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Introduction
The human microbiota consists of approximately 38 trillion
microbial cells. They are primarily present in the gut (mainly
the large intestine) and made up of bacteria, fungi and
yeasts (1). These microbes, along with their genes, are
collectively known as the gut microbiome. The gut
microbiome has been the subject of extensive research and
plays an important role in the maintenance of health and
the development of disease.
The term “dysbiosis” refers to an imbalance of the gut
microbiota due to the loss of beneficial microbial organisms,
the expansion of potentially harmful microorganisms, and/
or lower microbial diversity (2). There is a growing body of
research that suggests that dysbiosis plays a fundamental
role in diabetes. Here, we will briefly explore the evidence
for links between the gut microbiome and diabetes before
concluding with considerations for clinical practice.
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Type 1 Diabetes
Type 1 diabetes (T1D) is an autoimmune disease, characterised by the destruction of islet
β cells in the pancreas; influenced by genetic and environmental factors (3). The
microbiome has been investigated as one of the key factors associated with the
development of T1D (4).
The Microbiome and Type 1 Diabetes
The human microbiome develops during the first years of life, after which it resembles the
composition observed in adults (5,6). This development is closely linked to the development
of the immune system (7).
Possible mechanisms by which dysbiosis may be involved in the pathophysiology of T1D
include:
• Dysbiosis mediated immunological deregulation, including both innate and adaptive
immune systems, eventually resulting in β cell destruction and the onset of T1D in
genetically susceptible individuals (4).
• Changes in the integrity of the gut barrier, resulting in enhanced permeability and the
movement of inflammatory antigens into the blood stream (causing direct damage to
pancreatic β cells) (8, 9).
Studies have shown differences in the gut microbial profile between T1D patients and
healthy controls, highlighting that the gut microbiome may have a role in T1D (10).
Specifically, people with T1D have been found to have lower microbial diversity (11, 12,
13), and a higher abundance of certain types of bacteria (e.g., Bacteroidetes) than
controls, and fewer beneficial microorganisms (e.g., Lactobacillus) (7, 14). However,
whether these microbial changes are causal, responsive, or both is yet to be determined
(15). Establishing a causal relationship between gut microbiome alterations and T1D is
challenging, due to the complexity of the microbiome-immune system “cross talk” (15).
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Type 2 Diabetes
Type 2 diabetes (T2D) is a metabolic disorder characterised by an imbalance in blood
glucose levels, altered lipid profiles and high blood pressure (16). It usually presents as a
combination of insulin resistance and deficiency (17). Three major factors contributing to
risk of T2D include host genetics, dietary patterns (e.g., high fat, high energy diets) and
sedentary lifestyle (16).
The Microbiome and Type 2 Diabetes
In adulthood, the microbiome can be altered by many factors such as changes in diet, the
environment as well as certain medication (e.g., antibiotics) (18, 19, 20, 21). Recent studies
have suggested that dysbiosis may play a role in insulin resistance in T2D (22).
The possible mechanisms by which dysbiosis may be involved in the pathophysiology of
T2D include:
• An abundance of carbohydrate-fermenting bacteria leading to increased rates of shortchain fatty acid production, which are stored as lipids or glucose in body tissues and result
in low grade inflammation (23).
• Changes in the integrity of the gut barrier, resulting in enhanced permeability and the
movement of lipopolysaccharides (found in the outer membrane of gram-negative
bacteria), which promotes low-grade inflammation and insulin resistance (24).
• Increased activity of the gut endocannabinoid system (an endogenous signaling system
involved in maintaining energy balance) (25).
Studies have shown differences between the microbial profiles of T2D patients versus
healthy controls, suggesting a link between T2D development and gut microbiota (26, 27).
For example, results have shown significant differences in the composition and abundance
of microorganisms between diabetes patients versus control groups (27, 28, 29), as well as
lower levels of Akkermansia muciniphila in individuals with pre-diabetes (30). Lower levels
of Akkermansia muciniphila can affect gut permeability, which is associated with T2D (31).
However, it is worth noting that there is a lack of consensus concerning which
microorganisms are significantly altered in T2D due to compositional variations between
individuals, as well as dietary intake and different analytical methods employed to measure
the composition and functionalities of the gut microbiome (e.g., 16S rRNA sequencing,
shotgun metagenomic sequencing) (32).
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Considerations for Clinical Practice
The Diabetes UK evidence-based nutrition guidelines for the prevention and management
of diabetes (2018) state that more evidence is needed to understand the role of dietary
approaches in altering gut microbiome, and its effect on diabetes management and
prevention (38).
Plant-based Diets
Consuming a diverse and varied diet, predominantly based on plant foods, is beneficial for
the microbiome and gut health (39). The American Gut Project (2018) highlighted the
importance of a varied plant-based diet, showing that those who consume at least 30
different plant foods per week have a more diverse (and therefore resilient) microbiome
(40). Similarly, plant-based diets and dietary patterns which include more wholegrains,
fruit, and vegetables (e.g., a Mediterranean-style diet), have been associated with reduced
risk of T2D (41, 42).
Dietary Fibre Intakes
Dietary fibre is recommended for a healthy microbiome, however, beneficial responses to
increasing dietary fibre intakes may depend upon an individual’s gut microbiome profile
and the type of fibre consumed (43). Prebiotic fermentable fibres (found in plant-based
foods such as fruits, vegetables, wholegrains, nuts, and seeds) favour the growth of
beneficial bacterial strains (such as Bifidobacterium and Lactobacilli) (44).
One intervention study in children with T1D showed that consuming a prebiotic supplement
(8 g/d for 10 weeks) altered the gut microbiome composition (by increasing the
abundance of beneficial Bifidobacterium), decreased intestinal permeability, and improved
β cell function. However, there was no improvement in glycemic control, possibly due to the
small sample size and relatively short intervention time (45).
The effect of high fibre diets on glycemic control in T1D is unclear. High-fibre diets are
known to be cardio-protective and there is increased cardiovascular risk in patients with
T1D, however high-fibre diets are not considered a priority for glycaemic management in
such patients (38).
Increased dietary fibre intakes and a diet which includes fermented dairy products (such as
yoghurt) are known to be beneficial for the prevention of T2D (38). Higher intakes of fibre,
particularly soluble viscous fibers (such as those found in pulses, oats, oat bran, rice bran,
barley, fruit, and vegetables), may be cardioprotective for patients with T2DM (38, 46).
More research is needed to determine the effects of long-term restricted carbohydrate/
fibre diets on the microbiome (47).
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Practice Recommendations
Recommendations for the prevention and management of diabetes should be in line with
healthy eating guidelines. Here are some considerations for clinical practice:
• Encourage a diverse, plant-based, Mediterranean-style diet which is rich in fruit and
vegetables, legumes, whole grains, nuts and seeds.
• For patients who wish to pursue carbohydrate restricted diets, encourage a variety of
different plant-based food sources (48).
• Promote dietary diversity, aiming for 30 (or more) different plant foods per week.
• A high-fibre diet (at least 30g/day) is recommended for the adult UK population.
• There is not currently strong evidence to recommend specific probiotic supplements for
the treatment or prevention of diabetes.
Conclusion
There is a growing body of research to suggest that the gut microbiome and dysbiosis play
a role in T1D and T2D development. However, more evidence is needed to determine
whether dietary manipulation of the gut microbiome (through diet and/or probiotic
supplements) offers novel options for diabetes management and prevention.
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