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Abstract

Gastrointestinal (Gl) diseases, which include gastrointestinal reflux disease, gastric ulceration, inflammatory bowel
disease, and other functional Gl disorders, have become prevalent in a large part of the world population.
Metabolic syndrome (MS) is cluster of disorders including obesity, hyperglycemia, hyperlipidemia, and
hypertension, and is associated with high rate of morbidity and mortality. Gut dysbiosis is one of the contributing
factors to the pathogenesis of both Gl disorder and MS, and restoration of normal flora can provide a potential
protective approach in both these conditions. Bioactive dietary components are known to play a significant role in
the maintenance of health and wellness, as they have the potential to modify risk factors for a large number of
serious disorders. Different classes of functional dietary components, such as dietary fibers, probiotics, prebiotics,
polyunsaturated fatty acids, polyphenols, and spices, possess positive impacts on human health and can be useful
as alternative treatments for Gl disorders and metabolic dysregulation, as they can modify the risk factors
associated with these pathologies. Their regular intake in sufficient amounts also aids in the restoration of hormal
intestinal flora, resulting in positive regulation of insulin signaling, metabolic pathways and immune responses, and
reduction of low-grade chronic inflammation. This review is designed to focus on the health benefits of bioactive
dietary components, with the aim of preventing the development or halting the progression of Gl disorders and MS

through an improvement of the most important risk factors including gut dysbiosis.

Gastrointestinal disorders metabolic syndrome gut dysbiosis bioactive dietary components

| 1. Definition

Gastrointestinal (Gl) disorders, whose prevalence has increased over the last few decades, are characterized by
physiological and morphological abnormalities of the Gl system that often occur in combination and include motility
disorders, visceral hypersensitivity, altered mucosal and immune function, and altered intestinal microbiota L2,
Metabolic syndrome (MS) is a condition of low-grade chronic inflammation due to both genetic and environmental
factors, including a number of risk factors for serious diseases such as hyperglycemia, abdominal obesity,

hyperlipidemia, and hypertension E4],

| 2. Introduction
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Among Gl disorders, inflammatory bowel diseases (IBD), including Crohn’s disease (CD), a chronic bowel disease
that causes patches of inflammation in the Gl tract 2, and ulcerative colitis (UC), which affects only the inner wall
of the colon, are the most serious diseases €. Other common, idiopathic and chronic inflammatory disorders of the
Gl tract include diverticular disease, a chronic condition of small pockets of bowel, and irritable bowel syndrome
(IBS) defined as an “abdominal discomfort associated with altered bowel habits” [Z. The main causes of Gl
disorders are genetic predisposition to the disease, pharmacological therapies (i.e., antibiotics, not limited to those
administered for human use but also potentially including those used in farm animals and crops and ingested with
the resultant foods), non-steroidal anti-inflammatory drugs (NSAIDs) (i.e., aspirin, ibuprofen, diclofenac), and
unhealthy lifestyles, including irregular eating, physical inactivity, smoking, and low fiber diets BRI Moreover,
about 50% global population is affected by Helicobacter pylori, a Gram-negative bacterial pathogen, which might
cause IBD and functional Gl disorders 22 All GI disorders commonly manifest abdominal pain, constipation,
diarrhea, abdominal distention, gastric acidity, gastrointestinal reflux disease (GERD), Gl tract (GIT) bleeding,
malabsorption or malnutrition, and intestinal obstruction 2314l Some of the drugs currently in practice for the
treatment of Gl disorders include laxatives, anti-diarrheals, opioids, anti-emetics, motility enhancers, and anti-
acidity, anti-ulcer, and anti-inflammatory agents [22l. Conventional therapies for IBD include corticosteroids,
immunosuppressants and anti-tumor necrosis factor (TNF)-a antibodies, often correlated with a risk of
opportunistic infections and dysplasias, with expensive consequences on health system management 1817,
Evidence suggests that the Western pattern diet (WPD) has led to the wide spread of GERD. Studies have shown
the prevalence of GERD to be 18.1-27.8% (North Americans), 8.8—25.9% (Europe), 11.6% (Australia), 23% (South
America), 2.5-7.8% (East Asia), and 8.7-33.1% (Middle East) 18. The prevalence of dyspepsia may vary from
country to country, however, the pooled prevalence is reported by Ford et al. to be 21% 22, |n the adult population
of the United States, diarrhea results in over 128,000 hospitalizations and 3000 deaths 2221l Similarly, available
literature suggests that 12% of the worldwide population has had constipation 22, Nyrop et al. (2007) have
estimated the average annual direct health care cost of some Gl disorders, per patient population visiting Gl clinic,
as $5049 (IBS), $6140 (diarrhea), $7522 (constipation), and $7646 (abdominal pain) [22. Despite recent
progression in knowledge of pathophysiological mechanisms involved in Gl disorders, their etiopathogenesis has
not yet been completely clarified and there is no marker that can lead to their definitive diagnosis. Some etiological
factors have been identified, such as visceral hypersensitivity, infections, genetic and epigenetic factors, stress,
and changes in the intestinal microbiota leading to dysbiosis [24123],

The clinical significance of MS was highlighted by Reaven in 1988, while describing the role of insulin resistance in
human disease [28]. An untreated and persistent state of MS may lead to a number of pathologies, the most
common of which are cardiovascular disorders (coronary heart disease, cardiac failure, and stroke), type 2
diabetes mellitus, and hepatic abnormalities such as hepatic steatosis 22281291 As reported by Sadeghi, a variety
of metabolic disturbances, including hypertension, hyperglycemia, and gout, were already described in the 1920s
(89 | ater, in 1947, Vague described the obesity phenotype as being affected by metabolic abnormalities, type 2
diabetes mellitus (T2DM), and cardiovascular disease Bl The WHO definition and the European Group for the
Study of Insulin Resistance agree over the inclusion of glucose intolerance and insulin resistance as essential

components of MS (283 Several definitions of said syndrome are in use, but since 2004, the International
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Diabetes Federation (IDF) has established a unified definition of MS, highlighting the key role of obesity as a risk
factor for the diseases reported above B4, The main risk factors for the development of MS are positive family
history B3l smoking 28], excessive alcohol intake 2, aging, low social-economic status, postmenopausal status
(38 sedentary life style 22, unhealthy dietary patterns (%, and intake of some medications (atypical antipsychotics)
44, Figure 1 shows the impact of a dysregulated metabolism on the human body by illustrating the pathogenic
pathway of MS. Metabolic disorders share common pathophysiological mechanisms and thus different
pharmacologic entities are used in combination for therapeutic purposes 42, Effective interventions may include
physical exercise, dietary modifications, and pharmacological agents such as insulin sensitizers, renin-angiotensin-
aldosterone system (RAAS) inhibitors, statins, and fibrates [2l44. Over the past two decades, a large worldwide
increase in people with MS has taken place, associated with a global epidemic of obesity and T2DM. About 20—
25% of the world adult population is living with MS 22, WHO estimates that about 650 million people have been
living with obesity, 422 million with diabetes, and 1.13 billion with hypertension 48I[471[48]
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Figure 1. The impact of a dysregulated metabolism on the human body. The central element of metabolic
syndrome (MS) is insulin resistance, which leads to metabolic dysregulation and eventually results in
hyperglycemia and hyperlipidemia. Hyperglycemia stimulates (3-cells of the pancreas and thus produces more
insulin, which causes hyperinsulinemia. Hyperinsulinemia increases sympathetic tone, RAAS expression, and

sodium reabsorption through nephrons while decreasing NO activity. Dysregulated fat metabolism results in
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increased production of FFAs and thus lipid deposition increases, resulting in visceral obesity. Visceral obesity
causes dysregulation of adipocytokines and pro-inflammatory processes and leads to inflammatory stress.
Increased production of FFAs also causes oxidative stress and prothrombotic states via other mechanisms.
Oxidative and inflammatory stresses may lead to endothelial dysfunction, which may further contribute to a
prothrombotic state. Oxidative stress, visceral obesity, dysregulated adipocytokines, and pro-inflammatory
cytokines further contribute to insulin resistance. Increase (1); decrease (1); sodium (Na); nitric oxide (NO); renin-

angiotensin-aldosterone system (RAAS); free fatty acids (FFAS).

Growing evidence suggests that dysbhiosis of the gut microbiota, due to multiple intrinsic and extrinsic factors such
as genetic variations, diet, stress, and pharmacological therapy 9, is associated with the pathogenesis of both
intestinal and extra-intestinal diseases (Eigure 2). In fact, the interaction between microbiota and the host immune
system is considered to be a key element for a new understanding of the pathogenesis of a large spectrum of
diseases including Gl disorders and MS B9, Current studies highlight the role of a healthy gut microbiota in
modulating the onset of various Gl diseases such as IBD, colon cancer, celiac disease, and IBS. In addition,
dysbiosis is one of the driving factors of a dysregulated metabolism. Hur et al. report the important role of gut
microbiota in the pathogenesis of T2DM by influencing body weight, pro-inflammatory activity, and insulin
resistance B, A pivotal role of gut microbiota is the fermentation of dietary polysaccharides that the human body
cannot otherwise digest. Dietary fibers consist of the indigestible portion of plant food carbohydrates, containing
insoluble and soluble fibers. Soluble fibers are digested by enzymes derived from the gut microbiota into short-
chain fatty acids (SCFAs). SCFAs (butyrate, acetate, and propionate) are absorbed in the intestines and used as
energy by the host. In addition to their role as energy substrates, SCFAs act as regulators of food or energy intake
and inflammation 323l |n particular, butyrate promotes regeneration and protection of intestinal cells, the
production of mucin, the reduction of hypercholesterolemia levels, as well as the release of hormones and/or
neurotransmitters important for the regulation of intestinal motility and of insulin resistance 4. An improvement in
abdominal pain following the intake of butyrate has been observed in IBS patients due to an alteration in
neurotransmitter release and a reduction in the hypersensitivity of intestinal mechanoreceptors, which may result in

decreasing luminal pressure and/or peristalsis 22156,
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Figure 2. Schematic representation of intrinsic and extrinsic factors responsible for gut dysbiosis, and their role in

health and disease.

Today, lifestyle and diet are recognized as the cornerstones of prevention of pathologies such as cardiovascular
diseases, T2DM, MS, and Gl disorders. Moreover, the modulation of intestinal dysbiosis through dietary
supplements, according to the latest evidence, is used to restore the equilibrium of gut microbiota. Considering that
dysbiosis can be a common link between Gl disorders and MS, and a correct diet can be used to restore the
altered microbiota and is considered to be the first approach to treat both Gl disorders and MS, the aim of this
review is to summarize the current knowledge of the protective roles of functional dietary components in Gl and

MS, and to assist in the derivation of a general perspective of these broad areas.

| 3. Methodology

The present study consists of an up-to-date review of the literature covering the health benefits of functional dietary
components with special reference to gut microbial modulation in Gl disorders and MS. Various electronic

databases were used for the literature search, including Scopus, Google scholar, PubMed and Web of Science,

”oow ”ou noow

using the keywords “metabolic syndrome”, “gastrointestinal disorders”, “dietary food components”, “nutraceuticals”,

“functional foods”, “dietary fibers”, “probiotics”, “prebiotics”, “saturated fatty acids”, “short chain fatty acids”,

“monounsaturated fatty acids”, “polyunsaturated fatty acids” “polyphenols”, and “spices”. The criteria for selecting

articles were “studies reported in English because of language barriers” and, “pre-clinical and clinical studies
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related to dietary food components”. The results returned 301 papers published up to the 2020 date. Of these
articles, 175 were selected, summarized, and critically discussed so as to provide a consistent review. Some books
and official websites (World Health Organization and, Food and Drug Organization) were also used for citing
specific data within the scope of present study. Figure 3 illustrates the PRISMA flow diagram for study selection. In
the following sections, functional dietary components are discussed, with their positive role in Gl disorders and MS

through the modulation of their most important risk factors, including gut microbes.
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Figure 3. PRISMA flow diagram, showing the process of study selection.

4. Bioactive Dietary Components and Gastrointestinal
Disorders

The health of the digestive system is important for its appropriate physiological functions, where said physiological
parameters largely depend on the type of food ingested and the presence of bioactive components therein B4, The
major factors associated with the development of Gl disorders are the use of medications for the treatment of
chronic disorders B8 cultural attitudes 22, and socioeconomic factors 9. The undesirable effects of drugs used
for the treatment of GI disorders have led scientists and clinicians to focus on the use of alternative options. The
use of dietary approaches, functional foods, and food supplement-based approaches are core parts of alternative

treatments [61],
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| 5. Bioactive Dietary Components and Metabolic Syndrome

Changes in nutritional composition of the diet and in energy expenditure can lead to an unhealthy state
characterized by a low intake of dietary fibers and polyunsaturated fatty acids and a high consumption of sugars,
total fats, cholesterol, and refined carbohydrates, creating an alarming situation of increasing incidence of MS risk
factors. Traditional dietary approaches are known to play a substantial role in improving the overall health of an
individual and in the prevention of metabolic dysregulation, but these may lack efficacy in achieving long term
goals, possibly due to poor compliance. Thus, science has turned its attention towards nutrients with the ability to
modulate gut microbiota or other biochemical pathways, with the ultimate goal of preventing MS. These include

dietary fibers, prebiotics, probiotics, polyunsaturated fatty acids, and polyphenols 621631(64],

| 6. Conclusions

Gut dysbiosis is one of the considerable factors associated with the pathogenesis of Gl disorders and MS, by
alteration of host’'s immune responses and energy homeostasis, which may result in the upstream regulation of
inflammatory cascades, insulin resistance, and impairment of the body’s metabolism 431, Besides gut dysbiosis,
researchers also explained the direct link between Gl and metabolic disorders. Low-grade chronic inflammatory
states in obesity usually facilitate the development and progression of other disorders including I1BD 63, This leads
to the statement that prevention of metabolic disorders may also prevent or decrease the frequency of Gl disorders
like IBD. Despite the availability of a number of therapeutic options, none can provide an ultimate cure with a
favorable safety profile. The undesirable effects of drugs have led scientists to consider the use of alternative
treatments, including food supplements and functional foods. A review of available scientific literature reveals the
health benefits of functional dietary components and their capacity for disease prevention. These have received
considerable interest due to their potential nutritional, safety, and protective beneficial effects. In addition to the
alteration of other mechanistic pathways, certain dietary components modify gut microbiota, which could provide an
alternative approach to reduce a wide range of chronic disorders. In light of the literature available from pre-clinical
and clinical studies, the regular consumption of bioactive dietary components in adequate amounts can be said to
promote the growth of beneficial bacteria, decrease the inflammatory cascade, regulate intestinal immunity,
improve lactose intolerance, enhance the digestive capability of the Gl tract, upregulate digestive enzymes, and
can improve insulin sensitivity and metabolic pathways. However, the limited available scientific evidence coming
from human studies suggests that more in depth clinical trials on these agents in human populations are essential

to make these treatments more competitive in the global market of functional foods.
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