Hormonal Regulation in the Obese Population
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The rising epidemic of obesity, which is associated with type 2 diabetes and cardiovascular disease among other
chronic health problems, has resulted in approximately 40% of the U.S. population being classified as obese. Only
28% of Americans meet the exercise standards set by the CDC and research has failed to show that one clear diet
strategy can cure obesity. The Standard American Diet (SAD) is characterized by high consumption of processed and
refined foods, animal-based foods, added sugar, fat, and sodium, while low in fruits, vegetables, whole grains, and
lean protein. This has led to abnormally high levels of blood glucose and increased adiposity that results in a loss of
the homeostatic regulation of weight balance. Recent research into peptide hormones has led to the popularity of
GLP-1 receptor agonists as a new class of weight loss drugs that may help bring the body closer to homeostatic weight
balance. Nutritional supplementation, however, can also have an effect on GLP-1 and hormonal weight regulation
without pharmacologic intervention and its associated side effects.
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METHODS

A literature search was performed utilizing PubMed,
Medline, and the Cochrane Library databases. The search
terms included origins of obesity, obesity statistics, hormones
involved in obesity, insulin and its effect on glucose, insulin
and obesity, insulin and diabetes, mechanism of action of
GLP-1, GLP-1 and incretin, natural ways to increase GLP-
1, herbs that promote appetite suppression, drug-nutrient
interactions of GLP-1 agonists. Inclusion criteria consisted
of a limit of 75 free and full-text articles, meta-analyses, opin-
ion articles, and systemic reviews for background.

LITERATURE REVIEW

The focus of this literature review was to examine obesity
and its effects on health over the last four decades. A review
of the literature was conducted on dietary recommendations
and why obesity rates continue to increase. The literature fre-
quently referenced the effects of various hormones and their
influence on obesity. Some hormones have a direct effect
while others seem to have an indirect effect on obesity. The
literature often references type-2 diabetes (T2DM) and this
was included with a specific focus on the incretin effect.
There are 2 amino acids, 1) gastric inhibitory peptide (GIP)
and 2) glucagon-like-peptide-1 (GLP-1), known as incretins.
In comparing the 2 amino acids GLP-1 seemed to have a
more profound effect on weight loss and management of
T2DM. The review of the literature was limited to GLP-1. A
class of drugs known as GLP-1 Agonists has been developed
to help patients better manage diabetes and obesity. Studies
are favorable to the use of pharmaceutical GLP-1 agonists
but seem to be inconclusive on the long-term side effects.
There are also natural ways to increase GLP-1 and several

studies have looked at natural ways to lower insulin, raise
GLP-1, lower blood glucose, and increase satiety without the
use of GLP-1 agonists.

DISCUSSION

35% of adults are now living with obesity according to
data from the Centers For Disease Control in 2022'. Obesity-
related diseases place a burden on the healthcare system that
was estimated to be $173 billion as of 20192 Compared to
healthy adults, those suffering from obesity are at risk for
many serious health diseases including but not limited to, all-
cause mortality, hypertension, dyslipidemia, type 2 diabetes,
osteoarthritis, cancer, liver disease, depression and other
mental disorders, and low overall quality of life.

Thousands of studies have been conducted on obesity and
its origins®. While there is little consensus on the actual cause,
many theories have been put forth with no clear unified the-
ory of obesity. Among the popular theories of weight gain,
there is a diverse set of causes which include, but are not lim-
ited t03’4’5’6’7’8’9’10:

* Calories in vs calories out ¢ Dietary fat

* Sugar consumption * Red meat
 Refined Carbohydrates
* All Carbohydrates

¢ Gluten

e Dairy Products
* Wheat

* Genetics

* Leptin Resistance  Lack of exercise
* Lack of sleep

e Wealth

* Poverty

* Gut Health

* Endocrine Disruptors
* Foods

* Prescription Drugs
* Fast Food

Hormones are chemical messengers that regulate body
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systems!!. A potential link to the various theories of obesity
may be to consider the regulatory effects of hormones and
how the endocrine system may influence obesity'?. One of
the most studied effects of hormonal changes is the consump-
tion of excess sugar and its effect on insulin'®. However,
insulin is not the only hormone that has been studied in rela-
tion to obesity. Other hormones that might influence obesity
are those involved in appetite regulation, blood sugar levels,
and stress levels'.

APPETITE REGULATION
Ghrelin

Ghrelin is a 28 amino acid peptide produced primarily by
gastric mucosa. It is a growth hormone that acts on the hypo-
thalamus and will stimulate appetite and induce feelings of
hunger'*. Ghrelin is manufactured primarily in the stomach
but is also found in lower concentrations in the pancreas, pla-
centa, kidney, and pituitary'*. It is homeostatic, increasing in
times of starvation and decreasing in times of food abun-
dance's. Evidence suggests it can also influence glucose
levels, lipid metabolism, and insulin secretion',

After meal ingestion, in normal healthy individuals,
plasma levels of ghrelin decrease in response to increased
plasma levels of glucose and insulin, increasing the time
before there is a signal for hunger. In normal healthy individ-
uals, ghrelin produces feelings of hunger to stimulate food
intake and fat storage in times of starvation to maintain blood
glucose levels!’.

In contrast, obese nondiabetic humans in the postprandial
state do not seem to see the suppression of ghrelin, most
notably in the presence of hyperinsulinemia'®. Humans with
a BMI > 43 Kg/m2 exhibited 60% lower fasting ghrelin con-
centrations and no suppression of ghrelin after meal
ingestion. This suggests food intake fails to suppress ghrelin
levels in obese humans, therefore contributing to overeat-
ing!’.

The peptide hormone GLP-1 is produced in the intestinal
epithelial L-cells'®. It has an opposing effect to ghrelin and
reduces food intake'. It primarily acts in the intestines and
stimulates insulin secretion in response to glucose. It also
decreases gastric emptying and may have therapeutic bene-
fits in regulating ghrelin.

Some natural holistic approaches can be employed to con-
trol ghrelin including:

* Avoiding crash diets or starvation diets
* Avoiding refined high carbohydrate diets
High-carbohydrate foods and foods that are highly

processed seem to have a reduced ability to delay
gastric emptying which causes levels of ghrelin to
rise and induce hunger?®.

* Eating nutrient-dense foods
Protein seems to have the greatest effect in control-
ling Ghrelin levels, possibly because of delayed
gastric emptying and lower insulin levels®.

*  Get adequate sleep?!

» Exercise
High-intensity exercise such as HIIT training was
more effective than steady-state aerobic exercise®.

Leptin

Leptin is a peptide hormone released from adipose tissue.
Leptin enters the brain through the cerebrospinal fluid via the
blood-brain barrier (BBB) eventually acting on the hypothal-
amus®. In a state of normal weight balance, leptin will
increase to signal the inhibition of hunger. The result is less
food intake and increased energy expenditure to balance the
energy surplus?. If the CNS detects a decrease in leptin,
hunger will increase along with energy-sparing mechanisms
of decreased nervous system tone, decreased thyroid func-
tion, reduced reproductive hormone levels, lower energy
expenditure, and lowered growth hormone secretion®

The blood-brain barrier protects the brain from toxic sub-
stances and helps regulate the passage of nutrients and
hormones between the blood and the brain. It is suggested
that high saturation levels of leptin could lead to a downreg-
ulation of the leptin receptors at the BBB*. This leads to a
reduced signaling for bodyweight regulation (decreases in
hunger, longer length of satiety, etc.) and further weight
increases.

Leptin resistance is the alteration of the tissue sensitivity
to leptin and the response of the brain to leptin®.
Pathologically high levels of leptin are considered a marker
of leptin resistance leading to diet-induced obesity®. Studies
have shown that as circulating levels of leptin rise above 25-
30 ng/mL in response to adipose tissue accumulation, the
level of leptin that crosses the blood-brain barrier does not
increase®.

As adipose tissue increases an increase in circulating lep-
tin is observed®. In theory, high levels of circulating leptin
would signal a decrease in hunger. What is observed is that
obese individuals continue to experience hunger and a dimin-
ished signal to stop eating. This would indicate that obesity
is not associated with leptin deficiency but rather the lack of
ability of cells to be receptive to leptin.
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When leptin levels are reduced by either genetic strategies
or monoclonal anti-leptin antibodies, leptin sensitivity is
restored as well as reduction in food intake and weight loss®.
Treating obese people with exogenous leptin has been unsuc-
cessful in most cases of diet-induced obesity?. This is
generally thought to be due to high levels of circulating leptin
already present.

Peptide hormones such as GLP-1 may exert positive
effects on leptin®. Leptin and GLP-1 have similar effects that
reduce food intake. Anini et al showed that leptin stimulates
GLP-1 secretion and may be linked to impaired GLP-1
secretion in obese individuals®. They found that leptin resist-
ance resulted in lower secretion of GLP-1 and that leptin is
a physiological regulator of GLP-1. Therefore, enhancing
GLP-1 may reduce excess leptin levels in obese individuals
and contribute to a reduction in leptin resistance along with
restoring the leptin response®.

Natural and Holistic Ways to Reduce Leptin Resistance

* Eat whole foods that are high in fiber, high in pro-
tein, and contain healthy fat.
This can lead to weight loss and restore leptin sen-
sitivity™.

*  Practice intermittent fasting such as 16:8°!

* Exercise
High-intensity exercise such as HIIT training was
more effective than steady-state aerobic exercise®>.

e Studies have shown that very few supplements
directly affect leptin.
However, resveratrol seems to limit leptin expres-
sion in adipocytes and may protect against the
effects of obesity>.

Gymnema sylvestre may also reduce leptin levels
in individuals with metabolic syndrome**.

BLOOD SUGAR LEVELS
Insulin

Insulin is a polypeptide storage hormone synthesized in
the 3-cells of the pancreas. Its function is to maintain normal
blood glucose levels in response to a stimulus of glucose™®.
Intake of food, especially glucose, causes the release of
insulin. Insulin lowers blood glucose levels by stimulating
the storage of excess glucose in the liver and uptake into
muscle and fat. If there is no intake of food, insulin levels
drop. Insulin levels vary and are released in bursts as a
response to food intake. In obesity, the level of insulin
remains high and relatively constant. Eventually, the cells
become resistant to insulin.

Insulin resistance is a decreased glucose transport and
metabolism in adipocytes and skeletal muscle with an
impaired hepatic suppression of glucose output®. As the cells
release signals for more glucose the brain responds by mak-
ing more insulin to increase the cellular glucose uptake.
Hyperinsulinemia can cause insulin resistance by downreg-
ulating insulin receptors. High levels of insulin resistance
eventually leads to type 2 diabetes and obesity?°.

Insulin and Its Effects on Hormones

The pancreas maintains blood glucose levels within a very
narrow range of 4-6mM?*. This process uses various hor-
mones to maintain homeostasis. Researchers found that
ghrelin is produced in the pancreas (<1% of islet cell produc-
tion) and will inhibit glucose-stimulated insulin secretion in
healthy normal-weight individuals®. Hyperglycemia causes
insulin secretion and decreases the secretion of ghrelin®.

Insulin and ghrelin levels appear to have a close interre-
lationship in body weight regulation. In the presence of high
insulin levels ghrelin is downregulated in the obese popula-
tion'®. Administration of ghrelin in obese individuals lowers
insulin concentrations and worsens glucose tolerance by low-
ering insulin sensitivity'®. This indicates that ghrelin can have
a diabetogenic effect in individuals with obesity. The varied
effects of ghrelin create a potential to improve obesity and
diabetes by blocking the functions of ghrelin to improve glu-
cose tolerance.

Insulin stimulates the production of leptin when
adipocytes are exposed to glucose to encourage satiety; while
leptin, via negative feedback, decreases the secretion of
insulin and enhances tissue sensitivity to it, leading to glucose
uptake for energy utilization or storage®.

Insulin resistance and leptin resistance are both implicated
in obesity. In obese individuals, when insulin resistance is
observed there is also, frequently, leptin resistance®. Rising
leptin levels may lead to increased food intake which then
causes increases in insulin®. As the insulin fails to suppress
glucose production in the liver, insulin levels rise which leads
to lipogenesis. This would indicate that insulin and leptin
affect each other and further contribute to obesity. Strategies
that reduce leptin may also reduce insulin resistance and

show a reduction in obesity.

Insulin has a satiety effect on the central nervous system*.
The gut hormone GLP-1 stimulates the pancreas to release
insulin which is stimulated by nutrients in the gut*'. GLP-1
is known to slow the effects of gastric emptying and is an
accepted way to potentially control glycemia®. Gastric emp-
tying is a homeostatic mechanism to control blood glucose.
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Studies have shown that insulin and GLP-1 increase in the
presence of glucose overload®. This creates possibilities to
develop treatment strategies utilizing GLP-1 that can posi-
tively control the postprandial rate of glucose levels.

Natural Ways to Reduce Insulin and Improve Insulin
Resistance

Insulin is the major hormone that influences weight gain*2.
Strategies that are intended to reduce insulin can have an
effect on obesity and reduce insulin resistance such as:

* Limit Processed foods*
°  These often contain added sugars, are devoid
of fiber, and are high in calories especially car-
bohydrates

*  Limit Sugar-Sweetened Beverages*
°  Soft drinks, fruit juices, energy drinks, drinks
that contain artificial sweeteners

*  Limit Snacking
°  This creates constant insulin levels. Consistent
insulin levels can lead to insulin resistance and
obesity®

*  Eat More Healthy Fat*

°  Omega 3 fatty acids in the form of wild-caught
fish, walnuts, chia seeds, flax seeds.
Avoid vegetable oils and use olive oil, coconut
oil, grass-fed butter or ghee

o

»  Eat Protein®

°  Ahigher dietary protein intake reduces hunger,
improves satiety, increases thermogenesis, and
limits lean muscle mass loss during weight
reduction using a reduced calorie diet and
increased physical activity.
Lean high-protein foods, such as organic
chicken, wild fish, free-range eggs, yogurt, and
almonds, help regulate your blood sugar levels.

Supplements That Have Been Shown to Help Maintain
Normal Blood Sugar Levels

Berberine has been shown to induce the secretion of
insulin in the body, reduce insulin resistance, and improve
the sensitivity of the liver, muscle tissues, and fat to insulin®®.

Alpha Lipoic Acid has been shown to prevent beta cell
destruction, enhances glucose uptake, and its antioxidant
effects may be particularly useful in slowing the development
of diabetic complications such as diabetic neuropathy®.

Chromium can enhance the metabolic action of insulin®.

Chromium 500 pg/day Research suggests favorable effects
of chromium supplementation on glycemic control in
patients with blood sugar dysregulation.

Green Tea may help inhibit glucose absorption from the
small intestine and increase insulin secretion from the pan-
creas’.

Forskolin was found to predominantly decrease basal glu-
cose in healthy rats and support healthy blood sugars in rats
with insulin dysregulation™.

Carnitine supplementation may help remodel fatty acid
metabolism, insulin action, and mitochondrial function and
is positively indicated for those with blood sugar dysregula-
tion™,

Vanadium has possible insulinotropic effects>.

Vitamin E and Selenium may be highly beneficial to the
diabetic patient due to complications associated with diabetes
and excess free radical activity>.

Biotin improved postprandial glucose levels in subjects
with blood sugar dysregulation due to its effect on key
enzymes in glucose metabolism such as GCK and phospho-
enolpyruvate carboxykinase 1 (PCK1)*’.

Butyrate can also regulate the cAMP signaling for insulin
secretion via glucagon-like peptide-1 receptors (GLP-1R)%.

STRESS LEVELS
Cortisol

Cortisol is a class of hormones called glucocorticoids that
are synthesized from cholesterol. Known as the body’s stress
hormone, it is regulated by the hypothalamus-pituitary-
adrenal axis (HPA). Cortisol influences the liver, muscle,
adipose tissue, and pancreas to increase the availability of
blood glucose®.

Cortisol can be considered the opposite of insulin. When
insulin levels are high cortisol levels are low. Cortisol pre-
pares the body for action to maintain awareness and high
alertness in response to a threat stimulus. In response to a
short-term stressor, for example, vigorous exercise produces
atemporary increase in cortisol and glucose levels. After the
stressful event is over cortisol levels and glucose levels are
reduced back to normal®.

Cortisol levels can increase up to 9 times during stressful
periods®. Long-term psychological stress, consumption of
high glycemic index foods, and reduced sleep can cause
increases in cortisol production®'. Glucocorticoids stimulate
the need to eat specific foods that are rich in fat and sucrose.
It is well established that high glycemic index foods result in
increases in insulin. Cortisol, therefore, can contribute to
higher insulin levels, and reduced insulin sensitivity which
can eventually lead to obesity®.
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The HPA axis is involved in mediating stress responses.
Recent evidence suggests that GLP-1 is also released in the
CNS and may play a part in the regulation of the HPA axis
mediated stress®. Increases in GLP-1 seem to play an exci-
tatory role in glucocorticoid secretion and parallels its role in
body weight regulation®. Therefore GLP-1 may play a role
in reducing stress mediated cortisol responses, and improved
glycemic response by stimulating a reduction in food intake
and drive to eat which may contribute to a reduction in body
weight and in type 2 diabetes®.

Reducing cortisol levels is important to reducing weight
since high cortisol levels raise insulin levels. Natural ways to
reduce cortisol levels include but are not limited to:

*  Omega-3 fatty acids have been shown to reduce
morning cortisol levels®.

*  Ashwagandha has been shown to reduce stress and
anxiety levels®.

¢ Rhodiola has also been shown to reduce stress and
anxiety levels®’.

*  Prebiotic and Probiotics decrease urinary cortisol®.

*  Regular high intensity exercise can reduce cortisol
levels®.

*  Getting adequate sleep can reduce cortisol levels™.

THE POTENTIAL ROLE OF GLP-1

GLP-1 influences the release of hormones such as insulin
and glucagon. GLP-1 slows down digestion and is secreted
by the intestines in response to food intake’!. Therefore, it
seems that nutritional strategies that enhance GLP-1 can help
with weight management by improving blood glucose regu-
lation. Maximizing the production of GLP-1 in the
management of the hormonal response to food intake could
prove to be an effective strategy in reducing the rate of obe-
sity and type 2 diabetes.

Some foods that may increase GLP-1 secretion’
*  High Fiber foods like vegetables and whole grains

*  Foods rich in healthy fats such as avocado oil, olive
oil, coconut oil, and grass-fed butter

e Healthy proteins such as grass-fed beef, wild
caught salmon, and free range chicken

Some supplements that may increase GLP-1 Secretion’

e Berberine
e Resveratrol
¢ Curcumin
e Cinnamon

CONCLUSION

The common link between the hormones discussed in this
literature review is insulin. Lowering insulin appears to pos-
itively affect weight management and insulin resistance.
Elevated blood glucose is the result of insulin resistance and
not the cause. Excess glucose is removed from the blood-
stream and is stored as adipose tissue. It is well established
that in an environment of excess glucose, we see a concomi-
tant rise in insulin. We also know that more insulin eventually
leads to insulin resistance which is a major factor in obesity
and type 2 diabetes.

Outdated theories of calories in and out and low-fat diets
are still prevalent in diet culture. We continue to have a preva-
lence of convenience foods, high carbohydrate (mainly
fructose), and low fiber foods as the predominant food source
in our society. Dietary guidelines should therefore be directed
not at “eat this or eat that” type of thinking but rather focus
on ways to reduce the hormonal imbalance of insulin levels.
The effects of hormones on obesity have been widely
researched and are well documented. Obesity is a multifac-
torial disease that cannot be relegated to one single cause.

The recent popularity of GLP-1 receptor agonists as a
therapeutic agent for obesity and type 2 diabetes presents a
unique approach in treating these two diseases. There is
ample evidence that GLP-1 can have an effect on appetite
reduction, reduced ghrelin secretion, reduction in leptin
resistance, improvements in insulin resistance, and balance
stress-mediated responses in the CNS.

GLP-1 receptor agonist pharmaceuticals were only
recently approved by the FDA in January of 2023. The long-
term effects are unknown, and the author has observed that
weight gain and hunger return soon after the discontinuation
of the medication. Natural remedies can also have a positive
effect on GLP-1 and have the potential therapeutic benefit
without the risks associated with prescription medications.

Hormones are important regulatory mechanisms used by
the human body and their interaction with each other can be
influenced by two factors, the type of foods we eat and when
we eat. Eating the right foods prevents high levels of insulin.
Meal timing, such as intermittent fasting, is important as this
helps regulate insulin response, glucose levels, and modu-
lates our signal to eat.

Human obesity is a complicated problem with many
causative factors. Ultimately the goal should be to adopt
strategies that reduce insulin. Successful weight reduction
requires that patients pay attention to a host of causative fac-
tors and it is critical to address each patient individually.
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