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WHAT IS BLOOD SUGAR?
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Primary Source of Energy Regulates Body Functions Comes from Food Intake
Glucose, or blood sugar, is the main Blood sugar levels are carefully The food we eat, particularly
fuel that powers the body's cells and regulated by the body to maintain carbohydrates, are broken down into

provides energy for daily activities. optimal function of organs and glucose and released into the
systemes. bloodstream.

In summary, blood sugar is a critical component of our overall health, providing

the energy necessary for the body to function properly. Understanding blood
sugar and its role is crucial for maintaining a healthy gut-blood sugar connection.




THE GUT-BLOOD SUGAR CONNECTION

Gut Microbiome Composition

The diversity and balance of gut microbes
significantly influence how the body processes
and utilizes glucose, affecting insulin
sensitivity and overall glucose regulation.
homeostasis.

Gut Barrier Function

An unhealthy gut microbiome can lead to increased gut permeability, often
referred to as a "leaky gut." This allows inflammatory compounds, such as
endotoxins, to pass through the gut lining and enter the bloodstream, triggering
systemic inflammmation. This inflammation can interfere with glucose
metabolism, impairing insulin sensitivity and making it more difficult for the
body to regulate blood sugar levels effectively. As a result, poor gut health can
contribute to the development of insulin resistance and related metabolic
disorders.

Short-Chain Fatty Acid Production

Certain gut bacteria produce short-chain fatty
acids (SCFAs), such as butyrate, which can
improve insulin sensitivity and help regulate
glucose levels, promoting better overall glucose

Gut-Brain-Liver Axis

The gut microbiome plays a critical role in regulating
glucose and insulin by communicating with both the
brain and liver. This interaction helps modulate blood
sugar levels and insulin sensitivity through the
release of various signals and metabolites, such as
short-chain fatty acids (SCFAs), which can influence
metabolic pathways and inflammation. This gut-
brain-liver axis is essential for maintaining balanced
glucose metabolism and preventing insulin resistance.

Dietary Influences

The foods we consume directly influence the composition of the gut
microbiome, which, in turn, impacts how the body processes and regulates
glucose. By altering the balance of beneficial gut bacteria, different diets can
either enhance insulin sensitivity or contribute to insulin resistance. The types
of bacteria promoted by certain foods can affect glucose metabolism through
the production of metabolites like short-chain fatty acids (SCFAs), which play
a crucial role in managing blood sugar levels.



THE GUT

Butyrate-Producing Bacteria: These bacteria ferment fiber in the gut to produce

butyrate, a short-chain fatty acid (SCFA) that plays a significant role in glucose
regulation and insulin sensitivity.

Examples: Faecalibacterium prausnitzii, Roseburia spp. Eubacterium rectale
Benefits: Butyrate helps reduce inflammation and improve insulin sensitivity, which
can contribute to better blood sugar control and protection against insulin resistance.

Akkermansia muciniphila: Akkermansia muciniphila is a beneficial bacterium
that supports gut barrier integrity by feeding on the mucus layer of the intestines.
It has been linked to improved metabolic health and glucose tolerance.

Benefits: Higher levels of Akkermansia are associated with better insulin sensitivity,
reduced inflammation, and protection against obesity and type 2 diabetes.

Other Key Microbes for Glucose Tolerance: Bifidobacterium also help modulate
blood sugar levels by improving gut health and promoting the balance of beneficial
bacteria. Lactobacillus: Certain strains, such as Lactobacillus rhamnosus, have
been shown to improve insulin sensitivity and lower blood sugar levels.




GLP-1 and the Gut Microbiome

Production of GLP-1in the Gut:

GLP-1is a hormone secreted by L-cells in the ileum and colon of the gut in
response to nutrient intake, particularly carbohydrates and fats. Its main
functions include regulating blood sugar by enhancing insulin secretion and
slowing gastric emptying. The gut microbiome plays a role in modulating GLP-1
secretion, influencing how efficiently the body can regulate glucose levels.
Certain bacterial species interact with the gut lining and food components to
promote GLP-1 release.

Microbiome Diversity and GLP-1 Secretion:

Dysbiosis, or an imbalance in the gut microbiota, can impair the secretion of
GLP-1. A healthy, diverse microbiome, rich in butyrate-producing bacteria (such
as Faecalibacterium prausnitzii and Akkermansia muciniphila), supports the
production of short-chain fatty acids (SCFAs), which play a key role in stimulating
GLP-1release. SCFAs like butyrate and propionate have been shown to increase
GLP-1 secretion, thus improving insulin sensitivity and helping to regulate
glucose levels.



GLP-1 and the Gut Microbiome

Gut Bacteria and GLP-1 Signaling:

o Certain gut bacteria, like Bacteroides and Akkermansia muciniphila, are associated
with improved GLP-1signaling and enhanced glucose metabolism. Akkermansia, in
particular, is known for its role in maintaining gut barrier integrity and influencing
glucose regulation by modulating inflammation and GLP-1 pathways.

e Studies have shown that increasing Akkermansia levels in the gut can lead to
improved glucose metabolism and better GLP-1responses, highlighting the
iImportance of gut health in metabolic function.

Impact of Fiber and Prebiotics on GLP-1:

e Dietary fibers and prebiotics, such as partially hydrolyzed guar gum (PHGQG), inulin, and
resistant starch, feed beneficial bacteria in the gut, leading to increased production of
SCFAs. These SCFAs, in turn, help stimulate GLP-1 secretion.

 High-fiber diets, which support a diverse and healthy microbiome, have been linked to
better GLP-1 responses and improved blood sugar control.

GLP-1 and Metabolic Health:

e GLP-1 not only helps regulate blood glucose but also influences satiety and appetite
control, making it a key player in both weight management and metabolic health.

 The relationship between the microbiome and GLP-1 suggests that promoting gut
health through diet, prebiotics, and probiotics can have profound effects on metabolic
conditions such as type 2 diabetes, insulin resistance, and obesity.



Gut-Glucose Connection and GLP-1

GLP-1's Role in Blood Sugar Regulation:

After nutrient intake, GLP-1 enhances insulin secretion in a glucose-
dependent manner, meaning it helps the body produce insulin
when blood sugar levels rise. It also inhibits the release of glucagon,
preventing excessive glucose production by the liver. By slowing
gastric emptying, GLP-1 helps regulate the pace at which glucose
enters the bloodstream, preventing postprandial glucose spikes.

Microbiome’'s Impact on Blood Sugar Regulation:

A healthy microbiome supports efficient nutrient absorption and
modulates how the body responds to glucose. Certain bacteria have
been linked to improved insulin sensitivity, while others may
contribute to glucose dysregulation when out of balance. By
enhancing GLP-1signaling, a balanced microbiome helps optimize
blood glucose levels, supporting metabolic health.



THE ROLE OF DIET

Dietary choices are essential for managing
blood sugar effectively. Opting for high-fiber
foods and complex carbohydrates, such as

whole grains, legumes, and non-starchy
vegetables, helps regulate glucose levels by
slowing the absorption of sugars.

This leads to a more gradual and controlled
rise in blood sugar, which can help prevent
spikes and dips, promoting better overall
glucose stability.




FERMENTED FOODS AND GLUCOSE TOLERANCE

Fermented Food Glucose Tolerance

The probiotics in yogurt, such as Lactobacillus and Bifidobacterium, support gut health by maintaining microbial

Yogurt balance. This reduces inflammation and improves insulin sensitivity, which helps regulate blood sugar levels more
effectively. Yogurt contains proteins and healthy fats that slow down digestion, preventing sharp glucose spikes and
helping with steady energy release.

Kefir, a fermented dairy drink, contains a high diversity of probiotics and bioactive compounds that support glucose

Kefir metabolism. Kefir's unique mix of lactic acid bacteria and yeasts has been shown to improve insulin sensitivity and
reduce blood sugar levels by enhancing the gut-brain axis and reducing systemic inflammation. Furthermore, the
fermentation process in kefir reduces lactose, making it easier to digest, while its high protein and fat content help
prevent blood sugar spikes by slowing carbohydrate digestion.

A fermented cabbage rich in probiotics and fiber, sauerkraut can significantly improve glucose tolerance. The lactic

Sauerkraut acid bacteria found in sauerkraut help promote a healthy gut microbiome, which is closely linked to improved
insulin sensitivity and better regulation of blood sugar levels. Sauerkraut's high fiber content slows down the
digestion of carbohydrates, which helps prevent rapid glucose spikes after meals.

Kimchi is packed with beneficial probiotics, particularly Lactobacillus species, which have been shown to enhance
insulin sensitivity and lower blood sugar levels. The fermentation process in kimchi also increases the bioavailability
of certain nutrients, further supporting glucose metabolism. Additionally, kimchi contains various anti-inflammmatory
compounds, such as garlic and ginger, that can help reduce systemic inflammation, another key factor in improving
glucose tolerance. Its high fiber and vegetable content also contribute to slower carbohydrate digestion.

Kimchi




OTHER FOODS WITH POSITIVE GLUCOSE TOLERANCE

Green and Yellow Vegetables Coffee Whole Grains (such as Black Rice, Quinoa,
and Buckwheat)

Broccoli, spinach, zucchini, and yellow peppers Moderate consumption of coffee has been

are examples of vegetables rich in fiber and linked to enhanced glucose metabolism and a Whole grains are rich in fiber, particularly

antioxidants. These nutrients play a crucial role decreased risk of type 2 diabetes. The presence soluble fiber, which aids in slowing digestion

in minimizing blood sugar spikes and of chlorogenic acid (CGA), along with the and stabilizing blood sugar levels. Black rice, in

enhancing insulin sensitivity. antioxidant and metabolic properties of particular, is packed with anthocyanins—

trigonelline and lignans, may help slow down powerful antioxidants that can enhance insulin
sensitivity and help mitigate spikes in blood

sugar after meals.

glucose absorption in the intestines and
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Legumes, Nuts, Seeds, and Fatty Fish

enhance insulin function.

Flavonoid-Rich Foods

e Berries (such as blueberries, strawberries, and blackberries): Packed with
flavonoids, these fruits have been shown to enhance insulin sensitivity and
minimize blood sugar spikes. Their antioxidant properties also help reduce
inflammation, contributing to improved glucose control.

e Onions and peppers: These vegetables contain quercetin, a flavonoid that

of healthy fats and fiber, both of which aid in regulating blood sugar and may aid in enhancing insulin sensitivity and regulating blood sugar levels.

enhancing insulin sensitivity. Additionally, their magnesium content * Green tea and black tea: Both varieties are abundant in catechins (a
supports effective glucose metabolism. specific type of flavonoid), which support metabolic health by improving

glucose tolerance and insulin function. Green tea, in particular, has been
researched for its capacity to help regulate blood sugar.

e Dark chocolate: High in flavanols, dark chocolate can enhance insulin
sensitivity and lower fasting blood sugar levels.

e Legumes (Beans, Lentils, Chickpeas): Packed with fiber and protein,
legumes are digested slowly, leading to a gradual increase in blood
sugar levels after meals. They also promote a healthy gut microbiome,
which is associated with improved metabolic health.

e Nuts and Seeds: Almonds, walnuts, and chia seeds are excellent sources

e Fatty Fish: Salmon, mackerel, and sardines are abundant in omega-3 __,.%‘5‘-“_‘:_
= -\.‘__‘.‘

fatty acids, known for reducing inflammation and supporting insulin _,é‘.,‘;-'“
function, ultimately improving overall glucose tolerance. '




Fiber First

Vegetables, Bitter Foods: Eating fiber-rich vegetables
or even having something like bitter greens at the

start of your meal can slow down the absorption of
carbohydrates that come later. Fiber acts as a barrier

in the gut, preventing rapid absorption of glucose into
the bloodstream. It also helps improve insulin
sensitivity. Bitter foods (like arugula, dandelion
greens, or apple cider vinegar) may stimulate digestive
enzymes and bile production, aiding in digestion and
stabilizing blood sugar levels.

Carbohydrates Last

Eating carbohydrates at the end of the meal reduces
the risk of a blood sugar spike because the previous
foods (fiber, protein, and fat) have already slowed
down digestion and glucose absorption. This means
that when the carbohydrates are finally broken down,
they are absorbed more gradually, leading to a more
controlled blood sugar response.

Proteins and Fats

Next, consuming proteins and healthy fats helps slow
gastric emptying and stabilizes blood sugar further.
These macronutrients take longer to digest, keeping
you fuller for longer and reducing the likelihood of a
rapid glucose spike. Protein also stimulates the release
of insulin, which helps the body manage blood sugar
more effectively, especially when consumed before
carbohydrates.

Apple Cider Vinegar (ACV)

Drinking ACV with water before a meal can also help
improve insulin sensitivity and reduce post-meal blood
sugar spikes. The acetic acid in ACV slows the
digestion of starches and reduces glucose entering the
bloodstream.



Avoid or Minimize Snacking

Waiting to eat for your next meal rather than
snacking allows for your blood sugar and insulin to
return to baseline. This is necessary to improve

our insulin sensitivity. If insulin is always elevated,
our bodiesstop responding and more insulin needs
to be released to get the job done. This has a
negative impact on our reproductive hormones.
Drink water or tea instead!

Dress your Carbs

If you must snack on occasion or have dessert, add a
healthy fat. This slows the uptake of carbohydrates
from our gut to our blood stream. Examples of this
would be to add peanut butter to an apple or
cracker, or to add a spoonful of Greek yogurt to your
dessert. This also helps keep us full for longer.

Move after Meals

Exercising or going for a walk after a meal reduces
the blood sugar spike and allows our muscles to
uptake more sugar from the blood stream without
the use of insulin. This is a very good thing! If you
have the time, go for a walk or do squats after a
meal.

Check Labels!

Sweeteners (even artificial and calorie free
sweeteners) increase our insulin release and can
lead to insulin resistance. If something tastes
sweet, it is likely effecting your insulin levels. Be
sure to avoid artificial sweeteners as they also
have a negative impact on our gut microbiome.
Add your own flavoring to things like seltzer
water. There are so many sneaky names to sugar.
For example, “barley malt” sounds harmless, but is
just another name for sugar.



DIETARY STRATEGIES FOR GUT HEALTH

Fiber-Rich Foods Fermented Foods Improved Glucose Regulation

Incorporate a variety of high-fiber Introduce fermented foods like A diverse and thriving gut

foods such as whole grains, yogurt, kefir, sauerkraut, kimchi, microbiome can help with
legumes, fruits, vegetables, and and kombucha into your diet. glucose regulation, potentially
nuts into your diet. Fiber feeds the These foods contain probiotics, reducing the risk of developing
beneficial bacteria in your gut, which are live bacteria and yeasts type 2 diabetes. The gut-blood
promoting a healthier microbiome. that can improve gut health and sugar connection is an important

support a balanced microbiome. aspect of overall health.



MUSCLE AND GLUCOSE TOLERANCE

Muscle tissue serves as the body's largest reservoir for glucose storage, primarily in the form of
glycogen. By increasing your muscle mass, you enhance your body’'s capacity to store glucose, which
helps lower blood glucose levels after meals.

Exercise, particularly strength training and resistance workouts, boosts glucose uptake in muscle
cells through a process that does not rely on insulin, known as contraction-mediated glucose uptake.
The more muscle you have, the greater the amount of glucose that can be absorbed from the
bloodstream, even in individuals with insulin resistance.

Insulin Sensitivity and Muscle Growth: Building muscle also enhances insulin sensitivity, meaning the
body requires less insulin to regulate blood sugar levels. This is crucial, because elevated insulin levels
are linked to metabolic problems like insulin resistance and type 2 diabetes. With increased muscle
mass, your body becomes more effective at utilizing insulin to manage glucose, thereby reducing the
risk of blood sugar spikes and improving overall glucose tolerance.

Muscle as a Glucose "Sink": After exercising, muscles become particularly adept at absorbing glucose
to restore glycogen stores. This process can persist even after your workout, promoting better blood
sugar control throughout the day. More muscle tissue creates a larger "sink" for glucose, allowing for
more glucose to be removed from the bloodstream and stored in the muscles, which aids in
stabilizing blood sugar levels.
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Dr. Kristina Carman:

X: @kristina_carman
tinyfishco.com




: : —TTERecseanelili
FLCCC 3

A L L i e =

HOMEST MEDICIMNE™



