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Background

Irritable bowel syndrome (IBS) 
affects 60 million Americans or 19% 
of the US population, which makes 
it twice as common as diabetes.1,2,3 
Three million Americans suffer from 
inflammatory bowel disease (IBD), 
which includes Crohn’s disease 
(CD) and ulcerative colitis (UC). IBD 
prevalence is increasing and has 
become one of the most common 
inflammatory autoimmune diseases 
after rheumatoid arthritis.4 Porter et 
al found that IBS patients are nine 
times more likely to develop IBD 
than controls.5 Furthermore, Garcia-
Rodriguez et al discovered a 16.3 fold 
increase in risk of IBD in a cohort of 
IBS patients.6 First-degree relatives 
of IBD patients have, at minimum, 
triple the risk of developing IBD as 
compared to healthy controls.7 

IBS and IBD patients present with 
overlapping symptoms, which 
include abdominal pain, cramping, 
bowel movements irregular in 
both frequency and composition, 
and mucus in the stool.4 Patients 
report IBS-like symptoms prior to a 
diagnosis of IBD, and IBD patients 
in remission report an increase in 
IBS symptoms.8 Though symptoms 
are similar and overlapping, the 
etiologies and mechanisms are 
somewhat different. Both IBS and 
IBD display immune irregularities 
and abnormal intestinal flora, 
and both result from chronic 
inflammation involving pre-
inflammatory cytokines. However, 
IBD symptoms arise from a cellular 
auto-immune response to luminal 
antigens. Subsequently, the body 
releases histamine via mast cells 
concentrated in intestinal mucosa 
thereby promoting vasodilation. 

The ensuing release of inflammatory 
prostaglandins and cytokines is 
related to the pain felt in IBS.9.10 
This article discusses the symptoms 
of IBS and IBD, outlines the 
potential etiologies including diet 
composition, analyzes current/
common treatments, and suggests 
future directions for research.

Potential Etiologies  

Digestion starts in the mouth, and 
progresses through the esophagus, 
stomach, small intestine, and the 
colon . Most of the nutrients are 
absorbed in the small intestine while 
the colon extracts water from food 
waste. Inflammation can alter this 
process and cause abnormal bowel 
movements. UC and IBS are both 
diseases which affect the colon 
while CD can affect any part of the 
gastrointestinal tract. 

Researchers in Italy found that high 
animal protein intake, specifically red 
meat (OR=7.8) and cheese (OR=3.7), 
is associated with CD risk.11 This 
study also reported an association 
between high margarine intake and 
UC (OR=21.37).11 In a Danish study, 
high intake of arachidonic acid 
(AA) as measured by adipose AA 
content, led to a four-fold increased 
risk of UC.12 According to the 
National Cancer Institute, chicken, 
chicken mixed dishes, eggs, beef, 
and processed red meats are the 
top sources of AA in the American 
diet.13 Desserts, salad dressing, and 
potato chips also contribute a large 
proportion of this fatty acid via the 
conversion of omega-6 fats to AA in 
humans.13 Recently, scientific reviews 
in the US and Europe analyzed 
dietary intake and the risk of IBD. 
The American review concluded that 

high intake of total fat, omega-6 
fatty acids, and meat protein were 
associated with an increased risk of 
Crohn’s disease and ulcerative colitis 
whereas fiber, fruit, and vegetable 
intake decreased risk.14 One of 
the studies included in this review 
reported a correlation between risk 
of CD and increasing total intake 
of protein (p-value=0.04).14 The 
European review found that high 
intake of meat (OR=3.2), especially 
red and processed meats (OR=5.9) 
may be associated with risk of 
inflammatory bowel disease and 
relapses.15 Authors of this review also 
mention that high levels of AA were 
discovered in the colonic mucosa of 
IBD patients compared to healthy 
controls.15 In Japan, an increase in 
milk protein and animal protein 
intake was associated with a rise in 
CD (p-value<0.001).16 French studies 
in 2010 demonstrated a correlation 
between meat and fish intake 
(p-value=0.02) as well as total animal 
protein (p-value=0.005) and IBD but 
not dairy or egg intake.17 

Biomarkers 

Gastroenterologists do not 
commonly use blood biomarkers 
to assess IBS or IBD disease status. 
Instead, endoscopy is utilized to 
confirm diagnosis in IBD patients 
while a medical history and relevant 
questions are used to diagnose 
IBS in a clinical setting. Serum high 
sensitivity (Hs)-C reactive protein 
(CRP), a measure of inflammation 
in the body, is a biomarker used in 
research for assessing improvement 
or change in IBS disease status.18 Hod 
et al demonstrated the sensitivity 
and specificity of elevated Hs-CRP 
levels are 60% and 68% respectively 
for differentiating between healthy 
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patients and IBS patients.18 On the 
other hand, Langhorst and associates 
found Hs-CRP along with fecal 
lactoferrin, calprotectin, and PMN-
elastase to have 77%, 81%, 46% 
and 83% diagnostic accuracy based 
on endoscopy, respectively.19 The 
diagnostic accuracy of these tests 
for CD or UC was still significant but 
slightly decreased compared to IBS 
(p-value<0.05). In 2008, Harvard 
Medical School scientists used 
ten biomarkers to diagnose IBS.20 
These included interleukin-1β (IL-1β), 
growth-related oncogene-alpha 
(GRO-α), brain-derived neutrophic 
(BDNF), anti-saccharomyces 
cerevisiae (ASCA IgA), antibody 
against CBir1 (anti-CBir1), antihuman 
tissue transglutaminase (tTG), tumor 
necrosis factor -like weak inducer of 
apoptosis (TWEAK), antineutrophil 
cytoplasmic antibody (ANCA), tissue 
inhibitor of metalloproteinase-1 
(TIMP-1), and neutrophil gelatinase-
associated lipocalin (NGAL). IL-1β is a 
pro-inflammatory cytokine which is a 
major player in the pathophysiology 
of IBD.20 These tests had a diagnostic 
accuracy of 70% and were 
inexpensive compared with other 
diagnostic modalities.20 A convenient 
method for early diagnosis of IBS 
could vastly improve the quality of 
life of millions of people. Almost 
50% of patients with IBS live with the 
disease for at least five years before 
being properly diagnosed; therefore 
a convenient method for diagnosis of 
IBS can vastly improve quality of life 
for millions.20 Gene expression has 
also been analyzed for diagnosis of 
IBS. Del Valle-Pinero and associates 
discovered that chemokine C-C motif 
ligand 16, expressed by the liver, was 
up-regulated by over seven-fold in 
IBS versus control patients.21

Conditions and Dietary Practices 
Promoting Inflammation

The sedentary and indulgent 
American lifestyle fosters a tendency 
toward inflammation. Overweight 
and obesity contribute to a host of 
inflammatory anomalies exhibited 
by the rise in pro-inflammatory 
cytokines: TNF-α, IL-1β, and IL-6. 
Obesity is also associated with an 
increased level of fecal calprotectin 
(p-value<0.01).22 Obese women have 
a two-fold greater concentration of 
circulating IL-1β and higher TNF-α 
and IL-6 concentrations compared 
to women of normal weight.23 
Weight loss resulting in the decrease 
of four body mass index (BMI) 
points can decrease IL-1β and IL-6 
concentrations by nearly half, and 
decrease TNF-α by 31%.23,24 

A diet rich in saturated fat increases 
pro-inflammatory gene expression 
in adipose tissue.25 Many of the 
most popular American dietary 
components, such as cheese, 
margarine, and red meat, are pro-
inflammatory foods.11 This explains 
why the typical American diet, 
which is low in fruits and vegetables 
but contains high amounts of 
meat, refined grains, and dessert 
products, creates a pro-inflammatory 
state in the body.26,27 Nappo et al 
demonstrated a 56% increase in 
circulating TNF-α and 75% increase 
in IL-6 after a high fat meal was 
consumed by healthy patients. 
Conversely, these elevations did 
not occur in the same subjects after 
consumption of a high carbohydrate 
meal.28 Another clinical trial with 
human subjects showed that the 
percentage of TNF-α and IL-1β 
expressed during the fasting state 
was negligible. Nevertheless, when 

these subjects consumed a meal 
of whole milk, a plain bagel, cream 
cheese, margarine, boiled egg, 
and cantaloupe, their postprandial 
state after three hours and six hours 
exhibited an increase of sevenfold 
and eightfold in TNF-α and similar 
rise in IL-1β.29 

Recently, 40 food items were 
analyzed for their ability to induce 
the secretion of pro-inflammatory 
cytokines in human cells.30 The main 
difference between inflammatory 
foods and non-inflammatory foods 
were the levels of Toll-like receptor 
2 (TLR2) and Toll-like receptor 4 
(TLR4) stimulants. While most foods 
(especially fruits and vegetables) 
contained undetectable levels of 
these stimulants, meat products and 
processed foods were the main foods 
with significant amounts of TLR2 or 
TLR4 stimulants. In fact, cheese, ice 
cream, chocolate, turkey, and pork 
induced the highest levels of TNF-α 
cytokine secretion. Yogurt, cheese, 
chocolate, turkey, and pork elicited 
the highest levels of IL-6 cytokine 
secretion.30 

A mechanism which explains the 
high TLR2 and TLR4 stimulant 
effects in certain foods is called 
endotoxemia. Particularly animal-
based foods, such as hamburger, 
contain large microbial loads nearing 
107 colony forming units. These 
bacteria carry endotoxins which 
cannot be destroyed through any 
common cooking or processing 
methods.31 In essence, digestion of 
a high-saturated fat meal elevates 
circulating endotoxins within one 
hour after a meal.31 
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Anti-inflammatory Practices and 
Factors

Favorable changes in cytokine and 
inflammation levels occur with 
weight loss in overweight or obese 
patients.32,33 Many plant foods and 
oils have anti-inflammatory effects as 
well. Eating merely four servings of 
legumes per week can lower serum 
CRP levels by 40% in two months for 
overweight and obese subjects.34 
Extra virgin olive oil, tomato juice, 
walnuts, red wine, flax seed meal, 
black tea, and sweet cherries are 
examples of foods proven to lower 
inflammation.35 

Gopinath et al found that increasing 
nut consumption by 1.4 grams, which 
is the equivalent to an ounce of nuts, 
is associated with a 49% decrease in 
mortality from chronic inflammatory 
diseases in adults 49 years or older.36 
Eating up to 4.7 grams of nuts per 
day protects against inflammatory 
disease mortality for 15 years 
(p-value<0.001).36 Though fish oil 
has anti-inflammatory properties, 
the evidence is weak for benefits 
of fish intake in patients with 
inflammatory bowel disease.36 The 
daily consumption of purple potato 
significantly decreases inflammation 
(p-value=0.07), oxidative stress 
(p-value=0.08), and blood pressure 
in hypertensive men (by 4%).37,38 
Vegetarian diets, especially vegan 
diets, lower leukocyte and CRP levels 
in comparison to omnivorous diets 
(p-value=0.03).39,40 Incorporating a 
variety of fruits and vegetables in the 
diet is a key component in lowering 
chronic inflammation. CRP levels are 
significantly lower (p-value=0.02) in 
individuals who eat various fruits and 
vegetables compared to those who 
limit the type (but not the amount) of 
produce they eat.41 

IBS Treatments

In the past, medical professionals 
have attempted a variety of methods 
to treat IBS symptoms. A low-residue 
diet is usually recommended for 
IBS in clinical settings. One study 
showed that supplementation 
with wheat bran or partially 
hydrolyzed guar gum improved 
symptoms of abdominal pain and 
bowel habits in patients with IBS.42 

However, Rees et al showed that 
fiber supplementation was not 
better than placebo at diminishing 
IBS symptoms.43 In fact, Austin 
and associates used a very low-
carbohydrate diet for four weeks 
to treat IBS patients. Thirteen out 
of seventeen patients completed 
the study, and ten reported relief of 
symptoms.44 

A number of clinical trials have used 
probiotics and other medications 
to treat IBS patients. Kajander et 
al investigated the effects of a 
multispecies probiotic supplement 
on IBS patient symptoms. This 
supplement decreased distension 
and abdominal pain in the 43 
patients participating in the 
treatment group.45 In 2002, 
researchers investigated the effects 
of Lactobascillus plantarum 299v in 
a double blind, placebo controlled, 
cross-over, four week trial. They 
found that this probiotic did not 
significantly improve symptoms 
in patients with IBS.46 However, 
Ducrotte et al treated IBS patients 
with the same probiotic species for 
four weeks and found significant 
improvements in patient symptoms, 
such as bloating and abdominal pain 
(p-value<0.01).47 

IBD Treatments

Patients with IBD often attempt 
dietary approaches to allay their 
symptoms. A diet high in fruits and 
vegetables and low in processed 
foods and meat appears to benefit 
IBD patients.48 Elimination of dairy 
is common among patients with UC 
although it seems to have little or no 
effect on relapse.49 Typically, CD is 
characterized by periods of inactivity 
followed by active inflammation 
accompanied by malnutrition and 
malabsorption. For this reason, 
adequate nutrition is imperative 
and clinicians use enteral nutrition 
to help increase drug tolerability.50 
Enteral formula enriched with 
omega-3, fiber, and arginine has 
proven beneficial for CD remission.51 
Common food intolerances reported 
by CD outpatients include dairy, 
cereals, and yeast.51 

IBD is frequently treated with drugs 
and surgery. Five groups of drugs 
are used for CD: aminosalicylates, 
steroids, immune modifiers, 
antibiotics, and biologic therapy. 
Surgery is recommended for up 
to 75% of Crohn’s patients.52 Four 
types of medications are used 
for UC: aminosalicylates, steroids, 
immune modifiers, and antibiotics. 
Drug therapy is not successful 
in up to 33% of patients, and 
complications arise which leads 
physicians to perform surgical 
procedures.52 Surgical removal 
of the affected intestinal area is 
known as the “cure” for UC in the 
mainstream medical community.52 
Burt et al saw improvement 
and reduced requirement for 
immunosuppressive therapy in 
Crohn’s patients after receiving 
high dose cyclophosphamide and 
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antithymocyte globulin followed by 
autologous hematopoietic stem cell 
transplantation in 91% of patients 
at one year and 63% at two years.53 
With diet therapy, Mitsuro et al found 
that a nearly exclusive vegetarian 
diet could prevent relapse of Crohn’s 
disease in 100% of compliant 
patients for one year and 92% of 
patients after two years.54 

Conclusion

The current recommendation of 
a low-residue and essentially low 
fiber diet for IBS and IBD patients 
may be outdated, as plant foods 
contain residue and fiber. Although a 
meat-rich diet can induce low-grade 
inflammation, there is evidence that 
a plant-based diet may decrease 
inflammation via naturally present 
bioactive compounds.28 Therefore, 
a plant-based diet can plausibly 
reduce risk of IBS and IBD. This 
approach is invariably less “radical” 
than the current method of invasive 
surgery and total colectomy in severe 
cases of IBD. Future investigations 
should compare the effects of an 
anti-inflammatory vegetarian diet 
to conventional treatments on IBS 
and IBD disease activity indices 
and inflammatory biomarkers. A 
randomized, controlled, clinical trial 
in which dietary intake could be 
closely monitored along with serum 
tests, fecal tests, symptom frequency, 
and symptom intensity would be 
ideal. 
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