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Abstract: Crohn’s disease (CD) is a form of chronic inflammatory bowel disease (IBD). The etiology
of CD is thought to be multi-factorial; genetic factors, dietary and environmental exposures, immune
events, and dysfunction of the gut microbiome are all though to play a role. The prevalence of CD is
increasing globally and is higher in countries with a Westernized diet and lifestyle. Several human
trials have demonstrated that plant-based dietary therapies may have utility in both the treatment
of acute CD flares and the maintenance of remission. This case study describes a young adult male
with newly diagnosed CD who failed to enter clinical remission despite standard medical therapy.
After switching to a diet based exclusively on grains, legumes, vegetables, and fruits, he entered
clinical remission without need for medication and showed no signs of CD on follow-up colonoscopy.
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1. Introduction

Crohn’s disease (CD) was named for gastroenterologist Dr. Burrill B. Crohn who described
a condition he called “terminal ileitis” in 1932 [1]. Descriptions of this condition can be found as far
back as the 1700s [1]. The condition is commonly described as a disorder of uncertain etiology [2]. It is
thought to be provoked by a combination of genetics, dietary and environmental exposures, immune
changes, and an abnormal balance of gut bacteria [3].

CD is characterized by segments of transmural inflammation of the gastrointestinal tract which
may occur anywhere from the mouth to the perianal area. Median age at diagnosis is 40 years [2].
Clinical manifestations are variable but include diarrhea, abdominal pain, rectal bleeding, fatigue,
and weight loss. Segments of inflamed bowel are characterized by ulceration and polypoid mucosal
changes which give a typical “cobblestone” appearance. Definitive diagnosis of CD is made by
identifying the typical appearances at ileo-colonoscopy with biopsy and histological confirmation.
Biopsies demonstrate typical granulomatous inflammation [2]. Up to one-third of patients have
stricturing or penetrating intestinal complication at diagnosis, and half of all patients require surgery
within 10 years of diagnosis [2]. Patients typically experience periods of inflammatory disease flares
and periods of symptomatic remission. The majority of patients do not achieve prolonged clinical
remission [3].
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The prevalence of CD in the United States and Europe increased throughout the 20th century and
has now plateaued. Approximately 1 in 315 people in the United States and 1 in 310 people in Germany
have been diagnosed with CD [4]. In the early 21st century, CD has emerged as a global disease with
accelerating incidence in newly industrialized countries [4]. Multiple epidemiological studies have
found associations between dietary intakes and inflammatory bowel disease (IBD). Diets that are higher
in refined carbohydrates, animal protein, total fat, and dairy fat have been positively associated with
IBD prevalence [4-10]. IBD is also more common in populations with higher intakes of ultra-processed
foods [11]. Conversely, higher intakes of fruits, vegetables, whole grains, and legumes may have
a protective effect [7,10-12].

The gut microbiota may be a crucial mediator between diet and CD pathogenesis [13]. For example,
common food emulsifiers and artificial flavor enhancers have been shown to promote the growth and
pathogenic action of adherent-invasive E. coli (AIEC), harmful bacteria found in the microbiota of
patients with CD [14,15]. In contrast, dietary concentrations of soluble plant polysaccharides have
been shown to downregulate AIEC adherence [14]. A diet that is high in animal products and low in
fiber can induce rapid changes in the human gut microbiota and provoke an outgrowth of bacterial
subtypes that have been associated with IBD pathogenesis [16].

Prospective case series have shown that a diet that eliminates or restricts dairy foods, animal
protein, animal fat, emulsifiers, and other artificial food additives can induce CD remission. This dietary
intervention is effective in patients with newly diagnosed active CD and in patients with established
CD who have failed to respond to standard medical therapy, with reported clinical remission rates
of 78.7% and 90.4%, respectively [17,18]. Whole food dietary intervention is also well tolerated by
patients with CD, with excellent adherence [19].

A diet that focuses on whole foods and plant-based sources of protein has also been reported
to be beneficial in the maintenance of CD remission [20]. One controlled case series of 22 patients
demonstrated a remission rate of 92% in CD patients who adhered to a whole food semi-vegetarian
diet for two years, compared to 25% in patients who continued with a standard omnivorous diet.

Dietary intervention with exclusive enteral nutrition or elemental feeding is a well-established
treatment for both adults and children with CD [21]. Recent advances in our understanding of CD
pathogenesis suggest that this mode of treatment is successful because it excludes the common dietary
components that may aggravate CD. A whole food dietary approach focused on plant-based sources
of nutrition may be able to deliver the same therapeutic benefit [22].

2. Case

In November 2014, a 25-year-old-male presented to the Department of Gastroenterology at
a secondary care facility after having experienced several months of weight loss, diarrhea, and flu-like
symptoms. He had a past medical history of peri-anal abscess and was on no prescribed or
over-the-counter medications. He was a non-smoker. Ileo-colonoscopy demonstrated moderately
inflamed mucosa with nodular congestion, marked erythema, and multiple shallow ulcers in the
terminal ileum with minimal colonic involvement (Figure 1). The ileocecal valve appeared normal.
A few small, non-bleeding mucosal erosions were present within the colon; at the hepatic flexure,
transverse colon, and sigmoid colon. The overall impression was ileo-colonic Crohn’s disease with
moderately severe and active ileal disease. Biopsies gave histopathological confirmation of moderately
active ileal Crohn’s disease with mild, patchy colonic inflammation. At diagnosis, his symptoms
indicated a Harvey-Bradshaw Index (HBI) score of 17, indicating moderately severe disease [23].

Treatment was commenced January 2015 with the biologic agent infliximab, 5 mg/kg by intravenous
infusion every 8 weeks. After 37 weeks, the treatment dose was escalated to 7.5 mg/kg due to lack
of symptomatic clinical response. The patient’s symptoms improved, but he did not achieve clinical
remission. After 1 year of infliximab treatment, his HBI score was 5, indicating mildly active disease.
Although he had demonstrated significant clinical response to therapy, he had failed to achieve clinical
remission and continued to experience fatigue, bloating, and episodic severe abdominal pain.
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Figure 1. Photographs from diagnostic ileo-colonoscopy in December 2014: inflamed terminal ileum
with the typical cobble stone mucosa and ulceration of Crohn’s disease.

In March 2017, having been on infliximab for 2 years, the patient reported a complete elimination
of animal products and processed foods from his diet for forty days during a period of religious
observation. During this time, he experienced a complete resolution of symptoms (HBI 0). Prior to this,
his diet had been the typical American diet consisting of daily consumption of meat, dairy products,
refined grains, processed foods, and modest amounts of vegetables and fruits. Having experienced
complete clinical remission for the first time since his Crohn’s disease diagnosis, the patient decided
to switch to a whole food, plant-based diet permanently, severely reducing his intake of processed
foods and limiting animal products to one serving, or less, per week. There were a few reported
periods of poor diet adherence, at which point symptoms of fatigue, nausea, bloating, and occasional
aphthous ulcers would recur (HBI 2). HBI scores decreased back to 0 with adherence to the plant-based
diet. He also began to employ stress-relief strategies including yoga, weight-lifting, and running.
After 6 months of implementing these changes in diet and lifestyle, a follow-up ileo-colonoscopy in
August 2017 demonstrated complete mucosal healing with no visible evidence of Crohn’s disease
(Figure 2).

appendiceal orfice terminal ileum cecum ileo-cecal vaie siamoid colon

distal rectum

Figure 2. Follow-up ileo-colonoscopy August 2017: complete mucosal healing with no endoscopic
evidence of Crohn’s disease.

One year after this follow-up colonoscopy, infliximab therapy was ceased based upon ongoing
complete clinical remission. As of May 2019, the patient had been off standard medical therapy for
a total of 10 months and had not yet experienced a significant clinical relapse.
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3. Discussion

Standard medical therapy for patients with newly diagnosed CD focuses on inducing and then
maintaining remission. For low-risk patients, induction of remission is generally sought using tapering
doses of oral budesonide or prednisolone [24], prescribed for durations of 6-8 weeks. Patients who
require repeated courses of steroid medications are escalated to treatment with thiopurine medications
(azathioprine or 6-mercaptopurine). If further treatment escalation is required, a biologic drug such as
infliximab or adalimumab is commenced. In patients with high-risk features predictive of a more severe
disease phenotype, clinicians will often employ a “top-down approach” with the early introduction of
biologic drugs to induce and maintain remission. Maintenance therapy in high-risk patients requires
ongoing therapy with thiopurines and/or biologic drugs for at least 12 months [25]. The patient in
this case report was considered high-risk due to his moderately severe inflammation, severity of
symptoms, diagnosis under the age of thirty, and his perianal disease. Despite current treatment
regimens, only 10% of traditionally managed CD patients achieve long-term remission and 50% of
patients require surgery within 10 years of diagnosis [25].

Both Kappelman et al. [26] and M’Koma [27] discussed the increasing global burden of IBD in
recent years and the need for a plan on how to address this. Multiple human trials [16-21] have
reported that a decrease in animal products and dairy and an increase in whole plant foods improved
the clinical signs and symptoms of IBD patients, in particular CD. Chiba et al. [20] showed 100%
maintenance of medically-induced remission at 2 years in 15 of 16 patients using a semi-vegetarian
diet. For comparison, a combination of infliximab and azathioprine, without dietary intervention,
has been reported to achieve 6-month clinical remission in only 57% of cases [28].

A whole food diet has previously been proposed as a successful adjunct to therapy in patients
with CD. Case series of patients treated with a Crohn’s Disease Elimination Diet (CDED) have reported
six-week remission rates of 70.6% in newly diagnosed patients and 62% in patients with established
disease. The CDED protocol shares many of the defining characteristics of a whole food, plant-based
diet: excluding or minimizing exposure to food emulsifiers, flavor enhancers, sources of omega-6 fatty
acids, and dairy products, while providing sources of plant poly-saccharides and dietary fiber [18].

A plant-based diet appears to be beneficial for human health by promoting the development
of more diverse microbial systems [13]. Higher fiber intake also encourages the growth of species
that ferment fiber into metabolites as short-chain fatty acids (SCFAs), including acetate, propionate,
and butyrate. The positive health effects of SCFAs are myriad, including improved immunity against
pathogens, blood-brain barrier integrity, provision of energy substrates, and regulation of critical
functions of the intestine [29].

Two limitations of this case report are that the patient was on therapy during the duration in which
the dietary alteration occurred and that the diet was not recorded with a food diary. A diet consisting
of whole grains, legumes, fruits, and vegetables has been shown to be helpful in the prevention and
treatment of heart disease, obesity, diabetes, hypertension, gallbladder disease, rheumatoid arthritis,
and many cancers [30]. Although further research is required, taken in the context of emerging evidence,
this case report suggests that Crohn’s disease might be added to this list of conditions.

Author Contributions: K.S. wrote the manuscript. H.K., AN.D., E.E., and N.D.B. assisted with support,
supervision, writing review, and editing.
Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Intestinal Disease Education and Awareness Society. Available online: https://weneedideas.ca/crohns-disease-
history.php (accessed on 12 January 2019).

2. Freeman, H.J. Natural history and long-term clinical course of Crohn’s disease. World . Gastroenterol. 2014,
20, 31-36. [CrossRef] [PubMed]


https://weneedideas.ca/crohns-disease-history.php
https://weneedideas.ca/crohns-disease-history.php
http://dx.doi.org/10.3748/wjg.v20.i1.31
http://www.ncbi.nlm.nih.gov/pubmed/24415855

Nutrients 2019, 11, 1385 50f6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Peyrin-Biroulet, L.; Loftus, E.V,, Jr.; Colombel, ].E,; Sandborn, W.J. The natural history of adult crohn’s disease
in population-based cohorts. Am. J. Gastroenterol. 2010, 105, 289-297. [CrossRef] [PubMed]

Ng, S.C.; Shi, H.Y,; Hamidi, N.; Underwood, EE.; Tang, W.; Benchimol, E.I; Panaccione, R.; Ghosh, S.;
Wu, J.C.Y,; Chan, EK.L.; et al. Worldwide incidence and prevalence of inflammatory bowel disease in the
21st century: A systematic review of population-based studies. Lancet 2018, 390, 2769-2778. [CrossRef]
Burisch, J.; Pedersen, N.; Cukovic-Cavka, S.; Turk, N.; Kaimakliotis, I.; Duricova, D.; Bortlik, M.; Shonova, O.;
Vind, L; Avnstrem, S.; et al. Environmental factors in a population-based inception cohort of inflammatory
bowel disease patients in Europe—an ECCO-EpiCom study. ]. Crohns Colitis 2014, 8, 607-616. [CrossRef]
[PubMed]

Hu, D.; Ren, J.; Wang, G.; Gu, G.; Liu, S.; Wu, X,; Chen, ].; Ren, H.; Hong, Z.; Li, ]. Geographic Mapping of
Crohn’s Disease and Its Relation to Affluence in Jiangsu Province, an Eastern Coastal Province of China.
Gastroenterol. Res. Pract. 2014. [CrossRef] [PubMed]

DeClercq, V.; Langille, M.G.L; Van Limbergen, J. Differences in adiposity and diet quality among individuals
with inflammatory bowel disease in Eastern Canada. PLoS ONE 2018, 13, e0200580. [CrossRef] [PubMed]
Jantchou, P.; Morois, S.; Clavel-Chapelon, F.; Boutron-Ruault, M.C.; Carbonnel, F. Animal protein intake and
risk of inflammatory bowel disease: The E3N prospective study. Am. J. Gastroenterol. 2010, 105, 2195-2210.
[CrossRef] [PubMed]

Sakamoto, N.; Kono, S.; Wakai, K.; Fukuda, Y.; Satomi, M.; Shimoyama, T.; Inaba, Y.; Miyake, Y.; Sasaki, S.;
Okamoto, K.; et al. Dietary risk factors for inflammatory bowel disease: A multicenter case-control study in
Japan. Inflamm. Bowel Dis. 2005, 11, 154-163. [CrossRef] [PubMed]

Reif, S.; Klein, L; Lubin, F; Farbstein, M.; Hallak, A.; Gilat, T. Pre-illness dietary factors in inflammatory
bowel disease. Gut 1997, 40, 754-760. [CrossRef]

Niewiadomski, O.; Studd, C.; Wilson, J.; Hair, C.; Knight, R.; Prewett, E.; Dabkowski, P.; Alexander, S.;
Allen, B.; Dowling, D.; et al. Influence of food and lifestyle on the risk of developing inflammatory bowel
disease. Intern. Med. ]. 2016, 46, 669—-676. [CrossRef]

Hou, J.K.,; Abraham, B.; El-Serag, H. Dietary intake and risk of developing inflammatory bowel disease:
A systematic review of the literature. Am. J. Gastroenterol. 2011, 106, 563-573. [CrossRef] [PubMed]

Eom, T.; Kim, Y.S.; Choi, C.H.; Sadowsky, M.].; Unno, T. Current understanding of microbiota-and
dietary-therapies for treating inflammatory bowel disease. J. Microbiol. 2018, 56, 189-198. [CrossRef]
Roberts, C.L.; Keita, A.V,; Duncan, S.H.; O’Kennedy, N.; Soderholm, J.D.; Rhodes, ].M.; Campbell, B.J.
Translocation of Crohn’s disease Escherichia coli across M-cells: Contrasting effects of soluble plant fibres
and emulsifiers. Gut 2010, 59, 1331-1339. [CrossRef] [PubMed]

Nickerson, K.P.; McDonald, C. Crohn’s Disease-Associated Adherent-Invasive Escherichia coli Adhesion Is
Enhanced by Exposure to the Ubiquitous Dietary Polysaccharide Maltodextrin. PLoS ONE 2012, 7, 52132.
[CrossRef] [PubMed]

David, L.A.; Maurice, C.F.,; Carmody, R.N.; Gootenberg, D.B.; Button, ].E.; Wolfe, B.E.; Ling, A.V; Devlin, A.S.;
Varma, Y.; Fischbach, M.A ; et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature
2014, 505, 559-563. [CrossRef] [PubMed]

Sigall-Boneh, R.; Pfeffer-Gik, T.; Segal, I.; Zangen, T.; Boaz, M.; Levine, A. Partial enteral nutrition with
a Crohn’s disease exclusion diet is effective for induction of remission in children and young adults with
Crohn’s disease. Inflamm. Bowel Dis. 2014, 20, 1353-1360. [CrossRef]

Boneh, R.S.; Shabat, C.S.; Yanai, H.; Chermesh, I.; Ben Avraham, S.; Boaz, M.; Levine, A. Dietary Therapy
with the Crohn’s Disease Exclusion Diet is a Successful Strategy for Induction of Remission in Children and
Adults Failing Biological Therapy. J. Crohns Colitis 2017, 11, 1205-1212. [CrossRef]

Van Limbergen, J.; Wine, E.; Assa, A.; Boneh, R.S.; Shaoul, R.; Kori, M.; Cohen, S.; Peleg, S.; Shamaly, H.;
Milman, A.O.P; et al. Crohn’s disease exclusion diet is equally effective but better tolerated than
exclusive enteral nutrition for induction of remission in mild-to-moderate active paediatric Crohn’s disease:
A prospective randomised controlled trial. J. Crohns Colitis 2019, 13, S003. [CrossRef]

Chiba, M.; Abe, T.; Tsuda, H.; Sugawara, T.; Tsuda, S.; Tozawa, H.; Fujiwara, K.; Imai, H. Lifestyle-related
disease in Crohn’s disease: Relapse prevention by a semi-vegetarian diet. World |. Gastroenterol. 2010,
16, 2484-2495. [CrossRef]

Narula, N.; Dhillon, A.; Zhang, D.; Sherlock, M.E.; Tondeur, M.; Zachos, M. Enteral nutritional therapy for
induction of remission in Crohn’s disease. Cochrane Database Syst. Rev. 2018. [CrossRef]


http://dx.doi.org/10.1038/ajg.2009.579
http://www.ncbi.nlm.nih.gov/pubmed/19861953
http://dx.doi.org/10.1016/S0140-6736(17)32448-0
http://dx.doi.org/10.1016/j.crohns.2013.11.021
http://www.ncbi.nlm.nih.gov/pubmed/24315795
http://dx.doi.org/10.1155/2014/590467
http://www.ncbi.nlm.nih.gov/pubmed/24839438
http://dx.doi.org/10.1371/journal.pone.0200580
http://www.ncbi.nlm.nih.gov/pubmed/30024912
http://dx.doi.org/10.1038/ajg.2010.192
http://www.ncbi.nlm.nih.gov/pubmed/20461067
http://dx.doi.org/10.1097/00054725-200502000-00009
http://www.ncbi.nlm.nih.gov/pubmed/15677909
http://dx.doi.org/10.1136/gut.40.6.754
http://dx.doi.org/10.1111/imj.13094
http://dx.doi.org/10.1038/ajg.2011.44
http://www.ncbi.nlm.nih.gov/pubmed/21468064
http://dx.doi.org/10.1007/s12275-018-8049-8
http://dx.doi.org/10.1136/gut.2009.195370
http://www.ncbi.nlm.nih.gov/pubmed/20813719
http://dx.doi.org/10.1371/journal.pone.0052132
http://www.ncbi.nlm.nih.gov/pubmed/23251695
http://dx.doi.org/10.1038/nature12820
http://www.ncbi.nlm.nih.gov/pubmed/24336217
http://dx.doi.org/10.1097/MIB.0000000000000110
http://dx.doi.org/10.1093/ecco-jcc/jjx071
http://dx.doi.org/10.1093/ecco-jcc/jjy222.004
http://dx.doi.org/10.3748/wjg.v16.i20.2484
http://dx.doi.org/10.1002/14651858.CD000542.pub3

Nutrients 2019, 11, 1385 60f6

22.

23.
24.

25.

26.

27.

28.

29.

30.

Levine, A.; Sigall Boneh, R.; Wine, E. Evolving role of diet in the pathogenesis and treatment of inflammatory
bowel diseases. Gut 2018, 67, 1726-1738. [CrossRef]

Harvey, R.F,; Bradshaw, ]. M. A simple index of Crohn’s-disease activity. Lancet 1980, 315, 514. [CrossRef]
Regueiro, M.; Hashah, J.A. Overview of Medical Management of Mild (Low-Risk) Crohn Disease in Adults;
UpToDate: Waltham, MA, USA, 2019.

Hashash, J.A.; Regueiro, M. Overview of Medical Management of High-Risk, Adult Patients with Moderate to
Severe CD; UpToDate: Waltham, MA, USA, 2019.

Kappelman, M.D.; Moore, K.R.; Allen, ].K.; Cook, S.F. Recent trends in the prevalence of Crohn’s disease
and ulcerative colitis in a commercially insured US population. Dig. Dis. Sci. 2012, 58, 519-525. [CrossRef]
[PubMed]

M’Koma, A E. Inflammatory bowel disease: An expanding global health problem. Clin. Med. Insights Gastroenterol.
2013, 6, 33-47. [CrossRef] [PubMed]

Colombel, ].E; Sandborn, W.]J.; Reinisch, W.; Mantzaris, G.J.; Kornbluth, A.; Rachmilewitz, D.; Lichtiger, S.;
D’haens, G.; Diamond, R.H.; Broussard, D.L.; et al. Infliximab, azathioprine, or combination therapy for
Crohn’s disease. N. Engl. J. Med. 2010, 362, 1383-1395. [CrossRef] [PubMed]

Tomova, A.; Bukovsky, I.; Rembert, E.; Yonas, W.; Alwarith, J.; Barnard, N.D.; Kahleova, H. The Effects of
Vegetarian and Vegan Diets on Gut Microbiota. Front. Nutr. 2019, 6, 47. [CrossRef] [PubMed]

Tuso, PJ.; Ismail, M.H.; Ha, B.P,; Bartolotto, C. Nutritional update for physicians: Plant-based diets. Perm. .
2013, 17, 61-66. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1136/gutjnl-2017-315866
http://dx.doi.org/10.1016/S0140-6736(80)92767-1
http://dx.doi.org/10.1007/s10620-012-2371-5
http://www.ncbi.nlm.nih.gov/pubmed/22926499
http://dx.doi.org/10.4137/CGast.S12731
http://www.ncbi.nlm.nih.gov/pubmed/24833941
http://dx.doi.org/10.1056/NEJMoa0904492
http://www.ncbi.nlm.nih.gov/pubmed/20393175
http://dx.doi.org/10.3389/fnut.2019.00047
http://www.ncbi.nlm.nih.gov/pubmed/31058160
http://dx.doi.org/10.7812/TPP/12-085
http://www.ncbi.nlm.nih.gov/pubmed/23704846
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Case 
	Discussion 
	References

