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Abstract

:

The incidence of inflammatory bowel diseases, such as Crohn’s disease (CD), is increasing worldwide. Despite several new therapeutics to treat CD, many patients fail to respond to their medications and inevitably face surgical resection. While genetics plays a role in CD, environmental factors are potential triggers. Recent research from the past few years suggest that pro-inflammatory foods are associated with an increased risk of CD. Some studies have shown the benefit of including exclusion diets, such as the specific carbohydrate diet (SCD) and exclusive elemental diets, to induce CD remission, but published data is limited. This case study explores how an exclusive elemental and exclusion diet helped induce clinical and biochemical remission and radiologic healing in a young adult male who had failed to achieve remission using standard medical treatment. C-reactive protein (CRP), fecal calprotectin, and magnetic resonance enterography (MRE) served as objective markers of inflammation in this study.






Keywords:


Crohn’s disease; specific carbohydrate diet; SCD; microbiome; diet; nutrition; inflammatory bowel disease; gut; bacteria; remission












1. Introduction


At the Mount Sinai Hospital in 1932, Dr. Burrill B. Crohn and his colleagues Dr. Leon Ginzburg and Dr. Gordon D. Oppenheimer first described Crohn’s disease (CD), a disease of the terminal ileum mainly affecting young adults [1]. There is now a lot more known about CD, but still a lot unknown. The onset of the disease, for example, occurs between ages 10 to 40, including a small peak between ages 50 to 60 years [2]. CD differs from ulcerative colitis (UC), as inflammation occurs at the terminal ileum and anywhere in the gastrointestinal tract from mouth to rectum [3]. CD is characterized by periods of disease activity (flares) and periods of few to no symptoms (remission). During flares, patients experience gastrointestinal symptoms, such as loose stools, diarrhea, abdominal pain, and rectal bleeding, which may lead to weight loss, anemia, and fatigue [4]. CD can also be complicated by abscesses, fistulas, strictures, bowel obstructions, and surgical resections [3]. The overall mortality rate among patients with CD is slightly higher than the general population due to cancer, gastrointestinal diseases, respiratory diseases, and genitourinary diseases [5]. Patients with UC or CD with colon involvement are six times more likely to develop colon cancer than the general population, which accounts for 10–15% of all deaths among patients with IBD [6]. The overall incidence of IBD is increasing worldwide [7]. In the United States, IBD incidence particularly increased between 2005 and 2015; and in 2019, the overall incidence rate was 37.5/100,000 person-years [7].



Intestinal tuberculosis was once thought to be the cause of CD; however, Dr. Crohn and his colleagues did not find the symptoms of CD to be consistent with tuberculosis or any other known disease [1]. Although the cause of CD is still unclear, it is understood that genetic predisposition, environmental triggers, and immune system dysregulation collectively interact [8]. In 2001, mutations of NOD2/CARD15 were identified as the first susceptibility gene associated with the development of CD [9]. In 2006, IL23R was identified as another IBD gene [10]. In 2012, 163 gene variants were confirmed to be associated with IBD; 110 associated with both UC and CD, 23 as UC-specific, and 30 as CD-specific [11]. Despite discovering many genes associated with IBD, only a small portion of heritability is characterized by genetic variants: 13.1% in CD and 8.2% in UC [12]. Many environmental factors can potentially trigger IBD. Individuals who are smokers, for example, are more likely to develop CD [13]. Antibiotics are also associated with an increased risk of new-onset CD [14].



As various medications to treat Crohn’s disease have met with limited success, diet has shown some promise as a treatment alternative or accompaniment. The gut microbiome and diet are intrinsically linked to the emergence of IBD, thus offering potential targets for therapeutic intervention [14]. In 2014, clinical evidence to support altering diet was deemed scarce [15]. In recent years, however, more data has suggested that diet may impact CD. In 2018, a Cochrane systematic review concluded that there is low-quality evidence suggesting that corticosteroids may be more effective than enteral nutrition, such as exclusive use of elemental (amino-acid based) diets, for inducing clinical remission in adults with active CD [16]. The Cochrane systematic review also suggested that enteral nutrition, such as exclusive elemental diets, should be considered as a therapeutic option for CD; this option should only be considered in specific cases, for instance with pediatric patients or patients who can consume exclusively elemental diet formulations without difficulty [16].



New research has also shown associations between various foods and inflammation. Mediterranean diets, which are rich in monounsaturated fats, fiber, and omega-3 fatty acids, for example, have been associated with a significantly lower risk of later-onset CD [17]. On the other hand, consumption of pro-inflammatory foods high in red meat, high-fat dairy, refined grains, saturated fats, glycemic carbohydrates, and high-energy soft drinks have been associated with an increased risk of CD [18]. The specific carbohydrate diet (SCD), created by Dr. Sidney Haas and Elaine Gloria Gottschall in 1994, which is featured in this study, has also received attention in recent years [19]. The SCD theorizes that microbiome dysbiosis is associated with IBD and that adhering to a low-complex-carbohydrate diet can improve symptoms through restoring balance to gut flora [19]. Unlike the Mediterranean diet, the SCD solely allows carbohydrates that come from monosaccharides (glucose, fructose, galactose) [19]. All grains and most starchy vegetables are prohibited on the SCD, while the consumption of non-starchy vegetables is allowed [19]. Unprocessed meats, poultry, fish, shellfish, lactose-free dairy products, including homemade fermented yogurt, and fresh fruit are allowed [19]. Most nuts, oils, teas, coffee, and juices with no additives are also allowed [19]. The effectiveness of SCD in reducing inflammation and improving symptoms has been shown in pediatric CD studies and case series [20,21,22,23]. This case report explores how clinical and biochemical remission and radiologic healing was achieved in a young adult with ileocolonic and perianal disease, simultaneously using the exclusive use of an elemental diet (amino acid based) formula and an exclusion diet, based on the theories of SCD, while also excluding eggs, all dairy, and alcohol.




2. Case Presentation


A 25-year-old Caucasian male patient first presented in 2012 with a perianal abscess and fistula. He subsequently underwent a fistulotomy and hemorrhoidectomy. The diagnosis/impression biopsy revealed severe acute, chronic granulomatous inflammation with ulceration of the anal canal. He went on to have a colonoscopy, which demonstrated ileocolonic ulceration. His treatment between 2012 and 2013 commenced with corticosteroids (prednisone 20 mg/day) and azathioprine (100 mg orally 1×/day for six months). In late 2013, he initiated treatment with infliximab (100 mg IV/8 weeks). In 2017, however, he developed antibodies against infliximab (2550, high titer) and had evidence of active CD based on elevated fecal calprotectin in May 2017. Subsequently, he began treatment with adalimumab (160 mg at day 0, 80 mg at day 14, and 40 mg at day 28, then 40 mg every other week).



In May 2018, his symptoms, including diarrhea, abdominal pain, and fatigue, returned, his fecal calprotectin was elevated at >2000, and his CRP (C-reactive protein) was elevated at 5.8 (Figure 1 and Figure 2). MRE (magnetic resonance enterography) in June 2018 indicated active ileal disease, without obstruction, but some smooth narrowing of the terminal ileum and the apparent involvement of the cecum. Humira levels were checked and were undetectable, but high antibody levels were present, consistent with active disease. Subsequently, in June 2018, he was treated with ustekinumab (90 mg/mL, 1 mL (90 mg per dose) every eight weeks). In July 2018, his fecal calprotectin dropped from >2000 to 304 (Figure 1). A repeat MRE in December 2018, however, indicated a stable appearance of thickening/enhancement in the distal/terminal ileum without evidence of fistula or abscess. Thus, he began taking Stelara every four weeks and also commenced budesonide (9 mg/day, tapered by 3 mg/month). He stopped budesonide in March 2019. Towards the end of March 2019, his calprotectin was elevated to 453.5 (Figure 1). He repeated an MRE in May 2019, which indicated stable mural thickening and enhancement of the terminal ileum. It appeared that ustekinumab did not work as well for him as the anti-TNFα family of drugs. He continued to report loose bowel movements (Bristol Stool Chart Type 6), abdominal pain, and fatigue.



In early June 2019, the patient decided to begin two weeks of physicians’ elemental diet dextrose free (integrative therapeutics), an exclusive elemental diet (amino-acid sources), followed by a week of a diet in which half the calories came from food (based on the SCD stage one) and half from the exclusive elemental diet, with physician supervision [24]. Biochemical and clinical responses were recorded after three weeks. His CRP dropped from 6.9 in early March 2019 to <1 in mid-June 2019 (Figure 2). His fecal calprotectin dropped from 453.5 in late March 2019 to 65 in July 2019 (Figure 1). Following the exclusive elemental diet, he decided to transition to an exclusion diet similar to SCD by eliminating all grains (wheat, rice, corn, oats, pseudo-grains), disaccharides (lactose, sucrose), polysaccharides (starchy vegetables, cellulose), processed foods (boxed and manufactured foods), additives, stabilizers, and emulsifiers. He also excluded all alcohol, dairy, and eggs.



The patient followed the five stages of the diet based on educational resources provided on NiMBAL (Nutrition in Immune Balance), founded by David L. Suskind, MD, at Seattle Children’s Hospital [24]. In the beginning stages, the foods the patient consumed were meats that were roasted, boiled, or broiled, 100% apple cider juice, gelatin, ripe bananas with spots, applesauce, pear sauce, and carrots and squash that were peeled and pureed [24]. The variation of the foods included in the diet increased as the stages of the diet progressed [24]. Over time, he introduced cooked foods ranging from fish, meats, fruits, non-starchy vegetables, herbs, spices, and legumes. The patient was educated on strictly adhering to making home-cooked meals and learning which foods are “legal and illegal” on the diet, based on the information found in NiMBAL [25]. In this case report, the patient was educated on the risk of deficiencies if his diet remained restricted to only certain foods. Every 2 to 4 weeks, the patient self-reported his food intake to ensure compliance to the diet and a varied and adequate food consumption. The dietary reports were then analyzed to assess nutrient intake by his provider. Thus, the micronutrient and macronutrient content was sufficient in the diet, including calcium, according to blood tests. However, a deficiency in vitamin D was observed; thus, supplementation was provided. Fecal calprotectin (Figure 1) was closely monitored every 1–2 months, and several normal readings were observed throughout the diet, ensuring the patient did not flare. His weight remained stable throughout the diet.



The patient kept track of both his bowel movements and his stool classification with the Bristol Stool Chart daily. Throughout June–September 2019, his stool mainly was Bristol Stool Chart Type 5 (1–3 bowel movements a day). During October 2019–March 2020, his stool was between Bristol Stool Chart Type 4 and Bristol Stool Chart Type 5 (1–3 bowel movements a day), but primarily Bristol Stool Chart Type 4. During April 2020–June 2021, his stool was primarily Bristol Stool Chart Type 4 (1–2 bowel movements a day). He occasionally experienced Bristol Stool Chart Type 6, once every other month, which was assumed to be due to consuming too much fiber on a particular day. The patient then began a moderate consumption of fiber. Before changing his diet, he consumed a standard American diet of daily consumption of dairy products, grains, processed foods, starchy vegetables, and some fruits and vegetables. In April 2020, he repeated an MRE, which indicated no new areas of stricture, no abscess, no fistula, and the previously seen mucosal enhancement and thickening of the terminal ileum appeared to have improved compared to the previous study in May 2019. He has strictly adhered to his exclusion diet, and his fecal calprotectin and CRP markers have been stable for two years (June/July 2019–June 2021) (Figure 1 and Figure 2).



MRE Results


Baseline (14 May 2019): Redemonstration of long-segment mural thickening and enhancement of the terminal ileum, grossly stable.



12 months (16 April 2020): Previously seen mucosal enhancement and thickening of the terminal ileum appears to have improved in the current study. No new areas of stricture are seen. No abscess, fistula is definitively noted.





3. Discussion


The first choice for treatment of IBD is medication [26]. There are five classes of treatment for IBD, ranging from aminosalicylates, corticosteroids, immunomodulators, antibiotics, and most recently, biologic therapies [26]. Despite the effectiveness of recent anti-TNFα medications, they produce numerous side effects, and up to 30% of patients are unresponsive [27]. Among patients who successfully respond to their first anti-TNFα medications, almost 60% experience a secondary loss of response [28]. Patients with IBD inevitably face several additional health complications once medications fail. Nearly 50 percent of patients with CD, for example, require surgical resection within ten years of diagnosis [29]. Surgery, however, does not cure CD, and the likelihood of relapses remains high [30]. Most patients fail to maintain clinical remission [31].



CD also places a significant strain on the healthcare system. In 2004, over 800,000 ambulatory care visits and over 1 million all-listed visits were due to CD, with over 80 percent of visits amongst young and middle-aged adults [32]. There were also 1.8 million prescriptions for medication to treat CD [32]. Hospital stays for CD in 2013 were >196,000 (59.7 per 100,000) [33]. The healthcare burden of IBD ranged anywhere between USD 14 to almost USD 32 billion in 2014 [34]. Around 31% of costs are attributable to hospitalization, 33% to outpatient care, and 35% to pharmaceuticals for CD [35]. Patients with IBD also have higher rates of depression and anxiety than the general population, which is associated with poor treatment compliance [36].



Although anecdotal evidence of active CD and UC treatment with diet may be common, published data with exclusion diets are limited [22,37]. Some studies have shown exclusion diets, such as SCD, to be effective; however, these studies were completed in pediatric patients [21,22,23]. Another case report study, which was the first remission of disease activity with SCD, was completed in a 73-year-old female with UC, not CD [38]. The elderly are also known to have milder disease activity, while stricturing and fistulating disease with ileocolonic involvement is more common in younger individuals [39]. Although another case series showed many patients adhering to SCD while in remission, there were no patients with both ileocolonic and perianal disease [20]. The case series also showed that many patients were still taking either immunosuppressive medications, corticosteroids, nonsteroidal anti-inflammatories, or off-label naltrexone at low doses to manage their disease activity, thus, making it difficult to assess whether remission was achieved through diet or medication [20].



On the other hand, this case shows clinical and biochemical remission and radiologic healing in a 25-year-old male, who is considered to have a moderate-to-severe form of CD due to ileocolonic and perianal disease, without using any medications through an exclusive elemental diet and an exclusion diet. The mechanism of the exclusive elemental diet, which is solely based on amino acids and monosaccharides, is theorized to induce remission through reducing antigen exposure, and alteration of the fecal flora that impacts immunomodulation downscaling, allowing for “bowel rest” as a result [40]. One study has shown a down-regulation of pro-inflammatory cytokine mRNA in both the terminal ileum and colon following an oral polymeric diet [41]. Certain bacteria may have also been starved off. According to Gottschall, polysaccharides, for example, are theorized to be poorly absorbed in the gastrointestinal tract causing bacterial and yeast overgrowth [19]. A clinical trial studying exclusive elemental diets showed that terminal restriction fragments (reflecting bacterial species) were unchanged, whereas Bacteroides fragilis significantly decreased after patients with CD completed an exclusive elemental diet [42]. Strains of enterotoxigenic Bacteroides fragilis can lead to diarrhea and colon cancer, and severe inflammation in patients with CD and UC [43].



Healing continued when the patient transitioned to an exclusion diet, which is theorized to have cumulative anti-inflammatory effects. Continuing to exclude polysaccharides, for example, in this patient’s diet may have contributed to gut healing. The patient cooked all of his foods (including all fruits and vegetables), and because cooking breaks down fibers, it likely made it easier for him to both digest and absorb the nutrients [44]. Although the mechanisms are unclear, dietary fiber has been shown to inhibit inflammation, be favorable for CD, and help maintain remission [45,46]. When fiber reaches the colon to be degraded by the microbiota, it is believed that the short-chain fatty acids (acetate, propionate, butyrate) produced result in an anti-inflammatory, anticarcinogenic immune-regulatory function [44]. The patient substantially increased his fiber intake, but excessive fiber (40 g+ per day) caused an increase in bowel movements. A moderate fiber intake (25–30 g per day) appeared to be more suitable for him. Tolerances of amount of fiber intake are highly individualized. Future studies should evaluate the right amount, or patients may need to investigate through trial and error. The patient also excluded eggs, dairy, and alcohol. However, tolerances of dairy and eggs are highly variable amongst patients. In one study, patients with UC who had a high consumption of eggs were more likely to have a flare-up [47]. High-fat dairy products have also been shown to worsen CD symptoms [48]. Diets high in milk fat have been shown to alter the gut microbiome by increasing the sulfite-reducing pathobiont Bilophilia wadsworthia and inducing inflammation in genetically susceptible mice [49]. Alcohol also has pro-oxidant effects and deleterious effects on the gut, which could trigger flares in patients with IBD [50].



One of the limitations of this case report was that mucosal healing was not assessed with colonoscopy. Other objective measures, such as CRP and fecal calprotectin, however, showed significant decreases in disease activity. Fecal calprotectin has been shown to correlate with disease activity in IBD [51]. Furthermore, calprotectin, CRP, and MRE had all been previously shown to be reliable for detecting the degree of this patient’s inflammation during flares. MRE is safe and non-invasive and has been shown to compare favorably to colonoscopy for characterizing the disease activity of CD [52]. MRE has a sensitivity of 82% and specificity of 80% compared to colonoscopy, with a sensitivity of 85% and a specificity of 85% [53].



Another limitation of this study is its difficulty in implementation without adequate supervision from a physician or dietitian familiar with the intricacies of SCD. Whenever exclusion diets such as SCD are followed, and certain foods are cut out, such as eggs or dairy, they pose concerns for individuals for deficiency in certain nutrients like B vitamins, calcium, potassium, and vitamins A, C, E, and D [54]. While these are concerns, the exclusion diet provides all dietary micro and macronutrients, only if a wide range of foods are incorporated. A study in pediatric patients who adhered to SCD showed that the majority of participants’ daily intakes met or exceeded the recommended dietary allowance (RDA) for B vitamins and vitamins A, C, and E [54]. The study also demonstrated sufficient protein and amino acid intake, as protein intake was three times the RDA [54]. However, all participants’ intakes were below the RDA for vitamin D and seventy-five percent of daily intakes were less than the RDA for calcium [54]. In this case report, as expected, a vitamin D deficiency was observed, so supplementation was provided. Close monitoring of dietary reports by providers is necessary to avoid any nutrient deficiencies.



It is a limitation that there were no objective measures of dietary compliance, but the patient’s stable weight, food intake reports, and fecal calprotectin results completed monthly or bimonthly ensured little-to-no prohibited foods were consumed. Another strategy to ensure compliance is for patients to incorporate their food consumption into a food tracking app. Future studies need to ensure close monitoring with a physician or dietitian trained in SCD to avoid the risk of gastrointestinal complaints, flare-ups, or nutritional deficiencies. To avoid exacerbation of disease activity, noninvasive tests such as fecal calprotectin should also be closely monitored on a monthly or bimonthly basis.



Another limitation of this case report is its inability to generalize certain foods, since triggers may be varied for different patients. For example, in this study, the patient had trouble implementing carrots in the earlier stages of the diet, but did better when consuming butternut squash. To address some of these issues, the patient used an app to track trigger foods and his stool frequency and shape according to the Bristol Stool Chart. Having records using an app about stool frequency and notes on foods consumed daily will ensure that both the patient and provider can quickly identify any issues with foods. Ultimately, implementing dietary changes is individualized, and future studies should be cognizant that patients need to receive a diet that is tailored towards their needs, with the close supervision of a dietitian or physician. For patients and physicians looking to learn more about exclusion diets such as SCD, the book “Breaking the Vicious Cycle” by Elaine Gloria Gottschall, published in 1994, provides more information [19]. There are also a wealth of educational resources, such as handouts on the various stages of the diet, a list of allowed foods, and more, on NiMBAL [24,25].



A final limitation of the study is that it was difficult to measure what specifically decreased the patient’s inflammation. While he made several changes to his diet, it is unclear which exclusion of foods specifically contributed to quelling disease activity, as well as the accuracy of diet reporting. Although this single case report has limitations in the ability to generalize, it warrants a continued approach to promote individualized diets, either as a sole therapeutic option in select patients or in adjunct with medications, to control disease activity and induce sustained remission, with physician supervision. Future studies could explore the mechanisms by which specific foods cause a decrease in inflammation and which foods are generally tolerable for patients with CD. Additionally, more research is needed to better understand what changes occur in the gut microbiome and which microbes are implicated in IBD when dietary modifications, such as exclusive elemental and exclusion diets, are made to address disease activity in patients.
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Figure 1. Fecal Calprotectin Results (10 April 2018–17 June 21). 
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Figure 2. C-reactive protein results (10 April 2018–17 June 21). 
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