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Abstract: Diet and nutrition are known to play key roles in many chronic gastrointestinal
diseases, regarding both pathogenesis and therapeutic possibilities. A strong correlation between
symptomatology, disease activity and eating habits has been observed in many common diseases,
both organic and functional, such as inflammatory bowel disease and irritable bowel syndrome.
New different dietary approaches have been evaluated in order improve patients’ symptoms,
modulating the type of sugars ingested, the daily amount of fats or the kind of metabolites produced
in gut. Even if many clinical studies have been conducted to fully understand the impact of nutrition
on the progression of disease, more studies are needed to test the most promising approaches for
different diseases, in order to define useful guidelines for patients.
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1. Introduction

Nutrition and its various facets play a fundamental role in the development and growth of the
individual, both directly and indirectly modifying all physiological phenomena during the course of
life [1].

Numerous studies have been conducted on the influence that different types of nutrition may
have on the onset of chronic diseases at the level of the gastrointestinal system. As evidence of this,
it has been seen that the epidemiology of some diseases can be very different depending on the region
and the type of dominant diet in a given context [2]. Further studies, both on animals and humans [3],
have been conducted on the role that the intestinal microbiota can have in the development of diseases,
and how it can be directly influenced by both past and current food habits.

In addition to this, it has been observed that hypersensitivity to some types of food such us gluten
can play a role in low-grade intestinal inflammation and in the increased intestinal permeability found
in some patients [4].

Chronic intestinal pathologies, where a correlation between symptomatology, disease activity
and eating habits has been observed, can be both inflammatory and dysfunctional, particularly in
common diseases such as irritable bowel syndrome (IBS) [4], inflammatory bowel disease (IBD) [5],
chronic constipation [6] and functional dyspepsia [7]. Another example, although less frequent, can be
given by an organic pathology of unknown etiology such as eosinophilic esophagitis (EoE), where new
dietary approaches seem very promising for future therapies [8]. Even if pathogenesis seems to be
deeply different between functional diseases such as IBS and constipation and organic diseases such as
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IBD and EoE, food and diet seems to be strongly related to the evolution of disease and symptoms,
and they are now often proposed as a common therapy approach.

The purpose of this review is to define the possible role of diet in the pathogenesis and management
of most common gastrointestinal chronic diseases.

2. Diet, Microbiota and Inflammation

The human microbiota, composed not only of bacteria but also Archaea, fungi and viruses [9],
changes deeply between different organs. Notably, in the intestine, it is characterized by an extremely
dense and vast population, with around 1011 organisms and over 103 different species per gram of
feces [10]. Its estimated weight is 1kg, and its genes are about 100 times more than those of the human
genome [11]. The four main “phyla” recognized and studied at the level of the intestinal microbiota are
Actinobacteria, Firmicutes, Proteobacteria and Bacteroidetes [3]. They are in a symbiotic relationship with
the organism, giving rise to multiple functions, both nutritional, such as food digestion and nutrient
production for the organism, and immunologic, regulating mucosal immunity and protecting against
the colonization of other hostile microorganisms [12–15].

Another fundamental characteristic is interindividual variability, which is caused by multiple
factors, including genetic predisposition, environmental exposure, diet and lifestyle [16]. For this
reason, the gut microbiota composition in the individual may change in response to intrinsic and
extrinsic factors many times over the course of a lifetime. Indeed, an imbalance between protective and
pathogenic bacteria can lead to a status called “dysbiosis”, which can cause an immune dysregulation
of the organism and the pathogenesis of many diseases [17,18]. The role of dysbiotic microbiota in
the pathogenesis of diseases is supported by animal models where colitis, or predisposition to other
disease, can be transferred to wild-type mice using genetically-defined disease mice as gut microbiota
donors [19].

Among the causes associated with the different epidemiologies of intestinal diseases and their
increasing incidence, radical changes in modern lifestyle are among the most studied ones, e.g.,
the increased use of antibiotics and vaccines, improved healthcare and the reduction of parasitic
infections, changes in eating habits, the wider use of refrigeration and the industrialization of food
are just some of the main elements suspected [3,20–24]. This theory, which is called “the hygiene
hypothesis”, argues that individuals in industrialized countries are exposed to fewer microbes in
the early stages of life, leading to less immune tolerance and a greater possible dysregulation of
immune-mediate responses [25].

The role that diet has in the development of the microbiota begins from the earliest stages of
life, particularly with the introduction of solid foods, when the individual’s gut microbiota become
increasingly stable and similar to those of adults [26–28]. Several studies have also evaluated the
impact of diet on the gut microbiota of newborns, and have compared breast and formula feeding,
with striking results; as an example, a significantly higher proportion of Bifidobacteria was found in
breast fed infants compared to formula fed ones [29–32].

The main differences in the microbiota composition among groups of people exposed to
significantly different diets have also been studied [33]. Groups that consume diets rich in animal
proteins and fats and low in carbohydrates for a long time have been associated with high levels of
Bacteroides and low levels of Prevotella [34,35]. By contrast, a simple carbohydrate-rich diet which is
low in animal fats and proteins has been significantly associated with the opposite pattern [36,37].

In addition to this, it has also been seen that the microbiota of African children, whose diets are
rich in plant derivatives and fiber, are profoundly different from those in a similar European population,
whose diets are instead rich in carbohydrates, fats and proteins [3]. The different prevalence of diseases
such as IBD between African and western countries could be linked to the different proportion of
animal nutrients in the two diets. The “westernized” diet, rich in animal fats and protein and low
in fiber, in fact, could be the reason for the altered gut microbiome, and therefore, for the increased
risk for the development of diseases [38]. As an example of this, numerous epidemiological studies
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about multiple sclerosis suggested dietary traits as risk factors. The incidence of multiple sclerosis
may be linked to the consumption of milk, animal fats and meat, as well as a high energy intake and
obesity [39,40]. In contrast, diets containing high amounts of certain polyunsaturated fatty acids and
plant fiber seem to decrease risk [38].

Another important feature of microbiota is linked to its plasticity in terms of responding quickly
to diet changes. Fermentable carbohydrates, proteins and fats can modulate the balance between
beneficial and pro-inflammatory microbes and metabolites such as SCFAs [41,42]. Nutrients that are
not digested by host enzymes are then partly degraded in the cecum and colon through a process of
fermentation performed by bacteria. An important product of fiber fermentation are SCFAs, which play
multifactorial roles in energy regulation, host immunity and gut motility and absorption [43,44].

The modulation of gut microbiota can be also supplied through probiotics, which are “live
microorganisms that, when administered in adequate quantities, can confer health benefits to the
host” [45]. It has been suggested that probiotic preparations have positive health effects on the human
intestine [46], modulating mucosal permeability, regulating neurotransmitter synthesis, strengthening
the immune system and keeping away pathogens from the intestinal mucosa surface [47,48].
In particular, it has been suggested that Bifidobacteria and Lactobacillus species may compete with
many pathogenic bacteria, and have been shown to be effective in the management of many
gastrointestinal diseases, such as diarrhea (both infectious and antibiotic-related), pouchitis prevention,
IBS, Helicobacter pylori and Clostridium difficile infections [47].

The association between diet, microbiota and inflammatory autoimmune diseases has been
extensively studied in recent years [38,49,50], and the identification of inflammatory diseases relative to
environmental risk factors remains a subject of intensive research. It has been shown in mice
how segmented filamentous bacteria play a role in the development of arthritis and immune
encephalomyelitis, a model for multiple sclerosis, inducing excessive TH17 cell response [51]. On the
other hand, oral administration of the capsular polysaccharide A obtained from Bacteroides fragilis
protected mice against the development of encephalomyelitis via conversion of CD4+ naive T cells
into IL-10 producing T regulatory cells [52].

Many foods and nutrients such as milk, fats, carbohydrates, protein, fiber, fruit and vegetables
have been studied as potential etiological factors in inflammatory diseases such as IBD, but the
results have not succeeded in matching local or systemic inflammation with a specific food or food
component [53,54]. However, recent systematic reviews note a possible predisposing role of a diet rich
in animal protein and a protective effect ofω-3 polyunsaturated acids (n3-PUFA) in IBD [55–59].

Studies on the possible role of cow milk, fruit, juices and n3-PUFA in type 1 diabetes did not yield
significant results [60–63]. Studies in multiple sclerosis, instead, suggested possible dietary habits as
risk factors, such as the consumption of milk, meat and a high total energy intake with consequent
obesity [64–66].

In addition to this, the association between obesity, metabolic syndrome and inflammatory
gut disorders has been widely demonstrated [67,68]. White adipose tissue, in fact, releases many
proinflammatory mediators such as TNF-α, IL-6, leptin and C-reactive protein, which contribute to
chronic, low-grade, systemic inflammation in obese subjects [69,70]. Leptin in particular, a hormone
which regulates body weight and energy metabolism, has been shown in leptin-receptor-deficient mice
to be able to directly stimulate T lymphocyte proliferation and TH1 responses, which protect against
lymphocytes apoptosis and promote inflammation through the production of IL-2 and IFN-γ [71].

Diets containing high amounts of saturated fats, dairy products and simple refined carbohydrates,
and a lower quantity of vegetables, cereals and fibers have also been shown to increase the risk
of diseases such as obesity, hypertension and chronic kidney disease [72–74], promote intestinal
inflammation and modify the microbiota composition [75]. In addition, these diets are low in
micronutrients with anti-inflammatory and antioxidant proprieties [54]. It is possible to consider these
kind of diets as one of the major environmental factors linked to the rising incidence of autoimmune
inflammatory diseases in western countries [66]. All these observations are just some of the reasons
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why gut dysbiosis and diet could be heavily involved in the development of various human diseases,
and why further studies of their possible associations are required.

3. IBS

IBS is a functional gastrointestinal disease with an estimated global prevalence of between 5 and
20% [76]. The syndrome is defined by the Rome IV criteria [77] as a recurring abdominal pain for at
least 4 days a month in the past two months, associated with one or more symptoms of changes in
the frequency or characteristics of the stool. Its pathophysiology is still not entirely clear, but it seems
that alterations of the microbiota, hypersensitivity and intolerance to some foods, increased intestinal
permeability, a low-grade inflammation in the mucosa and the protracted use of antibiotics may be
some of the most important elements in the development of symptoms [78].

Over 2/3 of IBS patients are convinced that their symptoms are associated with the intake of
certain foods such as milk and its derivatives [79], leading some avoid such foods, with an estimated
12% risk of long-term nutritional deficits [80]. Nevertheless, no specific significant correlation was
found in patients who reported certain foods or nutrients as triggers of intestinal symptoms [81,82].
Despite this, some foods seem to be associated with the generation of symptoms [4,83].

3.1. Fermentable Oligosaccharides, Disaccharides, Monosaccharides and Polyols (FODMAP)

Many proposals have been made to try to explain how nutrition can influence IBS, including the
reduced absorption of fiber and carbohydrates, the comorbidity of diseases such as obesity, and the
presence of food intolerances or allergies [78]. Among the various hypotheses and studies conducted,
the most promising are those that have linked the trigger of gastrointestinal symptoms to the intake
of foods containing FODMAPs, which are less readily absorbed [84]. Mostly contained in some
fruits, legumes, dairy products and artificial sweeteners, they can exacerbate symptoms due to their
fermentation and osmotic effects in the lumen. These carbohydrates arrive at the level of the colon,
where they induce the production of gas following the fermentation caused by the bacterial colic flora,
with a consequent luminal distension. Recent studies have also shown how an interaction between
FODMAPs and the microbiota can act on intestinal stem cells and the number of gastrointestinal
endocrine cells, as they have been shown to be associated with an increased level of their respective
markers Neurogenin 3 and Chromogranin A [85].

A diet based on “low-FODMAP” foods (Table 1) seems to induce a significant improvement in
symptoms in 2/3 of IBS patients, with response times as low as 1–2 weeks [86]. Many observational
studies have been conducted on the low-FODMAP diet in recent years, showing that this diet can
significantly reduce abdominal pain, flatulence and diarrhea. On the other hand, no clear evidence
was found in relation to the improvement of symptoms on the basis of an increase in the total fiber
quantity and reduced gluten intake [79].

Another important point is that the low-FODMAP diet, in contrast to other exclusion diets,
allows the patient to consume foods from each of the core food groups, minimizing the effect on
nutrition adequacy when appropriately implemented [87].

A recent meta-analysis on the effects that a diet low in FODMAPs can have in reducing symptoms
associated with functional gastrointestinal disorders found significant results in the improvement of
individual gastrointestinal symptoms among IBS patients, such as abdominal bloating (77% of patients,
p < 0.001), flatulence (76%, p = 0.001), abdominal pain (71%, p < 0.001), diarrhea (70%, p = 0.001),
nausea (65%, p = 0.001) and constipation (44%, p = 0.01) [88].
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Table 1. Food included or excluded in the low-FODMAPs diet.

Type of Food Low-FODMAP (Include) High-FODMAP (Exclude)

Vegetables

Carrots, celery, corn, bean sprouts,
bell pepper, broccoli, cucumber,

eggplant, green bean, lettuce,
potato, spinach, tomato, zucchini

Brussels sprouts, asparagus,
avocado, beetroot, cauliflower,

cabbage, garlic, leek, mushroom,
onion, pea shallot, snow pea,

sweet corn, sweet potato

Fruit

Bananas, strawberry, raspberry,
blueberry, orange, mandarin,

cantaloupe, grapes, melons, lemon,
lime, kiwi, passion fruit

Apples, applesauce, apricots,
blackberries, cherries, nectarines,

pears, peach, plum, prune,
watermelon, grapefruit, dried fruit

Grains Rice, oats Wheat, rye

Dairy

Lactose-free yoghurt and milk;
almond, coconut, rice or soy

“milk”, hard cheese,
low-lactose cheese

Cow, goat and sheep milk,
buttermilk, soymilk, soft cheese

cream and ice cream

Meat Beef, chicken, lamb, pork Sausages, processed meat

Drinks Fruit and vegetable juices from
permitted foods, wine

Soft drinks, sports drinks, juices
from unpermitted foods, beer

3.2. Dietary Approach

Currently, and particularly in children, an exclusion diet is not indicated as a first-line approach
for the management of IBS [87]. Proper nutrition (three meals a day at regular times), good hydration
(1.5–2 L per day) and a limitation of potential disease triggers such as alcohol, caffeine, spicy and
fatty foods are the main recommendations [79]. Alcohol has indeed been shown to alter motility,
absorption and intestinal permeability [88]. Caffeine increases gastric acid secretion and colic
motility [89]. The capsaicin contained in spicy foods accelerates intestinal transit and stimulates visceral
pain sensations [90]. The consumption of fats (>50 g per day) is associated with reduced motility of the
small intestine and increased sensation of distension of the rectum and should be avoided [91].

However, a second-line approach should be considered in cases where symptoms persist despite
correct eating habits, and in this scenario, a low FODMAP diet seems to be the most suitable approach,
based on the current evidence [89].

4. Chronic Constipation

Chronic constipation has been defined as the reduction in the number of evacuations to less
than 3 per week for a protracted period of time [90], with an overall estimated prevalence of 16%
among the general population [91]. Common causes of chronic constipation include a lack of fiber,
linked to inadequate consumption vegetables and fruits, and insufficient fluid intake. Fortunately,
functional food-related constipation is usually not a serious problem and can be controlled and treated
by correcting eating habits and lifestyle [6].

Three different types of primary chronic constipation have been described, which show substantial
overlap among each other and other diseases such as IBS. These three types are rectal evacuation
disorders, slow transit constipation and normal transit constipation; the latter seems to represent the
largest group [92].

Nevertheless, the pathogenesis of functional constipation is usually multifactorial, with interplay
among the type of diet, genetic predisposition, intestinal motility, structure and absorption, as well as
psychological, biological, and pharmaceutical factors [93].

Among the studies that have been conducted in this field, it has been shown that the response
to food in patients with slow transit constipation is characterized by shorter contractile activity in
all the three-colon segments and the rectum, and significantly fewer high-amplitude propagated
contractions [94].
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A case-control study that evaluated 10 healthy controls and 10 patients with constipation in
response to a liquid meal and intracolonic stimulant laxative bisacodyl infusion [95] showed increased
motility in healthy participants, but not in patients with constipation, who showed instead a longer
duration and decreased number of high amplitude propagating contractions. A reduction in the
density of excitatory nerve fibers (tachykinin and enkephalin) was found in the colonic circular
muscle of patients with slow transit constipation, whereas innervation of all the other layers was
normal [96]. These abnormalities in neurotransmitters could contribute to dysmotility and the
development of symptoms.

A systematic review of six different randomized controlled trials found that soluble fibers
(particularly psyllium, at least 10 g daily, or ispaghula) led to improvements in global symptoms
(86.5% vs. 47.4%), straining (55.6% vs. 28.6%), pain on defecation, stool consistency, an increase in
the mean number of stools per week (an average of 3.8 stools per week after therapy compared with
2.9 per week at baseline) and a reduction in the number of days between stools [97]. The mechanisms
that link the ingestion of soluble fibers to a laxative effect are mainly irritation of the mucosa, which
stimulates water and mucus secretion, and the property of resisting dehydration and carrying water to
the colon, changing stool consistency [92]. The absence of a response to dietary fiber supplementation
may suggest that there are additional factors contributing to constipation.

Even if the management of chronic constipation is not always simple, due to the possible different
pathophysiology, as with IBS management, studies have indicated that a soluble fiber-rich diet can
increase stool weight, resulting in a reduction in colon transit time, while a low-fiber diet may induce
constipation [97].

5. Functional Dyspepsia

Functional dyspepsia is a debilitating functional gastrointestinal disorder characterized by early
satiety, postprandial fullness or epigastric pain related to meals, which affects up to 20% of the western
population [98]. It includes different clinical entities, and patients are generally assigned to one of
two subtypes: postprandial distress syndrome (PDS), the symptoms of which are strictly related to
food intake, and epigastric pain syndrome (EPS) [99]. These conditions are characterized by various
gastrointestinal symptoms in the upper part of the abdomen, and the absence of an organic underlying
pathology [7].

Although symptoms occur after food consumption, a few clinical trials have formally evaluated
dietary interventions for the management of functional dyspepsia [100]. These studies suggest that
associations may exist between symptoms of functional dyspepsia and dietary variables such as total
energy and food volume intake, meal frequency and psychological conditioning related to specific
foods [101].

The finding of duodenal eosinophilia in patients with functional dyspepsia suggests that food
antigens may play a role in the disease, perhaps through stimulation of mucosal immunity and
increasing the intestinal permeability [102].

Many foods are reported by patients to be associated with the onset of symptoms (e.g., diets rich
in fermentable carbohydrates, sugary drinks, fruit, milk, wheat). Although the association between
FODMAPs and irritable bowel syndrome is well recognized, some authors highlight the need for
further investigation into FODMAP-rich nutrients related to other conditions, including functional
dyspepsia [103]. Of particular interest are investigations on hypersensitivity to gas production and
osmotic pressure within the upper digestive tract.

Gluten (and other wheat-related proteins) and FODMAPs are hypothesized to be triggers of
symptoms in irritable bowel syndrome [99]. Apart from gluten, wheat contains other low-weight
proteins called α-amylase/trypsin inhibitors (ATIs), which seem to be related to a gastrointestinal and
systemic disease named “non-celiac gluten hypersensitivity”. In this condition, the consumption of
wheat or gluten-containing foods results in symptoms that overlap with FD, leading to the hypothesis
that this disease may be a subtype of FD [104]. ATIs seems to be able to stimulate innate immune cells
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via the activation of toll-like receptor 4, which induces the release of pro-inflammatory cytokines and
chemokines [105]. Wheat-containing foods have been implicated in inducing dyspepsia symptoms in
five recent studies, two of which were specific to gluten and randomized [106–110]. Endpoints of these
studies were evaluated through physical and mental health questionnaires and visual analogue scales
referring to their symptoms. Although the implementation of a gluten-free diet in both studies clearly
demonstrated a reduction in symptoms in an average of 75% of patients, the elimination of wheat,
barley and rye also substantially reduced the FODMAP content of these diets, potentially influencing
the results [109].

Even if there is no standardized approach to the dietary management of functional dyspepsia,
current dietary suggestions focus on eating more frequent and smaller meals, based on the evidence
that a high meal volume and gastric distension could be implicated in triggering symptoms, and on
“low-fat” diets [111]. It has been demonstrated that fats could exacerbate the symptoms of dyspepsia
through delayed gastric emptying and hypersensitivity to gastrointestinal hormones [112].

6. IBD

IBD is a group of chronic diseases with a multifactorial etiology, characterized by a local and
systemic inflammatory pathological process and a natural history that presents phases of exacerbation
and remission, with the recurrence and progression of symptoms of intestinal damage. The IBD
spectrum includes two main clinical phenotypes: Crohn’s disease (CD) and ulcerative colitis (UC) [113].

Many studies indicate a possible role of diet in the development of IBD [38]. It has also been
observed that the microbiota of IBD patients are very different from those of healthy individuals,
and that this can affect the digestion and metabolism of many foods, such as fiber and SCFAs [3].

Among the various foods studied regarding a possible correlation with IBD, particular attention
was paid to the increased intake of animal proteins and polyunsaturated fats (n3-PUFA) [55,56,114].

6.1. Animal Proteins

The main mechanism linked to the possible association between animal protein intake and
IBD is the malabsorption of the heme and amino acids contained in animal proteins, which are not
absorbed by the small bowel and, therefore, reach the colonic lumen, where they are metabolized by
the microflora, with the consequent production of toxic molecules like hydrogen sulfide, phenol and
ammonium [21,115], which, in turn, reduce the abundance of “anti-inflammatory” bacteria like
Roseburia and Eubacterium rectale, which are capable of producing butyrate [116].

Additional mechanisms, such as the impact of the cooking process upon inflammatory response,
and endothelial damage, through the production of carcinogenic molecules (polycyclic aromatic
hydrocarbon, heterocyclic amines and acrylamide), also require examination [117].

6.2. Animal Fats

Furthermore, strong correlations between the consumption of red meat and IBD have been found
in relation to high saturated fatty acid (PUFA) intake [118]. As proof of this, a diet rich in animal
fats seems to promote dysbiosis and intestinal inflammation, with the consequent predisposition to
developing IBD [119]. The role of PUFAs in IBD can be explained through the eicosanoids produced by
n3- and n6- PUFA, which are precursors of several pro-inflammatory and anti-inflammatory molecules,
regulating the production of molecules such as prostaglandin E2 and thromboxane B2 [120].

A high fat diet should be also avoided by IBD patients due to the fact that it could lead to an
accumulation of bile acids (like deoxycholic acid) that could inhibit Bacteroidetes and Firmicutes phyla
growth and lead to dysbiosis [54]. A recent cross-over study [121] demonstrated that a low-fat diet
reduces markers of inflammation and dysbiosis and improves quality of life in patients with ulcerative
colitis. In particular, it has been shown that low-fat diets increase the proportion of Bacteroidetes in the
microbiota from 14.6% to 24.02% (p = 0.015) and decrease that of Actinobacteria from 13.69% to 7.82%
(p = 0.017).



Nutrients 2020, 12, 2693 8 of 20

6.3. Fibers and Sugars

High fiber and fruit consumption have been associated with a lower risk of developing IBD [122].
Fibers are present in vegetables, cereals, fruits and legumes, and they are resistant to digestion by the
human gut due to the lack of fiber-specific enzymes; as such, they are not absorbed [123]. Furthermore,
fibers are fermented by the bacteria in the colon [124], and their possible protective role against IBD
is linked to their osmotic capacity to reduce intestinal transit time [125] and to the promotion of the
proliferation of bacteria that prevent dysbiosis and mucosal inflammation.

However, high fiber diets can worsen gastrointestinal symptoms such as abdominal pain and
diarrhea, and for this reason, it has been recommended that patients in remission consume a diet
with low levels of insoluble fibers, such as those contained in vegetables like zucchini, carrots and
eggplants [126].

6.4. Micronutrients Deficiency and Supply

IBD usually leads patients to suffer from vitamin and mineral deficiencies, due to the malabsorption
linked to inflammation and the reduced intake of food [127]. For this reason, diet or supplementation
adjustment strategies are generally suggested. The main vitamin deficiencies observed in IBD-patients
are water-soluble B9 and B12, and fat-soluble vitamins A and D [128]. B9 and B12 vitamin are
absorbed in the duodenum, jejunum and ileum, areas which are often damaged by IBD [128]. It has
been demonstrated in experimental models that vitamin A supplementation attenuates intestinal
inflammation [75]. As an antioxidant, vitamins A seems to have a protective role against free radicals
and oxidative damage, which are significant elements in the inflammation processes [129]. Vitamin D
improves intestinal defense mechanisms and regulates the adaptive and innate immune systems,
preventing microbial proliferation [130]. Nonetheless, the efficacy of vitamins in the treatment of IBD is
still not totally clear, and clinical studies have shown ambiguous results. Two studies were conducted
on the use of vitamin D3 supplementation in a cohort of patients, and while both showed a reduced
risk, neither yielded significant results [131,132].

The main mineral micronutrient deficiencies observed in IBD patients are iron and zinc [128].
Iron deficiency is a common problem and the main cause of anemia in IBD patients, with an estimated
prevalence of more than 25% [133]. An iron-rich diet or supplementation is therefore often used as a
therapy strategy. A deficiency of zinc, which is a key enzyme cofactor in cellular immunity, growth and
wound healing, has been found in 15% to 40% of patients, and has been associated with chronic
diarrhea and surgery or disease complications in IBD patients [134].

6.5. Dietary Therapies

Another hint regarding how nutrition can be closely correlated with disease activity is the fact
that exclusive enteral nutrition (EEN) is capable of inducing clinical and endoscopic remission in
pediatric patients; although the mechanism for this it is not well known, it seems that it may be due to
the reduced exposure to risk factors and to the anti-inflammatory activity of some nutrients contained
in the formula [135].

EEN is the first-choice treatment for pediatric patients to obtain an improvement in nutritional
status and to induce remission of luminal CD, with an observed efficacy of more than 90% [136].
The EEN approach is usually based on the exclusive administration of a polymeric formula for a
period ranging from 6 to 8 weeks [136]. A meta-analysis conducted on pediatric studies showed
that EEN has the same efficacy as corticosteroids in inducing remission in patients with active CD,
with the advantage of reducing the side effects [137]. In addition to its efficacy in inducing remission,
some studies support the role of EEN in inducing Mucosal Healing; even if the mechanisms are not
yet understood, it has been shown that EEN is as effective as Infliximab inhibitor of tumor necrosis
factor (TNF)-α in the maintenance of the function of the intestinal barrier, and significantly better than
hydrocortisone [138]. Based upon this evidence, the latest guidelines on pediatric CD therapeutic
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management state, for the first time, that EEN, rather than steroid therapy, should be used as first-line
induction therapy in CD [139].

EEN use is now widely being studied also in adults, where it seems to be promising. A recent
study conducted on 38 adult patients (aged from 16 to 40 years) with active disease showed that
the 84% of patients who completed 2 weeks of EEN had significant improvements in terms of both
symptoms (p = 0.003), C-reactive protein (CRP) (p = 0.005) and fecal calprotectin (p = 0.028) levels [140].
EEN could therefore be evidence of how a “healthy” diet can induce remission in patients with IBD.

Another approach that was recently evaluated through a randomized controlled trial is the
CD treatment-with-eating diet (CD-TREAT), a personalized and tolerable diet with comparable
composition to EEN, based on the exclusion of certain dietary components (gluten, lactose and alcohol)
and the inclusion of others (macronutrients, vitamins, minerals and fibers) using ordinary food [141].
The study was conducted on healthy volunteers, pediatric IBD patients and animal murine models,
in order to evaluate the effects of the diet on gut microbiome composition, inflammation and clinical
response. CD-TREAT achieved greater compliance than EEN, and positive effects were found on fecal
calprotectin (mean decrease of 918 ± 555 mg/kg, p = 0.002) and gut microbiome composition (lower
levels of butyrate, propionate and SCFAs). Additionally, promising results were observed regarding
clinical response, which occurred in 80% of participants [142]. CD-TREAT seems to be a potential
substitute for EEN, particularly in adults for whom EEN tolerability is low (mainly related to taste
fatigue and its unpalatability), and a good option for long-term dietary maintenance therapy.

A significant percentage of IBD patients also suffer from symptomatic symptoms similar to those
of functional irritable bowel, even when on clinical remission [143]. The low-FODMAP diet has been
associated with improved symptoms in many of these patients [54]. However, the influence of the low
FODMAP diet on the microbiome, metabolism and inflammation in patients with IBD is still unclear.
Reduced concentrations of inflammatory cytokines, such as TNF-α, IL-6 and IL-8, have also been
observed, demonstrating a possible anti-inflammatory effect of dietary fiber, probably through their
influence on the microbiota [122,144].

Anew diet, the Crohn’s Disease Exclusion Diet (CDED) (Table 2) [135,145] has also been formulated.
CDED is a structured diet based on the hypothesis that a Western diet rich in fats and refined sugars
may cause inflammation and altered permeability of the mucosal barrier. It is based on the exclusion of
animal fats, dairy products, gluten and all processed foods that contain additives and emulsifiers [146].
A recent randomized controlled trial which evaluated 74 patients with mild to moderate CD was
conducted, comparing a combo therapy made of partial enteral nutrition (PEN) (50% of daily calories
provided as a formula) and CDED to EEN for 12 weeks. The study showed success in achieving
induction of clinical remission of CDED. Furthermore, remission was obtained in 70% of children and
69% of adults, and a normalization of previously elevated CRP values occurred in 70% of patients
in remission [147]. The primary endpoint of the study, as a marker of its effectiveness, was patient’s
tolerance to the diet. Tolerance was significantly different among the two groups, favoring CDED + PEN
over EEN: 97.5% vs. 73.7% (p = 0.002). Significant differences in clinical response and inflammation
(using Pediatric Crohn Disease Activity Index (PCDAI) and CRP values) was also found at week 12
between the two groups, showing how a PEN, if associated with dietary therapy, can better improve
both symptoms and remission (PCDAI <10 achieved by 75.6% of patients on CDED + PEN vs. 45.1%
of EEN ones, p = 0.01; Normal CRP occurred in 75.9% of patients on CDED + PEN vs. 47.6% of EEN
ones, p = 0.04). This multicentric study showed how a dietary rationalized option, which combines
food and “traditional” therapy, can globally improve patient conditions and clinical response.
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Table 2. CDED dietary instructions during induction phase (first 6 weeks).

Mandatory Daily Foods and Quantities Disallowed Foods
Fresh Chicken breast 150–200 g/d Dairy

2 Eggs/d Animal fat
2 Bananas/d Wheat

1 Fresh Apple/d Emulsifiers
2 Potatoes/d Artificial Sweeteners

Allowed Foods Daily Other cuts or parts of chicken
Fresh Strawberries Other sources animal or soy protein

Fresh Melon (1 slice) Carrageenans
Rice flour Maltodextrins (and sucralose)

White rice and rice noodles (unlimited) Sulfite containing foods
2 Tomatoes (additional allowed for cooking) Xanthan gum

2 Cucumbers (medium size) Packaged or frozen precooked foods
2 Avocado halves doughs, baked goods

1 Carrot Frozen, canned fruits and vegetables
Spinach 1 cup uncooked leaves Oral Iron supplements

Lettuce (3 leaves) Soy or Gluten-free products
Onion Ready to use sauces, dressings, margarine, butter

Fresh green herbs (basil, parsley, coriander,
rosemary, thyme, mint, dill)

Vinegar, soy sauce, ketchup, mayonnaise
Alcoholic beverages, soft drinks, juices

1 glass of squeezed orange juice from fresh oranges Deep-fried or oily foods
Water, sparkling water

Salt, pepper, paprika, cinnamon, cumin
3 tablespoons honey

4 teaspoons sugar
Fresh ginger and garlic cloves, lemons

Although these diets are usually prescribed for short-term use, many patients continue to use
them for a long period of time. Even if clinical studies have failed to find any significant differences
in the severity of long-term symptoms, the number of complications or the need for hospitalization
or surgery between patients who use restrictive diets and those who consume an unrestricted diet,
evidence suggests that a balanced diet can help in maintaining the remission of disease and improving
quality of life [148].

One long-term dietary pattern that could be useful for the management of intestinal diseases
such as IBD (and particularly under remission) is the Mediterranean diet. It is characterized by a
high consumption of olive oil and fish, which are rich in mono and polyunsaturated fatty acids [149],
fruits, whole grains and vegetables, in order to afford adequate intake of fiber (i.e., about 30 g per day
according to the WHO suggestions [150]). This diet is based on the daily or weekly consumption of
specific food groups according to the standardized food pyramid (Figure 1) [151]. The Mediterranean
diet has been shown to have a potentially positive effect on the composition of the microbiota, helping to
return to eubiosis and reducing the production of pro-inflammatory factors such as NF-kB [152], and a
recent study demonstrated that a good adherence to this diet is significantly associated with higher
levels of total SCFAs in the gut [153]. Furthermore, the possible role of the Mediterranean diet in the
modulation of gene expression in IBD patients has been studied in the laboratory [154].
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7. Eosinophilic Esophagitis

EoE is a chronic immune-mediated inflammatory disease of the esophagus associated with a
deposit of eosinophils in the esophageal wall. The causes are still unknown, but inflammation may
depend on the combination of genetic and environmental factors. Often, this condition is associated
with allergic syndromes induced by food antigens [155]. EoE can occur in both children and adults,
and is more predominant among males. Dysphagia, gastroesophageal reflux and heartburn are among
the most frequent symptoms. If untreated, inflammation of the esophagus can lead to lumen stenosis.

Among nonpharmacological therapies for the management of EoE in adults and children,
the modification of diet may be the most important. It is based on the role that dietary antigens play in
the pathogenesis of this disease. Currently, there are two main choices for initial diet therapy for EoE:
elementary diets, based on the administration of simple amino acids, and elimination diets [8]. A group
of 10 children with EoE were evaluated through an elementary diet [156]. Patients had a resolution
or improvement in symptoms for a minimum of 6 weeks and showed a significant reduction in
esophageal eosinophilia. In addition to this, symptoms recurred when the proteins were reintroduced,
which implies that food allergies were responsible for inflammation esophageal.

A meta-analysis found that elementary diets were effective in 90.8% of cases, and that they were
superior to both the six-food elimination diet (SFED), which was effective in 72.1% of cases, and to
elimination diets guided by specific allergy tests, which were effective in 45.5% of cases [157]. However,
this dietary strategy seems difficult in clinical practice; its main limitations include the poor compliance
of the formula (which requires a nasogastric tube in most children, with consequent adherence by only
a third of patients), psychological and social disorders, changes in the quality of life due to the lack of
variety of foods, and high cost, since these diets are not universally covered by health systems [156].
Although the goal of the diet is to eliminate exposure to specific triggers, a serious defect is the period
of time and the number of endoscopies necessary to identify specific triggering factors during the
food reintroduction phase. A retrospective study was conducted in 2006, including 60 children with
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EoE and comparing the SFED, in which proteins from cow’s milk, soy, wheat, eggs, peanuts and
crustaceans were eliminated, with the elementary diet; after 6 weeks, clinical and histological remission
was observed in 74% of patients with SFED, a result that was not inferior to the elementary diet but
which had better acceptance, adherence and cost [158].

8. Conclusions

Even if studies are not always clear and unambiguous, it is important to not underestimate the
role that nutrition and diet can have, not only in the development of chronic gastrointestinal diseases,
but also in maintaining the remission of symptoms and, most importantly, in improving the quality
of life of patients. The exact role that diet can have in each gastrointestinal disease is not totally
understood, but there is much evidence in support of the notion that food and controlled nutrition can
prevent and modulate symptoms.

Among all diseases and the different approaches which have been evaluated in recent years,
a possible link between “westernized diet” and the worsening of symptoms seems to be evident,
and the necessity of a controlled intake of animal fats and refined sugars is needed in patients who
suffer from any functional or organic gastrointestinal disease.

New, strict dietary approaches and novel treatment options are being more widely evaluated for
common diseases like IBD and IBS, and some promising results have been found from exclusion diets
such as “low-FODMAP”, CD-TREAT and CDED. The wide variability of some studies’ results can be
attributed both to the different study designs (mostly retrospective or conducted in small cohorts of
patients) and to the great heterogeneity of the symptoms of gastrointestinal diseases.

Even if strong evidence from recent meta-analyses supports the fact that rationalized dietary
options can improve patients conditions, at least in the medium-term, more studies are needed to test
the most promising dietary approaches for each disease in order to evaluate the positive and negative
impact that different foods and diets can have on the modulation of gut homeostasis and microbiota,
the effective long-term dietary adherence, and other possible implications on the health of patients.
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