Structure and social support are the biggest shortcomings in GF treatment for patients with CD, and family members are generally the most immediate option for support. .Nevertheless, a majority of celiac patients felt excluded or saddened by their family’s response to their diagnosis.[footnoteRef:158] Literature on the impact of family support and specific patient out comes in terms of CD is limited, but other studies of chronic disease management and family support can shed light on the ways in which family interactions influence disease perception. In chronic disease management, positive outcomes are associated with family emphasis on self-reliance and personal achievement, family cohesion, and attentive responses to symptoms were associated. Conversely, critical, overprotective, controlling, and distracting family responses to illness management were associated with negative patient outcomes.[footnoteRef:159] [158:  Sverker, A., Östlund, G., Hallert, C., & Hensing, G. (2007). Sharing life with a gluten-intolerant per- son—The perspective of close relatives. Journal of Human Nutrition and Dietetics, 20, 412– 422. ]  [159:  Rosland, A. M., Heisler, M., & Piette, J. D. (2012). The impact of family behaviors and communica- tion patterns on chronic illness outcomes: A sys- tematic review. Journal of Behavioral Medicine, 35, 221–239. http://dx.doi.org/10.1007/s10865- 011-9354-4 ] 


When I was first diagnosed with celiac and food allergies, my kids were in high school. No one else in our extended family had food allergies. So I basically changed my diet but no one else did. This proved to be really hard. I was cooking two different meals at mealtimes. I always made wheat spaghetti and gluten-free spaghetti. It got tiring! For those who have younger kids, I think it would be easier, but my teenage sons and husband were used to eating certain favorite foods, like pizza, and thought my “health food” was gross. [footnoteRef:160] [160:  Personal Interview with Amy Tracy of Allergic Foodie  ] 


As a food-centric disease, CD requires the emotional support associated with other chronic conditions, but the need for hyper-vigilant adherence also makes it critical for families to support the patient in accessing safe food. For some this means creating an entirely gluten-free home in solidarity, or preparing a GF option in addition to the main family meal. Finding the right balance in families with celiac and non-celiac members can be one of the biggest challenges in coping with the diagnosis. Sharing a kitchen means taking extra precautions with washing dishes and storing ingredients. This is especially troublesome for celiacs in college, who often end up seeking GF roommates to avoid conflicts.  

I know many households who eat strictly gluten-free, and if I’d been diagnosed earlier I probably would have transitioned to a no-gluten kitchen and pantry. Young kids are adaptable. I think wives are often willing to adapt to dietary changes for their spouse’s health. It’s the men who aren’t always willing to change. At least that’s my own experience and what I hear from my readers.[footnoteRef:161] [161:  Ibid. ] 


Interestingly, there is a strong gender divide when it comes to caring for celiacs in the family. Mothers tend to carry more of the burden of diagnosis, assuming a majority of responsibilities of maintaining the GF diet.[footnoteRef:162] This follows the trends of other chronic diseases and the traditional gender roles of mothers as caregivers.[footnoteRef:163] More so than fathers, mothers also expressed a need to educate others about their child’s condition and about their ways of coping with the illness. There is an abundance of celiac blogs blogs, which are written and run by mothers with CD or celiac children, attempting to share their stories with other families in a similar position. Bacigalupe et al. also highlighted that mothers were frequently frustrated by their partner’s reaction to the celiac diagnosis and their lackadaisical approach to caring for celiac family members.[footnoteRef:164] Even in cases where the husband suffered from the disease and the wife did not, the female figure was more likely to organize for the dietary restrictions. Marital strain was common in parents or couples with a celiac family member, and often contributed to the already negative social burden of the disease.[footnoteRef:165] [162:  Bacigalupe, G., & Plocha, A. (2015, January 12). Celiac Is a Social Disease: Family Challenges and Strategies. Families, Systems, & Health. Advance online publication. http://dx.doi.org/10.1037/fsh0000099 ]  [163:  August, K. J., & Sorkin, D. H. (2010). Marital status and gender differences in managing a chronic ill- ness: The function of health-related social control. Social Science & Medicine, 71, 1831–1838. http:// dx.doi.org/10.1016/j.socscimed.2010.08.022 ]  [164:  Bacigalupe, G., & Plocha, A. (2015, January 12). Celiac Is a Social Disease: Family Challenges and Strategies. Families, Systems, & Health. Advance online publication. http://dx.doi.org/10.1037/fsh0000099]  [165:  Ibid. ] 


“My husband doesn’t really get caught up in the drama of it. In some ways it hasn’t affected him as much as it has me, because he hasn’t had to leave work…. And he doesn’t research the products; he doesn’t make sure all the things are safe.”[footnoteRef:166] [166:  Ibid.  ] 


As for the ritual value of food, times with family can also be the hardest. Holidays, birthdays, reunions and family dinners are notoriously hard for celiacs, especially in the early stages of disease management. My fondest memories of my grandma involve learning her recipes, almost all of which contained gluten. Time in the kitchen was time away from the TV or the computer screen; we had so many really great conversations over gravy and Christmas cookies. Sure, there are recipes for GF cookies and gravy, but they do not have the burn marks from the time we caught the recipe card on fire – which always sparks laughter and stories – or the spilled orange juice stains from when I was four. And they certainly would not be the same cookies that my grandma made with her mom, and that her mom had made with my great-great grandma.  For all of the biology, studies and publicity campaigns, I do not think that my grandma would ever understand why I could not make those cookies with her again. 

Celiac Is the New Black: Trendiness and Disease 

One could not write a sufficient piece on CD without mentioning the gluten-free diet trend, which has echoed the recent rise in diagnosis prevalence. Following on the heels of fad diets like Atkins, macrobiotics, Paleo and low-fat gluten-free appears to be the diet du jour. As with most diet fads, gluten-free is a desperate attempt at a “quick-fix” answer for the increase in diet-related morbidity. But unlike other with diet fads, the celiac population gives the GF diet the pseudo-scientific basis to sustain it. 

As outlined in chapter one, while celiac has a fairly defined etiology, there are a lot of grey areas in its actual symptoms.  So many of the symptoms of CD, like weight gain, vitamin deficiency and chronic fatigue, are congruent with the medical ailments of modern society. For people with CD, the GF diet truly can be that miracle cure advertised on the cover of every checkout line magazine. But for those without CD the diet is probably not all it is cracked up to be. 

Much of the wildfire spread of the GF diet spurred from a study published in 2011 by Peter Gibson, which concluded that, “non-celiac gluten intolerance may exist, but no clues to the mechanism were elucidated”.[footnoteRef:167] The results were unassuming and acknowledged tremendous lurking variables, but lent credibility to already present buzz about the benefits of a GF diet for people who had tested negative for CD.[footnoteRef:168] Gibson followed up this publication with a study that eliminated some of the variables of the first by varying amount of fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) as well as gluten consumed by patients. In this new study he found that patients were in fact reacting to the FODMAPs and not gluten.[footnoteRef:169]  New research into the significance of FODMAPs is underway and may offer a cure for those with non-celiac sensitivity. However, despite these results the GF trend continues with little scientific backing and has only been exacerbated by books like Grain Brain and Wheat Belly which top the NY Times bestseller list and claim to have the quick and simple cure for obesity, diabetes and Alzheimer’s.[footnoteRef:170],[footnoteRef:171]  [167:  Biesiekierski JR, Newnham ED, Irving PM, Barrett JS, Haines M, Doecke JD, Shepherd SJ, Muir JG, Gibson PR. “Gluten causes gastrointestinal symptoms in subjects without celiac disease: a double-blind randomized placebo-controlled trial.” Am J Gastroenterol. 2011 Mar;106(3):508-14; quiz 515. doi: 10.1038/ajg.2010.487. Epub 2011 Jan 11. ]  [168:  Ibid. ]  [169:  Ibid.  ]  [170:  Perlmutter, D., & Loberg, K. (2013). Grain brain: The surprising truth about wheat, carbs, and sugar--your brain's silent killers (1st ed.). New York, NY: Little, Brown and Co.]  [171:  Davis, W. (2011). Wheat belly: Lose the wheat, lose the weight, and find your path back to health. Emmaus, Penn.: Rodale.] 


Google search trends paint a clear picture of the separation of GF from CD. It is no longer just celiacs who are worried about gluten and thethe number of Google searches for “gluten” and “gluten-free” has risen disproportionately beyond the number of searches for “celiac,” which has actually decreased in the last few years (Fig. 8).  In comparison to other fad diets, GF outranks them all, followed by none other thanand is followed second by the Paleo diet, which is arguably no more than a modification of gluten free. Interestingly, the Mediterranean diet, which is the most widely recommended for the average population diet by nutritionists, steadily receives the lowest search traffic (Fig 9).  

[image: ]            [image: ]Figure 8: Google search trends for gluten-free (blue) v. celiac (red).   


Figure 9: Google search trends for popular diet trends – gluten free (blue), the Mediterranean diet (red), Atkins (yellow), Paleo (green), low-fat (purple). 





But how does this GF epidemic pandemonium actually affect celiacs? The relationship seems to be love-hate. On the ups love side for celiacs, one percent of the population does not have a ton of market power, but one third of the population does. You can now get gluten-freeGF Girl Scout cookies and baklava; many restaurants have a dedicated GF menu. Because of the diet fad, CD has received more awareness and media attention, both good and bad, than almost any other disease of its kind.  
	
But on the hatedown side, with the trend comes severe backlash to people who legitimately have CD. With every third person being “gluten-free” the severity of the condition has become minimized, and has in fact attracted a strong negative connotation to the disease. More often than not, when I ask for gluten-free in a restaurant someone will ask if I really have celiac or am I just one of those people. Thick-skinned celiacs can brush this off, but this public perception of GF as being an illegitimate issue can increase feelings of social isolation.[footnoteRef:172]  [172:  Popular media has had a hay day ridiculing the GF trend and people who are gluten intolerant. For a laugh that is scarily close to the truth check out -  https://www.youtube.com/watch?v=Oht9AEq1798] 


Further, many restaurants and companies have picked up on the marketing benefit of GF and will use it as an advertising ploy without taking the necessary precautions to ensure that food is safe. A majority of people who are on a GF diet now will neither notice nor complain if their food is contaminated with gluten. This makes restaurants believe their products are safe and thus will continue to advertise themselves as being safe for celiacs, even though they are not. Some companies like Schar take this seriously, and Dr. Lee explains that: 

“We want to focus our efforts on the people who really need GF food. Yes, those who eat GF as a life-style choice are great because they give us a customer-base, but we want to make sure our priority is providing safe food to those who may not have other options.”[footnoteRef:173]  [173:  Personal Interview with Anne Lee of Schar Institute] 


The other important aspect of the trend is that it is likely only transitory. Now seems like a great time to be diagnosed with CD because there are so many GF products. But will this be sustained if the trend diminishes? For many, the attractiveness of the diet stemmed from the positive reaction of patients to the GF diet since it eliminated “unhealthy” foods like cupcakes and Oreos and made people healthier than they were before developing CD. With so many people eating GF there is a market for comestibles like GF Oreos; it is much easier to continue to eat cake and cookies and pizza. This will likely limit the perceived effectiveness of the GF diet for celiacs and non-celiacs alike. Removing gluten from the diet is by no means a miracle cure, and just because a food is GF does not mean it is nutritious. Companies who produce GF foods will only do so if it is profitable, and a drop in the GF buying force may result in more limited options for celiacs. 



The inseparable nature of the GF diet and sociocultural relevance of food poses an interesting paradox in its research and treatment. Understanding the sociocultural aspects of diseases has never been a strong point of Western medicine, but the relationship between the aforementioned factors and dietary adherence is forcing researchers to bring social science back to the bench. Unlike more traditionally complex diseases – like obesity and diabetes – CD and food are undeniably intertwined, and make it easier to isolate the bigger factors. By examining the ways in which individuals perceive their management of CD and the GF diet, we can later apply that knowledge as people move through dietary changes for other diseases. Just as CD will serve as a biological model for autoimmune and microbiome research, it offers compellingexciting potential for understanding the more cultural side of food as medicine. 





















Chapter III- Medicine Off the Prescription Pad

Having outlined the problems that come with CD on both biological and sociological scales, how do we move forward in treating a disease in an interdisciplinary manner? I am still amazed by the extent to which that email from my doctor failed. Her oh-so-simple statement “consider going on a gluten-free diet” drastically understated the changes that I would have to make in my lifewas to face. The non-traditional nature of the disease – and holes shortcomings inin the medical system’s ability to treat the diseaseit – have led patients to get seek support f support for their from non-traditional healthcare sectors of the healthcare system. These include food manufacturers, private companies, blogs, and support groups.  

There are many obstacles to the proper treatment of CD, the most important of which is that in the US we do not consider diet as disease.food does not carry the same weight as pharmaceuticals.  Quality of life for people with CD could easily be improved by early diagnosis, increased availability of gluten-free foods, improved food labeling, and better dietary instruction. Education about CD and its treatment, for both physicians and dietitians, is absolutely essential. [footnoteRef:174] In Italy, for example both food and CD are treated more seriously and holistically, improving conditions for celiacs.  [174:  Zarkadas, M., Cranney, A., Case, S., Molloy, M., Switzer, C., Graham, I., ... Burrows, V. (2006). The impact of a gluten-free diet on adults with coeliac disease: Results of a national survey. Journal of Human Nutrition and Dietetics, 41-49.
] 






Gluten Free Foods and Medications
Ten years ago, designated GF foods were scarce, dabbled scattered between dairy-free and sugar-free products and mainly only available in co-ops and health food stores. Today, GF labels have infiltrated nearly every aisle of even big box grocers and are sold under familiar brands such as Pillsbury and General Mills. As a disease with symptoms provoked by food, the obvious first-line treatment for CD is to create a diet that is completely stripped of gluten.  
The first major issue in GF foods and medications is labeling. In August of 2013 The Food and Drug Administration (FDA) officially defined the term “gluten-free” for voluntary labeling use as being any food tested to have less than 20 parts per million (ppm) of gluten.[footnoteRef:175] This regulation only applies to packaged foods controlled by the FDA. This excludes foodsFood such as meat—which, surprisingly , often contains gluten-- poultry and alcohol alcohol come under the auspices of the US Department of Agriculture (USDA) and are not subject to GF labelingthe ruling.[footnoteRef:176] Additionally, any food that is prepared in a restaurant or other establishment may use the term GF freely, although it is recommended that, “Given the public health significance of “gluten-free” labeling, restaurants making a gluten-free claim on their menus should be consistent with FDA’s definition.”[footnoteRef:177]  [175:  Questions and Answers: Gluten-Free Food Labeling Final Rule. (2014, August 5). Retrieved February 1, 2015, from http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Allergens/ucm362880.htm]  [176:  Ibid. ]  [177:  Ibid. ] 


Of importance is the Food Allergen Labeling And Consumer Protection Act of 2004 (FALCPA) which seeks to, “improve food labeling information for the millions of consumers who suffer from food allergies” by requiring that major allergens like wheat, nuts and shellfish be labeled on FDA regulated food and drugs.[footnoteRef:178] The move from the FDA to define standards for voluntary gluten labeling was required by the FALCPA, but the act itself does not cover gluten. Because of this, drug manufacturers are not required to clearly label products, which can be problematic for not only for celiacs seeking safe medications and over the counter (OTC) remedies, but also for doctors trying to prescribe safe drugs for their patients.[footnoteRef:179]  This method of labeling is incredibly confusing and creates a number of problems for celiacs. Celiacs have to be wary of everything from birth control to pain killers and they may never know if they are truly safe to take a medication. Since only packaged foods are regulated, non-GF foods may be assumed to be safe when they are not.  [178:  Food Allergen Labeling And Consumer Protection Act of 2004. (2006, October 1). Retrieved February 25, 2015, from http://www.fda.gov/food/guidanceregulation/guidancedocumentsregulatoryinformation/allergens/ucm106890.htm#gluten]  [179:  Ibid. ] 


Labeling aside, the GF diet can be achieved through two types of foods– naturally occurring GF (fruits, vegetables, unprocessed meat, fish and poultry) and GF-substitutes (pasta, bread, crackers and snack foods). The total market for GF foods is estimated at somewhere between $8.8 and 15.4 billion dollars,[footnoteRef:180] a 63% increase since 2012, and it is only projected to continue to rise – perhaps by an estimated 40% in 2016.[footnoteRef:181],[footnoteRef:182] [180:  Actual figure is dependent on the definition of GF Food.]  [181:  Watson, E. (2014, February 2). What is the Size of the Gluten-Free Market? Retrieved February 27, 2015, from http://www.foodnavigator-usa.com/]  [182:  Gluten-free foods surge 63% in last two years. (2014, November 1). Retrieved February 27, 2015, from http://www.mintel.com/press-centre/food-and-drink/gluten-free-foods-surge-63-percent] 

Before the GF trend hit in the early 2000s,  the first group of foods, those foods considered naturally GF, were the bread and butter of celiac patients. The role of gluten as an additive and its ubiquitous presence is in so many processed foods pushed celiacs towards whole foods—produce and minimally processed meats, nuts, dairy and whole grains such as brown rice. These foods are expensive and can be time-consuming to prepare, but they pushed people with celiac disease into an often healthier diet than one containing gluten. By scrupulously maintaining control over their diets, celiacs report not only seeing benefits as the intestinal microvilli healed, but also a nutritional return to health beyond that of the average American. The diet eliminated everything from cupcakes to French fries, and shifted impulse purchases from Starbucks muffins to packages of nuts.  While the source cannot be pinpointed, it is likely that this ascent to “superior” health in celiacs is what spurred the aforementioned proliferation of the GF diet for non-celiacs and precipitated spin-off diets like the Paleo diet. 
While technically nutritionally adequate, the naturally GF diet left the full role of food incomplete. As discussed in the previous chapter, gluten-containing ingredients and processed foods have tremendous societal implications. This inadequacy led to the boom in the second group of foods – gluten substitutes. Through the substitution of alternative grains such as rice flour, potato starch and oat productss products, culturally significant foods, like birthday cakes, are now available in only slightly varied forms. Gluten substitutes have been around since 1981 – , bearing in mind that the celiac phenomenon wna wasere only attributed to gluten in 1955 – , but they have evolved drastically in the past 35 years.[footnoteRef:183]  The increase of sales of GF products have driven the boom, making the GF diet more accessible to a wider range of people, celiac and non-celiac alike.  [183:  History - Dr. Schar. (2014, January 1). http://www.drschaer.com/us/company/history/] 

Countering the nutritious advantage of many naturally GF foods, the biggest pitfall of these gluten-substitutesfoods is limited healthiness. To ensure that these grains work in recipes that developed with gluten, substantial processing is required. The most common substitutes are white rice, tapioca, and potato starch, which are low in fiber, vitamins and minerals. Xanthan gum, a GF lab-born and bacteria-secreted polysaccharide, can add gluten’s elastic properties to these flours, but nutritionally they do not retain the benefits of whole grains.[footnoteRef:184]  As far as the flavor profile is concerned, these already low-nutrient simple carbohydrates are supplemented with sugars and fats to improve the subpar taste of the non-gluten flours.  Nutrition in CD is critical, especially given that so many of the initial symptoms come from malabsorption. It is paradoxical to use nutritionally void foods to treat patients who already have severe nutritional deficits to overcome.  [184:  Day, L., Augustin, M., Batey, I., & Wrigley, C. (2006). Wheat-gluten Uses And Industry Needs. Trends in Food Science & Technology, 82-90.] 

Moving forward, the balance between nutrition in the biological sense and nutrition in the sociocultural sense is becoming one of the most pressing issues for the GF industry. An Italian company, Dr. Schar, was one of the first and biggest companies to create these GF substitutes. Now the company’s goal is to provide foods for all aspects of a healthy GF life. According to its Director of Nutritional services, Dr. Anne Lee, Schar operates on the philosophy that “whatever the occasion, there should be a GF food for it.”[footnoteRef:185]  [185:  Personal Interview with Anne Lee] 

For Schar, finding this balance means improving the nutritional context of some foods to create daily products like breads and cereals that are on par with, or better than, the original gluten-containing version. But it also means recognizing that not all foods with gluten are healthy and that there is a place for unhealthy foods in a healthy diet. Dr. Lee commented that,  “you wouldn’t have a healthy birthday cake, so it seems silly to expect to have a super-healthy GF birthday cake.” Her work in product development is heavily focused on ritual and addressing the biggest food-based holes that are identified by their focus-groupsfocus groups. The company spends a lot of effort on producing products to support occasions like holidays and family gatherings. Schar believes that GF Christmas cookies and cake flours can easily supplement traditional meals. 
The role of gluten-substitutes, foods that used to be exclusively manufactured by dedicated GF companies, have also been creeping into some of the largest gluten-containing product lines.  General Mills has been a major player in the evolution of the GF foods. The company launched GF Chex Cereal in July of 2008, and now market over 600 GF products, including a range of Betty Crocker cake and baking mixes.[footnoteRef:186] This monthIn March of 2015 the company announced that Cheerios, one of the brand’s best sellers, will be entirely GF-certified by the fall of 2015, a change that resulted from tweaking the original recipe to rely on GF oats instead of its traditional recipe. “This is exciting news for the cereal category, probably the biggest news since our commitment to whole grain in every box,” explained Jim Murphy President of the Big G Cereal Division.[footnoteRef:187]  [186:  "General Mills: Gluten-free." General Mills: Gluten-free. Accessed March 17, 2015. http://www.generalmills.com/en/Health/well-being/gluten-free.]  [187:  ] 

GF has also gained its place among Thin Mints and Samoas. This season, the Girl Scouts of America has introduced two lines of GF cookies, Trios and Toffee-tastics. , Krista Park, Northern Costal Pines Regional Communications and PR Director, commented that the cookies have received overwhelmingly positive feedback from consumers and Girl Scouts alike; 90% of purchasers say that they plan to buy the cookies again. As a whole, the organization boasts sales worth of more than  $790 million from over 200 million cookies packages to more than 50 million customers. Inclusion of the GF cookies was a decision based both on demand from customers and from addressing a need for inclusion among the Girl Scout troopInclusion of the GF cookies was a decision based both on demand from customers and from addressing a need for inclusion amongst the Girl Scout troops members who sell them. Ms. Park explained that, “Any Girl Scout can participate in the Cookie Program.  However, having a variety that is reflective of a girl’s diet and lifestyle is another way to feel that Girl Scouts is an inclusive organization.  In addition, a girl can enjoy a Girl Scout Cookie with her friends!” This inclusion is just one example of amending the social barriers faced by children growing up with celiac disease, as participating in Girl Scouts is a major form of structure for 2.8 million girls in the US. While selling cookies may seem trivial in the grand scheme of things, Ms. Parks emphasized that she sees the program having a huge influence on the girls. “A Girl Scout learns how to talk, to listen, and work with all kinds of people while selling cookies, as well as learning how to work as a team with other girls.  These experiences help her develop healthy relationships and conflict resolution skills, which are essential qualities of entrepreneurs and all successful business leaders.”
Offering GF products has become a smart strategy for companies like General Mills and Girl Scouts of America. For products such as Betty Crocker cakes, creating a customer-approved GF substitute can be expensive and time-consuming, but the switch to GF is minimal for many products. The increased market for GF has given companies a reason to examine their ingredients and eliminate gluten where feasible. For General Mills, converting Cheerios to GF simply meant finding a supplier of certified GF oats for their already primarily oat-based cereal. “Naturally GF” has become a commonplace label for products whose manufacturers have taken those few extra steps for certification, and that has led to boom in markets for items like hard cider, corn tortillas and tamari. 
The rise in prevalence of CD and non-celiac GF dieters along with the development and marketing of GF foods has had synergistic effects. The ability to label something as being GF can lead to a huge bump in revenue, and encourages companies to pump out more and more GF products. For people who have had such a severely restricted diet and have faced some of the sociocultural impacts listed in the chapter beforeprevious chapter, having a plethora of options leads people to buy more than they normally would. Expanding the base of foods for people with celiac to safely eat is changing the way the diet is perceived and making people more comfortable with their diagnosis.  Dr. Lee believes that, “the more the diet and accessibility to the diet improves, people won’t be so scared to get that diagnosis.” With better access to “safe” foods, people are also more likely to maintain adherence to the GF diet. 
High Economic Burden Leave Celiacs Hungry 

The most direct barrier to the improving CD burden is the cost of diagnosis and treatment. CD is by no means an inexpensive condition. High diagnostic costs cluster treated celiacs in populations of high socioeconomic status (SES), leaving disproportionally high levels of undiagnosed cases in more impoverished communities. But after diagnosis, cost further determines which patients are able to effectively treat their disease. 

As described in a previous section, the seven years leading up to diagnosis for the average patient are torture. For the average patient, those years were spent with the guidance and support of a doctor. The diagnosis of CD is a diagnosis of privilege; the disease, however, is not reserved for those who can afford it. As with most conditions, socioeconomic status is one of the largest factors in determining who gets diagnosed with CD. 

A recent UK study confirmed this observation, noting that the rate of diagnosis of CD among children in affluent areas is 80% higher than those in areas of lower SES.[footnoteRef:188] Kristin Lavergne, Community Services Director for the Inter-Faith Council for Social Services, commented that in their food pantry there is little demand for GF foods and few people mention being diagnosed with CD. “On a limited budget it’s hard to get a diagnosis. There are just so many barriers even before it comes to paying for the testing, like getting time off work or getting transportation to a clinic.” As so much of the testing for CD is driven by patient request, areas that are demographically “out of the loop” may not receive adequate diagnosis. A number of patients report getting tested at the recommendation of a friend or family member who had already been diagnosed, causing a clustering of diagnosis around geographic and social circles.[footnoteRef:189] With the trendiness of the disease, unfortunately these clusters tend to appear in areas of high SES.   [188:  Zingone, F., & Tata, L. (2015, January 22). Socioeconomic variation in the incidence of childhood coeliac disease in the UK. Retrieved February 5, 2015, from http://www.ncbi.nlm.nih.gov/pubmed/25613988]  [189:  Lee, A., Ng, D., Zivin, J., & Green, P. (2007). Economic Burden Of A Gluten-free Diet. Journal of Human Nutrition and Dietetics, 423-430.] 


Once patients are able to get to the doctor’s office, the costs of testing are high and may even be completely unaffordable depending on a person’s insurance. Out-of-pocket blood testing for antibodies and the HLA DQ2 or DQ8 genes costs several hundred dollars and further confirmation of CD through endoscopy and small intestine biopsy can cost thousands more.[footnoteRef:190]   [190:  "National Foundation for Celiac Disease Awareness. Celiac Disease and Diagnosis. ] 


But those who do reach a diagnosis of CD soon face another battle. The high cost of GF foods further stratifies the dise ase, not just into those who know they have it, but also into those who can afford to manage it. In general, there is a strong relationship between the cost of a healthy foods and prevalence of diet-related diseases – even when people may be able to afford the healthier foods. The same logic can be applied to the costs and accessibly of GF products and adherence to the GF diet.[footnoteRef:191]  [191:  Lee et al. Economic Burden Of A Gluten-free Diet. ] 


In order to avoid gluten, the safest option for people with CD is to focus their diet around foods that are naturally gluten-free, like fruits, vegetables, and meats. Increasing these foods is also important to compensate for nutritional deficits, such as anemia, caused by untreated CD. Unfortunately, these unprocessed foods are the same foods that are expensive and notoriously attributed to the high costs of a healthy diet for any population.[footnoteRef:192]  [192:  Cureton, P. (2007). The Gluten-Free Diet: Can You Patient Afford It? Practical Gastroenterology, 75-83] 


Then there are those gluten-free substitutes for bread, pasta, crackers, flours, etc. In the words of Dr. Lee, the price of these foods is “horrible, absolutely horrible.” For years, limited demand and small production of GF foods precluded any economy of scale. While the demand for GF foods has increased drastically over the last 10 years, with nearly 18% of shoppers now purchasing GF specific items, prices for GF products are still generally 240% higher than those of wheat-based counterparts.[footnoteRef:193]  [193:  Lee et al. Economic Burden Of A Gluten-free Diet.] 


GF bread costs on average $6.00/loaf in contrast to the average $1.09 for regular wheat bread. GF pasta costs $3.69/lb versus $0.87 for traditional wheat pasta.[footnoteRef:194] There are several reasons for the high cost of GF products. A smaller market leaves the production of GF foods to smaller specialty companies. Alternative flours and thickeners are also more expensive simply because they are not as heavily subsidized as wheat or other glutinous ingredients. Then, to be truly GF, products must also be prepared in designated GF kitchens and must be tested rigorously for possible contamination, which adds significant expense. Even for foods like oatmeal or refried beans that may not naturally contain gluten, certifying them as being GF can add very significant expense.   [194:  Ibid. ] 


Medicine in the US is almost always expensive, but the blurred line between food and medicine makes the treatment of CD unique. Federal regulations mandate that “special diets are excluded from allowable medical costs for the purposes of this deduction.”  In other words, excessive costs associated with dietary restrictions, such as the GF diet, may not be declared as a medical expense for the purpose of insurance, Medicaid, or taxes.[footnoteRef:195]  When contrasted with the complexity of the other burdens of people with CD, economics are the most concrete and should be the easiest to amend, and yet they will likely take the longest to fix.   [195:  Email correspondence with the Policy Design and Program Development Branch of the USDA] 

Indeed, GF food cannot be treated as a medical expense; but the GF diet is a necessary component of achieving basic nutrition for celiacs. The 2014 US Farm Bill provides dietary support to low-income individuals and families for food through the Supplemental Nutrition Assistance Program (SNAP).[footnoteRef:196] Approximately 4.6 million, or one in seven Americans currently receive SNAP benefits and a 2013 Gallup Poll found that one in five people report not having enough money to feed themselves or their family.[footnoteRef:197]  [196:  SNAP/Food Stamp Participation « Food Research & Action Center. (2015, January 1). Retrieved March 15, 2015, from http://frac.org/reports-and-resources/snapfood-stamp-monthly-participation-data/#anov]  [197:  Ibid. ] 

It seems natural that the lofty price of the GF diet, at 200-700 times the price of a traditional diet, would garner more support through SNAP for celiacs. However, an email from the USDA outlined that: 
Per Federal Regulations at 7 CFR 273.9(d) (3) under the “excess medical expense deduction” section, special diets are excluded from allowable medical costs for the purposes of this deduction.  In other words, people with certain dietary restrictions cannot claim excessive costs associated with meeting these dietary restrictions as a medical expense.
The program supports a number of GF foods like produce, meats and GF substitutes, but there is no additional support for coping with increased cost. The USDA does provide a few nutrition education materials, but as of now none specifically address the dietary needs of the celiac population. 
To make up for hunger not covered by SNAP, Americans who cannot sufficiently put food on the table turn to food pantries.[footnoteRef:198] Celiacs who fall into this category, however, may still not be able to access safe food. Traditionally food pantries tend to stock pre-packaged and shelf-stable foods. Unless certified as GF, these foods are likely to be loaded with gluten. One of the major problems for celiacs using food pantries is that donated GF food may be randomly distributed to non-celiac customers before celiacs can reach it. [198:  DiBlasio, N. (2014, August 17). Hunger in America: 1 in 7 rely on food banks. Retrieved March 27, 2015, from http://www.usatoday.com/story/news/nation/2014/08/17/hunger-study-food/14195585/http://www.usatoday.com/story/news/nation/2014/08/17/hunger-study-food/14195585/] 

It is from this need for social support for low-income celiacs that Pierce’s Pantry was born. Pierce’s Pantry is a Massachusetts-based non-profit that has the goal of putting more GF food into American food pantries. The philosophy is simple but important: “No one should go hungry because of a medical condition.”[footnoteRef:199] [199:  Personal Interview with Tracy Keegan of Pierce’s Pantry] 

Pierce’s Pantry works through existing storefronts, collecting GF foods from manufacturers or donors and then distributing them in designated boxes to partner pantries. Not only does it set apart food for those with diagnosed with CD but it also educates pantries about how to identify these customers. The pantry currently works through fourteen distribution centers spread across the Greater Boston area. It is trying to expand its reach, but is limited by the amount of GF food it is able to acquire and by a shortage of knowledgeable volunteers to bundle and distribute the food. 
Tracy Keegan, the managing director of the Pierce’s pantry, emphasizes the need for more organizations like this. She says that customers, “often burst into tears when they learn there is finally safe food to eat.”[footnoteRef:200] However, Kristin Lavergne, Community Services Director at the Inter-Faith Council for Social Service in Carrboro, NC, comments that she does not see much of a demand for GF products in their pantry.  The reason for this likely lies in disparate access to CD diagnosis. “On a limited budget it’s hard to get a diagnosis,” Kristin notes. “I think what we find is a lot of barriers, like time to get diagnosed and limited leave time that stop people from knowing they need “special” food.”[footnoteRef:201]  [200:  Ibid. ]  [201:  Personal Interview with Kristin Lavergne, Community Services Director at the Inter-Faith Council for Social Service in Carrboro, NC] 

While there is a definite need to improve the rate of diagnosis, it is also imperative that we develop a broader structure to support its socioeconomic burden. In lieu of national support organizations like Pierce’s Pantry have stepped up to take on some of the increased burden of treatment. Food pantries are certainly not the only way to improve these needs and resources like shoestring budget cookbooks and creative blogs are useful for all celiacs, not just those who may be below the poverty line.   
Blogging and Support Groups 
I have joked many times that a requirement of having CD is starting a blog. There are currently 357 blogs listed on the NFCA website, a number that is growing daily and is probably incredibly unrepresentative of the true celiac blogosphere. In a disease where a main concern is the impact on one’s social life, having an online medium to connect with fellow celiacs helps patients to regain control of their lives. 
The first level of healing through blogging comes from simple cathartic narrative of the condition. This provides a sense of personal organization and control. Ms. Tracy writes, “There are all types of blogs.  You can keep a blog unpublished and just for yourself. You can just share with family and friends. You may want to just do a journal—after all, a weblog is really an Internet diary.  All these can help some people cope.”[footnoteRef:202] Just as with keeping a journal, many patients find strength in listing their daily emotions with the condition. Recording daily activities helps manage the condition and measure progress with the diet. Publishing the blog is irrelevant in this sense.  [202:  Personal Interview with Amy Tracy of Allergic Foodie ] 


When I was diagnosed with multiple food allergies and celiac disease, I felt alone. I was completely baffled by the celiac diagnosis.  I started my blog to connect with other food-allergic adults like me—people whose autoimmune systems had gone haywire causing food restrictions.  I also wanted to help others going through a similar crisis by teaching them what I learned. I now have a great support system of food-restricted folks like me.  I no longer feel alone.[footnoteRef:203] [203:  Ibid. ] 


But making the blog public provides a broader communal aspect to help celiacs to cope with their condition. Because CD is so intrusive on a daily basis, it is unsurprising that doctors are not able to supply the sort of real-life advice so readily available from a person who has actually lived the disease. These blogs list recipes, guides to restaurants and even solutions for dealing with a spouse or roommate who does not have the disease. [footnoteRef:204] They are especially good for teaching newly diagnosed celiacs about hidden sources of gluten, like soy sauce or salad dressing, that might be exacerbating symptoms. The dynamic nature of a blog, unlike a handout or guide, allows the blogger to continually update as he or she learns; readers can easily ask questions that their doctors may not be able to answer without research. [204:  Celiacs tend to report that their diagnosis strongly increased the amount that they cook. Cooking can be annoying and time consuming, but also serves as a coping mechanism and can be quite beneficial for some.  ] 

We are always communicating on social media and sharing ideas—a new allergy-friendly food, a gluten-free recipe, tips for eating in restaurants, and so much more. 

As for readers, I get email questions and comments are sometimes posted after my blog posts. I really love hearing from readers who aren’t bloggers themselves—people who have found me on the Internet or through a recommendation from a friend. If I can give them a few words of encouragement that is what blogging is all about for me.

I love it when readers tell me I’ve helped them by teaching them something new or that they can relate to an argument I had with my husband about my food restrictions.  Sometimes they tell me I made them laugh, which is great because severe food restrictions can make you depressed and angry at times.[footnoteRef:205] [205:  Personal Interview with Amy Tracy of Allergic Foodie] 



Blogging, of course, is not the only way to create communities for celiac support. There are a number of support groups, both online and off, where people can talk about their experience with the disease. According to Dr. Lee, older celiacs tend to prefer “brick-and-mortar” support groups. There are hundreds of these support groups and they give people a chance to share experiences and to cook or go out to eat together. Younger celiacs, in contrast, prefer online support systems as these are more compatible with their busy schedules, and give them information “on the go.”[footnoteRef:206]  [206:  Personal Interview with Anne Lee of Schar Institute ] 

Companies and organizations have taken note of this need for community and have launched web online forums to address this need. For example, Schar recently released the Schar Club, an online user-community where, “gluten-free minds come to connect.”[footnoteRef:207] The page offers GF recipes and a chat room where people can put questions to other celiacs or a resident GF expert. It also offers various guides, for instance, to current CD research and traveling GF. For Ms. Lee this club is critical for providing her customers with a network. “So many people feel like they don’t have that support. Their friends and families don’t understand, and a lot of people report being made fun of or being belittled. It is important to reach out to communities and make sure that they know they have an ally.”   [207:  Schar Club - Schar. Retrieved March 1, 2015, from http://www.schar.com/en-us/schaer-club-section] 

One of the downsides of the celiac blogosphere is potential inaccuracy. Scientific publications and medical reports may lack in understanding of real-life implementation of the GF diet, but the information they provide is generally as evidence-driven as possible. There is no regulation of the information posted on blogs. Even more legitimate organizations, like the Celiac Disease Foundation, have been known to post out of date studies and false facts. This can be problematic when blogs are a person’s main source of obtaining critical medical information. Schar sees its online community as being a way to combat some of this misinformation, without losing the community feel and practical advice. Dr. Lee’s job is to give expert advice. She explained that, “our [Schar’s] other mission is to ensure that people are receiving good information. There is so much false information out there, especially with the trendiness of GF.” Schar’s goal of educating its customers is certainly well intentioned and potentially valuable, but it is important to remember that Schar is a business that can select and promote data and recipes that support its products 
An interesting and innovative way of creating a support system and easing the transition in to the GF diet are care package programs. Several organizations, such as Schar and the University of Chicago Celiac Center, provide newly diagnosed celiacs  with packages brimming with GF products, guides and magazines. “Our role is education,” notes Dr. Lee. “The care packages help us provide information and support to our customers when they really need it.” The University of Chicago Celiac Disease Center’s Facebook page shows pictures of children beaming with happiness, surrounded by boxes of new foods to try. These packages connect people with just a few of the resources now available to them, like GF substitutes and support groups. Much as when a parent sends a care package to a college student, it gives patients the feeling that someone is looking out for them.    
Regardless of medium, creating networks for celiacs to connect and share “battle stories” has been a huge step in eliminating some of the isolation described by celiacs in the previous chapter. They provide both a framework for guiding celiacs through the diet and a sense of community and solidarity for a population that so frequently is eating alone. 
Drugs 
The final area that I wish to explore in this piece is the imminent possibility of eliminating the burdensome GF diet completely through the generation of a non-diet based cure for CD. Having an effective drug for CD would reduce it from being a lifestyle-encroaching nightmare to being a minor annoyance, like lactose intolerance. A non-dietary treatment would fit seamlessly into the existing US medical system and give insurers an easy way to support patients. Over 40% of patients with CD report being dissatisfied with the GF diet and nearly 100% of patients expressed interest in novel treatments for the disease.[footnoteRef:208]  [208:  Aziz, I., Evans, K., Papgeorgiou, V., & Sanders, D. (2011). Are Patients with Coeliac Disease Seeking Alternative Therapies to a Gluten-free diet? Journal of Gastrointestinal and Liver Diseases, 20(1), 27-31.] 

Returning to the biology of the disease, there are a number of possibilities for blocking the autoimmune cascade that leads to microvilli degradation and celiac symptoms. Several drugs for CD are currently under development and many have gone into clinical trials. The complex biology of the disease is conducive to drug possibilities at any number of places in the autoimmune pathways. As with pills for lactose intolerance, a so-called “glutease” pill could denature the gluten molecules before they are even able to trigger an immune reaction. Similarly, drugs could prevent the opening of the tight junctions of the intestinal border, preventing tTG from presenting the gliadin subunits for degradation or hindering the ability for signal molecules to attract immune cells to the site of gliadin absorption.[footnoteRef:209]   42% of patients ranked a vaccine as being a first choice, followed by over 50% ranking a pill-type protease (like a lactase) as a second choice.[footnoteRef:210] [209:  Killgore, K. (2013, June 11). Celiac Disease: Immunology 101 Drug Development and Progress . Lecture conducted from National Foundation for Celiac Awareness.]  [210:  Aziz et al.  Patients with Coeliac Disease Seeking Alternative Therapies to a Gluten-free diet? ] 


Rather than focus on the specifics of each drug, which is another report in itself, Drugs for CD bring about I want to focus on the possibility of CD without the GF diet. Studies report that genetically modifiedGMO GF wheat is the least preferred form of alternative treatment by celiac patients, emphasizing a desire for a non-food centered treatment.[footnoteRef:211] This is explained on one hand by a popular distrust of GMO foods, but on the other by distaste for a sustained reliance on special foods. Unless this wheat became so ubiquitous that everyone ate it, it would still isolate celiacs.  [211:  Aziz, I., Evans, K., Papgeorgiou, V., & Sanders, D. (2011). Are Patients with Coeliac Disease Seeking Alternative Therapies to a Gluten-free diet? Journal of Gastrointestinal and Liver Diseases, 20(1), 27-31.] 


Interestingly, few patients turn to complementary and alternative medicines (CAM), such as acupuncture or Ayurveda. Although few studies have been done, Aziz et al. found that rates of CAM usage in patients with CD were actually lower than those in the general population.[footnoteRef:212] Rates of CAM therapy use have been rising drastically in the general US population, mirroring dissatisfaction with biomedical treatments. It would seem natural for the celiac population to turn to CAM since so many celiacs are dissatisfied, but because CAM therapies tend to not have a treatment beyond the GF diet, this is not the case. It is perplexing to find a disease that two radically different medical philosophies can agree on, but the dietary treatment of CD transcends the East-West divide and remains the gold standard in treatment.  [212:  Aziz, I., Evans, K., Papgeorgiou, V., & Sanders, D. (2011). Are Patients with Coeliac Disease Seeking Alternative Therapies to a Gluten-free diet? Journal of Gastrointestinal and Liver Diseases, 20(1), 27-31.] 


For every patient interview conducted for this thesis, I asked if a respondent would be willing to take a drug to eliminate their CD.  The results varied substantially, but, rather surprisingly, most who had been on the diet for a few years reported that they would only use it for special occasions or as a preventative measure for eliminating the perils of cross-contamination at restaurants or family events. The burden of the GF diet decreases with time as people become more attuned as to how to make GF fit into their daily lives. [footnoteRef:213]  For patients who have been through the agony of life with gluten, fear is a major driver in distrust of a celiac pill. After only a year of living GF with very drastically improved symptoms, it is hard to imagine ever eating a piece of bread again. Patients also appear to somewhat identify by their diet, an identity that is formed in part by inclusion in GF-only communities and blogs.  [213:  Lee, A., Ng, D., Diamond, B., Ciaccio, E., & Green, P. (2012). Living with coeliac disease: Survey results from the USA. Journal of Human Nutrition and Dietetics, 4.] 


Regardless, the development of a non-diet based cure for CD would be of astronomical significance in the field. It would both improve treatment adherence and patient outcomes, and without such a “scary” cure it would make people more likely to get diagnosed. 

Italy: A Model For Celiac Disease? 
So what would a society that embodies some of the solutions I have explained so far look like? One would be hard-pressed to find a more grain-centric country than Italy. It is the land where wheat and flour first ascended to cultural significance, and where items like pizza and pasta still achieve national accolades. In contrast to the US and other countries however, Italy is one of the most progressive in terms of addressing CD and the GF diet. The paradoxical nature of this situation lies in the recognition of cultural significance of gluten and the classification of CD as being a “social disease.” Life for individuals with CD in Italy is no cakewalk, but there seems to be a lot the US could learn.    
In Italy the treatment of CD begins at a national level. This is unsurprising in a country with nationalized health care, and thus a stronger public incentive to care for the sick. While costly, national healthcare increases access to doctors for a wider group of people, improving the likelihood for earlier diagnosis.[footnoteRef:214] Italy has more physicians per person than any country on earth, and has strict caps on the numbers of patients a doctor may see in a year to ensure that citizens receive adequate care.[footnoteRef:215]  [214:  Lo Scalzo A, Donatini A, Orzella L, Cicchetti A, Profili S, Maresso A. Italy: Health system review. Health Systems in Transition, 2009; 11(6) 1-216]  [215:  Ibid. ] 

Much of the research for CD began in Italy when doctors observed seemingly higher than average levels of the disease in their patients.[footnoteRef:216] For the record, no conclusive study has shown that there is in fact a substantially higher prevalence of CD in Italy than in the US.[footnoteRef:217],[footnoteRef:218] Regardless, the trend spurred several national studies and widespread screenings have led to an increased awareness and diagnosis of the disease. Many children are tested at school and the livelli essenziali di assistenza (LEAs), a catalogue of services provided for by the Servizio Sanitario Nazionale (SSN) or National Health System, covers the costs of testing, as well as providing significant funding for research.[footnoteRef:219]  [216:  Volta U, Bellentani S, Bianchi FB, Brandi G, De Franceschi L, Miglioli L, Granito A, Balli F, Tiribelli C. High prevalence of celiac disease in Italian general population. Dig Dis Sci. 2001 Jul;46(7):1500-5. PubMed PMID: 11478502.]  [217:  Ibid. ]  [218:  Many speculate that there should be, since the diet is so much higher in grains, but serologically there is no evidence to attribute increased rates of the disease to increased gluten consumption. Reported diagnostic rates are likely correlated with gluten, since patient symptoms are more likely to be severe with increased exposure.]  [219:  Lo Scalzo et al. Italy: Health system review. Health Systems in Transition,200 .] 

Treating the disease in Italy focuses on the value of food as medicine – an ideology seemingly lost in the US medical system. GF food is just as legitimate a medication as Aspirin or statins and is universally available in Italian pharmacies. Legislation requires that there be at least one pharmacy per 4,000 citizens, ensuring that celiacs are never far from safe food.[footnoteRef:220] From my own experience, these pharmacies generally offered a wider variety of GF options than US grocers. The SSN also addresses the economic barriers to GF foods by providing prescription-like vouchers to purchase specific GF foods to defray the additional expenses of the disease.[footnoteRef:221]  [220:  Ibid, 157. ]  [221:  Ibid, 13. ] 

I have already described the standards for labeling GF foods in the US. Interestingly, these standards were established first by the European Commission, but are enforced much more stringently. The January 2009 Commission Regulation of the EU goes beyond maintaining the 20ppm gluten restriction seen in the US by establishing a spectrum of safety, noting that foods with less than 100 ppm are considered very low gluten and may be safe for people with simple gluten intolerance.[footnoteRef:222]  [222:  Ibid. ] 

In the US the voluntary nature of labeling on select products leads to confusion about whether food is truly safe for celiacs. The EU has tried to combat this problem thorough regulatory language and very controlled labeling of almost all foods that may contain gluten– not just the packaged food regulated by the USDA.[footnoteRef:223] Further, in the US corporations capitalize on the trendiness of GF labeling to increase sales of naturally GF foods. In the EU it is mandated that when it comes to GF labeling “a statement does not mislead the consumer by suggesting that the food possesses special characteristics when in fact all similar foodstuffs possess such characteristics.” Reserving and consistently using GF labeling only on products that may normally contain gluten and that have been well tested ensures that celiacs are able to select safe foods. They also emphasize that, “a choice of products should be possible” which encourages access to the culturally significant foods, mentioned previously.[footnoteRef:224]  [223:  Ibid. ]  [224:  Council Regulation (EC) 41/2009 of 20 January 2009 concerning the composition and labelling of foodstuffs suitable for people intolerant to gluten  [2009] OJ L 16/3 ] 

Beyond labeling and regulation, though, the major difference between the treatment of CD in Italy and the US is cultural.  According to Dr. Lee, “A lot of the early research on celiac was done in Europe. The government and insurance companies are just more tapped into it. There is an awareness that there isn’t in the States.” Although it is hard to support with hard data, on the street, more people are aware of the disease. Any mMention of GF in the US generally leads to judgment on the validity of the disease or to opinions about how GF is not a real problem. In Italy, celiacs rarely see this type of disdain. When it comes to eating out many restaurants offer special celiac menus – designated specifically for CD, not just GF. From personal experience, waiters and chefs tend to be informed on what ingredients may not be safe. For example, at Trattoria Della Fonte in Florence the manager explained that, “Wwith so many customers coming in with celiac we had to really make sure we could provide options. We bake all of our gluten free bread in house and are really careful of cross contamination. We want to make sure that celiacs can have just as great of a meal here as anyone else” 
In Italy, the same cultural significance of wheat that makes the GF diet so hard to follow spurs this strong national concern for sufferers of the disease. In a New York Times piece on eating with CD in Italy, Susanna Neuhold, manager of The Associazione Italiana Celiachia (AiC) food program explains that, “it’s a tragedy for Italians. Food in Italy is the center of social life and relationships with people. For someone who can’t go out with their friends or to a work meeting at a restaurant, it’s a very big problem, psychologically and socially.”[footnoteRef:225] [225:  Curry, A. (2014, June 28). Gluten-Free Dining in Italy. Retrieved March 5, 2015, from http://www.nytimes.com/2014/06/29/travel/gluten-free-dining-in-italy.html?_r=0] 

It is hard to say if public support for celiacs in Italy has shaped the way that people think about the disease, or if the way people think about food and culture has shaped the way that the disease is handled. But does this really affect health outcomes in people with CD? Testimonials from those who, like me, who have experienced the ease of living with CD in Italy versus suffering through the myriad difficulties of coping with it in the US, show overwhelming appreciation for the way CD is handled in Italy. Much to my surprise, after two weeks of eating exclusively in restaurants while traveling in Italy, I failed to get sick even once. In the, a feat which in the US this would have sent me to the hospital. However, on a policy level more research needs to be done to in order to determine whether supportive legislation and extreme cultural empathy actually impacts measurements like quality of life and adherence to the GF diet for people with CD. 
 Celiac symptoms manifest both biologically and sociologically; thus treatment of the disease must address both. This is what makes Italy’s understanding of diet, health and culture so beneficial in addressing the disease. In the US, the medical community’s limited ability to adequately address the needs of celiac patients has meant that treatment takes place well away from the prescription pad. No single change will fix the many pitfalls of celiac treatment, but overall large systemic public health changes like those seen in Italy could have a really big influence on patient experience with CD in the US. 























Conclusion – Beyond Celiac Disease 
When I set out to write the piece I planned to focus on one small piece of the disease – the relationship between mental illness and CD. What I quickly found was that I could not sufficiently examine any one area without addressing all of the interconnected pieces that make CD the disease that it is. 

Celiac disease shows how a simple treatment – the GF diet – is complicated by the cultural significance of lifestyle factors such as food. Since 1886, celiac disease has transformed from a simple observation in a few sick children into one of the most well known diseases in the US. Biologically, researchers have been able to link the symptoms that Samuel Gee saw – as well as a swath of other symptoms – to its pathology. But as our understanding of the disease changes, it is imperative that we also considerinclude the extra-biological factors of the disease. 

The GF diet is only effective in treating the disease if patients adhere to it vigilantly. Systemic factors such as socioeconomics, food ritual, and lack of community support contribute to disease burden by preventing diagnosis, limiting dietary adherence and reducing quality of life in patients. Unlike with other conditions, the role that doctors play in treating the CD is limited, as they cannot address these more broad elements of patient experience.  To compensate, patients turn to bloggers, food producers, and policy makers to pick up the slack. 

Celiac disease research has come a long way, but there is so much left to do. On a biological scale there are studies that need to be done to pinpoint the disease’s mechanics. More sound epidemiologic studies for where celiac disease is prevalent and how its prevalence has shifted could give insight into how the disease is triggered. We need to explore how the disease affects mental health – be it through biology or sociology or both. We need to know what other lurking barriers may affect level of adherence to the GF diet and quality of life. We need to ascertain whether life really is better for celiacs in Italy and if so what more can be done here in the US.    


CD affects more than 3 million Americans – and thus so it is an important disease to addressaddressing these questions will certainly have an impact –   – but studying celiac could shed light on issues that will affect a very much larger community. As of 2012 over half of all US adults had one or more chronic diseases,  – a majority of which are related to poor diet.  – Oand over 84% of healthcare spending is used for treating these largely preventable conditions. [footnoteRef:226],[footnoteRef:227] Over $147 billion dollars are lost annually in obesity-related medical expenses. Diabetes costs us over $245 billion when accounting for lost productivity. [footnoteRef:228],[footnoteRef:229] It is becoming painfully clear that our healthcare system needs to focus more on food.   [226:  Ward BW, Schiller JS, Goodman RA. Multiple chronic conditions among US adults: a 2012 update. Prev Chronic Dis. 2014;11:130389. DOI: http://dx.doi.org/10.5888/pcd11.130389.]  [227:  Robert Wood Johnson Foundation. Chronic Care: Making the Case for Ongoing Care. Princeton, NJ: Robert Wood Johnson Foundation; 2010:16. http://www.rwjf.org/content/dam/farm/reports/reports/2010/rwjf54583. Accessed January 23, 2015.]  [228:  American Diabetes Association. The Cost of Diabetes Web site. http://www.diabetes.org/advocate/resources/cost-of-diabetes.html. Accessed January 23, 2013.]  [229:  Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual medical spending attributable to obesity: payer- and service-specific estimates. Health Affairs. 2009;28(5):w822-w831. http://content.healthaffairs.org/content/28/5/w822.full.html. Accessed January 23, 2015.] 



With the rise in lifestyle-related diseases, there is an evident cultural anxiety in regards to diet. Physicians, politicians and celebrities preach the importance of eating well, but there is a dearth of support and guidance for people to actually accomplish this. In a piece on the importance of critical nutrition studies, Charlotte Biltekoff, Professor ofr American and Food Studies at UC Davis, argues that, “as this anxiety about eating right continues to grow, what consumers really need is a more informed, educated, and critical relationship to dietary health and dietary advice, rather than more information about the nutritional content of food or where it comes from?”[footnoteRef:230] This is the exact relationship that must be established for patients with CD.  [230:  Biltekoff, C. (2012). Critical Nutrition Studies. The Oxford Handbook of Food History.] 


Dietary guidance for celiacs is insufficient, but it is better than the guidelines given for other conditions. CD is a starting place to talk about the complexities of diet and how to make dietary adherence easier. In CD there is definitive enemy, gluten, to be eliminated in order to improve symptoms. There are no questions asked and there is no moderation – something is either GF or it is not. What sets CD apart from these diseases is that in CD there is specific enemy, gluten, to be eliminated to improve symptoms.  People – even those without CD – like the GF diet because it has very definitive guidelines. There are no questions asked and there is no moderation – something is either GF or it is not. A disease like obesity is broader and requires constant judgment to determine which foods to eat, and leads to more opportunity to slip up. Establishing a framework for supporting all of the complex needs that go with the simple diet of CD will make it easier to identify things that need to be addressed in supporting a more complicated diet. What if we could create a voucher system, like in Italy, for vegetables for diabetics? Or a better support system for kids with peanut allergies?  For example, implementing a voucher system – like Italy’s celiac program – for produce for people with diabetes could ease people into new diets. 

In conclusion, CD has come a long way since 1886, but it still has a long way to go. More research is needed to assess the true burden of the disease and to measure the effectiveness of the solutions discussed in this report, as well as to identify other way in which quality of life and dietary adherence can be improved. By approaching the disease with an interdisciplinary perspective we can more adequately address the spectrum of factors – both biological and cultural – that affect access to health.	
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