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Opinion

Type 2 diabetes mellitus (T2DM) is a common metabolic disorder 
in adults and accounts for approximately 90% of all diabetes cases. 
T2DM is characterized by hyperglycemia and is associated with 
obesity, hyperlipidemia, beta cell dysfunction, insulin resistance, 
and low-grade chronic inflammation. T2DM cases are estimated to 
exceed 578 million by 2030.1 The development of T2DM is primar-
ily caused by an individual’s genetic susceptibility, a sedentary life-
style, and excessive weight and/or obesity. Obesity-related insulin 
resistance and low-grade inflammation during the development of 
T2DM are associated with specific changes in the composition and 
abundance of the gut microbiota, which are crucial for the digestion 
and absorption of nutrient components, detoxification of xenobiot-
ics, production of metabolites, and synthesis of essential amino ac-
ids and vitamins. Understanding the changes to the gut microbiota 
during the pathogenic progression of T2DM has recently been at-
tracting attention due to its potential role in the discovery of novel 
therapeutic targets and development of potential unique therapies.

The difference in microbial community composition between 
diabetic and healthy individuals has been suggested to predict the 
development of T2DM with an accuracy of 80%.2 Diabetic pa-
tients usually display an imbalanced bacterial composition with 
certain taxa, including Slackia, Mitsuokella, Abiotrophia, and Par-
ascardovia, as dominant and exhibit varying levels of Prevotella. 
In contrast, healthy controls have a higher abundance of Moraxella 
species. The abundance and composition of the gut microbiota are 
affected by multiple factors, including daily diet, living environ-

ment, personal hygiene habits, and host genetics. Interestingly, 
some of the oral microbiota may colonize and persistently live in 
the gut, which has been suggested to play a role in the emergence 
of chronic inflammatory diseases.3

A moderate dysbiosis in the gut microbial population has the 
potential to affect disease progression toward diabetes.4 Despite 
numerous studies supporting the role of the gut microbiota in the 
pathophysiology of T2DM, research is still at an early stage and 
many observations remain controversial. Nevertheless, patients with 
T2DM have been shown to have a shift in the abundance of gut Lac-
tobacillus species and butyrate-producing bacteria.5 Furthermore, 
many genera including Bifidobacterium, Bacteroides, Faecalibac-
terium, Akkermansia, and Roseburia are negatively associated with 
the development of T2DM, while Ruminococcus, Fusobacterium, 
and Blautia are positively associated with diabetes. However, under-
standing the influence of the gut microbiota and their metabolites on 
the pathogenesis of diabetes is still limited and the effect of micro-
bial metabolites on host health remains in its infancy.6

Changes in microbial metabolites also contribute to the devel-
opment of insulin resistance, chronic inflammation, and glucose 
intolerance. These metabolites, such as short-chain fatty acids 
(acetate, butyrate), trimethylamine-N-oxide, and imidazole propi-
onate, may interact in the gut or enter the systemic circulation to 
induce several different effects.7–9

The relationship between gut microbiota and the triad of obe-
sity, chronic inflammation, and diabetes is still under revision. An 
elevated body mass index is associated with an increased risk of 
developing T2DM and associated complications. Low-grade in-
flammation is one of the most important factors contributing to the 
progression of diabetes associated with obesity.10

However, it is still unclear whether the different animal models 
and conditions used to study T2DM-associated gut microbiota will 
generate heterogeneous results, cause inaccurate interpretations, 
and lead to low reproducibility. Therefore, standardized methods 
and transparent protocols (including DNA extraction, polymerase 
chain reaction conditions, and detailed bioinformatic analyses) for 
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evaluation of the gut microbiota are necessary. Assessment of the 
gut microbiota using stool samples from patients should be more 
cost-effective, as this procedure is non-invasive for screening, di-
agnosis, and monitoring of the development and progression of 
diabetes. Furthermore, given that the balance of gut microbiota 
is important for human health, the findings from gut microbiome 
analyses may help to develop novel, precise and personalized 
medicines. Therefore, anti-diabetic compounds, prebiotics, and 
probiotics should be selected for patients based on their age, sex, 
ethnicity, eating habits, lifestyle, and daily physical activities.

Acknowledgments

The author expresses his gratitude for the financial support pro-
vided by CNPq and FAPERJ. This article does not contain any 
protocols or procedures with human participants or animals.

Funding

None.

Conflict of interest

There are no conflicts of interest to declare.

Author contributions

AMC is the sole author for this work.

References

[1] Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et 
al. Global and regional diabetes prevalence estimates for 2019 and 
projections for 2030 and 2045: Results from the International Dia-
betes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract 
2019;157:107843. doi:10.1016/j.diabres.2019.107843.

[2] Liu YK, Chen V, He JZ, Zheng X, Xu X, Zhou XD. A salivary microbiome-
based auxiliary diagnostic model for type 2 diabetes mellitus. Arch 
Oral Biol 2021;126:105118. doi:10.1016/j.archoralbio.2021.105118.

[3] Lira-Junior R, Bostrom EA. Oral-gut connection: one step closer to 
an integrated view of the gastrointestinal tract? Mucosal Immunol 
2018;11(2):316–318. doi:10.1038/mi.2017.116.

[4] Nie Q, Chen H, Hu J, Fan S, Nie S. Dietary compounds and traditional 
Chinese medicine ameliorate type 2 diabetes by modulating gut mi-
crobiota. Crit Rev Food Sci Nutr 2019;59(6):848–863. doi:10.1080/10
408398.2018.1536646.

[5] Qin J, Li Y, Cai Z, Li S, Zhu J, Zhang F, et al. A metagenome-wide 
association study of gut microbiota in type 2 diabetes. Nature 
2012;490(7418):55–60. doi:10.1038/nature11450.

[6] 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. doi:10.1016/j.ebiom.2019.11.051.

[7] Cani PD. Microbiota and metabolites in metabolic diseases. Nat Rev 
Endocrinol 2019;15(2):69–70. doi:10.1038/s41574-018-0143-9.

[8] Canfora EE, Jocken JW, Blaak EE. Short-chain fatty acids in control 
of body weight and insulin sensitivity. Nat Rev Endocrinol 2015; 
11(10):577–591. doi:10.1038/nrendo.2015.128.

[9] Koh A, Molinaro A, Stahlman M, Khan MT, Schmidt C, Mannerås-Holm 
L, et al. Microbially produced imidazole propionate impairs insulin sign-
aling through mTORC1. Cell 2018;175(4):947–961.e17. doi:10.1016/j.
cell.2018.09.055.

[10] Cani PD, Osto M, Geurts L, Everard A. Involvement of gut microbiota 
in the development of low-grade inflammation and type 2 diabetes as-
sociated with obesity. Gut Microbes 2012;3(4):279–288. doi:10.4161/
gmic.19625.

https://doi.org/10.14218/JERP.2021.00012
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1016/j.archoralbio.2021.105118
https://doi.org/10.1038/mi.2017.116
https://doi.org/10.1080/10408398.2018.1536646
https://doi.org/10.1080/10408398.2018.1536646
https://doi.org/10.1038/nature11450
https://doi.org/10.1016/j.ebiom.2019.11.051
https://doi.org/10.1038/s41574-018-0143-9
https://doi.org/10.1038/nrendo.2015.128
https://doi.org/10.1016/j.cell.2018.09.055
https://doi.org/10.1016/j.cell.2018.09.055
https://doi.org/10.4161/gmic.19625
https://doi.org/10.4161/gmic.19625

	Abstract
	Acknowledgments
	Funding
	Conflict of interest
	Author contributions
	References

