
26  //  ADCES IN PRACTICE  //  May 2020

FOOD FOR THOUGHT  | MATTERS OF L IFESTYLEf

There are many 

modalities to help 

people manage diabetes 

and its associated complications, 

including insulin therapy, dietary 

modifications, and exercise. Current research 

points to another aspect of diabetes care that 

health professionals can target to help manage and 

achieve better metabolic control: the microbiota 

of the gut.1,2 Evidence is mounting that a health-

promoting gut microbiota population aids in 

the prevention and management of diabetes 

through improved energy metabolism, quelling of 

inflammation through fortification of intestinal wall 

integrity, and weight loss.1,3

Beginning at birth and throughout our lives, 

we are in contact with a myriad of bacteria. 

The majority of the bacteria in the human body 

has taken up residence in our gut/intestine, 

constituting the gut microbiota.1 The genetic 

makeup of these microbes is considered the 

microbiome.1 These microbes are important for 

essential metabolic functions controlling weight 

and body composition and influencing lipid 

and glucose levels, to name but a few. The gut 

is considered a metabolic organ.4 A healthy gut 

biome is one composed of diverse and abundant 

microbial species.1 Many species of bacteria can 

be found in the gut/intestine, with the phyla 

Bacteroidetes, Actinobacteria, and Firmicutes 

constituting the major populations of human 

microbiota.5 The abundance of any one phylum 

and its species can be altered through diet, lifestyle, 

and medication in promotion of health or disease.6

Low-grade inflammation, thought to be an 

underlying characteristic of type 2 diabetes 

(T2DM), may result from food escaping through the 

gut wall and entering into the bloodstream, where 

it triggers a low-grade inflammatory response. 

Microbiota can prevent the resultant inflammation 

through production of short-chain fatty acids 

(SCFA), such as butyrate, acetate, and propionate, 

which are produced by gut microbes through 

their metabolism of fermentable fiber.7 These 

SCFA are used for energy by the colonic epithelial 

cells, bolstering the integrity of the intestine 
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and preventing translocation of food particles 

that would result in an inflammatory response.1 

Metabolites, such as SCFA, are affected by diet 

and influence metabolic pathways including 

insulin signaling, appetite regulation, and incretin 

production related to the development of T2DM.7

Altered microbiota are associated with the 

development of not only T2DM but also type 1 

diabetes (T1DM). Changes have been noted in 

gut microbiome composition between children 

who develop T1DM and those who do not. 

The gut microbiota colonization and decrease 

in diversity play a role in the development 

of T1DM at 2 phases—by stimulating the 

susceptibility to autoimmune diseases (ie, 

T1DM) and by influencing the creation of 

diabetes-associated autoantibodies, a time 

period known as seroconversion.8 Data support 

that the seroconversion is associated with the 

decreased microbiota diversity and an increase 

of Bacteriodetes species as well as a decreased 

number of butyrate-producing bacteria, thus 

altering gut integrity and the immune system.9

Factors Affecting Microbiota

There is evidence correlating gut dysbiosis, an 

imbalance in gut microbial populations, with 

inflammation, impaired glucose tolerance, and 

obesity, resulting in T2DM.7 Dysbiosis can result 

from diet and medications, such as antibiotics and 

nonsteroidal antiinflammatory drugs (NSAIDs).6 

However, just as different populations of microbial 

species in our gut can alter our health, the 

population and ratio of these species can be 

modified through diet, lifestyle, medications, and 

dietary contributions from a plant-based diet rich 

in fruits, vegetables, and whole grains.6,7 Prebiotics 

and probiotics can be found in fermented foods 

like yogurt and cottage cheese, high-fiber foods, 

and dietary supplements. Existing metabolic 

disorders can also cause an inflammatory response 

in gut microbiota. More research is needed to 

know if that inflammatory response in the gut 

exacerbates the metabolic disorder.

Modifying Gut Microbiota for  

Glucose Management

The microbiome is the makeup of all 

microorganisms that live in our digestive tract and 

play a major role in digestion and metabolism 

as well as immune functions and the overall 

health of humans. The role of gut microbiota in 

the development of diabetes is currently being 

researched, and the results thus far have showed 

there is a change in gut microbiota in those with 

diabetes. Obesity, a common feature of T2DM, 

is associated with low-grade inflammation. Gut 

microbiota can affect energy balance by increasing 

or decreasing the energy uptake from the diet 

and thus altering fat storage. Other studies have 

associated changes in gut microbiota with an 

increase in the capacity to ferment and absorb 

carbohydrates that were not digested.10 Gut 

microbiota alterations, as seen in those with T2DM, 

impact gut integrity, disrupt the digestive process, 

stomach emptying, and in turn the metabolic 

pathways related to T2DM. Insulin signaling, 

appetite regulation and incretin production, 

inflammation, and the transport of sugars and 

amino acids are all affected.11

Carbohydrates

Carbohydrate consumption affects the 

composition of microbes in the gut as well as the 

metabolic output of microbes. Different sources of 

carbohydrate vary in their digestibility and makeup 

Low-grade inflammation, thought to be an underlying 

characteristic of type 2 diabetes (T2DM), may result from food 

escaping through the gut wall and entering into the bloodstream 

where it triggers a low-grade inflammatory response. 
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of sugars and fibers, factors that affect the growth 

and metabolic products of bacteria in the gut. 

Because different types of gut bacteria feed and 

thrive on specific components of carbohydrates, 

a person’s carbohydrate consumption will have a 

direct impact on their gut microbial population, 

and subsequently, their overall health.

It has been observed in studies that humans 

fed high levels of glucose, fructose, and sucrose, 

via fruit, had a shift in microbial gut population 

that favored an increase in Bifidobacteria and a 

decrease in Bacteroides. Consumption of certain 

artificial sweeteners has produced the opposite 

shift in bacterial composition.12 Fiber, found in 

fruits and vegetables, is considered a nondigestible 

carbohydrate and undergoes fermentation by 

colonic bacteria. Upon fermentation, the colonic 

bacteria produce SCFA, such as butyrate, propionate, 

and acetate. Nondigestible oligosaccharides, such 

as fructooligosaccharides, galactooligosaccharides, 

and arabinooligosaccharides, have all been shown 

to be beneficial to colonic bacteria, and an absence 

of these oligosaccharides in the diet has been linked 

to reduced bacterial abundance.12 It should be 

noted that nondigestible soluble fiber is considered 

a prebiotic source for its ability to confer health 

benefits as an energy source for gut bacteria.13

Dietary Patterns and Foods

Research has focused on the effect of dietary 

patterns on the gut microbiota, particularly 

vegetarian, Mediterranean, and the Western diet. 

A Western diet, typically high in animal fat and 

processed carbohydrate and low in nondigestible 

fiber, has been associated with a reduction in 

total gut bacteria. Bifidobacteria and Lactobacilli 

are species believed to confer benefits to human 

glucose metabolism and control. Research 

demonstrates that a reduction in meat consumption 

immediately alters microbiota components, 

especially the metabolites.12,13 These findings 

suggest that the gut microbiota may be affected 

by metabolic changes originating from distinct 

eating patterns. Mediterranean and vegetarian 

diets, typically low in saturated fat and high in 

nondigestible fiber, have shown to increase the 

abundance of overall gut bacteria as well as increase 

populations of Bifidobacteria and Lactobacilli.12 

This research impacts our current understanding 

of the way that energy is absorbed and stored, or 

“the storage effect hypothesis.”4 There is increased 

fermentation and production of SCFA in diets rich 

in fiber, particularly nondigestible polysaccharides. 

Thus, the gut microbiota regulates intestinal 

absorption of monosaccharides, lipid metabolism, 

and fat storage. In summary, high-fiber foods as well 

as fermented foods help create a diverse microbiota 

compared to a diet high in sugar and fat, which can 

lead to dysbiosis and gut integrity alterations.

Influences on the gut microbiota, such as 

dietary supplements or specific food consumption, 

have been evaluated for their possible role in 

clinical treatment applications. Studies have 

explored the role of probiotic supplementation 

and their effect on measures such as fasting blood 

glucose, A1C, HDL cholesterol, LDL cholesterol, 

total cholesterol, and insulin sensitivity. There is 

insufficient evidence in human studies to show 

that probiotic use can be effective at treating 

T2DM, but there have been promising results 

from animal models that show improvements in 

glucose metabolism. Similarly, a meta-analysis of 

randomized controlled trials from Li et al revealed 

that probiotic supplementation showed moderate 

improvements in blood glucose and blood lipid 

measures for individuals with T2DM.14

Nutrients with prebiotic properties can change 

the gut microbiota and possibly reduce the 

probability of developing T2DM. Foods such as 

Kefir, yogurt, sauerkraut, and kombucha replenish 

healthy gut bacteria, also known as probiotics. 

Prebiotics are typically indigestible starches that 

form a symbiotic relationship with probiotics that 

feed the healthy bacteria (Table 1). Prebiotics are 

found in high-fiber foods such as green bananas, 

onions, leeks, and asparagus. In addition to 

prebiotic foods, like fermented dairy products and 

various fibers, such as galacto-oligosaccharides 

(GOS), other food components, for example, a 

sardine-enriched diet, have been explored as well 

with varying results.15,16

No statistically significant changes were 

demonstrated with 12 weeks of prebiotic fibers 



ADCES IN PRACTICE  //  May 2020  //  29

(GOS) supplementation in patients with well-

managed T2DM or prediabetes in randomized, 

controlled trials.15,16 Tonucci et al emphasize17 

that although animal studies have shown some 

improvements in glucose tolerance and gut 

microbiota composition, human studies may be 

affected by medications (in this case Metformin) 

and other confounding factors. A similar study 

found that supplementation of GOS does increase 

the presence of bifidobacteria in the feces, but 

this did not have any significant effect on insulin 

sensitivity and other clinically relevant measures.16

A diet that provide prebiotics, particularly foods 

with inulin (eg, chicory), whole grains, and dark 

green vegetables can release metabolites that 

improve the gut integrity and in turn improve 

glycemic  management, promote satiety and 

lipolysis, and improve immune function.12,13 

However, due to the bidirectional influential 

relationship between the gut microbiota and 

dietary factors, medication, and environmental 

factors, the metabolic changes may not be realized.

Medications

Some of the most common medications used for 

diabetes have been shown to have an effect on 

the composition of the gut microbiota, including 

Metformin (part of a family of compounds known 

as biguanides), thiazolidinediones, α-glucose 

inhibitors, GLP-1 agonists, DPP-4 inhibitors, 

sulfonylureas, and SGLT2 inhibitor.18 The action 

of some are dependent on changes in the gut 

microbiome for stimulating improvements in 

glucose control. Metformin, one of the most 

commonly used treatments in T2DM, has shown 

the capability to modulate the gut microbiota in 

humans. Studies have shown a notable increase 

in mucus-degrading bacteria, specifically 

Akkermansia muciniphila, and increased SCFA-

producing bacteria, which improves gut wall 

Some of the most 

common medications 

used for diabetes 

have been shown to 

have an effect on the 

composition of the gut 

microbiota.

Table 1. Probiotic and Prebiotic Foods.

Dairy
Whole 
Grains

Fruits Vegetables
Legumes 
and Beans

Nuts and 
Seeds

Other

Probiotic 
foods

Yogurt

Kefir

Buttermilk

Cheese (with 
lactic acid)

Sourdough 
bread

Fermented 
vegetables 
(e.g. kimchi, 
sauerkraut, 
sour pickles)

Miso

Tempeh

Kombucha 
tea

Prebiotic 
foods

Barley

Wheat

Oats

Buckwheat

Quinoa

Berries

Bananas 
(green)

Apples

Grapes

Chicory

Garlic

Green 
vegetables

Tomatoes

Onions

Leeks

Jerusalem 
artichokes 

Soybeans

Chickpeas

Lentils

Red beans

Other beans

Pistachios

Almonds

Polyphenols

Calcium

B-vitamins
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integrity and contributes to the glucose-lowering 

effects of Metformin. Subsequent research has also 

shown Metformin enriches gut microbiota, leading 

to reduced intestinal lipid absorption, increased 

concentration of GLP-1, decreased visceral and 

total body fat, and improved insulin sensitivity. 

However, for clinical practice, deciphering 

interaction and the concomitant relationship 

between Metformin and other medications taken 

by a person with diabetes requires further study.

Clinical Takeaways

The gut microbiota plays a huge role in the 

development and management of T1DM and T2DM. 

The key is maintaining a balance between beneficial 

and harmful bacteria. The highly processed 

American diet often lacks fruits and vegetables 

and other fibrous foods, leading to changes in the 

diversity of the microbiome along with impaired 

integrity and increased permeability of the intestine, 

making it more susceptible to endotoxemia and 

the development of diabetes (types 1 and 2). New 

studies suggest individuals respond differently to 

the same foods and that personalized diets may 

impact an individual’s microbiota and successfully 

lower postmeal blood glucose levels.19-21 Overall, 

what can be concluded from the current 

evidence is that dietary interventions do alter 

gut microbiota composition and can increase 

the population of certain bacteria species. The 

changes in microbiota composition do not alone 

lead to significant improvements in glycemic 

control. Some limitations of the research are the 

short study duration to realize glycemic changes 

and confounding variables, such as medications, 

lifestyle, food sensitivities and allergies, stress, sleep 

patterns, and environmental factors. Improving gut 

health should be considered a therapeutic option 

in treatment of diabetes through diet and should 

emphasize incorporating food sources of prebiotics, 

probiotics, and an antiinflammatory, plant-based 

Mediterranean style diet. n
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