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More research has recently focused on the role of the gut microbiota in the development or course of numerous

diseases, including non-communicable diseases. As obesity remains prevalent, the question arises as to what

microbial changes are associated with increased obesity prevalence and what kind of prevention and treatment

approaches it could provide.

gut microbiota  chronic diseases

1. Introduction

A microbiota is a complex and dynamically developing ecosystem, which is continuously changing during a lifetime.

It consists of commensal, symbiotic, and pathogenic microorganisms. The microbiota has the attributes of climax

moves toward homeostasis and, as much as it has been discovered, is unique for every individual. Around 30%

remains a sort of “species-core”; however, the rest of the species could be subjected to both qualitative and

quantitative changes influenced by various factors, either intentional or not . Moreover, these factors could be

individual-independent and associated with genetic, or environmental factors as well as with the type of birth .

On the other hand, microbiota changes could be connected with modifiable aspects, such as diet (including

prebiotics and xenobiotics), or the application of probiotics. According to the research, different and the specific

microbiota compositions have been found in metabolic, neurologic, and functional disorders, with more research

being conducted to investigate the role of the intestine microbiome in the development of type 2 diabetes (T2DM),

obesity, and metabolic disorders. Not only are these research studies focused on the quality and quantity of the

intestinal microbiota and its influence on the body weight, but they also investigate the association between the diet

and its influence on the microbiota composition. Additionally, the microbiota–gut–brain axis could be another

possible pathway linking the intestinal microbiota with metabolism, and this bidirectional system can influence both

host metabolite and appetite.

As the number of people suffering from excessive body weight increases, obesity has become one of the most

prevalent diseases worldwide, regardless of sex or age. Additionally, according to the World Health Organization

(WHO), the prevalence of obesity has tripled since 1975. As the WHO’s report highlighted, even though obesity is

preventable and different approaches are proposed by various specialists, its prevalence is continuously

increasing. The comorbidities associated with it (e.g., T2DM and cardiovascular diseases (CVD)) are the cause of

millions of deaths each year. In fact, almost 40% and 13% of people above 18 years of age are overweight and
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obese, respectively , with most of the world’s population living in countries where overweight and obesity kill

more people than underweight.

It remains to be found whether and to what extent the intestinal microbiota could be associated with increased

obesity prevalence. It has been suggested that individuals with lower amount of gut microbial genes and lower

bacterial richness have increased risk of type 2 diabetes and obesity . Dysbiosis among patients with T2DM

promotes pro-inflammatory signalling, which induces metabolic syndrome . In recent years, many studies have

shown that diet, particularly a high-fat diet (HFD), significantly changes the number of Bacteroidetes species and

increases the number of Firmicutes and Proteobacteria species. Turnbaugh et al. were the first to discover that the

contribution of Bacteroidetes is substantially smaller (around 20%) in obese mice than in lean mice (around 40%)

. In addition, Flessner et al. showed that implementing a high-fat and low-fibre diet is associated with decreased

Bacteroidetes and increased Firmicutes. Moreover, transplantation of the microbiota from obese to germ-free mice

is associated with significant adipose tissue deposition, compared with transplantation from leaner mice but with

the same diet . On the other hand, changing the diet from low- to high-fat is associated with a decrease of

Bacteroidetes in the intestines and an increase in Firmicutes and Proteobacteria, regardless of the body weight .

Additionally, it has been proven that a high-protein and low-carbohydrate diet often leads to the quantitative

deficiency of Bifidobacterium in the intestinal tract. It is generally known that the intestinal microbiota plays a

significant role in the digestive process; however, it is unknown what composition of the intestinal microbiota

protects and what type promotes the development of metabolic disorders . Thus, it could be suggested that

dysbiosis could be regarded as another risk factor for various diseases, including metabolic disturbances.

Therefore, restoring gut composition could provide an essential value for their further treatment .

2. The Microbiota–Gut–Brain Axis

The gut–brain axis is a bidirectional communication system involving neural, endocrine, metabolic, and

immunological signalling. The afferent path of the gut to the brain is essential for appetite control (food intake and

satiety), the perception of pain, and the brain’s monitoring of the gut’s inflammatory or immunological status . In

return, the brain regulates gastrointestinal physiology and, by means of such elements as vagal afferents,

modulates inflammatory and immunological responses . It includes the central nervous system (CNS), the

enteric innervation, including extrinsic fibres of the autonomous nervous system (ANS), HPA axis (hypothalamic–

pituitary–adrenal axis), intrinsic neurons of the enteric nervous system (ENS), and the intestinal microbiota .

HPA axis regulates body processes, including digestion, and releases the corticotrophin-releasing factor, which

affects intestinal inflammation, permeability, and motility . The CNS and the ENS are associated with

gastrointestinal tract functioning. Changes in eating behaviour in response to the CNS’s appetite control can affect

the availability of nutrients for intestinal microbiota and further affect its composition. On the other hand, the

intestinal microbiota can modify satiety signals by producing proteins, such as the α-melanocyte-stimulating

hormone . The mechanism of the brain-gut axis is depicted in Figure 1.

 The integration of the microbiota into this axis (microbiota–gut–brain axis) is based on the afferent component

where the microbiota can affect the brain and behaviour, and descending pathways where alterations in brain
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function can affect changes in the microbiota composition . In fact, the microbiota–gut–brain axis could be

another possible pathway linking the intestinal microbiota and metabolism. However, knowledge about the

influence of the intestinal microbiota on the gut–brain axis is limited—it can affect the brain indirectly by gut-derived

neuronal, immune, and neuroendocrine molecules affecting spinal and vagal afferents. On the other hand, the gut

microbiota can additionally communicate with the brain directly by microbe-generated signals . It is essential to

notice that any perturbations, including intestinal dysbiosis, can affect the gut–brain axis manifesting in brain–gut

disorders . Gut microbiota-derived short-chain fatty acids (SCFAs)—indispensable for the synthesis of lipids and

glucose—can influence both host metabolite and appetite; nevertheless, the likely underlying mechanisms have

not been fully understood . Moreover, the intestinal microbiota can induce inflammation by releasing

lipopolysaccharide (LPS), namely an enterotoxin produced by an external cell membrane of cyanobacteria and

Gram-negative bacteria, which induces immune cell activation and cytokine production . Neuroendocrine

signalling pathways between the intestinal microbiota and the brain are associated with microbiota-derived

neuroactive metabolites, such as dopamine, gamma-aminobutyric acid, tryptophan, endocannabinoid ligands, and

5-hydroxytryptamine (serotonin precursor), which centrally and peripherally affect the host’s metabolism by the

vagal stimulation, or immune neuroendocrine mechanisms . Moreover, the intestinal microbiota can

communicate with the enteric innervations by such means as an interaction with immune cells and enteroendocrine

cells (EECs), which, through the activation of different receptors, produce hormones secreted by gastrointestinal

tract hormones in response to a bacterial inducement . Hormones like cholecystokinin (CCK), leptin, glucagon-

like peptide 1 (GLP-1), glucagon-like peptide 2 (GLP-2), peptide YY (PYY), and ghrelin trigger the vagal and spinal

nerves . Furthermore, signals are integrated in the hypothalamus responsible for the regulation of energy

metabolism. In this area, neurons, such as agouti-related protein (AgRP) and NPY (neuropeptide Y), increase

appetite and lower energy expenditure (through melanocortin and orexin). However, neurons, such as CART

(cocaine- and amphetamine-regulated transcript) and POMC (pro-opiomelanocortin), work in the opposite direction

and are associated with increased energy expenditure and inhibited food intake (through the α-melanocyte-

stimulating hormone) .
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Figure 1. The brain–gut axis. AgRP—agouti-related protein; CART—cocaine- and amphetamine-regulated

transcript; POMC—pro-opiomelanocortin; NPY—neuropeptide Y; GHorms—gastrointestinal hormones (e.g.,

cholecystokinin, leptin, glucagon-like peptide 1); DA—dopamine; SCFAs—short-chain fatty acids; 5-HT—5-

hydroxytryptamine; LPS—lipopolysaccharide; Trp—tryptophan; ECs—endocannabinoid ligands; GABA—gamma-

aminobutyric acid.

References

1. Zoetendal, E.G.; Vaughan, E.E.; De Vos, W.M. A microbial world within us. Microbiol. 2006, 59,
1639–1650, doi:10.1111/j.1365-2958.2006.05056.x.

2. Nowak, A.; Libudzisz, Z. Zespół mikroorganizmów jelitowych—czy wiemy, jaki powinien być?
Standardy Medyczne/Pediatria 2009, 8, 120–127.

3. O’Hara, A.M.; Shanahan, F. The gut flora as a forgotten organ. EMBO Rep. 2006, 7, 688–693,
doi:10.1038/sj.embor.7400731.

4. Zoetendal, E.G.; Akkermans, A.D.L.; Vliet, W.M.Ak.; A.D.L.A.; Wilma, M.; de Visser, J.A.G.M.; de
Vos, W.M. The Host Genotype Affects the Bacterial Community in the Human Gastronintestinal
Tract. Ecol. Health Dis. 2001, 13, 129–134, doi:10.1080/089106001750462669.

5. Smith, K.B.; Smith, M.S. Obesity Statistics. Care 2016, 43, 121–135,
doi:10.1016/j.pop.2015.10.001.

6. Le Chatelier, E.; Nielsen, T.; Qin, J.; Prifti, E.; Hildebrand, F.; Falony, G.; Almeida, M.; Arumugam,
M.; Batto, J.-M.; Kennedy, S.; et al. Richness of human gut microbiome correlates with metabolic
markers. Nature 2013, 500, 541–546, doi:10.1038/nature12506.

7. Agus, A.; Clément, K.; Sokol, H. Gut microbiota-derived metabolites as central regulators in
metabolic disorders. Gut 2020, doi:10.1136/gutjnl-2020-323071.

8. Chassaing, B.; Raja, S.M.; Lewis, J.D.; Srinivasan, S.; Gewirtz, A.T. Colonic Microbiota
Encroachment Correlates With Dysglycemia in Humans. Mol. Gastroenterol. Hepatol. 2017, 4,
205–221, doi:10.1016/j.jcmgh.2017.04.001.

9. Turnbaugh, P.J.; Bäckhed, F.; Fulton, L.; Gordon, J.I. Diet-induced obesity is linked to marked but
reversible alterations in the mouse distal gut microbiome. Cell Host Microbe 2008, 3, 213–223,
doi:10.1016/j.chom.2008.02.015.

10. Ley, R.E.; Backhed, F.; Turnbaugh, P.; Lozupone, C.A.; Knight, R.D.; Gordon, J.I. Obesity alters
gut microbial ecology. Natl. Acad. Sci. USA 2005, 102, 11070–11075,
doi:10.1073/pnas.0504978102.



Microbiota–Gut–Brain Axis | Encyclopedia.pub

https://encyclopedia.pub/entry/6086 5/6

11. Harris, K.; Kassis, A.; Major, G.; Chou, C.J. Is the Gut Microbiota a New Factor Contributing to
Obesity and Its Metabolic Disorders? Obes. 2012, 2012, 1–14, doi:10.1155/2012/879151.

12. Shanahan, F.; Murphy, F. The hybrid science of diet, microbes, and metaboli heath. J. Clin. Nutr.
2011, 94, 1–2.

13. Rinninella, E.; Raoul, P.; Cintoni, M.; Franceschi, F.; Miggiano, G.A.D.; Gasbarrini, A.; Mele, M.C.
What is the Healthy Gut Microbiota Composition? A Changing Ecosystem across Age,
Environment, Diet, and Diseases. Microorganisms 2019, 7, 14

14. Farzi, A.; Hassan, A.M.; Zenz, G.; Holzer, P. Diabesity and mood disorders: Multiple links through
the microbiota-gut-brain axis. Asp. Med. 2019, 66, 80–93, doi:10.1016/j.mam.2018.11.003.

15. Cryan, J.F.; Dinan, T.G. Mind-altering microorganisms: The impact of the gut microbiota on brain
and behaviour. Rev. Neurosci. 2012, 13, 701–712, doi:10.1038/nrn3346.

16. Agustí, A.; García-Pardo, M.P.; López-Almela, I.; Campillo, I.; Maes, M.; Romaní-Pérez, M.; Sanz,
Y. Interplay Between the Gut-Brain Axis, Obesity and Cognitive Function. Neurosci. 2018, 12,
155, doi:10.3389/fnins.2018.00155.

17. Forte, N.; Fernández-Rilo, A.C.; Palomba, L.; Di Marzo, V.; Cristino, L. Obesity Affects the
Microbiota–Gut–Brain Axis and the Regulation Thereof by Endocannabinoids and Related
Mediators. IJMS 2020, 21, 1554, doi:10.3390/ijms21051554.

18. Wijdeveld, M.; Nieuwdorp, M.; IJzerman, R. The interaction between microbiome and host central
nervous system: The gut-brain axis as a potential new therapeutic target in the treatment of
obesity and cardiometabolic disease. Expert Opin. Ther. Targets 2020, 24, 639–653,
doi:10.1080/14728222.2020.1761958.

19. Martin, C.R.; Osadchiy, V.; Kalani, A.; Mayer, E.A. The Brain-Gut-Microbiome Axis. Mol.
Gastroenterol. Hepatol. 2018, 6, 133–148, doi:10.1016/j.jcmgh.2018.04.003.

20. Delzenne, N.M.; Neyrinck, A.M.; Bäckhed, F.; Cani, P.D. Targeting gut microbiota in obesity:
Effects of prebiotics and probiotics. Rev. Endocrinol. 2011, 7, 639–646,
doi:10.1038/nrendo.2011.126.

21. Torres-Fuentes, C.; Schellekens, H.; Dinan, T.G.; Cryan, J.F. The microbiota–gut–brain axis in
obesity. Lancet Gastroenterol. Hepatol. 2017, 2, 747–756, doi:10.1016/S2468-1253(17)30147-4.

22. Niccolai, E.; Boem, F.; Russo, E.; Amedei, A. The Gut–Brain Axis in the Neuropsychological
Disease Model of Obesity: A Classical Movie Revised by the Emerging Director “Microbiome.”
Nutrients 2019, 11, 156, doi:10.3390/nu11010156.

23. Sun, L.-J.; Li, J.-N.; Nie, Y.-Z. Gut hormones in microbiota-gut-brain cross-talk: Med. J. 2020, 133,
826–833, doi:10.1097/CM9.0000000000000706.



Microbiota–Gut–Brain Axis | Encyclopedia.pub

https://encyclopedia.pub/entry/6086 6/6

24. Bliss, E.S.; Whiteside, E. The Gut-Brain Axis, the Human Gut Microbiota and Their Integration in
the Development of Obesity. Physiol. 2018, 9, 900, doi:10.3389/fphys.2018.00900.

25. Konturek, S.J.; Konturek, J.W.; Pawlik, T.; Brzozowki, T. Brain-gut axis and its role in the control of
food intake. Physiol. Pharmacol. Off. J. Pol. Physiol. Soc. 2004, 55, 18.

Retrieved from https://encyclopedia.pub/entry/history/show/14425


