Impact of diet on human gut microbiome and disease risk
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The gut microbiome of humans comprises a diverse group of trillions of microorganisms including symbiotic organisms, opportunistic
pathogens and commensal organisms. This microbiota plays a major role in digesting food; it also helps with absorbing and synthesizing
some nutrients and releases their metabolites, which may deliver a variety of growth-promoting and growth-inhibiting factors that
influence human health either directly or indirectly. The balance between microbial species, especially those responsible for the
fermentation of different substrates within the microbial community, which are in the majority, depends on daily diet. Therefore, an
unbalanced diet may lead to the progression and development of human diseases. These include metabolic and inflammatory disorders,

cancer and depression, as well as infant health and longevity. We provide an overview of the effect of diet on the human microbiome

and assess the related risk of disease development.
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In recent decades, it has become apparent that human health
reflects the impact of nutrition. Daily diet greatly affects the
microbiome of the digestive tract [|]. Dietary components that
are not digested by host enzymes but remain unchanged
through their passage to the gut may deliver a variety of
growth-promoting and growth-inhibiting factors that influence
the balance between microbial species, especially those
responsible for the fermentation of different substrates within
the microbial community. Meanwhile, the gut’s processing of
the human diet, which contains macronutrients (protein, car-
bohydrates and fat) and micronutrients (vitamins, minerals and
trace minerals), regulates human responses to food types
depending on the inhabitant’s microbiome. Therefore, diet af-

fects host health status by modulating the composition and

diversity of the gut microbiome [2,3]. It has been found that
normal gut microbiota can induce alteration of host physiology
and affect the development of the immune system, nutrient
absorption and generation of tissue, morphogenesis and bone
homeostasis metabolism as well as their ability to synthesize
beneficial vitamins such as folate, biotin and vitamin K [4,5].
Bacteria in the human gut microbiota can also neutralize
potentially carcinogenic compounds such as pyrolysates [6].
The human gut is generally inhabited by more than trillion
microbes of diverse groups, which may be considered as a
metabolic organ as a result of their immense impact on human
health, as well as host metabolism, physiology, nutrition and
immune function. These microbes comprise diverse groups of
symbiotic (Fig. ), commensal organisms as well as opportu-
nistic pathogens. One study classified the inhabitants of a
microbiome by using an advanced molecular technique, meta-
genomic analysis, to provide a larger scope and provide a deep
view into hundreds of microbial communities concurrently as
those previously identified by 16S ribosomal RNA [7]. This
classification revealed that the human gut microbiome is mostly
composed of four main bacteria phyla, Firmicutes, Bacteroidetes,
Actinobacteria and Proteobacteria; the rest, however, is remark-

ably diverse. Bacteroidetes, which are mostly represented in the
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FIG. |. Gut microbiome, type of daily diet and their interaction’s impact on human health. Arrows represent approximate population of each group:

beneficial (symbiotic) organisms, opportunistic pathogens and commensal microbes. Arrow lengths indicate symbol/function for microbial alterations

depending on diet type.

healthy human gut (beneficial genera, or symbionts), are Gram-
negative bacteria involved in complex carbohydrate digestion
and immune system modulation; they export antibacterial
proteins to target competing bacteria [8,9]. Proteobacteria and
some Firmicutes are Gram-positive bacteria that also digest
carbohydrates [10]; however, some of them are highly patho-
genic opportunistic pathogens. Meanwhile, Actinobacteria
comprise Gram-positive microbes involved in the digestion of
cellulose; they play a remarkable role in maintaining microbial
balance through production of antibacterial and antifungal
agents [I1].

As mentioned above, disturbance (dysbiosis) of these dy-
namic communities is greatly affected by many factors, including
age, stress, lifestyle, host genetics, external microbial exposure,
intake of drugs such as antibiotics and daily diet [|2]. However,
the consistency and diversity of these gut microorganisms can
be restored by taking a daily good-quality probiotic that will
help keep the gut healthy [|3]. Generally, recommended pro-
biotic therapy/products may contain more than one selected
microbial strain, mostly belonging to the following genera:
Lactobacillus, Bifidobacterium and Lactococcus, Enterococcus and
Streptococcus [14]. Moreover, strains of Gram-positive bacteria

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 41, 100845

belonging to the genus Bacillus and some yeast strains belonging
to the genus Saccharomyces are also used in probiotic products
[I5]. The reaction mechanisms of these probiotic microbes
may effectively inhibit the development of pathogenic bacteria
such as Clostridium perfringens, Campylobacter jejuni, Salmonella
enteritidis and Escherichia coli as well as various species of other
pathogenic genera, such that food poisoning that escapes to the
bloodstream will be prevented [l6]. Additionally, probiotic
microorganisms are naturally able to produce different groups
of vitamin B, to increase the efficacy of immune system and to
improve the absorption of vitamins and mineral compounds,
which are required for synthesis of organic acids and amino
acids. Probiotic microorganisms may also be able to produce
antibiotics that inhibit associated bacterial pathogens, thus
preventing inflammation and immunosuppressive progression
[17].

Daily diet greatly affects the gut microbial balance; diet can
help maintain a normal population or change its balance.
Flourishing or fading of the beneficial microbiome may lead to
boosting metabolites in a healthy direction or raising oppor-
tunistic genera, which may lead to a pathogenic appearance by
that influence the host

producing certain metabolites
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physiology and gene expression, consequently resulting in the
development of different diseases.
Here we discuss the effect of diet on the human microbiome

and the related risk of disease development.

The human diet generally consists of different food varieties
including protein, fat and carbohydrates, with a good balance
among them necessary. The type and quantity of these diet
constituents are greatly influenced by the community and di-
versity of the gut microbiome. The digestion of these constit-
uents leads to variability in the end products, which play a key
role in the prevention, management and treatment of certain
diseases such as cancer and diabetes [|8—-20]. Degradation of
the protein in diets normally occurs at the distal end of the
colon, where the conditions are suitable for the secretion of
proteolytic bacteria. The usual end products of protein degra-
dation are amino acids, ammonia, amines and short-chain fatty
acids. High concentrations of ammonia are related to the
development of malignant growths [21]. However, a diet con-
taining fat alteration in gut microbial composition has been
reported in which a decrease in Bacteroidetes and an increase in
both Firmicutes and Proteobacteria were frequently occurring
[22,23]. In addition, several genera of the class Gammaproteo-
bacteria also recorded an increase in their abundance with
other specific genera, leading to an alteration in microbial
population and diversity [24]. These changes result in a
lowering of the microbial production of short-chain fatty acids
and antioxidants. Consequences of the metabolites’ changes
include signs of disease risk and the potential for disease.
Regarding diets containing carbohydrates, studies have
shown that carbohydrates promote cell survival in cancer via
the upregulation of fatty mass— and obesity-associated gene
expression levels [25,26]. Diets containing complex carbohy-
drates derived from plant tissue are slowly digested by the gut
microbiome, especially those existing in the distal part of the
intestine. Digestion of plant fibers increases the symbiotic
microbiota that leads to increasing short-chain fatty acids,
which play a role in energy supply and therefore in human
health. Complex carbohydrates exert beneficial effects on body
weight, food intake, glucose homeostasis and insulin sensitivity
[27]. Studies have demonstrated a significant correlation be-
tween a higher-fiber diet intake and a reduction of risk of ir-
ritable bowel syndrome, inflammatory bowel disease,
cardiovascular disease, diabetes and colon cancer [25,28].
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Disturbance or imbalance of the gut microbiome, or dysbiosis,
may occur as a result of many possible reasons, including stress,
illness, overweight, overuse of antibiotics or eating a poor-
quality diet. Indeed, daily diet is the most important factor
affecting the composition of the human gut’s microbiome.
Consuming a diet composed of energy-dense and highly pro-
cessed foods, as well as emulsifiers and artificial sweeteners,
appears to compromise the barrier lining the human gut. If the
gut barrier is weakened, then tiny particles like bacteria or
digested food are able to escape into the bloodstream, where
they are marked as introducers and trigger the immune system
to act. This can be a factor for disease. Continuous immune
activation and the inflammation that goes with it can lead to a
range of diseases.

The human diet not only supplies vital nutrients but also
influences the life span [29] and physiologic state of many or-
gans; it also contributes to the development of many diseases
[30]. Diseases that develop as a function of alteration of human
microbiome that are greatly affected by daily high-fat and/or
high-carbohydrate diets, especially in a susceptible host; the
results include inflammatory diseases, cardiovascular diseases,
obesity, type 2 diabetes and several cancers [31].

Inflammatory bowel disease

A variety of factors contribute to the development of inflam-
matory bowel disease (IBD). These factors may be environ-
mental, genetic, immunologic or microbial (i.e. inhabiting the
digestive system); all contribute to the development of IBD
[32]. Although the exact aetiology of IBD remains unclear, it is
believed to be the result of complex, unusual immune re-
sponses to all the abovementioned factors separately or in
sequence. Research has focused on the intestinal microbiome,
especially with genetically susceptible hosts. There is growing
evidence that imbalances in gut microbial populations and their
diversity can be associated with many diseases, including IBD
[33,34]. It has been proven that the intestinal microbiota is a
source of many proinflammatory components such as lipo-
polysaccharide or capsule-derived compounds (peptidoglycans,
lipoproteins, flagellins) that are able to activate innate inflam-
matory pathways, leading to the development of a chronic in-
flammatory state. IBD is identified as comprising a group of
inflammatory conditions of the small intestine and colon. The

main types of IBD are Crohn disease and ulcerative colitis.
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Crohn disease

Crohn disease targets the mucosa and submucosa tissues,
which leads to regional ileitis, Crohn disease’s old name. Crohn
disease affects the small and large intestines as well as the
mouth, esophagus, stomach and anus. Intestinal microbiota
seems to play an important role in the pathogenesis and causes
of this Crohn disease. Microbial shifts have been associated with
IBD, in which a relative increase in the abundance of Entero-
bacteriaceae, including Escherichia coli and Fusobacterium, Serratia
marcescens and fungal species like Candida tropicalis, compared
to their healthy relatives. These shifts will lead to an alteration
of metabolic pathways, including an increase in the occurrence
of oxidative stress pathways and a decrease in basic metabolism
and short-chain fatty acid production [35].

Ulcerative colitis

Ulcerative colitis tends to occur in the colon and distal ileum,
which contain the highest intestinal bacterial concentrations. It
targets the mucosa tissue only. It causes long-lasting inflam-
mation and ulcers in the digestive tract. It primarily affects the
innermost lining of the large intestine (colon) and rectum.
Symptoms usually develop over time rather than suddenly. In
patients with ulcerative colitis, a higher incidence of Entero-
bacteriaceae and Bacteroides fragilis is evident compared to pa-
tients’ healthy relatives [|5].

Irritable bowel syndrome

Irritable bowel syndrome is a common disorder that affects the
large intestine. Signs and symptoms include cramping, abdom-
inal pain, bloating, gas, and diarrhoea, constipation or both.
There is no cure, but changing the type of diet often helps to
control or even remove the pain associated with this disease. In
patients with irritable bowel syndrome, the microbial com-
munities record an alteration whereby the Proteobacteria and
Firmicutes phyla flourish while Actinobacteria and Bacteroidetes
are diminished compared to healthy controls [36]. According to
I6S recombinant DNA sequences, the family Lachnospiraceae
within the phylum Firmicutes is recorded in greater abundance
[36].

Diabetes and obesity

Type 2 diabetes (T2D) is considered to be a metabolic disorder
primarily caused by obesity-linked insulin resistance. There has
been much debate regarding the involvement of the gut
microbiome as a causative agent in developing such disease;
indeed, studies performed to explore the correlation between
the gut microbiome and T2D have noted the importance of gut
microbiota in the pathophysiology of T2D [37,38]. Generally,
some beneficial bacteria, such as butyrate producers Faecali-
bacterium sp. and Roseburia, might be important in the efficacy
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of improvements in diabetes and obesity disorder [37]. Further
studies and more scientific evidence are needed to elucidate
and confirm the correlation of microbial composition and these
metabolic disorders.

For gut microbiome and obesity, evidence of a fundamental
link between them comes primarily from germ-free mouse
models; such animals are resistant to a high-fat diet that induces
obesity as a result of a lack of fermenting bacteria that can
process complex carbohydrates. In a sequential step, reduction
in short-chain fatty acids will occur [39]. Colonization of these
germ-free mice with fermenting bacteria such as Bacteroides
spp., together with organisms that promote the fermentation
process, results in increased body weight and obesity. This
process is significantly dependent on the activation of the
GPCR41 receptor of short-chain fatty acids [40].

Cardiovascular disease

Cardiovascular diseases (CVD) are the primary cause of death
worldwide. The existence of a gut microbiome characterized by
high population and diversity has been positively implicated in
human health and disease, and CVD are no exception. Micro-
biome dysbiosis has been proved to be involved in the pro-
gression and pathogenesis of CVD, including atherosclerosis,
hypertension and heart failure. Production of trimethylamine-
N-oxide (TMAO) as a net product derived from specific dietary
nutrients reflects the close relationship between gut microbe
and future cardiovascular events [41]. Suzuki et al. [42] found
that elevated blood TMAO levels were directly linked to pa-
tients with CVD such as coronary artery disease and acute and
chronic heart failure. Several studies have been conducted to
demonstrate the microbial alteration and genera involved in the
incidence and progression of CVD [43—45], which report a
lower abundance of the phylum Bacteroidetes and a higher
abundance of the order Lactobacillales, in particular Enterococcus
sp., in patients with CVD compared to non-CVD patients with
coronary risk factors.

Acceleration of carcinogenesis

Alteration of the gut microbiome has been highlighted by many
studies of the involvement of the gut microbiome in the pro-
gression of cancer and has been marked as something that
accelerates carcinogenesis [46,47]. Cancer represents the
second leading cause of death worldwide; its multifactorial pa-
thology has resulted in much research that assesses the ability
of the gut microbiome to produce several metabolites and
bioproducts necessary to protect host and gut homeostasis.
However, an unbalanced diet, which is one factor among
others, can permit expansion of some opportunistic microbes
to the detriment of the beneficial one, thereby producing high
levels of toxins that in turn are capable of triggering
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inflammation and/or tumorigenesis. The organ most affected by
an alteration in gut microbes is the digestive system itself,
resulting in what is termed ‘Gl cancers’, specifically esophageal,
gastric, colorectal, liver and pancreatic cancers [48,49]. The
simplest mechanism that leads to carcinogenesis is when the
host gut microbiome is impaired and the host immune system
fails to restore homeostasis of the lining tissues. In such a
setting, the microbiota may influence carcinogenesis by (a)
altering host cell proliferation and death, (b) disturbing the
function of host immune system and (c) negatively influencing
metabolism within a host by induction of selective enumeration
of certain members of the microbiota, especially pathobionts.
For colorectal cancer, an impaired microbiome permits the
flourishing of entering toxigenic Bacteroides and pathobionts
Fusobacterium and Campylobacter [50,51]. Similarly, Rutkowski
[52] found that if the gut microbiome of animal models is
altered, their hormone receptor—positive breast cancer turned

more aggressive.

Neurodegenerative disease

Various studies have noted that intestinal health greatly affects
neurodegeneration, despite the anatomic distance between the
gut and the brain [53]. Epidemiologic data have shown that
humans with neurodegenerative diseases have concurrent in-
testinal lesions and histopathologic changes in the gastrointes-
tinal tract. Gut microbiome alterations have been reported in
many neurodegenerative diseases, including Parkinson diseases
and Alzheimer disease, as well as inflammatory central nervous
system diseases.

Carabotti et al. [54] similarly found that the gut—brain axis
interacts with intestinal cells and the enteric nervous system, as
well as with the central nervous system, through neuroendo-
crine and metabolic pathways. Furthermore, enteric nervous
system function can be influenced by the gut microbiota when
they locally produce neurotransmitters, including y-amino-
butyric acid (GABA), amino acid derivatives (serotonin, mela-
tonin and histamine) and fatty-acid derivatives (acetylcholine
[55]) or biologically active catecholamines (dopamine and
norepinephrine) in the gut lumen [53,56]. Therefore, metabo-
lites resulting from dysbiosis of the gut microbiome may stim-
[57,58], with

downstream effects on learning and memory that lead to Alz-

ulate the sympathetic nervous system

heimer disease [59,60]. Other studies have shown that certain
bacteria belonging to Bacteroidetes (Porphyromonas gingivalis) was
detected in brain and may be involved in neurodegenerative
disease, particularly for Alzheimer disease [54,61]. However,
for Parkinson disease, metabolites of the imbalanced gut
microbiome, in particular Gram-negative pathogens, are the
trigger for the loss of dopaminergic neurons and mitochondria
dysfunction [62,63].
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A healthy daily diet plays an important role in the gut micro-
biome, leading to normal distribution of and balance between
different groups of gut microorganisms. Any disturbance caused
by an unbalanced diet or nutrient intake could lead to a
flourishing of pathogenic groups of the gut microbiome and a
decrease in other beneficial groups. As a result of this alter-
ation, toxic metabolite molecules and pathogenic microbes may
disturb the intestinal barrier and reach the bloodstream, which
in turn may affect human organs and cause mild disease, which
will be accelerated as a result of the accumulation of these
toxins, causing severe disease. Therefore, keeping the gut
microbiome unaltered, including avoiding an unbalanced diet,
will help maintain human health.

None declared.

The authors express their deep thanks to all colleagues who

provided encouragement and help.

[1] Dietert RR, Dietert JM. The microbiome and sustainable healthcare.
Healthcare (Basel) 2015;3:100-9. https://doi.org/10.3390/health-
care3010100.

Kumar AS, Cabral C, Kumar R, Ganguly R, Kumar R, Gupta A,
et al. Beneficial effects of dietary polyphenols on gut microbiota

[2

—

and strategies to improve delivery efficiency. Nutrients 2019;11:
2216.

O’Toole PW, Shiels PG. The role of the microbiota in sedentary life-
style disorders and ageing: lessons from the animal kingdom. | Intern
Med 2020;287:271-82. https://doi.org/10.1 | | [/joim.13021.
Cummings ], MacFarlane G. Role of intestinal bacteria in nutrient
metabolism.  Clin  Nutr  1997;16:3—11. https://doi.org/10.1016/
S0261-5614(97)80252-X.

Xia LJ. OMRF discoveries reshape understanding of gut microbiome.
2020. Available at: https://www.eurekalert.org/pub_releases/2020- 10/
omrf-drul01620.php. Accessed on October 20, 2020.

Morotomi M, Mutai M. In vitro binding of potent mutagenic pyrolysates
to intestinal bacteria. ] Natl Cancer Inst 1986;77:195-201.

Guinane CM, Tadrous A, Fouhy F, Ryan CA, Dempsey EM, Murphy B,
et al. Microbial composition of human appendices from patients

[3

—

[4

=

[5

—

[6

—

[7

—

following appendectomy. mBio 2013;4. https://doi.org/10.1128/mBio.
00366-12. €00366-12.

Russell AB, Wexler AG, Harding BN, Whitney JC, Bohn AJ,
Young AG, et al. A type VI secretion—related pathway in Bacteroidetes

8

—

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 41, 100845

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.3390/healthcare3010100
https://doi.org/10.3390/healthcare3010100
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref2
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref2
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref2
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref2
https://doi.org/10.1111/joim.13021
https://doi.org/10.1016/S0261&ndash;5614(97)80252-X
https://doi.org/10.1016/S0261&ndash;5614(97)80252-X
https://www.eurekalert.org/pub_releases/2020-10/omrf-dru101620.php
https://www.eurekalert.org/pub_releases/2020-10/omrf-dru101620.php
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref6
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref6
https://doi.org/10.1128/mBio.00366-12
https://doi.org/10.1128/mBio.00366-12
http://creativecommons.org/licenses/by-nc-nd/4.0/

6

New Microbes and New Infections, Volume 41 Number C, mmm 2021

[9

—

[1a]

[

[12]

[13]

[14]

[15]

[1e]

(17

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

mediates interbacterial antagonism. Cell Host Microbe 2014;16:
227-36. https://doi.org/10.1016/j.chom.2014.07.007.

Pribyl A. Important functions of the gut microbiome. Education; 2019.
Available at: https://www.microba.com/blog/important-functions-of-
the-gut-microbiome/.

Berry D. The emerging view of Firmicutes as key fiber degraders in the
human gut. Environ Microbiol 2016;18:2081—-3. https://doi.org/I0.
I111/1462-2920.13225.

Cecilia B, Loris RL, Gianenrico R, Giulia G, Vincenzo C, Antonio G.
Actinobacteria: a relevant minority for the maintenance of gut ho-
meostasis. Dig Liver Dis 2018;50:421-8. https://doi.org/10.1016/j.dId.
2018.02.012.

Gad el-Hak HN, Moustafa AA, Mansour SR. The collateral effect of
antibiotic on gut microbiome of human and their integrative role in
human disease. Adv Res Gastrol Hepatol 2018;10:555789. https://doi.
org/10.19080/ARGH.2018.10.555789.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein D}, Pot B, et al.
Expert consensus document. The International Scientific Association
for Probiotics and Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol
2014;11:506—14. https://doi.org/10.1038/nrgastro.2014.66.
Dudek-Wicher R, Junka A, Paleczny |, Bartoszewicz M. Clinical trials of
probiotic strains in selected disease entities. Int ] Microbiol 2020;2020:
8854119. https://doi.org/10.1155/2020/8854119. Erratum in: Int |
Microbiol 2021;2021:7356890.

Wang KY, Li SN, Liu CS, Perng DS, Su YC, Wu DC, et al. Effects of
ingesting Lactobacillus- and Bifidobacterium-containing yogurt in subjects
with colonized Helicobacter pylori. Am ] Clin Nutr 2005;81:939-40.
Hussain SA, Patil GR, Reddi S, Yadav V, Pothuraju R, Singh RRB, et al.
Aloe vera (Aloe barbadensis Miller) supplemented probiotic lassi pre-
vents Shigella infiltration from epithelial barrier into systemic blood
flow in mice model. Microb Pathog 2017;102:143-7.

Mancuskova T, Medved’ova A, Ozbolt M, Valik L. The medical func-
tions of probiotics and their role in clinical nutrition. Curr Nutr Food
Sci 2018;14:3. hteps://doi.org/10.2174/1573401313666170405152905.
Macfarlane GT, Macfarlane S. Bacteria, colonic fermentation, and
gastrointestinal health. ] AOAC Int 2012;95:50—60. https://doi.org/10.
5740/jacacint.SGE_Macfarlane.

Soldati L, Di Renzo L, Jirillo E, Ascierto PA, Marincola FM, De
Lorenzo A. The influence of diet on anti-cancer immune responsive-
ness. ] Transl Med 2018;16:75. https://doi.org/10.1186/s12967-018-
1448-0.

Martin-Peldez S, Fito M, Castaner O. Mediterranean diet effects on
type 2 diabetes prevention, disease progression, and related mecha-
nisms. A Review. Nutrients 2020;12:2236. https://doi.org/10.3390/
nul2082236.

Walker AW, Duncan SH, Leitch ECM, Child MW, Flint HJ. pH and
peptide supply can radically alter bacterial populations and short-chain
fatty acid ratios within microbial communities from the human colon.
Appl Environ Microbiol 2005;71:3692-700.

Hildebrandt MA, Hoffmann C, Sherrill-Mix SA, Keilbaugh SA,
Hamady M, Chen YY, et al. High-fat diet determines the composition
of the murine gut microbiome independently of obesity. Gastroen-
terology 2009;137:1716-24. https://doi.org/10.1053/j.gastro.2009.08.
042. el-2.

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI.
An obesity-associated gut microbiome with increased capacity for
energy harvest. Nature 2006;444:1027-31.

Agans R, Gordon A, Kramer DL, Perez-Burillo S, Rufidn-Henares JA,
Paliy O. Dietary fatty acids sustain the growth of the human gut
microbiota. Appl Environ Microbiol 2018;84. https://doi.org/10.1 128/
AEM.01525-18. e01525-18.

Doaei S, Gholamalizadeh M, Akbari ME, Akbari S, Feradova H,
Rahimzadeh G, et al. Dietary carbohydrate promotes cell survival in
cancer via the up-regulation of fat mass and obesity-associated gene

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 41, 100845
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

[26]

[27]

[28]

[29]

[30]

B11

2]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

expression level. Malays ] Med Sci 2019;26:8—17. https://doi.org/10.
21315/mjms2019.26.2.2.

Moulton CJ, Valentine RJ, Layman DK, Devkota S, Singletary KW,
Wallig MA, et al. A high protein moderate carbohydrate diet fed at
discrete meals reduces early progression of N-methyl-N-nitro-
sourea—induced breast tumorigenesis in rats. Nutr Metab (Lond)
2010;7:1. https://doi.org/10.1186/1743-7075-7-1.

den Besten G, van Eunen K, Groen AK, Venema K, Reijngoud D),
Bakker BM. The role of short-chain fatty acids in the interplay between
diet, gut microbiota, and host energy metabolism. ] Lipid Res 2013;54:
2325-40. https://doi.org/10.1194/jIr.R036012.

Feng Q, Liang S, Jia H, Stadimayr A, Tang L, Lan Z, et al. Gut micro-
biome development along the colorectal adenoma-—carcinoma
sequence. Nat Commun 2015;6:6528.

Zhang C, Li S, Yang L, Huang P, Li W, Wang S, et al. Structural
modulation of gut microbiota in life-long calorie-restricted mice. Nat
Commun 2013;4:2163. https://doi.org/10.1038/ncomms3163.

lliyasu D, Rwuaan JS, Sani D, Nwannenna Al, Njoku CO, Mustapha AR,
et al. Evaluation of Moringa oleifera (L.) aqueous seed extracts on
aphrodisiac, gonadal and epididymal sperm reserves of Wistar rats.
Sahel ] Vet Sci 2020;17:26—-32. Available at: https://saheljvs.org/index.
php/saheljvs/article/view/150.

Selber-Hnatiw S, Rukundo B, Ahmadi M, Akoubi H, Al-Bizri H, Aliu AF,
et al. Human gut microbiota: toward an ecology of disease. Front
Microbiol 2017;8:1265. https://doi.org/10.3389/fmicb.2017.01265.
Wehkamp ], Antoni L, Ostaff M, Stange EF. The intestinal barrier in
health and chronic inflammation. Current understanding and implica-
tions for future therapeutic intervention. Germany: Falk Foundation;
2013.

Carding S, Verbeke K, Vipond DT, Corfe BM, Owen LJ. Dysbiosis of
the gut microbiota in disease. Microb Ecol Health Dis 2015;26:26191.
https://doi.org/10.3402/mehd.v26.26 191.

Kowalski K, Mulak A. Brain—gut—microbiota axis in Alzheimer’s dis-
ease. ] Neurogastroenterol Motil 2019;25:48—60. https://doi.org/10.
5056/jnm18087.

Chiodini R], Dowd SE, Chamberlin WM, Galandiuk S, Davis B,
Glassing A. Microbial population differentials between mucosal and
submucosal intestinal tissues in advanced Crohn’s disease of the ileum.
PLoS One 2015;10:e0134382. https://doi.org/10.137 |/journal.pone.
0134382.

Krogius-Kurikka L, Lyra A, Malinen E, Aarnikunnas ], Tuimala J,
Paulin L, et al. Microbial community analysis reveals high level phylo-
genetic alterations in the overall gastrointestinal microbiota of
diarrhoea-predominant irritable bowel syndrome sufferers. BMC
Gastroenterol 2009;9:95.

Tong X, XuJ, Lian F, Yu X, Zhao Y, Xu L, et al. Structural alteration of
gut microbiota during the amelioration of human type 2 diabetes with
hyperlipidemia by metformin and a traditional Chinese herbal formula:
a multicenter, randomized, open label clinical trial. mBio 2018 22;9.
https://doi.org/10.1128/mBio.02392-17. €02392-17.

Gurung M, Li Z, You H, Rodrigues R, Jump DB, Morgun A, et al. Role
of gut microbiota in type 2 diabetes pathophysiology. EBioMedicine
2020;51:102590. https://doi.org/10.1016/j.ebiom.2019.11.051.
Blumberg R, Powrie F. Microbiota, disease, and back to health: a
metastable journey. Sci Transl Med 2012;4:137rv7. https://doi.org/|0.
1126/scitransimed.3004 184.

Samuel BS, Shaito A, Motoike T, Rey FE, Backhed F, Manchester JK,
et al. Effects of the gut microbiota on host adiposity are modulated by
the short-chain fatty-acid binding G protein—coupled receptor, Gpr4l.
Proc Natl Acad Sci U S A 2008;105:16767—72. https://doi.org/10.1073/
pnas.0808567105.

Heidenreich PA, Trogdon ]G, Khavjou OA, Butler |, Dracup K,
Ezekowitz MD, et al. Forecasting the future of cardiovascular disease in
the United States: a policy statement from the American Heart As-
sociation. Circulation 201 1;123:933—-44.


https://doi.org/10.1016/j.chom.2014.07.007
https://www.microba.com/blog/important-functions-of-the-gut-microbiome/
https://www.microba.com/blog/important-functions-of-the-gut-microbiome/
https://doi.org/10.1111/1462-2920.13225
https://doi.org/10.1111/1462-2920.13225
https://doi.org/10.1016/j.dld.2018.02.012
https://doi.org/10.1016/j.dld.2018.02.012
https://doi.org/10.19080/ARGH.2018.10.555789
https://doi.org/10.19080/ARGH.2018.10.555789
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1155/2020/8854119
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref15
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref15
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref15
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref16
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref16
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref16
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref16
https://doi.org/10.2174/1573401313666170405152905
https://doi.org/10.5740/jaoacint.SGE_Macfarlane
https://doi.org/10.5740/jaoacint.SGE_Macfarlane
https://doi.org/10.1186/s12967-018-1448-0
https://doi.org/10.1186/s12967-018-1448-0
https://doi.org/10.3390/nu12082236
https://doi.org/10.3390/nu12082236
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref21
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref21
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref21
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref21
https://doi.org/10.1053/j.gastro.2009.08.042
https://doi.org/10.1053/j.gastro.2009.08.042
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref23
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref23
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref23
https://doi.org/10.1128/AEM.01525-18
https://doi.org/10.1128/AEM.01525-18
https://doi.org/10.21315/mjms2019.26.2.2
https://doi.org/10.21315/mjms2019.26.2.2
https://doi.org/10.1186/1743-7075-7-1
https://doi.org/10.1194/jlr.R036012
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref28
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref28
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref28
https://doi.org/10.1038/ncomms3163
https://saheljvs.org/index.php/saheljvs/article/view/150
https://saheljvs.org/index.php/saheljvs/article/view/150
https://doi.org/10.3389/fmicb.2017.01265
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref32
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref32
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref32
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref32
https://doi.org/10.3402/mehd.v26.26191
https://doi.org/10.5056/jnm18087
https://doi.org/10.5056/jnm18087
https://doi.org/10.1371/journal.pone.0134382
https://doi.org/10.1371/journal.pone.0134382
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref36
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref36
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref36
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref36
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref36
https://doi.org/10.1128/mBio.02392-17
https://doi.org/10.1016/j.ebiom.2019.11.051
https://doi.org/10.1126/scitranslmed.3004184
https://doi.org/10.1126/scitranslmed.3004184
https://doi.org/10.1073/pnas.0808567105
https://doi.org/10.1073/pnas.0808567105
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref41
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref41
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref41
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref41
http://creativecommons.org/licenses/by-nc-nd/4.0/

Mansour et al. Human gut microbiome 7

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

B!

[52]

[33]

Suzuki T, Heaney LM, Jones DJ, Ng LL. Trimethylamine N-oxide and
risk stratification after acute myocardial infarction. Clin Chem
2017;63:420-8. https://doi.org/10.1373/clinchem.2016.264853.
Erratum in: Clin Chem 2017;63:926.

Yoshida N, Yamashita T, Hirata KI. Gut microbiome and cardiovas-

cular  diseases. Diseases  2018;6:56.  https://doi.org/10.3390/
diseases6030056.
Yin J, Liao SX, He Y, Wang S, Xia GH, Liu FT, et al. Dysbiosis of gut

microbiota with reduced trimethylamine-N-oxide level in patients with
large-artery atherosclerotic stroke or transient ischemic attack. ] Am

Heart Assoc 2015;4:€002699. https://doi.org/10.1161/JAHA.115.
002699.
Karlsson FH, Fak F, Nookaew |, Tremaroli V, Fagerberg B,

Petranovic D, et al. Symptomatic atherosclerosis is associated with an
altered gut metagenome. Nat Commun 2012;3:1245.

Rea D, Coppola G, Palma G, Barbieri A, Luciano A, Del Prete P, et al.
Microbiota effects on cancer: from risks to therapies. Oncotarget
2018;9:17915-27.

Zhu J, Liao M, Yao Z, Liang W, Li Q, Liu J, et al. Breast cancer in
postmenopausal women is associated with an altered gut metagenome.
Microbiome 2018;6:136. https://doi.org/10.1186/s40168-018-0515-3.
Garrett WS. Cancer and the microbiota. Science 2015;348(6230):
80-6. https://doi.org/10.1126/science.aaa4972.

Song M, Chan AT, Sun J. Influence of the gut microbiome, diet, and
environment on risk of colorectal cancer. Gastroenterology 2020;158:
322-40. https://doi.org/10.1053/j.gastro.2019.06.048.

Brennan CA, Garrett WS. Gut microbiota, inflammation, and colo-
rectal cancer. Annu Rev Microbiol 2016;70:395—411. https://doi.org/
10.1146/annurev-micro-102215-095513.

Pickard JM, Zeng MY, Caruso R, Nufiez G. Gut microbiota: role in
pathogen colonization, immune responses, and inflammatory disease.
Immunol Rev 2017;279:70—-89. https://doi.org/10.1 1| |/imr.12567.
Rutkowski M. Imbalanced gut microbiome linked to metastatic breast
cancer. Thailand Medical News; 2019. Available at: https://www.
sciencedaily.com/releases/2019/06/1906101 | 1 539.htm.

Ambrosini YM, Borcherding D, Kanthasamy A, Kim HJ, Willette AA,
Jergens A, et al. The gut—brain axis in neurodegenerative diseases and

[>4]

[53]

[>6]

[>7]

[>8]

[>9]

[60]

[61]

[62]

[63]

relevance of the canine model: a review. Front Aging Neurosci
2019;11:130. https://doi.org/10.3389/fnagi.2019.00130.

Carabotti M, Scirocco A, Maselli MA, Severi C. The gut—brain axis:
interactions between enteric microbiota, central and enteric nervous
systems. Ann Gastroenterol 2015;28:203-9.

lyer LM, Aravind L, Coon SL, Klein DC, Koonin EV. Evolution of
cell—cell signaling in animals: did late horizontal gene transfer from
bacteria have a role! Trends Genet 2004;20:292-9.

Asano Y, Hiramoto T, Nishino R, Aiba Y, Kimura T, Yoshihara K, et al.
Ciritical role of gut microbiota in the production of biologically active,
free catecholamines in the gut lumen of mice. Am ] Physiol Gastro-
intest Liver Physiol 2012;303:G1288-95. https://doi.org/10.1 1 52/ajpgi.
00341.2012.

Zubcevic J, Richards EM, Yang T, Kim S, Sumners C, Pepine CJ, et al.
Impaired autonomic nervous system—microbiome circuit in hyper-
tension. Circ Res 2019;125:104—16. https://doi.org/10.1161/CIRCRE-
SAHA.119.313965.

Mayer EA, Hsiao EY. The gut and its microbiome as related to central
nervous system functioning and psychological well-being: introduction
to the special issue of Psychosomatic Medicine. Psychosom Med 2017;79:
844—6. https://doi.org/10.1097/PSY.0000000000000525.

Zhu S, Jiang Y, Xu K, Cui M, Ye W, Zhao G, et al. The progress of gut
microbiome research related to brain disorders. | Neuroinflammation
2020;17:25. https://doi.org/10.1186/s12974-020-1705-z.

Bulgart HR, Neczypor EW, Wold LE, Mackos AR. Microbial involve-
ment in Alzheimer disease development and progression. Mol Neu-
rodegener 2020;15:42. https://doi.org/10.1186/s13024-020-00378-4.
How KY, Song KP, Chan KG. Porphyromonas gingivalis: an overview of
periodontopathic pathogen below the gum line. Front Microbiol
2016;9:53. https://doi.org/10.3389/fmicb.2016.00053.

Matheoud D, Cannon T, Voisin A, Penttinen AM, Ramet L, Fahmy AM,
et al. Intestinal infection triggers Parkinson’s disease—like symptoms in
Pinkl='= mice. Nature 2019;571:565-9. https://doi.org/10.1038/
s41586-019-1405-y.

Liu J, Xu F, Nie Z, Shao L. Gut microbiota approach — a new strategy
to treat Parkinson’s disease. Front Cell Infect Microbiol 2020;10:
570658. https://doi.org/10.3389/fcimb.2020.570658.

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 41, 100845

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1373/clinchem.2016.264853
https://doi.org/10.3390/diseases6030056
https://doi.org/10.3390/diseases6030056
https://doi.org/10.1161/JAHA.115.002699
https://doi.org/10.1161/JAHA.115.002699
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref45
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref45
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref45
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref46
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref46
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref46
https://doi.org/10.1186/s40168-018-0515-3
https://doi.org/10.1126/science.aaa4972
https://doi.org/10.1053/j.gastro.2019.06.048
https://doi.org/10.1146/annurev-micro-102215-095513
https://doi.org/10.1146/annurev-micro-102215-095513
https://doi.org/10.1111/imr.12567
https://www.sciencedaily.com/releases/2019/06/190610111539.htm
https://www.sciencedaily.com/releases/2019/06/190610111539.htm
https://doi.org/10.3389/fnagi.2019.00130
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref54
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref54
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref54
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref55
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref55
http://refhub.elsevier.com/S2052-2975(21)00009-3/sref55
https://doi.org/10.1152/ajpgi.00341.2012
https://doi.org/10.1152/ajpgi.00341.2012
https://doi.org/10.1161/CIRCRESAHA.119.313965
https://doi.org/10.1161/CIRCRESAHA.119.313965
https://doi.org/10.1097/PSY.0000000000000525
https://doi.org/10.1186/s12974-020-1705-z
https://doi.org/10.1186/s13024-020-00378-4
https://doi.org/10.3389/fmicb.2016.00053
https://doi.org/10.1038/s41586-019-1405-y
https://doi.org/10.1038/s41586-019-1405-y
https://doi.org/10.3389/fcimb.2020.570658
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Impact of diet on human gut microbiome and disease risk
	Introduction
	Human diet
	Diseases that may occur as a result of microbiome alteration
	Inflammatory bowel disease
	Crohn disease
	Ulcerative colitis
	Irritable bowel syndrome
	Diabetes and obesity
	Cardiovascular disease
	Acceleration of carcinogenesis
	Neurodegenerative disease

	Conclusion
	Conflict of interest
	Acknowledgements
	References


