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Abstract

This review explores how adipocytokines affect thyroid function and obesity. Adipocytokines are
active proteins secreted by fat tissue that play a crucial role in managing energy balance and
metabolism. Recent studies suggest these substances influence thyroid function both directly and
indirectly. This review focuses on how specific adipocytokines, such as leptin and adiponectin, are
linked to thyroid disorders and weight gain. Leptin affects the Hypothalamic-Pituitary-Thyroid (HPT)
axis, which controls thyroid hormone release. Obesity can disrupt leptin levels, potentially exacerbating
thyroid-related metabolic issues. Conversely, adiponectin, which generally benefits thyroid function,
often decreases in obese individuals. The review also considers how inflammation in fat tissue-
triggered by pro-inflammatory adipocytokines like TNF-o and IL-6 can impair thyroid function and
contribute to a cycle of weight gain and metabolic disturbances. In obese individuals, inflammation can
hinder the conversion of the thyroid hormone T4 to the more active Ts, complicating their metabolic
profile. By synthesizing recent research, this review highlights the significant impact of adipocytokines
on the endocrine system and the interplay between thyroid disorders and obesity. Understanding these
connections is essential for developing effective treatments, such as targeting adipocytokine pathways
to manage obesity and thyroid dysfunction.
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1. Introduction

Thyroid hormonal testing is commonly performed when exploring the causes of obesity ™.
Often, obesity is linked to mildly elevated or normal levels of blood thyrotropin (TSH).
However, the precise relationship between thyroid dysfunction and excess body fat is still not
fully understood, despite numerous studies conducted over the past decades 2,

Obesity is closely linked to the Hypothalamic-Pituitary-Thyroid (HPT) axis through a range
of complex mechanisms. Thyroid Hormones (THs) and TSH play key roles in regulating the
size and function of adipose tissue. Conversely, adipose tissue influences the HPT system by
secreting adipokines, also referred to as adipocytokines I,

Thyroid Hormones (THSs) regulate various vital functions across multiple organs, including
the heart, liver, brain, skeletal muscles, pancreas, and adipose tissue. They are crucial for
managing energy balance, hunger, basal metabolic rate (BMR), thermogenesis, oxidation of
Free Fatty Acids (FFA), and the metabolism of glucose and lipids 1!,

Obesity is intricately linked to the Hypothalamic-Pituitary-Thyroid (HPT) axis through
complex mechanisms. Thyroid Hormones (THs) and TSH regulate the growth and function
of adipose tissue, while adipose tissue, in turn, influences the HPT system by releasing
adipokines, also known as adipocytokines [ 61,

Thyroid Hormones (THSs) regulate several vital organs, including the heart, liver, brain,
skeletal muscles, pancreas, and adipose tissue. They are crucial for managing thermogenesis,
Basal Metabolic Rate (BMR), energy balance, hunger, and the metabolism of glucose and
lipids. Additionally, THs play a role in the breakdown of Free Fatty Acids (FFA) "],
Thyrotropin primarily exerts its effects through the thyroid gland by interacting with its G-
protein-coupled receptor, TSHR.
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While TSHR is well-established in thyroid tissues, it is also
found in non-thyroidal tissues such as the liver, ovary,
adipocytes, immune cells, ocular muscles, and erythrocytes.
However, the precise role of TSHR in these non-thyroidal
tissues remains unclear. The TSH/TSHR signaling pathway
is thought to regulate adipose tissue function, influencing
processes like thermogenesis, adipogenesis, and the balance
between lipolysis and lipogenesis. Studies in mice and rats
have identified TSHR in preadipocytes, with increased
expression  levels  observed during  preadipocyte
development & 91,

In rat Brown Adipose Tissue (BAT), the presence of
functional  Thyroid-Stimulating Hormone  Receptors
(TSHRs) leads to an upregulation of uncoupling protein type
1 (UCP-1) and type 2 iodothyronine deiodinase (DIO2).
Additionally, research has identified TSHRs in both white
and brown adipocytes in humans [10-12,

Bell and his colleagues discovered that the expression of
TSHR mRNA was detected in the subcutaneous adipose
tissue. Additionally, they verified the presence of functional
TSHR protein in human preadipocytes obtained from
adipose tissue in the omentum and abdomen. Administration
of TSH to preadipocytes activated the p70 S6 kinase, which
is a downstream target in the TSHR pathway. This
activation occurred despite the absence of CcAMP
involvement in the TSH signaling 1121,

Crisp et al. [ also detected TSHR transcripts in the
abdominal adipose tissue of elderly individuals. Lu et al. [*3]
investigated the presence of TSHR protein in the
subcutaneous fat tissue of 120 individuals with different
body mass indexes. There is a positive correlation between
the expression of the Thyroid-Stimulating Hormone
Receptor (TSHR) and Body Mass Index (BMI). Janson et
al. 'l demonstrated the presence of TSHR RNA in adipose
tissue, as well as in distinct samples of adipose tissue
obtained from infants, children, and adults. The expression
appears to vary with age, since it was more elevated in the
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adipose tissue of neonates compared to adult tissue. A study
conducted by Nannipieri et al. 1 shown that individuals
who are overweight exhibit lower levels of TSHR mRNA [17],
Adipogenesis refers to the process of generating fresh
adipocytes through the transformation of fibroblast-like
preadipocytes into fully developed adipocytes, which is
facilitated by many transcription factors. TSH-TSHR
signaling in this system functions as a regulatory
mechanism. During the in vitro experiment, the levels of
TSHR mRNA in mature adipocytes were 100 times more
than in preadipocytes. It is important to comprehend that
adipogenesis might decelerate under certain circumstances.
TSHR expression can be either enhanced or diminished by
several factors. In the following sections, we will provide a
detailed overview of the complex mechanisms that regulate
TSH-TSHR signaling 8. In Graves' disease, Thyroid-
Stimulating Autoantibodies (TSAb) not only increase the
levels of Thyroid-Stimulating Hormone (TSH), but also
activate the Thyroid-Stimulating Hormone Receptor
(TSHR) on orbital fibroblasts and T cells. In Graves'
disease, the TSHR not only promotes the production of fat
cells in the orbital adipose tissue but also in the white
adipose tissue 1, Researchers propose that the stimulation
of TSHR by TSAb affects the distribution of body fat in
individuals with Graves' illness. However, the ultimate
result is determined by the functioning of the thyroid gland.
Hyperthyroidism can lead to increased synthesis of thyroid
hormones and activation of brown adipose tissue, resulting
in heat production and weight loss through energy
expenditure. Thyroid-Stimulating Hormones (TSHR) are
stimulated by Thyroid-Stimulating Antibodies (TSAD),
resulting in this effect. Elevated levels of Thyroid
Stimulating Antibodies (TSADb) in individuals with Graves'
illness and post-treatment euthyroidism stimulate the
production of adipocytes in white adipose tissue, hence
leading to weight gain 4,
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2. Adipocytokines

Adipose tissue has high activity in relation to hormones.
Recent research has revealed that numerous adipocytokines
have a significant role in regulating metabolism and body
composition. Adipocytokines can influence several systems
via autocrine, paracrine, and endocrine routes. They appear
to have control over the functioning of neuroendocrine
systems, thermogenesis, defense mechanisms, and nutrition.
Adipokines have the potential to impact an individual's well-
being positively or negatively. Adipokines play a crucial
role in the inflammation of adipose tissue that is
asymptomatic. Adipose tissue in obese individuals releases
proinflammatory adipokines such as resistin, visfatin, and
leptin 21, The impact of adipokines on inflammation is also
influenced by dietary factors. Their association with
cardiovascular disease, metabolic syndrome, diabetes, and
obesity is extensively demonstrated. Leptin has been found
to function as an immunological modulator. Adipokines are
linked to autoimmune disorders. Adipokines, including
adiponectin, can act as prognostic markers and contribute to
the prevention of cancer. Moreover, they can be utilized in
the field of cancer therapy % 22, Thyroid hormones have a
crucial role not only in appropriate growth, development,
and reproduction, but also in regulating overall energy
expenditure and body composition. An hypothesis has been
postulated suggesting a direct association between the Body
Mass Index (BMI) and the levels of Thyroid Stimulating
Hormone (TSH) in the bloodstream. The reason for this is
the correlation between thyroid disorders and weight
fluctuations. Individuals who are obese have higher levels of
serum TSH and free triiodothyronine. Higher energy levels
lead to rising plasma Ts (triiodothyronine) levels, whereas
lower energy levels result in decreased plasma Ts;
(triiodothyronine) levels. Among patients without an
underactive thyroid, there were also documented instances
of inverse relationships between FT, levels and body weight
[23. 241 Insulin resistance is linked to both hyperthyroidism
and hypothyroidism. The methodology used to reach these
results is ambiguous; yet, it is plausible that adaptive
reactions played a role. There is a suggestion that there are
direct relationships between BMI and Triiodothyronine (Ts)
levels in both males and females. Roef et al. have recently
found that patients without hypothyroidism but with insulin
resistance exhibited higher T3 levels 25281,

2.1 Leptin

Leptin, a hormone composed of 167 amino acids, induces
satiety. This molecule is synthesized by adipocytes and is
derived from the ob gene located on chromosome seven.
Leptin is mostly synthesized in white adipose tissue,
although it can also be produced in other organs such as the
uterus, ovary, mammary epithelial cells, hypophysis,
stomach, and liver. The db gene contains the genetic
information for the leptin receptor (Ob-RL), which belongs
to the class 1 family of cytokine receptors. This receptor is
found in the liver and other peripheral organs, as well as
being predominantly expressed in the hypothalamus 7,
Leptin's involvement in the response to fasting is widely
acknowledged. Obesity and diabetes mellitus associated
with obesity occur due to a hereditary lack of leptin or its
receptor. Leptin affects energy consumption and appetite
through mechanisms other than central brain regulation.
Leptin stimulates an increase in the production of appetite-
suppressing peptides and a decrease in the production of
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appetite-stimulating peptides 8. In addition,

increases the levels of thyroid hormone [?°,

The user's text is "[°I", Leptin exerts both rapid and well-
established long-term effects on metabolism. Additionally, it
can exert a direct influence on the thyroid axis, so indirectly
affecting thyroid metabolism. Leptin administration
stimulates the production of TRH in the hypothalamus,
which helps to reverse the suppression of the hypothalamus-
pituitary-thyroid axis caused by fasting at the central level
[24 Ortiga-Carvalho et al. provided evidence demonstrating
that leptin enhances the release of TSH in living beings 2%,
Furthermore, there is a conjecture that leptin has a direct
stimulating effect on the synthesis of Thyroxine (T.) by the
thyroid gland [, Leptin regulates the function of
iodothyronine deiodinase and promotes the transformation
of T4 into T3 in both the central and peripheral areas %71,
Studies have shown that administering leptin can counteract
the changes in blood T; and T4 levels caused by fasting.
Araujo et al. 28 revealed that the administration of leptin
restores the activity of deiodinase 1 in rodents. Boelen et al.
discovered that fasting led to an elevation in liver D3
MRNA levels in animals. In addition, the infusion of leptin
reversed the rise in hepatic D3 expression that was produced
by fasting, regardless of the levels of thyroid hormones in
the blood . Leptin additionally boosts D2 function in the
central nervous system, leading to an elevation in T3 levels
[0, Therefore, it is plausible that leptin plays a role in the
development of the euthyroid ill condition B, In addition,
TSH has a direct impact on adipocytes, possibly via binding
to TSH-receptors located on the surface of adipocytes,
which in turn triggers the secretion of leptin. The release of
leptin by fat cells can be positively correlated with Thyroid-
Stimulating Hormone (TSH) due to the direct action of TSH
on leptin secretion (34,

leptin

2.2 Ghrelin

Ghrelin, a hormone, consists of 28 amino acids and acts as a
ligand for the Growth Hormone Secretagogue-Receptor
(GSH-R). It was initially extracted from the intestines of
rats. Ghrelin is primarily secreted by neuroendocrine cells
located in the stomach wall. However, it can also be
synthesized in various other tissues such as the
hypothalamus, hypophysis, pancreas, kidneys, intestines,
placenta, and others [2. Ghrelin is recognized as the
regulator of energy balance, appetite, and thermogenesis.
Additionally, it stimulates the release of GH at the arcuate
nucleus of the brain, where NPY- and AgRP are also
located. NPY stimulation is believed to regulate the impact
of ghrelin on appetite. Ghrelin levels increase during periods
of fasting and other catabolic states. Administering ghrelin
intravenously can induce hunger. Ghrelin hormone
antagonizes leptin hormone in the body. Excessive fat
accumulation and obesity result in a decrease in ghrelin
levels in individuals who are overweight B3 34 The
presence of GHS-R mRNA and ghrelin in the thyroid gland
has been demonstrated. Several studies indicate that
individuals with hyperthyroidism experience a decrease in
ghrelin levels in comparison to individuals who have normal
thyroid  function. Ghrelin  levels normalize after
hyperthyroidism therapy. There was no association seen
between alterations in ghrelin levels and subclinical
hyperthyroidism. A study conducted on rats found a
correlation between hyperthyroidism and decreased levels of
ghrelin in the bloodstream, as well as increased levels of
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ghrelin immunoreactivity in the stomach mucosa. The
mechanism behind the decrease in ghrelin levels is not fully
understood, however it is plausible that elevated insulin
levels in hyperthyroidism or excessive thyroid hormone may
contribute to this phenomenon > 31, There is a correlation
between decreased thyroid function and elevated levels of
ghrelin. A recent study discovered that ghrelin stimulates
the synthesis of fT, in organisms. Conversely, certain
researchers discovered that individuals with hypothyroidism
exhibited typical levels of ghrelin in their bloodstream.
Altinova et al. demonstrated a significant decrease in
ghrelin levels in individuals with Hashimoto's thyroiditis in
comparison to those who are in good condition. There was a
correlation between decreased levels of ghrelin and
increased titers of thyroid peroxidase antibodies. The
coexistence of autoimmune thyroid illness in individuals
with atrophic gastritis is believed to be the cause of reduced
ghrelin production in their stomach cells [B7% 38
Administering recombinant TSH to individuals who
underwent thyroidectomy due to thyroid cancer resulted in a
reduction of their blood ghrelin levels independently. The
researchers proposed that TSH may induce the release of
ghrelin in the gastric mucosa. However, none of the research
accurately quantify the amount of food individuals consume
or the impact it has on ghrelin levels 9.

2.2 Obestatin

Obestatin is a newly discovered adipocytokine that is linked
to ghrelin. The stomach is the main location where it is
expressed. It is suggested that obestatin does not possess any
inherent action. However, the effect of it on body
composition is still not well understood. There is a lack of
extensive study on the correlation between thyroid disorders
and obestatin levels. Kosowicz and his colleagues
discovered a positive correlation between hypothyroidism
and elevated obestatin levels, while hyperthyroidism was
associated with reduced obestatin levels. Gurgul et al.
identified a direct relationship between ghrelin, obestatin,
and TSH levels in individuals with hypothyroidism and
suggested that obestatin might serve as a regulatory
molecule 140411,

2.4 Visfatin

Visfatin is an adipocytokine derived from adipose tissue in
the abdomen. It is alternatively referred to as pre-B cell
colony-enhancing factor. This protein exhibits a somewhat
substantial magnitude, and its corresponding gene is located
on chromosome 7. The first source for the identification of
pre-B cell colony-enhancing factor was peripheral blood
leukocytes. Furthermore, it was discovered that adipocytes
contained the molecule ™. Visfatin is an insulin-like
molecule that significantly contributes to the process of
adipocyte  differentiation.  Previous  research  has
demonstrated a correlation between levels of visfatin and
obesity. The presence of elevated levels of visfatin in obese
individuals is believed to be attributed to the activation of
macrophages in adipose tissue. However, recent evidence
indicates that visfatin can also be synthesized by
macrophages in adipose tissue, hepatocytes, and skeletal
muscles 13, Visfatin is believed to induce inflammation,
and elevated levels have been observed in autoimmune
disorders. The immune system is responsible for the
alterations in visfatin levels observed in thyroid disorders.
IL-6 has the ability to enhance the activity of Visfatin genes

~49~

https://www.chemistryjournals.net

44 while Visfatin is believed to exert a contrary impact by
improving the functionality of IL-6. Patients diagnosed with
graves disease exhibited elevated levels of visfatin, which
were positively correlated with increased levels of T; and
FT4. A study conducted by MacLaren and his colleagues
shown that T3 has the ability to inhibit the production of
visfatin mRNA in adipocytes. Han et al. discovered that
individuals with hyperthyroidism or hypothyroidism
exhibited elevated levels of visfatin compared to individuals
with normal thyroid function (euthyroid). Visceral fat
accumulation is considered an indication of insulin
resistance. Additionally, there is a potential correlation
between elevated levels of visfatin in the bloodstream and
increased visfatin expression in visceral fat. Another
hypothesis suggests that visfatin is synthesized by the
circulatory system as a mechanism to safeguard itself in
cases of thyroid hyperactivity or hypoactivity 15 %61, Ozkaya
et al. found that hyperthyroid individuals had lower levels of
visfatin compared to both the hypothyroid and control
groups. Visfatin levels shown a substantial decrease after
treatment for hypothyroidism, but they demonstrated a
notable increase following antithyroid therapy for
hyperthyroidism. Caixas et al. found that restoring normal
thyroid function led to elevated plasma visfatin levels in
individuals with both hypo- and hyperthyroidism.
Furthermore, in both hyperthyroidism and hypothyroidism,
the levels of visfatin in the blood were higher compared to
the control group. Their findings were in direct opposition to
the prior research, since they concluded that there was no
correlation between visfatin levels and insulin resistance and
inflammatory markers [47: 481,

2.5 Adiponectin

Adiponectin, a peptide consisting of 244 amino acids, is
secreted by the adipose tissue. The primary mechanism of
action involves two distinct receptors: adiponectin receptor
2 (AdipoR2), predominantly situated in the liver, and
adiponectin receptor 1 (AdipoR1), primarily present in
muscle [49]. Individuals who are obese and have insulin
resistance see a decrease in their serum adiponectin levels.
Adiponectin levels also rise after weight loss or medicines
aimed at enhancing insulin sensitivity. Furthermore, a
hypothesis proposing a correlation between decreased
adiponectin levels and coronary artery disease % is
presented. Thyroid hormones and adiponectin, despite their
distinct effects on metabolism, are believed to be associated
in all weight conditions. The findings indicate that
individuals with hyperthyroidism have higher levels of
adiponectin compared to those with hypothyroidism or
normal thyroid function (euthyroidism). On the other hand,
Santini et al. and Iglesias et al. found that the levels of
adiponectin in individuals with hyperthyroidism were not
significantly different from those in the control groups.
Altinova et al. failed to show a link between adiponectin
levels and thyroid function. Furthermore, there is a
hypothesis suggesting a correlation between thyroid
hormone levels and adiponectin levels in persons who are in
a state of excellent health 5% 521,

Adiponectin is believed to have the ability to inhibit the
growth of new blood vessels and to prevent the development
of cancer. Adiponectin levels have been found to be below
the normal range in many forms of cancer. In a recent study
by Mitsiades et al., it was found that individuals diagnosed
with thyroid cancer have markedly reduced levels of


https://www.chemistryjournals.net/

International Journal of Advanced Chemistry Research

adiponectin compared to the control group. The researchers
demonstrated the presence of AdipoR1 and AdipoR2 in
thyroid cancer cell lines. The therapy, which included
recombinant adiponectin, did not have any impact on the in
vitro proliferation and viability of cells. Empirical
investigations have established a connection between insulin
resistance and the development of thyroid cancer 53,

2.6 Resistin

Resistin is primarily synthesized in the pancreas, adipose
tissue, muscle, and macrophages. The structure consists of a
polypeptide chain with 114 amino acids. The association
between obesity and insulin resistance is widely regarded to
be interconnected, and resistin partially explains this
connection. Resistin is believed to be associated with
inflammatory disorders that are not influenced by insulin
resistance due to its pro-inflammatory properties. The exact
correlation between resistin levels and thyroid disorders
remains uncertain. Ziora et al. B found a favorable
correlation between FT, and serum resistin levels in persons
diagnosed with anorexia nervosa. lglesias et al. found that
the blood resistin levels of individuals with hypothyroidism
and individuals with normal thyroid function were
substantially similar. Unlike the euthyroid state, Kaplan et
al. found that hypothyroidism caused by thyroidectomy did
not cause significant temporary alterations in adiponectin,
leptin, or resistin levels. An independent investigation
establishes a conclusive link between resistin levels and
thyroid hormones. Discrepancies in thyroid function data
may arise due to fluctuations in resistin levels caused by
various adipocytokines. In instances of thyroid malfunction,
it is hypothesized that alterations in resistin levels serve as
an adaptive mechanism [,

3. Metabolic inflammation and adipocytokines

In 1993, Hotamisligil and his colleagues made the discovery
that adipose tissue in obese mice produces TNFa, a
proinflammatory cytokine that is usually generated by
immune cells. Furthermore, it has been found that
adipocytes release TNFa directly, leading to the emergence
of insulin resistance commonly observed in obesity. The
idea of metabolic inflammation, recognized as a crucial

mechanistic link between obesity and its related
consequences, has evolved from the original correlation
between obesity and inflammation [, Evidence

demonstrated that adipose tissue produces a diverse range of
cytokines and chemokines, such as IL-6 and MCP-1, after
the administration of TNFa. Cytokines can exert either
beneficial or detrimental effects on the body's overall
metabolism of glucose and fats. Several adipokines share
similarities with cytokines and have the ability to regulate
inflammatory responses, which is fascinating. The name
"adipocytokines" is commonly used to denote these two
chemicals that are produced by adipose tissue. In 2003, two
studies were released at the same time, showing that obesity
causes the entry of macrophages into adipose tissue in both
people and animals. This finding not only clarifies the
source of cytokines produced by adipose tissue, but also
establishes a unique link between immune and metabolic
cells in a metabolic organ for the first time [57. %81,
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Adipose tissue contains two distinct types of macrophages:
M1 and M2. M1 macrophages are activated through
classical pathways and are known for releasing pro-
inflammatory cytokines such as TNFa and IL-6. They also
produce Reactive Oxygen Species (ROS) and inducible
Nitric Oxide Synthase (iNOS), which contribute to the
development of insulin resistance. In contrast, M2
macrophages are activated by different mechanisms and
secrete substances like IL-10, arginase-1, and blockers of
the IL-1 receptor, which are involved in tissue remodeling.
Excessive adipose tissue can alter macrophage function,
leading to a shift from M2 to M1 macrophages. This shift,
driven by insulin resistance, results in increased production
of inflammatory proteins and ROS 5% 6%, During this time,
the lack of particular beneficial effects linked to M2
macrophages may potentially contribute to the decrease in
metabolic function in obesity. For example, M2
macrophages produce catecholamines that promote adaptive
thermogenesis. During fasting, lipolysis triggers the
recruitment of macrophages, which helps prevent fat
buildup in some areas and protects the functionality of
adipose tissue. Over the past few years, almost all major
categories of immune cells have been discovered in adipose
tissue, after the discovery of macrophages. These cells play
a crucial role in regulating metabolic processes in the body
by contributing to the endocrine function of adipose tissue.
In obese persons, the liver, muscle, and pancreas serve as
the main metabolic organs. They have close physical and
signaling connections with cells involved in metabolism and
the immune system. These findings indicate that metabolic
inflammation is a common and fundamental factor
contributing to the metabolic dysfunction associated with
obesity [6% 621,

Obesity-induced adipose inflammation has multiple
underlying mechanisms. Hypoxia can occur due to the
enlargement of adipose tissue during the progression of
obesity, leading to the stimulation of compensatory
angiogenesis. The process of vascularization is enhanced by
the recruitment of macrophages to the specified area.
Immune cells in other metabolic tissues, such as the liver,
also perform a similar job. Kupffer cells in the mouse liver
secrete TNF-a and IL-6, which are crucial for the liver's
regeneration. Macrophages that have entered adipose tissues
have also been proposed as a means of eliminating apoptotic
cells. Furthermore, the progression of endotoxemia, which is
associated with obesity and changes in the permeability of
the intestines, might worsen inflammation in adipose tissue
63 While there is increasing data suggesting that
inflammation in adipose tissue negatively affects energy
metabolism, it is important to note that not all metabolic
inflammation is harmful to metabolic balance. In order to
adapt to extra energy and maintain a stable metabolic state,
the body may need to undergo inflammation that is linked to
the growth or regeneration of adipose tissue. Similarly,
some cytokines can aid in the prevention of obesity by
boosting energy expenditure and reducing food
consumption. Therefore, it is essential to consider the
physiological basis when examining the metabolic effects of
adipose inflammation. Further investigation is necessary to
fully comprehend the scope and process of the beneficial

inflammatory reactions linked to different phases of obesity
[64, 65]
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Fig 1: Adipocytokines and metabolic inflammation in adipose tissue [°°]

3. Thyroid function and obesity

The Resting Energy Expenditure (REE) is increased in overt
hyperthyroidism, whereas it is decreased in overt
hypothyroidism. REE, or Resting Energy Expenditure,
constitutes almost 60% of the overall energy used by adult
males. However, there have been cases where there are
noticeable variations in Resting Energy Expenditure (REE)
that are linked to a decrease in the range of thyroid function.
Al-Adsani et al. found that adjusting the dose of L-T4 by a
factor of 10 in hypothyroid individuals resulted in a 7-8%
shift in resting energy expenditure (REE). The variation in
serum TSH (0.4-4.0 mU/I) represents the range between the
lowest and highest results within the laboratory's reference
range. The model proposed by Eisenberg and Distefano can
be employed to examine the relationship between blood
TSH levels and the administered L-T4 doses as a supplement
for patients who have had thyroidectomy. The model is
based on data collected from other investigations. In this
particular animal, a decrease in blood TSH levels from 4.0
to 0.4 mU/I leads to a significant rise (about 40%) in the
amount of L-T, that is absorbed [¢® 671,

Approximately 10 grams of fat are metabolized daily when
there is a 7-8% alteration in Resting Energy Expenditure
(REE). If there are no changes in your energy intake or
expenditure, or in your diet or body's temperature
regulation, then variations in thyroid function tests within
the normal range in the laboratory may be associated with a
yearly weight loss or gain of a few kilograms [©8, It is
crucial to bear in mind that the fact that a person's thyroid
function test results fall within the "normal" range
established by the laboratory does not necessarily imply that
they are indeed normal. The variability in individuals'
thyroid function test findings is significantly narrower
compared to the standard range employed in laboratory
settings. There exist disparities between the individual's
perceived "normal” state and around half of the accepted
range of "normal" values [, Figure 11 depicts the
correlation between thyroid function tests and BMI in the
DanThyr group of individuals in Denmark over the period
of 1997 to 1998. Upon examining this cohort, researchers
observed a strong correlation between fluctuations in BMI
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and even minor alterations in thyroid function throughout
the entire spectrum of test outcomes. Despite the normal
results of the lab tests indicating Thyroid-Stimulating
Hormone (TSH) levels, there was a correlation between
high TSH levels and an elevated Body Mass Index (BMI).
Despite including several significant variables that could
influence BMI, this correlation persisted [,

Furthermore, a correlation was observed between serum fT,
levels and BMI, indicating a negative link. However, no
correlation was found between serum T3 levels and BMI
(141, The selected individuals had T, and T3 values that fell
within the established laboratory ranges. The group with a
serum TSH level greater than 3.6 mU/l had a 2.1 times
increased risk of becoming overweight with a BMI of 30 or
more compared to the group with a serum TSH level
between 1 and 1.99 mU/l. A difference of 55 kg
distinguished a lady with a serum TSH level of 0.28 mU/I
from another woman with a serum TSH level of 4.5 mUI/I.
The blood levels of thyroid-stimulating hormone (TSH) [71]
were directly associated with the increase in body weight
over the past five years.

Individuals with moderate hypothyroidism typically have
decreased levels of free Thyroxine (fT,), elevated levels of
Thyroid-Stimulating Hormone (TSH), and minimal
fluctuations in free Triiodothyronine (fT3). The findings of
the DanThyr study indicate that variations in individuals'
energy expenditure, influenced by their thyroid hormones,
are the main factor that accounts for the relationship
between thyroid function variables and BMI. Prior research
has consistently shown a detrimental association between
blood fT, levels and indicators of the metabolic syndrome,
as well as BMI [72. 731,

4. Obesity and thyroid dysfunction

There appears to be a moderate association between thyroid
hormones and body composition. Thyroid hormones
regulate various physiological processes including food
intake, fat burning, heat production, basal metabolic rate,
and the metabolism of lipids and glucose. Thyroid
dysfunction is characterized by changes in body weight and
composition, body temperature, total and Resting Energy
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Expenditure (REE), all of which are not influenced by
physical activity [41,

Decreased thermogenesis, decreased metabolic rate, and
hypothyroidism have also been associated with higher Body
Mass Index (BMI) and increased prevalence of obesity.
While the topic is not yet fully understood, there is clinical
data that suggests a connection between even slight thyroid
dysfunction, known as subclinical hypothyroidism, and
significant increases in body weight. This indicates that
subclinical hypothyroidism may be a risk factor for
overweight and obesity. Additionally, there is an observed
association between significant alterations in Resting
Energy Expenditure (REE) in individuals with
hypothyroidism and minor variations in blood Thyroid-
Stimulating Hormone (TSH) levels caused by moderate
adjustments in L-T, dosage during replacement therapy.
There is less knowledge regarding the actual extent of
weight gain and weight loss associated with L-T,4 therapy in
hypothyroidism (7 7],

5. Materials and Methods

The data in the analysis was altered in November 2023. We
did a comprehensive analysis of national guidelines and
conducted a systematic evaluation of many renowned
medical databases, including Web of Science, PubMed,
Cochrane, ScienceDirect, PubMed Central (PMC), and
Google Scholar, in order to gather relevant material for our
inquiry. National guidelines are issued by the French
Institute for Public Health Surveillance (INVS), the German
Center for Infection Research (DZIF), the Italian National
Center for Disease Prevention and Control (CCM), the
Romanian National Center for Surveillance and Control of
Infectious Diseases (CNSCBT), the UK Health Security
Agency (UKHSA), and the US Centers for Disease Control
and Prevention (CDC). The Medical Subject Headings
(MeSH) strategy was utilized, whereas the remaining
databases (Web of Science, Cochrane, ScienceDirect,
PubMed Central, and Google Scholar) applied similar
methodologies that utilized identical language. At first, the
criteria for deciding which papers to include were based on
the titles and abstracts. Afterwards, thorough textual studies
of relevant papers were conducted. The search was refined
using specific terms such as "Echinococcus granulosus”, "E.
granulosus”, "echinococcosis”, "cystic echinococcosis",
"prevalence", "incidence", "diagnosis", "clinical
presentation”, "treatment”, and "prevention”. We employed
these terms alone as well as in conjunction with Boolean
operators. The database search yielded additional CE-related
terms such as "hydatid disease” and "hydatid cyst," however
none of these terms generated any additional outcomes. The
scope of our evaluation encompassed scientific articles on
cystic echinococcosis, with a focus on taxonomic
modifications, rates of occurrence and prevalence in
humans, available treatment options, and current
advancements in disease management and prevention, such
as the utilization of novel biomarkers for diagnostic
purposes. The following criteria were used to eliminate
some studies: those that did not involve human subjects,
those that were not written in English, review articles that
did not include original data, editorials or letters to the
editor that did not include original data, and papers that did
not provide an estimate of Incidence Rate (IR) or Prevalence
Rate (PR).
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6. Conclusion

The relationship between adipocytokines, thyroid function,
and obesity is intricate and interdependent. These
consequences have significant implications for our

comprehension and management of metabolic disorders.
This study examines how adipocytokines, particularly leptin
and adiponectin, affect thyroid function and, consequently,
energy balance and body weight. Evidence suggests that
changes in the levels and activities of these adipocytokines
can contribute to thyroid disorders, which, in turn,
exacerbate obesity, creating a challenging cycle. Leptin
plays a crucial role in regulating thyroid hormone synthesis,
especially in obese individuals, who often struggle with
leptin regulation. This not only affects thyroid function but
also compounds the metabolic issues associated with
obesity. Conversely, adiponectin, which has an inverse
relationship with body fat percentage and protects thyroid
function, indicates that targeting adiponectin pathways
might be beneficial in treatment strategies. Additionally,
chronic inflammation in adipose tissue, driven by pro-
inflammatory adipocytokines like TNF-o and IL-6, disrupts
thyroid hormone metabolism and prolongs metabolic
disorders. This highlights the need for a comprehensive
approach to addressing both obesity and thyroid-related
conditions. A thorough understanding of the interactions
between adipose tissue and the endocrine system is essential
for developing effective treatments. Future research should
aim to clarify these mechanisms and create targeted
interventions to improve outcomes for individuals facing
these interconnected health issues.
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