
Introduction

Samuel Wilks first described ulcerative colitis (UC) in 
1859 [1]. Ulcerative colitis is a type of inflammatory bowel 
disease (IBD). It is characterized by continuous and diffuse 
inflammation that is limited to the colonic mucosa and extends 
proximally from the rectum. The disease develops most often 
in the second or third decade of life. The classic symptoms are 
bloody diarrhea, abdominal pain, and tenesmus [2]. Because the 
natural history of the disease is periods of remission and flares, 
medications are used in most cases to induce and maintain a long-
term corticosteroid-free remission. Despite available medical 
treatments, approximately 15% of patients will require surgery 
for their disease [3,4].

Epidemiology 

Genetic factors are attributed to the risk of developing 
the disease, accompanied by epithelial barrier defects and 
environmental factors. Currently, a number of genetic and 
environmental factors that increase the risk of developing UC 
have been identified [5]. A westernized lifestyle and diet including  

 
cessation of tobacco use, consumption of animal products, stress, 
medication use and high socioeconomic status are all associated 
with the development of IBD [6]. Among many such factors, 
tobacco smoking and appendectomy are linked to milder disease, 
fewer hospitalizations, and decreased incidence of UC, but the 
reverse is true for Crohn’s disease [7,8]. 

Significant changes in dietary intake during the past decades 
have been associated with the increase in incidence of UC. The 
relationship between diet and UC development has been indicated 
in several epidemiological studies [9].

One study found a significant association between meat 
intake, red meat in particular, and UC risk. This meta-analysis 
of seven epidemiological studies found meat intake to raise the 
risk of ulcerative colitis by 47% [10]. Another study found that a 
high fat intake was associated with an increased risk for UC; this 
was particularly marked for animal fat which quadrupled the risk 
of ulcerative colitis [11]. A meta-analysis of fruit and vegetable 
consumption found that fruits and vegetables are associated with 
a significantly decreased risk of ulcerative colitis [12].
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Interventional studies

A year-long prospective cohort study was performed with UC 
patients in remission who were followed for a year to determine 
the effect of habitual diet on relapse. High sulfur or sulfate intake 
increased the risk of relapse 2.7 times [13].

In a study of patients with mild UC or UC in remission who did 
not need immediate treatment, a residential program including 
a plant-based diet and dietary guidance was provided during a 
two-week period. The majority (77%) of patients experienced 
improvements in symptoms and laboratory data during treatment. 
These same patients were then followed for 5 years and at 1, 2, 3, 
4, and 5 years, the relapse rates were 2%, 4%, 7%, 19%, and 19%, 
respectively [14]. These relapse rates are far better than those 
previously reported. For instance, a study of patients treated with 
aminosalicylates showed a relapse rate of 16% after only one year 
[15]. Other studies, without treatment with a plant-based diet, 
also showed higher rates of relapse [16-22].

A study characterizing the gut microbiome in a large cohort of 
pediatric patients with severe UC was the first to describe changes 
in the gut microbiome as a potential prognostic feature [23]. 
Richness, evenness, and biodiversity of the gut microbiome were 
remarkably reduced in children with UC compared with healthy 
controls. Children who did not respond to steroids harbored a 
microbiome that was even less rich than steroid responders. 

Prebiotics are defined as non-digestible food ingredients that 
beneficially affect the host by selectively stimulating the growth or 
activity of bacterial species already present in the gut. Prebiotics, 
such as psyllium, are found in plant foods [24]. Because colonic 
fermentation of Plantago ovata seeds (psyllium) supports the 
bacteria that produce butyrate, it may have efficacy in treating 
ulcerative colitis. In a one-year study, consumption of 10mg BID 
Plantago ovata seeds was almost as effective as Mesalamine in 
maintaining remission. A significant increase in fecal butyrate 
levels was observed after Plantago ovata seed administration, 
thus reducing inflammation [25].

Fish oil and essential fatty acid supplements have not been 
found to be effective in the treatment and or maintenance of 
remission in ulcerative colitis [26]. Five placebo-controlled 
double-blind studies found no overall convincing clinical benefit of 
dietary fish oil supplementation for 4–12 months in the treatment 
of patients with active UC [27-31].

Pathophysiology

 The multifactorial pathophysiology of UC includes genetic 
predisposition, epithelial barrier defects, dysregulated immune 
responses, microbial dysbiosis, and environmental factors [32,33].

Dietary factors can be related to UC pathogenesis or disease 
course through direct effects on the host, or through indirect 
effects through modulations of composition or function of gut 
microbiota. Diet plays a major role in shaping gut microbial 

composition [34,35]. Although the exact pathophysiological 
mechanisms in which diet plays a role in ulcerative colitis 
development remain unknown, several plausible explanations 
have been proposed, including its effects on the composition of 
gut microbiota, production of microbial metabolites, alterations in 
mucosal immunity, and mucosal barrier function [36].

A plant-based diet produces a greater quantity of butyrate and 
other short chain fatty acids, as well as supplying phytochemicals 
with anti-inflammatory properties. Plant-based dietary patterns 
may promote a more favorable gut microbial profile. Such diets are 
high in dietary fiber and fermentable substrate (i.e. non digestible 
or undigested carbohydrates), which are sources of metabolic fuel 
for gut microbial fermentation and, in turn, result in end products 
that may be used by the host (i.e. short chain fatty acids such as 
butyrate). These end products may have direct or indirect effects 
on modulating the health of their host [37].

The naturally occurring substances in plant foods having 
anti-inflammatory bowel actions include phytochemicals, 
antioxidants, dietary fibers, and lipids. The literature indicates 
that many of these compounds of plant foods exert their 
beneficial action by altering cytokine production. Specifically, 
phytochemicals such as polyphenols or flavonoids are the most 
abundant, naturally occurring anti-inflammatory substances. 
The effects of phytochemicals are associated with modulating 
the levels of tumor necrosis factor α (TNF-α), interleukin (IL)-
1, IL-6, inducible nitric oxide synthase, and myeloperoxide. The 
anti-ulcerative effects of dietary fiber are mainly mediated via 
peroxisome proliferator-activated receptor-γ, TNF-α, nitric oxide, 
and IL-2, whereas the effects of lactic acid bacteria are reported 
to influence interferon-γ, IL-6, IL-12, TNF-α, and nuclear factor-κ 
light-chain enhancer of activated B cells. These results suggest 
that the anti-IBD effects exhibited by natural products are mainly 
caused by their ability to modulate cytokine production [38]. 

Studies, conducted using in vivo and in vitro models, provide 
evidence that polyphenolic compounds and natural polyphenolic 
plant extracts can modulate intestinal inflammation [39]. 
Polyphenols may thus be considered able to prevent or delay the 
progression of ulcerative colitis, especially because they reach 
higher concentrations in the gut than in other tissues [40].

It is thought that sulfide toxicity may be important in the 
pathogenesis of UC [41,42]. The initial evidence in this regard was 
a demonstration that experimental exposure of colonic tissue to 
sulfide causes inhibition of butyrate use, a defect similar to that 
observed in mucosal biopsies obtained from UC patients [43]. 
UC patients have significantly higher luminal concentrations of 
hydrogen sulfide than controls, and disease activity correlates 
with sulfide production rates [44]. Hydrogen sulfide induces 
hyperproliferation of colonic mucosa and this effect is antagonized 
by butyrate [45]. Treatment with 5-aminosalicylates and bismuth 
subsalicylates has been shown to reduce hydrogen sulfide 
production in the colonic lumen [46].
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 Exogenous sources, such as red meat, cheese, milk, fish 
and eggs, contribute to the colonic pool of sulfur [26,47,48], 
whereas endogenous sources do not seem to make a significant 
contribution to the colonic pool of sulfur [44]. The major 
exogenous sources of sulfur are the sulfur amino acids found in 
high protein foods and inorganic sulfate (in brassica vegetables 
and as preservatives in processed foods, particularly commercial 
breads, beers, sausages, and dried fruit.) [49]. Sulfur amino acids 
and inorganic sulfate reach the colon where they are converted 
to sulfides by fermentation with colonic bacteria or by sulfate-
reducing bacteria [50,51]. Fecal hydrogen sulfide concentration 
increases when either the sulfur amino acid content (as meat) 
[52] or sulfate content (as additives) of the diet increase [53]. 
Generation of hydrogen sulfide by sulfate- reducing bacteria is 
modest compared with total fecal sulfide concentration [47,54], 
suggesting that fermentation of sulfur amino acids may be the 
more important of the two mechanisms of generation of hydrogen 
sulfide. 

Fecal sulfide levels increase after consumption of increasing 
amounts of meat [26,47], providing evidence that meat is an 
important substrate for sulfide generation by bacteria in the 
human large intestine. In a pilot study in which the intake of sulfur 
amino acids was limited, clinical improvement, in terms of stool 
frequency, was demonstrated in patients with UC [42].

The toxic effects of sulfur-reducing compounds, particularly 
hydrogen sulfide, at concentrations commonly found in the lumen 
of the human colon, appear to be mediated through impaired 
utilization of butyrate by colonocytes [55]. Hydrogen sulfide has 
been found to cause increased epithelial permeability, loss of 
barrier function [56], cellular proliferation [57], and histological 
changes in rat colons that are similar to those seen in humans 
with UC [45]. UC patients have significantly higher luminal 
concentrations of hydrogen sulfide than controls [58] and disease 
activity correlates with sulfide production rates [44].

Vegetarians tend to have higher fiber intakes [59], which could 
be metabolized by the colonic microbiota instead of amino acids, 
leading to a reduction in indoxyl sulfate and p-cresyl sulfate. This 
provides another mechanism to explain why vegetarian protein 
sources appear less detrimental than animal protein sources.

Clinical considerations

The goals of treatment are induction of remission followed 
by maintenance of remission in conjunction with steroid-free 
treatments in the long term management [60]. 

Current practice recommends lifelong medication for 
relapse prevention in IBD [15,61,62]. Current medications used 
in the treatment of ulcerative colitis include aminosalicylates, 
corticosteroids, immunomodulators and biologics. Diet, however, 
is critically important. Although medication is needed in the 
active phase of ulcerative colitis, diet is generally more important 
than medication to maintain remission in the quiescent phase 

[15]. If a suitable diet is established as part of a changing lifestyle, 
medication ultimately may not be needed to maintain remission 
[15].

A suitable diet should be high in prebiotics. Fortunately, 
prebiotics occur naturally in many plant foods because they’re 
components of nondigestible plant fibers. Some plant foods which 
are good sources of prebiotic fibers include chicory, garlic, leeks, 
onion, asparagus, and Jerusalem artichokes. They’re also found 
in lesser amounts in bananas, whole wheat, yams, and sweet 
potatoes. Since the adequate intake for prebiotics is undefined, 
a diet that includes a diverse variety of high-fiber fruits and 
vegetables, especially foods high in prebiotics, has the most 
potential for obtaining sufficient amounts [63].

Vitamin D deficiency is common in people with ulcerative 
colitis with the prevalence being higher than the general 
population [64]. Vitamin D deficiency may also be a contributing 
factor in the development of ulcerative colitis [65]. Vitamin D as 
a therapeutic agent has shown promise in lowering relapse rates 
and bettering quality-of-life in ulcerative colitis patients [66]. 

Vitamin D is a pleiotropic hormone with a diverse range of 
effects ranging from immune modulation to cell differentiation 
and intercellular adhesion. Several in vivo and in vitro studies 
have examined the role of vitamin D in immune-mediated diseases 
such as ulcerative colitis [67-69]. The consequences of vitamin D 
deficiency on the gastrointestinal tract include, but are not limited 
to, decreased colonic bacterial clearance [70] reduced expression 
of tight junctions in the intestinal epithelium [71] and elevated 
Th1-driven inflammation at the gut level [72].

There is growing evidence that vitamin D status may affect 
disease activity. As such, consideration should be given to 
screening and management of vitamin D deficiency in this patient 
group [73,74]. Testing for Vitamin D deficiency should be part of 
every ulcerative colitis workup.  

Other lab work should include B12 and, for potentially anemic 
patients, hemoglobin. Both the mean corpuscular volume (MCV) 
and the mean corpuscular hemoglobin concentration (MCHC) 
will also have values below the normal range for the laboratory 
performing the test. A colonoscopy can be performed as indicated.

The plant-based diet compares favorably with standard 
treatments. Treatment with a plant-based may take a little longer 
to become evident. Lab work should take this into account. It is 
also important to titrate the doses of medications as the treatment 
effects of a plant-based diet become evident. This is also the case if 
patients are being treated with antidiabetic, antihypertensive and 
anti-hypercholesterolemics concurrently.

Discussion

Ulcerative colitis is a lifelong illness that has a profound 
emotional and social impact on the affected patients. Treating 
ulcerative colitis can be frustrating for doctor and patient 
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alike. The symptoms usually cause discomfort and many of the 
medications used to treat the disease have significant side effects. 
In addition, some of the medications are quite expensive resulting 
in a financial burden for the patient. Therefore, practicing 
prevention of this disease is particularly desirable. 

If ulcerative colitis is accepted to be a lifestyle disease mainly 
caused, or exacerbated by a westernized diet, then current 
practice should move toward encouraging the patient to change 
their diet. A plant-based diet is naturally much higher in fiber than 
the average American diet, thus promoting the bacterial species 
in the gut that produce butyrate, resulting in lower inflammation.

A plant-based diet can significantly reduce the risk or relapse 
in ulcerative colitis patients, almost as effectively as the leading 
drug, Mesalamine. It can be used as a monotherapy or as an 
adjunct along with medications that are usually prescribed for 
ulcerative colitis patients. 

Treating the ulcerative colitis patient with a plant-based diet 
has several advantages. It has no contraindications or adverse 
reactions, is affordable and can prevent and treat common 
comorbidities such as type 2 diabetes and coronary artery 
disease. It also reduces the risk of colon cancer, which is raised for 
long standing cases of ulcerative colitis patients. 

Plant-based diets are no longer very unusual as they have 
become more popular in the general population in recent years. 
Given all of the benefits, the plant-based diet deserves a place 
among the physician’s treatment options for ulcerative colitis.
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