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summary

Summary

Hypothyroidism is linked to elevated dyslipidemia, traditionally attributed
to decreased thyroid hormone (TH). However, recent research suggests thyroid-
stimulating hormone (TSH) independently influences lipid metabolism. On the
other hand, miRNAs are small, single-stranded, non-coding molecules of RNA,
which regulate gene expression at post-transcriptional level. The dysregulation of
the expression of several miIRNAs affects pathways involved in thyroid disorders
pathogenesis.

This aims of this study were accomplished by the following objectives:To
determine the levels of mIRNA 590 in thyroid diseases. Also to assess the
sensitivity and specificity of Preselection miIRNA and its diagnostic utility in
these circumstances. Then find the relationship between miRNA590 and certain
physiological markers, such as Obestatin and Ghrelin.

A case-controlstudy included 90 samples of women, 60 samples of women
patients with thyroid disorders and 30 samples of healthy women. The
demographic aspects of the patients were collected through technique
(questionnaire). The patients were subjected to a complete clinical history,
clinical examination, and laboratory tests, and the type of disorder was
determined based on Evaluation of laboratory measurements for thyroid
hormones. The enzyme-linked immunosorbent assay system (ELISA) was
performed using the Competitive-ELISA principle to measure the concentrations
of hormones ghrelin and obestatin in serum samples.

Statistical analysis was performed and the efficiency of the predicting
value was assessed using the receiver operating characteristic (ROC).

The results indicated that serum hormone ghrelin concentrations was
higher (35.26 ng /ml) in obese women of hypothyroidism, as compared with

controlsubjects (26.92 ng/ml), on the other hand obese women of hypothyroidism
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summary

have higher obestatin levels (10.99 ng/ml) compared to the control group (7.22
ng/ml). In this study, the cycle threshold (Ct) of the microRNA590 was measured
using a quantitative determination present in a sample.

A lower Ct value indicates a higher abundance of target microRNA. In this
case, the patients group has a higher Ct value (29.94) compared to the control
group (22.14), suggesting lower levels of microRNAS590 in the hypothyroidism
group. Folding change, which refers to the difference in gene expression between
two conditions, was indicated to be upregulation, and higher in the patient group
(13.46) compared to the control group (0.95). The results show that higher TSH
levels are associated with lower microRNA590 levels.

ROC curve and Area under curve (AUC) analysis for the folding change
of mMIRNA-590 among obese women patients with hypothyroidism compared to
control groups were performed. The study concluded that The miRNA-590
folding change provides high predictive value for diagnosing hypothyroidism

patients, according to the ROC curve study
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Chapter One Introduction

1.1. Introduction

The thyroid gland is known as one of the most important glands in the
body, Since it produces the hormones trilodothyronine (T3) and thyroxine (T4),
which control various metabolic processes like growth, brain development, fetus
development, heart function, and many other processes (Al-Mofarji et al., 2023).
Thyroid disorders are the most prevalent endocrine disorders worldwide, with
diabetes mellitus coming in second. The majority of problems that influence
thyroid function are those that affect the production of thyroid hormones (Azahir
et al., 2022).

About 200 million individuals worldwide suffer from thyroid disorders,
along with a number of other illnesses. Additionally, it is predicted that 40% of
the global population is susceptible to a dietary shortage in iodine, which is
necessary for the synthesis of thyroid hormones, the primary cause of disease
global (Aversano et al., 2021) .

Thyroid dysfunction is typically due to ofan imbalance between hypo-and
hyperthyroid gland activity, which increases or decreases thyroid hormone
production (Garg and Vanderpump, 2013).

Thyroid-stimulating hormone (TSH) levels are the most sensitive measure
of thyroid function, and they are the primary basis for the diagnosis of thyroid
dysfunction. As a result, TSH above and free thyroxine (fT4) within the reference
range are considered subclinical hypothyroidism, but TSH above and fT4 below
the reference range are considered clinical hypothyroidism (Taylor et al., 2018).

While hyperthyroidism, which is characterized by low levels of thyrotropin
(thyroid stimulating hormone) and increased levels of triiodothyronine (T3)
and/or free thyroxine (FT4) (Chung, 2020).

Patients with hypothyroidism have symptoms suchas weight gain and cold
sensitivity due to inadequate energy metabolism and poor thermogenesis (Zekri
et al., 2021).



Chapter One Introduction

Patients with hypothyroidism also often have a higher frequency of
cardiovascular risk factors and symptoms of the metabolic syndrome, including
hypertension, expanded waist circumference, dyslipidemia, and raised
cholesterol levels. Hypothyroidism also causes an increase in low-density
lipoprotein, total cholesterol (Tiller et al., 2016).

The control of energy balance by ghrelin and the likely presence of
obestatin in this process raise the possibility of a relationship between thyroid
function and both peptides. It is commonly recognized that metabolic
disturbances affect the release of thyroid hormones; conversely, hyper- and
hypothyroidism

Cause the rate of metabolism to rise and decrease, respectively. It has
previously been established that the thyroid gland produces ghrelin and its
receptors (Karaoglu et al., 2009).

MicroRNAs are kind of endogenously synthesized, tiny, single-stranded,
noncoding RNA molecules. Usually, they have between 19 and 24 nucleotides in
length, which is essential for cell growth, differentiation, cell cycle control, and
death. (Wang, 2021). as numerous miRNAs have been discovered to be altered
in adipose tissue (white, brown, and beige) during obesity and are strongly linked
to metabolic problems associated with obesity, their role in the pathogenesis of
obesity is well known (Abente .,et al 2016).

Though the list of diet-related miIRNAs is significant, a number of studies
indicate that the most dysregulated miRNAs in obesity belong to the miR-21/590-
5p family (Palmer et al., 2014). Thyroid follicular cells' proliferation and
differentiation are regulated by miRNAs, and disorders including goiter and
thyroid cancer are caused by abnormal expression of miRNAs (Fuziwara and
Kimura ,2017).

In the thyroid glands of rats suffering from high iodine-induced

hypothyroidism and chronic hypothyroidism, Zhang et al. discovered a number
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of differently expressed miRNAs. These mIRNAs have the ability to control the
expression of critical genes that influence the production of thyroid hormones,
including NIS, pendrin, TPO, MCT8, TSHR, TSHa, and TSHP. This indicates
that miIRNAs are crucial for the thyroid gland's metabolism (Zhang et al., 2024).

1.2. Aims of the study

Due to the high incidence of hypothyroidism in women and metabolic changes
associated with it ,this study was designed to Study physiological parameters,
biochemical and hormonal variables and their relationship to microRNA in
hypothyroidism females.
This aim was conducted by the following objectives:
1. Toestimate the levels of MIRNA 590 in the thyroid disorders
2. Toevaluate the sensitivity and specificity of the Preselection miRNA and
their diagnostic value in such cases
3. Tostudy the correlation of the miRNA590 with some physiological
markers such as Obestatin and ghrelin.
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Chapter Two Literature Review

2. Literature Review

Thyroid function is vital for tissue metabolism and growth, making it one
of the biggest glands in the human body. It produces thyroid hormones through
synthesis and secretion, which are vital for all metabolic activities in living cells
as well as for growth, neuronal and general development, reproduction, and
energy metabolism management. Since thyroid-stimulating hormone (TSH),
which is primarily controlled by the pituitary gland, governs its activity, the
variables that govern the production and secretion of TSH also play a major role
in regulating thyroid function in healthy individuals. The thyroid hormones
themselves, thyroxine (T4) and triiodothyronine (T3), have the greatest impact
on TSH production and secretion (Mariotti and Beck-Peccoz ,2021). The
hypothalamic-pituitary-thyroid axis regulates the development and activity ofthe
thyroid gland. Thyrotropin-releasing hormone (TRH) from the hypothalamus
stimulates the anterior pituitary's thyrotrope cells to produce serum thyrotropin
(TSH), as presented in Figure (2.1). This, in turn, encourages the growth of the
thyroid gland and the thyroid gland's secretion of T3 and T4 hormones, both of
which, via negative feedback, prevent the synthesis of TSHand TRHand so keep
blood levels of T4 and T3 stable (Yeza et al., 2021).

Y

T3 bran v
Tricdothyronine development heart rate
: /‘\ > b -
hypothaamus [ \ ” 5
“ & & T4 bone & muscle

: jTRH TSH ! Thyroxine Gl motility growth
el TSH o
Phtuitary ‘ ® ' ,
¥ 4 v
gland 3
Thyroid gland
Calcitonin  e——> ‘
LA
bone kidney

development clearance

Figure (2.1) Several organ systems are regulated by thyroid hormones (Kyriacou
etal ., 2015).
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Thyroid hormones are essential for preserving energy equilibrium and
controlling a variety of metabolic functions, such as the metabolism of fats and
carbohydrates (Choi et al., 2021). Hyperthyroidism and hypothyroidism are two

frequent thyroid illnesses that are caused by unusual thyroid function.

The thyroid gland does not generate enough of a few key hormones when
it is hypothyroid (low thyroid, underactive thyroid). Can lead to a number of
health issues, including obesity, joint discomfort, infertility, and heart disease, if

it is not well treated.

A disease known as hyperthyroidism, or hyperactive thyroid, occurs when
the thyroid gland generates excessive amounts of the hormone thyroxin. There is
a major rise in the body's metabolism, which results in abrupt weight loss, an
erratic or fast heartbeat, perspiration, and anxiety or stress (Ionita et al., 2016).

However, a wide range of other conditions can also affect thyroid
function. Among these are demographic variables (age and sex) (Song et
al.,2019), internal variables (microbiota)( Knezevic et al.,2020), tension
(Helmreich et al.,2005) and the use of medications (Montanelli et al.,2010).

"Globally, women are typically five to eight times more likely than males
to suffer thyroid diseases, and one in eight women will experience a thyroid
condition at some point in her life (Hidayat, 2024). In addition, Reduced
thermogenesis and a lower metabolic rate are linked to hypothyroidism; it has
also been demonstrated to be correlated with a higher body mass index (BMI)
and a higher incidence of obesity (Ambad et al.,2020).

Thyroid dysfunction was considered if patients’ thyroid hormones fall
outside the reference range: free T3 (FT3) (4.0-8.3 pmol/L), free T4 (FT4) (9.0—
20.0 pmol/L), and thyrotropin (TSH) (0.25-5 mIU/L); overt hypothyroidism was
defined as TSH >5 mIU/L and FT3< 4.0 and FT4 < 9.0 pmol/L; subclinical
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hypothyroidism was considered if TSH >5 mIU/L and FT3 and FT4 were within
the reference range; subclinical hyperthyroidism was defined if TSH 8.3 pmol/L
and FT4>20pmol/L (Walsh, 2016).

When free thyroxine (FT4) is low and thyroid stimulating hormone
(TSH) is high, primary hypothyroidism is typically referred to be "overt." Normal
levels of FT4 and free triiodothyronine (FT3) and high TSH characterize
biochemically, subclinical hypothyroidism. (Biondi et al.,2019).

Patients with hypothyroidism also often have a higher frequency of
cardiovascular risk factors and symptoms of the metabolic syndrome, including
hypertension, expanded waist circumference, dyslipidemia, and raised
cholesterol levels. Hypothyroidism also causes an increase in low-density
lipoprotein, total cholesterol, and homocysteine levels. Patients with acute
hypothyroidism experience a decline in their quality of life and mood while
receiving treatment for thyroid cancer (Shin et al., 2016). Indeed, secondary
dyslipidemia frequently results from hypothyroidism (Jin et al.,2014).

The majority of hypothyroidism patients are obese, and obesity
contributes to some degree of insulin resistance (Bishop et al., 2010). A major
worldwide health concern, thyroid problems are caused by an imbalance in the
synthesis of thyroid hormones. Because these illnesses influence growth and
cognition, they significantly worsen the physical and mental health of those who
are afflicted, especially in early life. Hormonal imbalances are the cause of
common thyroid conditions such as hypothyroidism, hyperthyroidism, thyroid
nodules, goiter, and thyroid cancer. (Mariani et al., 2021).

2.1. Prevalence of thyroid dysfunction

The occurrence of hypothyroidism has grown to impact a noteworthy
segment of the world's populace (Taylor et al., 2018). Over 200 million
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individuals worldwide suffer from thyroid-related disorders as a result of iodine
deficiency, which affects over 40% of the world's population (Aversano et al.,
2023).

Women are up to 8-9 times more likely than males to have primary
hypothyroidism, and the condition is increasingly frequent as people age, peaking
between the ages of 30 and 50 (Al-Hindawi et al., 2017). The general population
has an overt hypothyroidism prevalence of 0—3% to 3-7%. (Chaker et al., 2022).
In addition, about 0.2% to 1.4% of people have hyperthyroidism (Chung, 2020).

Subclinical thyroid illnesses are quite prevalent in a variety of populations,
according to several studies, and over 50% of subclinical thyroid diseases
eventually advance to overt thyroid diseases over a 20-year period. Screening for
subclinical thyroid disorders and tracking their progression to overt thyroid
ilinesses are essential if we hope to reduce the clinical effect of these ailments
that are predicted in the future (Salman, 2023).

2.2. Etiology.

Researchers are still having difficulty determining the primary etiology
of thyroid illness. A few studies used a comprehensive literature review to find
possible risk variables that could be associated with the illness. Radiation,
depression, obesity, hormonal variables, and genetic inheritance are among the
causes that have been found (Fiore et al., 2019).

Hypothyroidism can have both primary and secondary causes. One of
the main causes is an iliness that directly affects the thyroid and causes it to
generate inadequate levels of thyroid hormones. A further cause is the pituitary
gland's dysfunction, which stops it from delivering thyroid-stimulating hormone
(TSH) to the thyroid to control thyroid hormones (Hasan et al., 2024)
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Hypothyroidism can be caused by a number of conditions, such as
autoimmune ilinesses, thyroid cancer, hypothalamic or pituitary gland damage,
inadequate iodine intake, and thyroid dysfunction (Sunil and Leena , 2022).

For many years, iodine deficiency has been one of the main causes of
thyroid illness worldwide. Long-term, uncontrolled use of iodized salt above
recommended limits proved problematic since it notonly corrected the deficit but
also caused issues such thyroid autoimmunity and hypo/hyperthyroidism.
(Qureshi, 2020).

Primary hypothyroidism has a number of common causes, all of which
include different degrees of thyroid tissue damage. The most notable
characteristic of Hashimoto's thyroiditis is likely the various degrees of residual
thyroid function which can range from the slight reduction in thyroid function
associated with subclinical hypothyroidism to the total absence of thyroid
function that results from the thyroid gland being destroyed by the immune
system (Lee et al., 2010).

Although it is uncommon, hypothyroidism (secondary hypothyroidism)
can also result from pituitary gland failure. Rare instances include iodine
metabolism problems caused by innate enzymes, an increase in thyroid-
stimulating hormone (TSH) production, defective thyroid hormone receptors,
thyroid gland autoimmune, and cancer. A shortage of iodine was discovered in
almost 90% of individuals with goiter. If left untreated, thyroid disorders can have
a major negative impact on the body (Vanderpump , 2011).

The autoimmune disorders of the thyroid gland, which induce
excessively high discharges from thyroid hormone-producing cells, are among
the endogenous causes of hyperthyroidism. Graves' disease and thyroid gland
adenomas are two examples of endogenous causes. Excessive thyroid hormone
consumption or high iodine intake can also result in hyperthyroidism. The word

"thyrotoxicosis" is often used to refer to hyperthyroidism; however, as was



Chapter Two Literature Review

previously indicated, not all instances of hyperthyroidism showed signs of
thyrotoxicosis. Typically, it developed in the middle ages (Leung and Braverman,
2014).

2.3.Risk Factor

One of the greatest risk factors for the development of numerous
disorders, including hypothyroidism, is obesity (Mullur et al., 2014). obesity,
even in moderate cases (BMI greater than 23 kg/m?) is thought to increase the
incidence of thyroid problems, particularly in regions with low iodine levels
(Gowachirapant et al., 2014).

Uncontrolled  hypothyroidism causes high  blood pressure,
abnormalities in the neuromuscular system, lipid metabolism, cognitive decline,
and infertility (Boucai et al.,2011). Numerous additional studies have suggested
risk factors for thyroid illness, including vitamin D insufficiency (Zhao et
al.,2019). Diabetes (Ogbonna et al., 2019). Radiation (Wiltshire et al.,2016).

hormonal variables (Horn-Ross et al., 2011). and hereditary factors (Pak et al.,
2015).

As presented in Figure (2.2) markedly elevated risk of
hypothyroidism was linked to either elevated blood TSH or positive thyroid
antibodies, either separately or in combination. The annual risk of spontaneous
overt hypothyroidism in the surviving women was 4% in those with high serum
TSH and anti-thyroid antibody concentrations, 3% in those with only high serum
TSH concentrations, and 2% in those with only high serum thyroid antibody
concentrations; at the time of follow-up, the corresponding rates of
hypothyroidism were 55, 33, and 27%. Women with serum TSH values had an
increased chance of getting hypothyroidism (McGrogan et al., 2008).

Currently, the focus is on detecting cases among women who are

considered to be at high risk, meaning they have a history of thyroid problems in
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their family orthemselves, as well as a history of pregnancy problems (Vaidya et
al., 2007).

Factors that Inhibit proper Factors that contribute
production of thyrold to proper production of
hormones thyrold hormones
= Stress Nutrients: iron, iodine,
= [nfection, trauma, radiation, tyrosine, zing, selenium
medications vitamin E, B2, B3, B6, C.D
= Fluoride (antagonist to iodine)
= Toxins: pesticides, mercury, °
cadmium, lead
= Auroimmune disease: Celiac
Factors that Increase Factors that Increase
conversion of T4 1o RT3 conversion of T41o 13
= Stress Selenium
= Trauma @ e Zing
= Low-calorie diet
= Inflammation (cytokines, etrc.) RT3 and T3 compete for binding sites
= Toxins ‘ '
= Infections
® Liver/kidney dysfunction Factors that improve
= Certain medications v Sr— collular sensitivily fo
thyroid hormones
Vitamin A
Mitochondria Exercise
Zinc

Figure (2.2) Factors that Affect Thyroid Function (Ionita et al., 2016).

2.4. The mechanism of dyslipidemia in hypothyroidism

Many disorders, including depression, bradyarrhythmia, and cretinism,
have been linked to hypothyroidism as a common cause or significant risk factor.
Increased blood levels of thyroid-stimulating hormone and decreased serum
levels of free peripheral thyroid hormones are the main indicators of clinical
hypothyroidism (Lauffer et al., 2021).

Based on epidemiological research, hypothyroidism has emerged as a
major global health concern in the last several years, with grave implications for

human health in the future and high global death rates.

10
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Dyslipidemia, which is defined as elevated blood levels of triglycerides
(TG), very LDL-C (VLDL-C), and low-density lipoprotein cholesterol (LDL-C),
is one of the many concurrent symptoms of hypothyroidism that has lately been
reported to be closely connected with the condition (Ejaz et al., 2021).

Increasing data supports this theory by showing that hypothyroidism may
increase the risk of dyslipidemia and its pathological progression. It has been
shown that patients with elevated blood levels of total cholesterol (TC) had a
comparatively greater incidence of both subclinical and clinical hypothyroidism
in contrast to the general population (Willard et al., 2014).

Previous research has demonstrated that hypothyroidism serves a variety
of purposes in adjusting the serum lipid profiles (Gao et al., 2015).More
specifically, it has been reported that individuals with subclinical hypothyroidism
had increased blood TC and LDL-C values (Song et al., 2016).

Similar to these results, a different study found that patients with
subclinical hypothyroidism had significantly higher serum concentrations of TC
than did the control group. This finding also suggested that thyroid-stimulating
hormone may play a physiological role in the regulation of serum lipid profile
metabolism in subclinical hypothyroidism patients (Zhao et al., 2016).

However, a number of clinical studies have demonstrated that
lipoprotein cholesterols, such as TG/HDL-C and LDL-C/HDL-C, that include
apolipoprotein B to apolipoprotein A1 (ApoB/ApoA1l) were much higher in these
ratios (Liu et al., 2018).

Furthermore, individuals with hypothyroidism are verified to have an
increased risk of developing postprandial hypertriglyceridemia, as evidenced by
raised blood levels of TG, residual lipoprotein (RLP), and TG-rich lipoproteins
(TRLs) (Arikan et al.,2012).

However, it is yet unclear if the onset of hypothyroidism might affect blood

levels and metabolism of lipoprotein cholesterol that contains ApoAl, such
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HDL-C. Therefore, more extensive clinical studies must be carried out to
investigate the changes in the metabolism of serum ApoAl-containing
lipoprotein cholesterol in hypothyroid individuals. It's also important to note that
people with subclinical or clinical hypothyroidism have notable differences in
their altered serum lipid profiles. For example, Dong et al. demonstrated that
serum LDL-C values were considerably greater in hypothyroidism patients than
in the control group (Dong et al., 2016).

Similar variations were seen in TG, suggesting that hypothyroidism is
linked to the pathological development of dyslipidemia, although moderate
chemical hypothyroidism has a less degree of dyslipidemia (Tognini etal., 2012).

Notably, it has been demonstrated that there is a positive correlation
between the levels of thyroid-stimulating hormone and ApoB-containing
lipoprotein cholesterol in the blood, regardless of whether thyroid function is
normal (Luxia et al., 2021).

Therefore, the risk of dyslipidemia increases with blood concentrations
of thyroid-stimulating hormones. When considered collectively, we may be able
to conjecture that there is a substantial correlation between the development of
dyslipidemia and thyroid dysfunction. Thyroid-stimulating hormone has a crucial
role in controlling the metabolism of serum lipid profiles in addition to the
modulatory impact of thyroid hormones.

Lipid profiles are mostly affected by hypothyroidism via TH. Thyroid
hormone receptorf (THR), which is mostly expressed in the liver, may bind to
TH in order to control the expression of target genes downstream. Both the direct
and indirect effects of TSH on TC level are present in the overall effect (TH)
(Geng et al., 2015). In individuals who had their thyroidectomies treated with
levothyroxine, multiple regression analysis revealed a strong correlation between
the rise in cholesterol and the decrease in TH levels following TSH injection
(Beukhof et al., 2018).

12



Chapter Two Literature Review

In cardiovascular disease (CVD) patients, TSH alone can raise TC levels
without the help of TH (Xu et al.,2012). According to reports, TSH controls the
metabolism of cholesterol by attaching itself to TSH receptors (TSHRS) on the
surface of adipocytes and hepatocytes (Santini et al., 2010).

As a result, available data points to the possibility that TSH and TH
influence cholesterol metabolism. The following regulatory factors are involved
in the regulation of cholesterol metabolism. Figure (2.3) summarizes the main
impact of THand TSH on lipid metabolism in hypothyroidism.

Regarding thyroid hormones, hypothyroidism results in a drop in TH, de
novo lipogenesis (DNL) and HMG-COA reductase (HMGCR) activity, which
reduces cholesterol formation. However, there is also a decrease in free fatty acid
(FFA) B-oxidation. In order to decrease cholesterol clearance, TH lowering
lowers the activity of ATP-binding cassette transporter G5/8 (ABCG5/8) and
cholesterol 7a-hydroxylase (CYP7AL1). Triglyceride-rich very low-density
lipoprotein (VLDL) levels are often up in hypothyroidism, and TG-rich
chylomicron (CM) is elevated as a result of an elevation in Niemann-Pick C1-
like 1 protein (NPC1L1) concentration.

The decreased function of lipoprotein lipase (LPL), which hydrolyzes
CM and VLDL, is brought on by a drop in TH. Additionally, LDL receptor
(LDLR) and LDL receptor-related protein 1 (LRP1) are unable to remove as
much LDL and residual lipoprotein (RLP). TG level rises as a result.

The net HDL concentration is not constant, though. Proprotein
convertase subtilisin/kexin type 9 (PCSK9), HMGCR, and hormone-sensitive
lipase (HSL) levels rise in responseto TSH, but CYP7A1 levels fall. RLP stands
for remnant lipoprotein; ANGPTL3/8, angiogenin-like protein3/8; ApoC3,
apolipoprotein C3; CETP, cholesterol transport protein transporter; HL, hepatic
lipase; PLTP, phospholipid transfer protein; LCAT, lecithin cholesterol
acyltransferase; ABCAL, ATP-binding cassette transporter Al; SRBL1, scavenger
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receptor bl; FGF19/21, fibroblast growth factors 19/21; HMG-COA, 3-hydroxy-
3-methyl glutaryl coenzyme A; ACC, acetyl-CoA carboxylase; FAS, fatty acid

synthase; CPT1A, carnitine palmitoyltransferase Ia; WAT, white adipose tissue
(Liu et al., 2022).
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Figure (2.3) Effects on lipid metabolism in hypothyroidism of elevated TSH and

low TH. In the event that hypothyroidism is present, the changed functions are

marked. Blue arrows indicate activities of increased TSH, and red arrows indicate
actions of declining TH (Liu et al., 2022).
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2.4.1 Hypothyroidism and LDL-C metabolism
Hypothyroidism affects the production and clearance of LDL-C

The effects of TH on the synthesis and absorption of cholesterol are
inconsistent. The rate-limiting enzyme in the production of cholesterol, liver
HMG-COA reductase (HMGCR), can be directly induced by TH (Zhang et al.,
2015) Increasing the production of cholesterol.

In addition to binding to THR, TH has the ability to activate a significant
transcription factor called sterol regulatory element-binding protein 2 (SREBP2),
which in turn can drive the transcription of the HMGCR gene. Therefore, by
influencing HMGCR, hypothyroidism can result in decreased cholesterol
production. Nevertheless, in hypothyroidism, TH's impact on the intestinal
Niemann-Pick Cl1-like 1 protein (NPC1L1) results in higher cholesterol
absorption. Free fatty acid (FFA) oxidation is also decreased in hypothyroidism,
which increases the liver's output of very low-density lipoprotein (VLDL). TH
may promote the B-oxidation of FFA via boosting hepatocyte autophagy (Sinha
etal., 2012).

Additionally, carnitine palmitoyltransferase Ia (CPT1A), an enzyme that
limits the rate of B-oxidation, may be stimulated. As a result, CPT1A is
suppressed in hypothyroidism mice whereas CPT1A mRNA and enzyme activity
rise dramatically in the livers of hyperthyroidism animals. Additionally, TH can
lower ApoB48 and ApoB100 synthesis, which in turn lowers VLDL and
chylomicron (CM) production. Additionally, TH and ApoB48 levels have a
negative correlation (Mugii et al.,2012).
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Overall, TH lowering limits the production of cholesterol via HMGCR, but
increases cholesterol absorption through NPC1L1 and decreases catabolism

through B-oxidation.

On the surface of hepatocytes, the LDL receptor (LDLR) is a trans
membrane glycoprotein that identifies lipoproteins carrying ApoB and facilitates
the removal of cholesterol. By attaching itself to the thyroid-responsive element
(TRE) of the LDLR gene on the surface of hepatocytes, TH can increase the
production of LDLR mRNA. In the meanwhile, SREBP2 promotes the
transcription of the LDLR gene by binding to the sterol regulatory element (SRE)
on the LDLR promoter (Dong et al.,2014).

As aresult, in hypothyroidism, the number of LDLR and LDL-C clearance
rates dropped. In hypothyroidism, the combined effects of TH on cholesterol
synthesis and clearance result in a net build-up of serum LDL-C.

TSH can, on the one hand, directly impact the production of cholesterol.
Mice lacking the liver TSHR exhibited decreased TC levels, particularly in serum
LDL-C (Zhou et al., 2018).

Through the cAMP/PKA/CREB signaling pathway, the binding of TSH to
the TSHR of the hepatocyte membrane increases the production and activity of
HMGCR. Moreover, TSH can increase SREBP2 expression to control HMGCR
(Liu et al., 2015). TSHP increases HMGCR mRNA levels in adipocytes and
TSHp expression levels in mice's serum. Adipocytes and blood cholesterol levels

are intimately correlated (Moreno-Navarrete et al., 2017).

Fatty acid mobilization expression and TSHP gene expression have a
favorable correlation as well (CAV1, ENGL1) (Comas et al., 2019). In vitro
experiments, it was discovered that TSH injection greatly raised circulation free

fatty acid (FFA), phosphorylated perilipin, and hormone-sensitive lipase (HSL)
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to enhance lipolysis. TSH may also promote the rise of ApoB (Beukhof et al.,
2018). TSH, on the other hand, is crucial for the removal of LDL. In order to
prevent the production of hepatic bile acids through TSHR, TSH triggers the
signaling pathways for PI3K/AKT/SREBP2 and SREBP2/HNF4/Cholesterol 7a.-
hydroxylase (CYP7A1) (Song et al., 2015).

Serum TSH, regardless of TH, showed a substantial negative correlation
with Dbile acid levels in individuals with hypercholesterolemia and
hypothyroidism. It's interesting to note that patients under 65 had a greater
correlation between TSH and total serum bile acid (Liu et al., 2014). Similar
pathogenic processes of LDL-C buildup in hypothyroidism are shared by the rise
in TSH and reduction in TH, both of which may stimulate the creation of
cholesterol and impede clearance. Figure (2.4) illustrates how TH and TSH affect
LDL-C in hypothyroidism.

While cholesterol productionis inhibited by HMGCR when TH is reduced,
cholesterol is still absorbed through NPCI1LI1, catabolism occurs through -
oxidation, and LDL-C clearance occurs through LDL-R. TSH may promote
lipolysis and cholesterol production, but it also prevents cholesterol from being
cleared on its own. LDL-C buildup results from the net synthesis of LDL-C and

the inhibition of its clearance caused by the rise in TSH and reduction in TH.
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Figure (2.4) shows how elevated TSH affects LDL-C metabolism in
hypothyroidism and lowered TH. When hypothyroidism is present, the changed
functions are indicated (Liu et al., 2022).

While cholesterol production is inhibited by HMGCR when TH is reduced,
cholesterol is still absorbed through NPCILI1, catabolism occurs through [3-
oxidation, and LDL-C clearance occurs through LDL-R. TSH may promote
lipolysis and cholesterol production, but it also prevents cholesterol from being
cleared onits own. LDL-C accumulates as a result of the net synthesis of LDL-C
and the inhibition of its clearance caused by the rise in TSH and reduction in TH
(Liu et al., 2022).

2.4.2 Hypothyroidism and hypertriglyceridemia
Hypothyroidism affects TG production and transformation

The sourceof TG is fat and circulating exogenous or intracellular FFAs from
glycolysis. TH may decrease the liver's synthesis of VLDL-TG. Hypothyroidism
will result in enhanced TG and reduced lipid oxidation rates when the rate of
lipolysis is constant (Gjedde et al., 2010).

Additionally, TH may raise hepatocyte ApoA5 mMRNA and protein levels,

which would cause TG to decrease. The primary action of TH is to increase the
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activity of lipoprotein lipase (LPL), which may cause TRLs, such as CM and
VLDL, to be lipolyzed. The reduction of TH attenuates these actions, which in
turn encourages the elevation of serum TG in hypothyroidism. Research has
indicated that the build-up of TRL in hypothyroidism patients may also be
associated with decreased hepatic lipase (HL) activity (Mugii et al., 2012).

TG to HDL translocation is impaired in individuals with subclinical
hypothyroidism (Sigal et al., 2011). ApoE-rich smaller particles, cholesterol, and
CE make up remnant lipoprotein (RLP). TRL particles are digested by LPL,
which causes them to gradually lose TG, phospholipid, ApoA, and ApoC before
transferring to RLP.

Previous research has demonstrated a correlation between elevated blood
RLP levels and hypothyroidism. One may argue that people with hypothyroidism
have higher RLP levels because of the liver's overproduction of TRL particles.
Conversely, LRP1 is surface-expressed on hepatocytes and binds to ApoE to
internalize TRL and aid in the clearance of RLP. As shown in Figure (2.5), TH
affects the lipid profile in both people and mice via upregulating LRP1
transcription (Moon et al., 2013).
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Figure (2.5) shows how elevated TSH affects TG metabolism in hypothyroidism
and reduced TH (Moon et al., 2013).
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2.4.3 Hypothyroidism and HDL-C metabolism

Hypothyroidism causes a reduction in HDL production. In individuals with
type 2 diabetes, a research found a favorable correlation between FT4 and plasma
pre-p-HDL production (van Tienhoven-Wind et al., 2016). The ApoAl gene and
protein expression are substantially induced by TH (Boone et al., 2011).

Reverse cholesterol transport (RCT) increases cholesterol efflux from
peripheral tissues to HDL as a result. In mice with hypothyroidism, homocysteine
levels rise dramatically. Additionally, homocysteine can lower circulating HDL -
C by blocking the formation of ApoALl, which in turn prevents RCT (Yang et al.,
2016).Nonetheless, following a thyroidectomy, ApoAl levels rise in
hypothyroidism patients (van der Boom et al., 2020).

The contradicting outcome may have unclear causes at this point. Through
the transporter protein ATP-binding cassette transporter Al, TH may also
promote the efflux of cholesterol from macrophages to HDL (ABCA1) (Boone et
al., 2011).

In hypothyroidism, the HDL clearance and transformation process are
reduced. By stimulating HL, TH encourages HDL breakdown and modifies the
components of HDL. In hypothyroidism, plasma concentrations of the cholesterol
transport protein transporter (CETP) drop, leading to higher levels of plasma
HDL-C (McGowan et al., 2016).

Thyroid Hormone may accelerate the conversion of cholesterol to bile acid
by increasing the transcription of CYP7A1, an enzyme that limits the pace of
RCT. Additionally, TH may increase the production of bile acid in the liver and
intestine by inducing the last stage ofan RCT in rats: the transcription of the ATP-
binding cassette transporter G5/8 (ABCG5/ABCG8) (Bonde et al., 2012).
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Because hypothyroidism reduces scavenger receptor bl, it may hinder the
elimination of cholesterol. The HDL-C level is not constant because of these TH-
induced counteracting effects on HDL production and clearance. HDL2 and
HDL3 levels were higher in patients with a modest elevation in TSH due to
diminished CETP and phospholipid transfer protein activity (Skoczynska et
al.,2016).

Nonetheless, TSH and CETP have a positive association in T2DM patients,
suggesting that hyperglycemia may have a significant impact on VLDL's capacity
to absorb cholesteryl esters from HDL (Triolo et al., 2013).

HDL-C levels, therefore, may be impacted by several factors. Figure (2.6)
displays the precise effects of TSHand TH on HDL levels.
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Figure (2.6) Effects on HDL metabolism in hypothyroidism of elevated TSH
and reduced TH (Bonde et al., 2012).

2.5 Diagnostic markers for hypothyroidism

To determine the thyroid gland's anatomical and functional condition, a
variety of clinical, instrumental, and laboratory research techniques are
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employed. These techniques make it possible to identify thyroid gland disorders
and assess the efficacy (dynamics) of therapy. (Soyka et al., 2024).

The best laboratory test for assessing thyroid function in an outpatient
setting is the serum TSH test. If TSH levels are high, serum free thyroxine (T4)
levels should be measured. Overt primary hypothyroidism is recognized when
serum free T4 levels are low and TSH levels are high. If a patient's blood TSH
levels are elevated yet their serum free T4 levels are normal (often > 4.0 miU/l),
they are diagnosed with subclinical hypothyroidism (SH). TSH screening should
frequently be performed again 1-3 months prior to a hypothyroidism diagnosis in
situations of subclinical hypothyroidism. More study on hypothalamic-pituitary
insufficiency is necessary since low blood TSH and serum free T4 levels are
suggestive of secondary hypothyroidism. If there is a clearly low serum T4 level
and an incorrectly normal or even slightly but disproportionately elevated TSH,
it should be investigated further. Under these conditions, hypothyroidism cannot
be detected by a simple blood TSH measurement (Hasan et al., 2024)

Thyroid-stimulating hormone (TSH) rises in primary hypothyroidism
(PHT) because of the thyroid gland producing insufficient thyroid hormone.
(Pappan et al., 2024).

According to guidelines, people with normal thyroid function fall between
the 0.4-4.0 mIU/mL reference and therapeutic goal range for TSH (Jonklaas et
al., 2014). TSH levels above the reference range and normal thyroid hormone
levels are indicative of subclinical hypothyroidism; on the other hand, low TSH
and normal thyroid hormone levels are indicative of subclinical hyperthyroidism.
The majority of laboratories only detect FT4 in cases where TSH is outside of
normal range.

Restricting measures of free T4 (FT4) to individuals whose blood TSHwas

obviously outside its reference range (<0.2 mIU/L or >6 mIU/L) had little to no
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effect on the TSH test's diagnostic value, according to a large observational
research from Australia (Henze et al., 2017).

While testing for the thyroid peroxidase (TPO) antibodies may not aid in
the diagnosis of hypothyroidism, a positive test result may indicate an
autoimmune cause (Godbole et al., 2023). Thyroid cancer and structural

alterations can be detected early using ultrasound. (Yang et al., 2023).

2.6 Proposed biomarker for diagnostic
2.6.1 Micro RNAs-590
MIRNAs are 20-24 nucleotide short, non-coding RNA molecules that are
involved in a variety of biological activities(Benavides-Aguilar et al.,2023).
MiR-590 belongs to the microRNA family. Its gene is localized at 7q11.23,
as shown in Figure (2.7). The body contains mature versions of mir-590-3p and
mir-590-5p, which combine various target genes to execute distinct tasks (Yang
Dong et al.,2017).
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Figure (2.7). The gene is Micro RNAs-590 location (Yang Dong et al.,2017).

According to reports, miR-590 is crucial for cell division, proliferation, and
tumor development. This suggests that miR-590 is involved in a variety of
physiological processes, such as the control of health and the occurrence of
iliness.

By targeting LPL, miR-590 can decrease the buildup of lipids in human
THP-1 macrophages and increase the release of inflammatory cytokines (He et
al., 2014).
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Additional research has demonstrated that miR-582-5p and miR-590-5p,
which target the CREB1/CREB5-NF-kB signaling pathway in monocytes, are
essential factors in immunosuppression induced by opioids (Long et al., 2016).

Research has shown that there are differences in miRNA expression
between thyroid cancer and healthy thyroid tissue, as well as between different
subtypes of thyroid cancer. For thyroid cancer, a number of miRNAs have been
identified as possible prognostic indicators and therapeutic targets (Agarwal et
al., 2021).

Future innovative approaches to diagnosis and treatment may be based on
a deeper comprehension of the biological function that microRNAs play in the
development of thyroid disorders. Since miRNAs are a unique type of noncoding
RNAs that negatively, affect gene expression post-transcriptionally. It is

predicted that miRNAs will be extremely useful for both diagnosis and therapy.

2.6.2 Ghrelin

The hormone ghrelin is peptide consist of 28-amino acid, is primarily
secreted by the stomach oxyntic glands and functions via the ghrelin receptor
(GhrR), a G-protein coupled receptor (Sivertsen et al., 2013).

There are two different types of ghrelin: des-acyl ghrelin (nonoctanoylated
form) and acyl ghrelin (octanoylated form). 20% of ghrelin is discovered to be
octanoylated at the third carbon, and octa-noylation is essential for its
physiological activities, which rely on ghrelin O-acyltransferase (GOAT)
catalyzed activity (Du et al., 2018). as in Figure (2.8)

The anonoctanoylated, inactive form of des-acyl ghrelin does not trigger
the growth hormone secretagogue receptor, which is the receptor's target for the
release of growth hormone (GH) in the acyl form. It is recently established that

des-acyl ghrelin is has separate physiological functioning (Sominsky et al., 2019).
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Functioning ghrelin receptors (GHS-R) are found in many different tissues,
including lymphoid organs. This shows that the immune system and systemic
metabolism are linked in response to various physiological and pathological
situations (Pereira et al., 2017).

The ghrelin gene on the third chromosome encodes it. Genes that code for
ghrelin and its receptors may have similar genetic variants that impact polygenic
obesity sensitivity (Hosoda, 2022).

The only peptide hormone that has been modulated by a fatty acid is
ghrelin. Endocrine X/A-like cells of the fundus mucosa, comprising about 20%
of human stomach mucosal cells, produce ghrelin (Rindi et al., 2002).

Ghrelin

Figure (2.8) The structure of ghrelin. Ghrelin is a 28-amino-acid peptide with an n-octanoyl
group attached to serine at position 3 that is critical for the majority of its activity (Yang et al.,
2008).

Before meals, ghrelin (hunger hormone) is released by the enteroendocrine

cells in the gastrointestinal system, mainly the stomach, to promote food intake
and gastric acid secretion. It serves a variety of physiological operations,
including as promoting hunger, causing fat to buildup, and releasing growth
hormone (Mhaibes et al., 2021) as presented in Figure (2.9)

The blood-brain barrier enables ghrelin, which gets released by the
stomach, to pass through the brain (\Venkova et al., 2008). And the vagal nerve is
another pathway by which ghrelin sends its signal (Date ,2012).

Therefore, ghrelin contributes to regulating energy balance, enhancing
food intake, and decreasing energy expenditure (Emami et al., 2014).
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In the paraventricular nucleus, ghrelin has inhibitory effects on thyroid
hormone control (Ahangarpour et al., 2016). In vivo studies conducted on rats
demonstrating a decrease in thyrotropin-releasing hormone (TRH), TSH,
trilodothyronine (T3) hormone, and T4 following ghrelin injection (Barington et
al., 2017).

Analogous research conducted on people proves the ghrelin's suppressive
effect on TSHplasma levels (Kordi et al., 2015).

Itis currently believed that ghrelin regulates lipid accumulation in white
adipose tissue (WAT) in a major way. Prolonged exposure to ghrelin results in
increased fat mass even if acute ghrelin exposure also causes GH production. It
has been shown that ghrelin increases adipogenesis, increases the activity of fat
storage enzymes, increases the level of triglycerides, and decreases fat
utilisation/lipolysis (Perez-Tilve et al., 2011).

In addition, different tissues including the kidneys, adrenal glands,
thyroid, breast, ovary, placenta, testis, prostate, liver, gallbladder, lung, skeletal
muscles, myocardium, skin, and bone have ghrelin (Ghelardoni et al., 2006)

Given that variations in hunger and body weight are characteristic of
thyroid problems, it makes essential to evaluate how serum ghrelin levels vary
between thyroid dysfunction stages and investigate the potential involvement of
ghrelin in hunger changes in these individuals (Sadegh et al., 2007).
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Figure (2.9). The several roles of ghrelin (Basuny et al,. 2020)

2.6.3 Obestatin

Obestatin is a 23-amino acid that is C-terminally amidated as in figure
(2.10). Despite its shortbiological half-life and quick degradation, obestatin may

have a variety of pathogenic effects (Cowan et al., 2016)

Obestatin

Figure (2.10) Peptide structure of human obestatin (Zhang et al ,.2005)

According to Volante et al., obestatin has been found in the thyroid,
pituitary, lung, pancreas, and gastrointestinal tract in embryonic human tissue
samples. The expression of the obestatin protein in adult human tissues is limited
to the pancreas, gastrointestinal system, lung, and pituitary. On the other hand,
obestatin is expressed in a tiny percentage of pancreatic, thyroid, parathyroid, and

gastrointestinal neoplasms in endocrine tumors (Volante et al., 2009).
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According to reports, obesatin promotes cell survival, gastrointestinal
motility, and body weight increase. It also inhibits the intake of food and fluids
and prevents apoptosis. By upregulating genes linked to beta cell regeneration,
adipogenesis, and insulin synthesis, obestatin promoted adipogenesis, increased

beta cell mass, and improved lipid metabolism (Yu et al., 2020).

Obestatin is a physiological competitor of ghrelin and is encoded by the
same gene as ghrelin. It has been demonstrated that ghrelin, an endogenous
growth hormone secretagogue receptor, plays a role in controlling pituitary
hormone secretion and maintaining energy balance. (Wu et al., 2018).

A summary of the reported pathophysiological effects of obestatin was
shown in Figure (2.11).

The selectivity and efficacy of the signals are regulated by the
biological mechanisms of obestatin, which link the activated GPR39 receptor
with different sets of effector proteins through both G-protein-dependent and G-
protein-independent pathways. The complex pathways involving Extracellular
signal —regulated kinases (ERK1/2) and JunD axis are activated in a G-protein-
dependent manner, which determines the obestatin-associated mitogenic effect.
The initiation and advancement of obestatin-dependent differentiation via a
kinase hierarchy regulated by the Akt, CAMKII, c-Jun, and p38 axis are dictated
by the transactivation of epidermal growth factor receptor (EGFR) via the f3-
arrestin signal complex (Santos-Zas et al., 2016).

As the thyroid gland function is linked to the regulation of energy
balance, it is important to take into account the interaction between ghrelin,
obestatin, and thyroid function (Ruchala et al., 2014).
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Figure (2.11) A summary of the reported pathophysiological effects of obestatin.
The effects of obestatin on biology seem to be varied. It is stated that obestatin
affects metabolism generally as well as the heart, vascular, brain, pancreas, white
adipose tissue, and gastrointestinal tract (Green et al., 2018)
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3. Material &Methods
Includes:

3.1. Study design

The present study included a case control study for a group of (90) samples as
presented in figure(3.1) .Patients with hypothyroidism were selected from Hillah

teaching hospital and Marjan Hospital, Health Directorates / Babylon — Iraqg.
90 Blood sample
Of females
el N=30
Patient group Control group

N

Measurements
TG, TC,HDL,LDL
T3,T4TSH
Ghrelin , Obestatin

Evaluation
of
MiIRNAS90

Statistical analysis

Figure (3.1) study design

3.2. Data collection: Demographic information, including age, disease duration,
concurrent diseases, combined medication, and detailed medical history, was
collected. All the subjects were carefully evaluated by endocrinology specialist.

3.3. Instruments
In this chapter, materials, and instruments were described and listed in Tables (3-
1) and (3-2)
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Table (3-1): The Tools & instruments used in the study:

NO equipment Company Suppliers
1 gel tube CHINA MHECO CHINA
2 EDTA tube CHINA MHECO CHINA
3 Pipette(100-1000ul) MICROLIT UNITED STATES
4 Micropipette(10-100 pl) MICROLIT UNITED STATES
5 Eppendroff tubes CHINA MHECO CHINA
6 Tips, 100ul -1000ul (blue) CHINA MHECO CHINA
7 Centrifuge HETTICH GERMANY
8 Deep freeze BADDA LEBANON
9 Real time PCR ANALYTIK JENA GERMANY
10 ELISA system LABTECH GERMANY
Table (3-2): The materials used in the study:
NO Materials company
1 Human ghrelin Elisa kit Elabscience\USA
2 Human obestatin Elisa Kit Elabscience\USA
3 Micro RNA kit Macrogen /Seoul Korea

3.4 Patients Criteria

All patients were subjected to a complete clinical history and relevant

laboratory tests that diagnose clinical cases of thyroid disorders. They were also

subjected to the latest clinical guidelines by the WHO and the type of disorder

was determined based on laboratory values and clinical evaluation measurements

of the disorders

Exclusion criteria:

e Pregnancy: Pregnancy can significantly alter thyroid hormone levels and

their interpretation.

e Recentiodine exposure: Recent iodine exposure, such as from contrast

agents used in medical imaging, can interfere with thyroid function tests.

e Acute illness: Acute illnesses can temporarily affect thyroid hormone

Levels, making it difficult to accurately assess baseline thyroid status.

e History of thyroid surgery or radioactive iodine treatment: These
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individuals may have altered thyroid function due to the treatment itself, making
it difficult to interpret results.

e History of other endocrine disorders: Other endocrine disorders can
affect thyroid hormone levels

e Inability to provide informed consent: Individuals who are unable to
understand or provide informed consent for the study should be excluded.

3.5 Control Criteria
Blood samples were obtained from 30 healthy individuals without thyroid

disorder and chronic diseases, considering the age and gender matching with the
patients’ group, all of them underwent questionnaires, laboratory investigations.
3.6 Study variables
Includes
3.6.1. Dependent Variable
MicroRNA590, Ghrelin, Obestatin, Thyroid hormones (T3, T4), TSH
3.6.2. Independent Variable
Age, BMI
3.7. Approval of the Ethical Committee

A valid written, signed consent was achieved from the hospitals
administration and a valid verbal consent from each patient and control subject
before their inclusion in the study. The procedure had been informed before the
samples were collected, making absolutely sure that they understood the
procedure that was to be carried out. The subjects were sentient that they had the
right to reject to be included in the study without any detrimental effects.
Permission was taken from all subjects of the control group after they were told
about the aim and advantages of this study. The Ethical Committee of Kerbala

science College approved the protocol of the study.
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3.8. Measurementand Data Collection
3.8.1. Data collection

A structured questionnaire was specifically design to obtained information
which helps to select individuals according to the selection criteria of the study.
Sociodemographic aspects of the subjects (patients and control) were also
collected through the self-reported technique (questionnaire) which including:
age, BMI, chronic disease, duration of disease (for patient), family history of
disease.
3.8.2. Bloodcollectionand storage

Five ml of blood was taken and 1ml of it was placed in EDTA tube to store
it in deep freeze (-20c) and other 4ml was placed in gel tube to centrifugate for
10minutes at approximately 4000xg. After the serum is separated divided into

two Eppendorftubes and stored until it is used.

3.9. Methods
3.9.1 Measurement of Body Mass Index

The equation determined the body mass index (BMI): a person's weight in
kilograms (Kg)was divided by the square of the person's height in meters (m2)
using appropriate balance as in the equation below:
BMI = Kg/m?2

The body mass index was classified according to the world health
organization (WHO) in Table 3.3. (Seo et al., 2019)

Table (3.3) BMI Status

N BMI Unit Classify by BMI status
1 Below 18.5 Kg/m2 Underweight

2 18.5-24.9 Kg/m2 Normal Weight

3 25.0-29.9 Kg/m?2 Pre-obesity

4 30.0-34.9 Kg/m2 Obesity Class-1

5 35.0-39.9 Kg/m? Obesity Class-2
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| 6 | Aboved0 | Kg/m? | Obesity Class-3 |

3.10. Measurement of Ghrelin level
Enzyme-linked immunosorbent assay system (ELISA) method was used to
measure concentration of serum GHRL.
Test principle

This ELISA kit uses the Competitive-ELISA principle. The micro ELISA
plate provided in this kit has been pre-coated with Human GHRL. During the
reaction, Human GHRL in samples or Standard competes with a fixed amount of
Human GHRL onthe solid phase supporter for sites on the Biotinylated Detection
Ab specific to Human GHRL. Excess conjugate and unbound sample or standard
are washed from the plate, and Avidin conjugated to Horseradish
Peroxidase(HRP) are added to each microplate well and incubated. Then a TMB
substrate solution is added to each well. The enzyme-substrate reaction is
terminated by the addition of stop solution and the color change is measured
spectrophotometrically at a wavelength of 450+2 nm. The concentration of
Human GHRL in the samples is then  determined by comparing the OD of the
samples to the standard curve
Kit components & Storage.Anunopened kit can be stored at 2-8°C for 1 week.
If the kit is not supposed to be used within 1 week, store the items separately
according to the following conditions once the kit is received
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Table (3-4): Reagents of determination ghrelin concentration.

ltem

specification

Micro ELISA Plate (Dismountable)

96T: 8 wells x12 strips
48T: 8 wells %6 strips
24T: 8 wells x3 strips
96T*5: 5 plates, 96T

Reference Standard

96T: 2 vials
48T/24T: 1 vial
96T*5: 10 vials

Concentrated Biotinylated Detection Ab
)100(x

96T: 1 vial, 120 uL
48T/24T: 1 vial, 60 pL
96T*5:5 vials, 120ul

Concentrated HRP Conjugate
)100(x

96T: 1 vial, 120 pL
48T/24T: 1 vial, 60 uL
96T*5: 5 vials, 120 pL

Reference Standard & Sample Diluent

96T/48T/24T: 1 vial, 20mL
96T*5: 5 vials, 20 mL

Biotinylated Detection Ab Diluent

96T/48T/24T: 1 vial, 14mL
96T*5: 5 vials, 14 mL

HRP Conjugate Diluent

T/IA8T/24T: 1 vial, 14mL 96
96T*5: 5 vials, 14 mL

Concentrated Wash Buffer) 25(x

96T/48T/24T: 1 vial, 30mL
96T*5: 5 vials, 30 mL

Substrate Reagent

96T/4A8T/24T: 1 vial, 10mL
96T*5: 5 vials, 10 mL

Stop Solution 96T/A8T/24T: 1 vial, 10mL
96T*5: 5 vials, 10 mL
Plate Sealer 96T/48T/24T: 5 pieces

96T*5: 25 pieces

Product Description

lcopy

Certificate of Analysis

1copy

3.10.1 Reagent preparation

Bring all reagents to room temperature (18-25°C) before use. If the kit
will not be used up in one assay, please only take out the necessary strips and
reagents for present experiment, and store the remaining strips and reagents at
required condition
Dilution method: Take 7 EP tubes, add 500uL of Reference Standard & Sample
Diluent to each tube. Pipette 500uL of the 10 ng/mL working solution to the

first tube and mix up to producea 5 ng/mL working solution. Pipette 500uL of
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the solution from the former tube into the latter one according to this step. The
illustration below is for reference.

Note: the last tube is regarded as a blank. Don’t pipette solution into it
from the former tube. Gradient diluted standard working solution should be

prepared just before use
500uL 500uL 500uL 500uL 500uL 500ul

Reference

Standard
Eﬁs. |
10 5 2.500 1.250 0.630 0.310 0.16 0
Assay procedure

1-Determine wells for diluted standard, blank and sample. Add 50 uL each
dilution of standard, blank and sample into the appropriate wells (It is
recommended that all samples and standards be assayed in duplicate. It is
recommended to determine the dilution ratio of samples through preliminary
experiments or technical support recommendations).Immediately add 50 uL of
Biotinylated Detection Ab working solution to each well. Cover the plate with
the sealer provided in the kit. Incubate for 45 min at 37°C. Note: solutions should
be added to the bottom of the micro ELISA plate well, avoid touching the inside
wall and causing foaming as much as possible

2-Decant the solution from each well, add 350 puL of wash buffer to each
well. Soak for 1 min and aspirate or decant the solution from each well and pat it
dry against clean absorbent paper. Repeat this wash step 3 times. Note: a
microplate washer can be used in this step and other wash steps. Make the tested
strips in use immediately after the wash step. Do not allow wells to be dry

3-Add 100 pL. of HRP Conjugate working solution to each well. Cover the
plate with a new sealer. Incubate for 30 min at 37¢c
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4-Decant the solution from each well, repeat the wash process for 5 times
as conducted in step 2

5-Add 90 pL of Substrate Reagent to each well. Cover the plate with a new
sealer. Incubate for about 15 min at 37C. Protect the plate from light. Note: the
reaction time can be shortened or extended according to the actual color change,
but not more than 30 min. Preheat the Microplate Reader for about 15 min before
OD measurement

6-Add 50 pL of Stop Solution to each well. Note: adding the stop solution
should be done in the same order as the substrate solution

7-Determine the optical density (OD value) of each well at once with a
micro-plate reader setto 450 nm

Assay Procedure Summary

® e Analyte Biotin
1. Add SOulL standard or sample to the wells,
immediately add SOulL Biotinylated Detection
Ab working solution to each well. Incubate for

45 min at 37°C

» - 2. Aspirate and wash the plate for 3 times

Streptavidin
HRP -

3. Add 100uL HRP conjugate working solution.
Incubate for 30 min at 37°C. Aspirate and wash
the plate for S times

T™B

g, o 4. Add 90uL Substrate Reagent. Incubate for
15 min at 37°C

& Stop solution

5. Add SOuL Stop Solution

6. Read the plate at 450nm immediately.
Calculation of the results
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3.10.2 Calculation of result

Average the duplicate readings for each standard and samples. Plot a four
parameter logistic curve on log-log graph paper, with standard concentration on
the x-axis and OD values on the y-axis If the OD of the sample under the lowest
limit of the standard curve, you should re-test it with an appropriate dilution.The
actual concentration is the calculated concentration multiplied by the dilution

factor

3.11 Measurement of obestatin level

This ELISA kit applies to the in vitro quantitative determination of Human OB
concentrations in serum, plasma and other biological fluids

Test principle

This ELISA kit uses the Competitive-ELISA principle. The micro ELISA
plate provided in this kit has been pre-coated with Human OB. During the
reaction, Human OB in samples or Standard competes with a fixed amount of
Human OB on the solid phase supporter for sites on the Biotinylated Detection
Ab specific to Human OB.

Excess conjugate and unbound sample or standard are washed from the
plate, and Avidin conjugated to Horseradish Peroxidase (HRP) are added to each
microplate well and incubated. Then a TMB substrate solution is added to each
well. The enzyme-substrate reaction is terminated by the addition of stop solution
and the color change is measured spectrophotometrically at a wavelength of
450£2 nm. The concentration of Human OB in the samples is then determined by
comparing the OD of the samples to the standard curve
Kit components & Storage
An unopened kit can be stored at 2-8°C for 1 week. If the kit is not supposed to
be used within 1 week, store the items separately according to the following

conditions once the kit is received
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Table (3-5): Reagents of determination obestatin concentration .

item specification

Micro ELISA Plate (Dismountable) 96T: 8 wells x12 strips
48T: 8 wells %6 strips
24T: 8 wells x3 strips
96T*5: 5 plates, 96T

Reference Standard 96T: 2 vials
A8T/24T: 1 vial
96T*5: 10 vials

Concentrated Biotinylated Detection Ab 96T: 1 vial, 120 uL
)100(x 48T/24T: 1 vial, 60 uL
96T*5: 5 vials, 120 pL

Concentrated HRP Conjugate) 100(x 96T: 1 vial, 120 puL

48T/24T: 1 vial, 60 uL
96T*5: 5 vials, 120 pL

Reference Standard & Sample Diluent 96T/A8T/24T: 1 vial, 20mL
96T*5: 5 vials, 20 mL
Biotinylated Detection Ab Diluent 96T/A8T/24T: 1vial, 14
96T*5: 5 vials, 14 mL
HRP Conjugate Diluent 96T/48T/24T: 1 vial, 14mL
96T*5: 5 vials, 14 mL
Concentrated Wash Buffer) 25(x 96T/48T/24T: 1 vial, 30mL
96T*5: 5 vials, 30 mL
Substrate Reagent 96T/A8T/24T: 1 vial, 10mL
96T*5: 5 vials, 10 mL
Stop solution 96T/A8T/24T: 1 vial, 10mL
96T*5: 5 vials, 10 mL
Plate Sealer 96T/A8T/24T: 5 pieces
96T*5: 25 pieces
Product Description 1copy
Certificate of Analysis 1copy

3.11.1 Reagent preparation

Bring all reagents to room temperature (18-25°C) before use. If the kit will
not be used up in one assay, please only take out the necessary strips and reagents
for present experiment, and store the remaining strips and reagents at required
condition

Dilution method: Take 7 EP tubes, add 500uL of Reference Standard &
Sample Diluent to each tube. Pipette 500uL. of the 50 ng/mL working solution to
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the first tube and mix up to producea 25 ng/mL working solution. Pipette 500uL
of the solution from the former tube into the latter one according to this step. The
illustration below is for reference.

Note: the last tube is regarded as a blank. Don’t pipette solution into it from
the former tube. Gradient diluted standard working solution should be prepared
just before use

S00uL 500uL S500uL. 500uL 500p:1. 500ul.

Reference
Standard

5 [l BOOF

50 25 12.500 6.250 3.130 1.560 0.78 0

3.11.2 Assay procedure

1-Determine wells for diluted standard, blank and sample. Add 50 uL each
dilution of standard, blank and sample into the appropriate wells (It is
recommended that all samples and standards be assayed in duplicate. It is
recommended to determine the dilution ratio of samples through preliminary
experiments or technical support recommendations).Immediately add 50 uL of
Biotinylated Detection Ab working solution to each well. Cover the plate with
the sealer provided in the kit. Incubate for 45 min at 37°C. Note: solutions should
be added to the bottom of the micro ELISA plate well, avoid touching the inside
wall and causing foaming as much as possible

2-Decant the solution from each well, add 350 puL of wash buffer to each
well. Soak for 1 min and aspirate or decant the solution from each well and pat it

dry against clean absorbent paper. Repeat this wash step 3 times. Note: a
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microplate washer can be used in this step and other wash steps. Make the tested
strips in use immediately after the Wash step. Do not allow wells to be dry

3-Add 100 pL. of HRP Conjugate working solution to each well. Cover the
plate with a new sealer. Incubate for 30 min at 37°C

4- Decant the solution from each well, repeat the wash process for 5 times
as conducted in step 2

5- Add 90 uL of Substrate Reagent to each well. Cover the plate with a
new sealer. Incubate for about 15 min at 37C. Protectthe plate from light. Note:
the reaction time can be shortened or extended according to the actual color
change, but not more than 30 min. Preheat the Microplate Reader for about 15
min before OD measurement

6- Add 50 pL of Stop Solution to each well. Note: adding the stop solution
should be done in the same order as the substrate solution

7- Determine the optical density (OD value) of each well at once with a
micro-plate reader set to 450 nm.
3.11.3 Calculation of results

Average the duplicate readings for each standard and samples. Plot a four
parameter logistic curve on log-log axis, with standard concentration on the x-
axis and OD values on the y-axis If the OD of the sample under the lowest limit
of the standard curve, you should re-test it with an appropriate
dilution
The actual concentration is the calculated concentration multiplied by the dilution

factor
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3.12 Molecular Analyses
Includes:
3.12.1 Micro RNAanalysis

The TransZol Up Plus RNA Kit (Cat.NO.ET101-01) was used for total
RNA extraction according to the manufacturer’s mstructions. Total RNA was
purified using an RNACIlean XP Kit and RNase-Free DNase Set.

TransZol lyses cell with guanidine isothiocynate.in the process of sample
lysis, TransZol can maintain the integrity of RNA.after adding RNA extraction
agent,the solution is divided into a colorless aqueous phase and a pink organic
phase.RNAis in the aqueous phase. RNA can be recovered by precipitation with
iIsopropanol.isopropyl alcohol recovers protein.suitable for rapid extraction of
total RNA from a variety of tissue and cells.

Table (3.6) RNA analysis Kit contents

compenent ET101-01
TransZol up 100ml
RNA Extraction Agent 20ml
RNA Dissolving Solution 15mi

3.12.2 Extraction of microRNAs from the blood

All reagents were brought to the room temperature (25°C) for 30 minutes
before each run. For protecting the samples from contamination, workplace was
sterilized, disposable gloves (free of powder) were changed at each mIRNAs
extraction step and work was done quickly during all steps. The analysis steps
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were modified according to our lab conditions to get the required results.
Optimization was done for each step to meet a good yield.

1- Lysis was done by using ImL RNAzol RT per (0.5) mL ofblood, letting
it stand at room temperature for (30) min and centrifuged.

2. The aqueous(upper) phase is transferred to a fresh tube. Centrifuged a
second time then aqueous phase is transferred to a clean tube.

3. A volume of 0.4 mL of RNase-free water is added per mL of RNAzol
RT used for homogenization. The sample is covered tightly, and shacked
vigorously for (60) seconds, and allow to stand for (30) minutes at room
temperature.

4. The resulting mixture is centrifuged at 12,000 xg for (15) minutes at 4
°C. Centrifugation separates the mixture into a semisolid pellet (containing DNA,
proteins and polysaccharides) and an upper supernatant (containing RNA).
Supernatant is transferred to a new tube, leaving a layer of the supernatant above
the DNA/protein pellet.

5. The supernatant is transferred to a fresh tube and a volume of 0.4 mL of
75% ethanol is added to precipitate mRNA.

6. The sample is allowed to stand for 10 minutes at room temperature.

7. Centrifugation is doneat 12,000 xg for 8 minutes. The MRNA precipitate
will form a white pellet on the side and bottom of the tube.

8. The supernatant was transferred to a clean tube, while being sure not
disturbing the pellet.

9. A volume of 0.8ml of 100% isopropanol was added to the supernatant.

10. Sample was allowed to stand for (24 hrs).

11.Centrifugation was done at 12,000 xg for 15 minutes. The micro RNA
precipitate will form a white pellet on the bottom of the tube.

12.microRNA pellet was washed twice with 0.6 mL 75% ethanol (v/v) and

70% isopropanol (v/v), respectively, per 1mL of supernatant used for
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precipitation. Then centrifugation at 8,000 xg for 3minutes at room temperature.
Alcohol solution was removed with a micropipette.

13.The RNA pellets were solubilized, with drying, in RNase-free water.
The samples were Vortexed at room temperature for 5 minutes.

3.12.3 Gene Expression Analysis
RNA Measurement Kit:

The assay is highly selective for miRNA over other types of RNA and is
accurate for initial sample concentrations from 10 pg/uL to 100 ng/uL. The assay
Is performed at room temperature, and the signal is stable for 3 hours. Common
contaminants such as salts, free nucleotides, solvents, detergents, or protein are
well tolerated in the assay. The standard and short procedure showing in Figure
(3-2).

e The Qubit working solution was prepared by diluting the Qubit miRNA
HS Reagent 1:200 in Qubit miIRNA HS buffer.

e The volume 190 pL from Qubit working solution has been added to each
tube designed to be as a standard, then 10 ul from each provided standard
solution has been added into same tubes, then vortexed.

e The Qubit® working solution as 197 pL has been added to each tube
prepared for sample and then 3 plL of sample has been added individually.

e All composition has been vortexed and incubated at room temperature for
3 minutes.

e Standards tubes have been inserted in Qubit instrument for creating
concentration curve.

e Tubes for samples have been added one by one to read the concentration
for miRNA in each sample.
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Standards from kit

i 10 uL\ 1{)uL\F ‘
Y \ ) Final volume
Qubit™ 190 pL \/ | is200pL
Reagent v ¥
—eemm—
Tt
/m\ DNA samples
— ‘
\
‘ | | | |
v v V¥
Qubit™ Qubit™ 3puL \ 3uL \ 3puL \
Buffer Working bl ¥ Final volume
- [ | |
Solution | | ] ] is 200 pL
197 puL V Vv V

(

Figure (3.2): Standard procedure for nucleic acid quantification

3.12.4 Real-Time Quantitative PCR (qPCR)

The real time polymerase chain reaction (qPCR) system is based on
fluorescent light measurement to determine the amount of complementary DNA
(cDNA) of a specific gene. Isolation of total RNA from samples in and Reverse
Transcription with the High-Capacity complementary (cDNA) Kit which done
according to the target-specific primers and the choice of primers can cause
marked variation in calculated mMRNA copy

3.12.5 RNAReverse Transcription

To test the expression of PCR target RNA, the method of reverse
transcription involves the conversion of RNA to cDNA. All RNA species were
converted into cDNA, using oligo-dT primers they were reverse transcribed into
cDNA. The oligo dT primers carry a universal tag sequence on the 5' end to allow
amplification of mature miRNA in the step of real-time PCR.
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Total RNA containing miRNA was used as row material for reverse-
transcription reaction. The PCR tube microfuge was used and reverse
transcription master was added then gently mixed, the master mix for reverse
transcription contains all materials required in cDNA first-strand synthesis except
template RNA.

Template RNA was added to each tube containing reverse transcription
master mix, gently mixed, briefly centrifuged, by using thermal cycler the tubes
were incubated for 60 min at 370C, then 5 min at950C to inactivate reverse

transcriptase.

3.12.6 Housekeeping Gene

Quantitative reverse transcriptase polymerase chain reaction (QRT-PCR) is
a rapid and sensitive approach to identify mRNA and protein-coding gene
expression. However, because of the specially designated reverse transcription
and shorter PCR products, very few reference genes have been identified for the
quantitative analysis of mMRNA expression, and different internal reference genes
are needed to normalize the expression of mMRNA genes. Therefore, it is
particularly important to select the suitable common reference genes for
normalization of quantitative PCR of mRNA.Glyceraldehyde-3-phosphate
dehydrogenase (gapdh) is one of the most commonly used housekeeping genes

used in comparisons of gene expression data.

3.12.7 Detectation of MiRNA by qPCR

The total RNA containing miRNA was the starting material in RT-PCR
reaction which was performed in one step.due to its short sequence the
quantification of MIRNAs by qRT-PCR requires extending the length of the
mature miIRNAs using stem loop or adding poly (A)-tail. GoTag® 1-Step RT-
gPCR System(a) combines GoScript™ Reverse Transcriptase and GoTaq®
gPCR Master Mix in a single-step real-time amplification reaction.
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The system, which is optimized for RT-qPCR, contains a proprietary
fluorescent DNA-binding dye, BRYT Green® Dye. The system enables detection
of RNA expression levels using a one-step RT-gPCR method, combining
GoScript™ Reverse Transcriptase and GoTaq® qPCR Master Mix in a single-
step real-time amplification reaction. An overview of the protocolis shown in
Figure (3.3).

The GoScript™ RT Mix for 1-Step RT-gPCR (50X) includes optimized
amounts of GoScript™ Reverse Transcriptase, RNasin® Plus RNase Inhibitor
and additives to enhance single-step reactions.

The GoTag® gPCR Master Mix is a simple-to-use, stabilized 2X
formulation that includes all components for qPCR except template, primers and
water. This formulation, which includes a proprietary dsDNA-binding dye, a low
level of carboxy-X-rhodamine (CXR) reference dye (identical to ROX™ dye),
GoTag® Hot Start Polymerase, MgClI2 , dNTPs and a proprietary reaction buffer,
produces optimal results in gPCR experiments. A separate tube of CXR
Reference Dye is included for use with instruments that require a higher level of
reference dye than that in the GoTaqg® qPCR Master Mix.
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3.12.7.1 Description (continued)

Prepare the GoTag® 1-Step

RT-gPCR Reaction Mix by

combining GoTaq® qPCR

| Master Mix, GoScript™ RT Mix,
water, primers and template.

3o ‘ﬂ’"'
W

Assemble reaction.

Perform RT-qPCR.

Analyze amplification, dissociation
and standard curve data.

Figure (3.3). Overview of the GoTag®1-Step RT qPCR Protocol

3.12.7.2 GoTag® 1-Step RT-gPCR Protocol (continued)

1- Assembling the GoTag® 1-Step RT-qPCR Reaction Mix-

Program a real-time instrument for standard or fast mode one-step RT-
qPCR (Table 2-6).

2-Thaw the components of the GoTaq® 1-Step RT-gPCR System, the
RNA templates and the primer pair on ice, at room temperature or at 37°C.
Immediately mix each thawed component thoroughly. If using a vortex mixer,
mix at low speed to minimize aeration. Keep thawed reagents on ice

3-Prepare:

a. RNA samples (total RNA, mRNA, viral RNA or transcript RNA [500fg—
100ng]) in water or other gPCR compatible diluent
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b. Standards and controls

c. Primer pair: 1X concentration is approximately 50—-300nM.

4-Combine reaction components (Table 2-7) in a nonstick, sterile tube on
ice. Mix gently after each addition. Carefully pipet reaction volumes to plate on
ice.

5-Transfer plate from ice into the preprogrammed instrument. Seal the
tubes or optical plate, and centrifuge briefly to collect the contents of the wells at
the bottom. Protect from extended light exposure or elevated temperatures. The
samples are ready for thermal cycling Start the run immediately.

6-When the run is complete, collect the data and analyze the results

Table (3-7) General Thermocycler Program

stage #of Cycles Program in Standard
or Fast Mode
1-Reverse transcription 1 <37°C for 15 minutes
RT inactivation/Hot-start 1 95°C for 10 minutes
activation
-Step qPCR:3- 40 ° 95 C for 10 second
a. Denature 60C for 30 seconds
b. Anneal/Collect data ° 72C for 30 seconds
c. Extend
4-dissociation 1 60-95c¢
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Table (3-8). GoTag® 1-Step RT-qPCR Reaction Mix

Material and methods

Compenent Volume per Volume per Final Concentration
20ul Reaction 50ul Reaction in Reaction
GoTag® qPCR Master Mix, 10ul 25ul 1x
2X
Forward Primer, 10X 2ul Sul 50-300nM
Reverse Primer, 10X 2ul Sul 50-300nM
GoScriptTM RT Mix for 1- 0.4ul 1.0ul 1x
Step
RT-gPCR, 50X or Nuclease-
Free
Water for Minus-RT Control
RNA Template (500fg— 4ul 10ul variable
100ng) or
Nuclease-Free Water for No-
Template Control
Optional: MgCI2, 25mM* ol ol >2mM
Optional: CXR Reference ol ol >33nM
Dye,
Mm** 30
Nuclease-Free Water to 20ul toS0ul | ------

*To supplement the MgCI2 provided in Master Mix.

**Guidelines for addition of CXR Reference Dye (30uM) to the reaction mix to

achieve a final concentration of 0.5uM:

31ul per 100-reaction batch for 20ul reactions or 87ul per 100-reaction batch for

50ul reactions
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3.12.7.30ne stepRT-PCR
The miRNA gene miRNA590 and U6 (Housekeeping gene) expression

was done by using specific primers as shown in the table (3.9)

Table (3.9) primer Sequence for mIRNA Gene Expression (Designed by NCBI)

Gene Specific primers

rnué F5-(CTCGCTTCGGCAGCACA) 3°
R 5- (AACGCTTCACGAATTTGCGT) 3°

miIRNA-590 F5-TAATTTTATGTATAAGCTAGT-3
primer R,5-TGGTGTCGTGGAGTCG-3

3.12.8 Gene Expression Calculation

The result was collected and analyzed by Livak formula (Livak and Schmittgen,
2001)

Folding =2-AACT

AACT =ACT patients - ACT control

ACT =CT Gene - CT House Keeping gene
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3.13 Statistical Analysis:

Information from the questionnaire and all test results from patients and
control samples were entered a data sheet.

The data analysis for this work was generated using the Real Statistics
Resource Pack software for Mac (Release 7.2) of the resource pack for Excel
2016. Copy-right (2013 — 2020).

Descriptive statistics was performed on the participants’ data of each
group. Values were presented as a median for abnormal distribution, and n (%)
for categorical variables, respectively. The distribution of the data was checked
for normality using the Box plot test.

T- test was used to adjust other risk factors including: age, BMI. The 95%
confidence intervals (95%CI) were also determined for all variables.

Significant differences in continuous variables among the parameters were
confirmed through analytical statistical tests. The biomarker were compared to
evaluate the relationship between parameters. Results of all hypothesis tests with
p-values <0.05 (two-side) were considered to be statistically significant.

Receiver operating characteristics (ROC) curves was also used to test the
markers’ diagnostic performance in both hypothyroid patients and control groups.

52



CHAPTER Four

Results and Discussion




Chapter Four Results & Discussion

4.1 Demographic and clinical data

This study included 60 patients with hypothyroidism along with 30
adjacent healthy control samples. The age range of the participants was (26-51)
Years, the mean body mass index BMI was (31.8) Kg/m2

Figure (4.1) shows the distribution levels of lipid profile panel components
in patients with hypothyroidism compared to a control group.The results were
shown that Patients with hypothyroidism have markedly higher Triglycerides
levels (199.55+83.3 mg/dL) compared to the control group (86.6+£33.39 mg/dL).
Similar to TG, the hypothyroidism group shows elevated Total Cholesterol TC
levels (186.91+40.88 mg/dL) compared to the control group (132.15+26.48
mg/dL), as presented in Table (4.1). In term of HDL Cholesterol, the "good"
cholesterol, was demonstrated to be lower in the hypothyroidism group
(37.574£8.25 mg/dL) compared to the control group (56.44+7.49 mg/dL). While
LDL Cholesterol the "bad" cholesterol, was demonstrated to be also higher in the
hypothyroid group (108.12+29.66 mg/dL) compared to control group (37+£16.34
mg/dL). Furthermore, VLDL  was elevated in the hypothyroidism group
(40.57£16.63 mg/dL) compared to the control group (17.71+£6.98 mg/dL)

Table (4.1) Mean levelx 2SD of the Lipid profile panel in obese women patients
of hypothyroidism compared to control group

Variable Patients Control group P value
group
Lipid TG mg/dL 199.55+83.3 86.6+33.39 0.003
Profile TCmg/dL | 186.91+40.88 | 132.15+26.48 0.02
HDL mg/dL | 37.57+8.25 56.44+7.49 <0.001
LDL mg/dL | 108.12+29.66 37+16.34 <0.001
VLDL mg/dL | 40.57+16.63 17.71+6.98 <0.001
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Figure (4.1) Lipid profile Level in obesewomen patients of hypothyroidism
compared to control group

t- test was *: significant at p <0.05, : significant at p <0.01, *: significant at p <
0.001, ****: significant at p < 0.0001)
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The findings presented in Figure 4.1 and Table 4.1 highlight significant
alterations in lipid profile components among individuals with hypothyroidism
compared to a control group. These results underscore the intricate relationship
between thyroid hormone function and lipid metabolism

Triglyceride levels were significantly elevated in the hypothyroidism
group, which is a typical finding in thyroid diseases. Reduced lipolysis, or the
breakdown of lipids for energy, is linked to hypothyroidism. Triglycerides build
up in the blood as a result of this decrease in fat breakdown (Duntas and
Brenta,2018)
The raised triglyceride levels in the hypothyroid group most likely directly
contributed to the rise in total cholesterol levels in that group. Triglycerides
contribute considerably to total cholesterol. Additionally, hypothyroidism may
affect the processes involved in the productionand elimination of cholesterol (Liu
et al,.2022)

One troubling finding in hypothyroidism is the reduction in HDL
cholesterol. Transporting extra cholesterol from the tissues back to the liver for
excretion is a critical function of HDL cholesterol. The chance of developing

cardiovascular disease may rise with lower HDL levels (Pearce, 2012)

55



Chapter Four Results &Discussion

Another cardiovascular disease risk factor in the hypothyroid group is an
increase in LDL cholesterol. When cholesterol enters the tissues through LDL
cholesterol, it can build up in the artery walls and cause atherosclerosis.

The higher LDL readings are consistent with a rise in VLDL cholesterol,
which is a precursor to LDL cholesterol. VLDL is primarily responsible for
transporting triglycerides from the liver to the tissues (Mavromati and Jornayvaz,
2021)

Patients with hypothyroidism were shown to have a greater risk of
cardiovascular illnesses, indicating that the primary risk factor for lipid metabolic
disorders may be faulty thyroid hormone metabolism. (Bekkering et al,. 2019)

Research continuously shows that people with hypothyroidism have higher
blood levels of lipoprotein (a), apolipoprotein B, total cholesterol (TC), low-
density lipoprotein (LDL-C), and maybe triglycerides (TGs) (Pearce , 2004).

Proatherogenic alterations, such as decreased cardio protective high-
density lipoprotein (HDL) and the production of small dense LDL (sdLDL), are
linked to elevated TG levels (Moon et al,. 2013)

It is commonly recognized that thyroid dysfunction significantly affects
lipid levels, and several research have shown this link. The primary cause of
dyslipidemia in people with overt hypothyroidism is a change to higher synthesis
rate, which raises total cholesterol and low-density lipoprotein (LDL) levels
(Duntas and Brenta, 2018)

Moreover, the reduced activation of LDL-receptors leading to a reduction
in LDL catabolism, In addition, because lipoprotein lipase activity is decreased
in this group, overt hypothyroidism is associated with higher TG and VLDL
levels (Xiao et al,. 2016)

A significant study conducted in Korea revealed elevated levels of
cholesterol and low-density lipoprotein (LDL) in individuals with overt

hypothyroidism as compared to the normal group. In contrast to the normal group,
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another research revealed that those with overt hypothyroidism had higher blood
levels of total cholesterol, LDL, and TG (Alamdari et al,. 2016)

Figure (4.2) shows the mean levels and standard deviations (SD) of thyroid
function tests in patients with hypothyroidism compared to a control group.

Thyroid Stimulating Hormone (TSH) was shown to be elevated in patients
with hypothyroidism, the mean levels were (8.37+£3.6 mU/L) compared to the
control group (1.17£1.004 mU/L). TSH is a pituitary hormone that stimulates the
thyroid gland to produce thyroid hormones. In hypothyroidism, the body attempts
to compensate for low thyroid hormone levels by increasing TSH production.

In this study, the results were demonstrated that Free Triiodothyronine
(FT3), the major active thyroid hormone, was lower in the hypothyroidism group
(60.98+17.01 ng/mL) compared to the control group (80.55+14.76 ng/mL). This
might be due to reduced conversion of FT4 (thyroxine) to FT3 in such patients,
as presented in Table (4.2)

Similar to FT3, Free Thyroxine (FT4) levels were also lower in the
hypothyroidism group (1.22+0.45 mcg/dL) compared to the control group
(1.57+0.26 mcg/dL). FT4 is the main storage form of thyroid hormone and gets
converted to FT3 in the body

Table (4.2) Mean levelx 2SD of the thyroid function test in patients group of
hypothyroidism compared to control group

Variable Patients group | Control group P value
Hormones TSHmU/L 8.37+3.6 1.17+1.004 0.006
FT3ng/mL | 60.98+17.01 80.55+14.76 0.003

FT4mcg/dL | 1.22+0.45 1.57+0.26 <0.001
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Figure (4.2) Thyroid function Hormones in patients group of hypothyroidism
compared to control group

t- Testwas *: significant at p <0.05, : significant atp <0.01, *: significant at p <
0.001, ****: significant at p < 0.0001)

Table (4.2) elucidate the pathophysiology of hypothyroidism and provide
valuable insights into the hormonal imbalances associated with this condition.

The results were showed a significantly elevated TSH levels in the
hypothyroid group which are a hallmark of this disorder. The pituitary gland
attempts to compensate for the low circulating thyroid hormone levels by
increasing TSH production, stimulating increase thyroid hormones levels
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Results were also shown a lower FT3 levels in the hypothyroid group are
consistent with the diagnosis of hypothyroidism. FT3 is the primary active form
of thyroid hormone and is responsible for most of the metabolic effects. The
reduction in FT3 levels can lead to a wide range of symptoms, including
fatigue, weight gain, and cold intolerance.

While the decrease in FT4 levels in the hypothyroidism group is also
expected, as FT4 is the main storage form of thyroid hormone and a precursor to
FT3.The reduced availability of FT4 limits the conversion to FT3, further
contributing to the low FT3 levels. This conversion process occurs primarily in
the liver and other tissues. Factors such as inflammation, medications, and
underlying medical conditions can impair this conversion.

Figure (4.2) presented the characteristic hormonal imbalances observed in
hypothyroidism. The elevated TSH levels, coupled with reduced FT3 and FT4
levels, confirm the diagnosis of hypothyroidism. The reduced conversion of FT4
to FT3 may play a role in the development of hypothyroidism and contribute to

the severity of its symptoms.

The interaction between hormones ghrelin, obestatin, and thyroid function
IS important to understand since the thyroid gland's function is linked to the
maintenance of energy balance. Adipokines are hormones generated by adipose
tissue that control hunger, metabolism, and inflammation. (Ruchala et al.,2014)

In this study, both biomarkers were potentially differences and reflect their
influence on hypothyroidism cases, as presented in Figure (4.3). Results were
indicated that serum ghrelin concentrations was higher 35.26+12.10 ng / ml in
hypothyroidism patients, as compared with control subjects 26.92+7.58 ng/ml.

on the other hand; Patients with hypothyroidism have higher obestatin levels
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10.99 +4.23 compared to the control group (7.22+ 1.32) as presented in Table
(4.3)

Table (4.3) Mean levelx 2SD of the Adipokines in patients group of
hypothyroidism compared to control group

Variable Patients Control group | P value
group
Adipokines | Obestatin ng/mL | 10.99 #4.23 | 7.22+ 1.32 <0.001
Ghrelin ng/mL | 35.26£12.10 | 26.92+7.58 <0.001
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Figure (4.3) Adipokines Level in obese women patients of hypothyroidism
compared to control group
t- test was *: significant at p <0.05, : significant at p <0.01, *: significant at p <

0.001, ****: significant at p < 0.0001)

Table (4.3) presented and highlighted the intriguing relationship between thyroid
function and adipokines, specifically ghrelin and obestatin. These results suggest
that alterations in adipokine levels may play a role in the pathophysiology of
hypothyroidism.
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The elevation in ghrelin levels in the hypothyroidism group is a noteworthy
observation. Ghrelin, often referred to as the "hunger hormone,” is primarily
produced by the stomach and stimulates appetite. The increased ghrelin levels in
hypothyroidism might contribute to weight gain, a common symptom of this
condition. It is possible that the body's attemptto compensate for reduced energy
expenditure in hypothyroidism leads to increased hunger and food intake
(Ruchala et al., 2014).

The higher obestatin levels in the hypothyroidism group are also of
interest. Obestatin is primarily produced by the stomach and has been implicated
in satiety and weight regulation. The elevated obestatin levels in hypothyroidism
could potentially reflect the body's attempt to counteract the effects of increased
ghrelin and reduce appetite.

The interplay between thyroid function and adipokines is complex and not
fully understood. Itis possible that alterations in thyroid hormone levels influence
the production and secretion of adipokines, leading to changes in appetite,
metabolism, and energy balance. Conversely, adipokines may also exert effects
on thyroid function, potentially contributing to the development or progression
of hypothyroidism.

This study indicated a potential association between hypothyroidism and
alterations in ghrelin and obestatin levels. These findings contribute to a growing
body of evidence highlighting the intricate relationship between thyroid function
and adipokine signaling (Emami et al,. 2014).

The body's nutritional and energy status is observed by the peripheral
hormones thyroid, obestatin, and ghrelin, which also have integrated regulatory
functions. These hormones affect how much food is consumed, how much energy
Is expended, and how well energy balance is maintained via modulating central
brain circuits, particularly the hypothalamus. Furthermore, because there are few

studies that are accessible and the results are inconsistent, it is unclear if changes
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in thyroid status and alterations in gut hormone levels are related (Emami et al..
2014).

Adipokines have a major impact on immunological responses, body
weight, insulin sensitivity, food intake, and the reproductive axis in addition to
their function in inflammation (Richard et al,. 2020).

Thyroid hormones interact with gut hormones and adipocytokines to affect
insulin sensitivity and energy metabolism (Aydogan and Sahin ,2013)

Individuals with thyroid dysfunction have altered body weight and insulin
sensitivity, as well as altered metabolism of adipose tissue and adipocytokine
production. Ghrelin levels in the blood can change, which affects appetite and
energy balance as well as contributing to the development of IR.

Ghrelin is an intestinal hormone that exerts its effects on hunger
stimulation, energy balance, and, presumably, IR. According to a number of
studies, individuals with hyperthyroidism had lower blood ghrelin concentrations
than control groups, however patients with hypothyroidism show variable
outcomes, either unchanged or increased (Kim et al,. 2015) .

In this study, the cycle threshold (Ct) of the microRNA590 was measured
using a quantitative determination present in a sample. A lower Ctvalue indicates
a higher abundance of target microRNA. In this case, the patients group has a
higher Ctvalue (29.94) compared to the control group (22.14), suggesting lower
levels of microRNA5S90 in the hypothyroidism group.

Folding change which refers to the difference in gene expression between
two conditions was indicated to be up regulation, and higher in the patient group
(13.46) compared to the control group (0.95), as presented in Table (4.4)
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Table (4.4) Mean levelx 2SD of the microRNA590 and folding change in obese women
patients of hypothyroidism compared to control group

Variable Patientsgroup | Control group P value
microRNA590 Average Ct 29.94+2.78 22.14+1.59 <0.001
microRNA
Folding change 13.46+2.73 0.95+0.88 <0.001
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Figure (4.4) the microRNA590 and folding change distribution in obese women
patients of hypothyroidism compared to control group

t- test was *: significant at p <0.05, : significant at p <0.01, *: significant at p <
0.001, ****: significant at p < 0.0001)
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Quantitative analysis revealed a significant difference in microRNA-590
expression between the hypothyroidism and control groups. The cycle threshold
(Ct) values, a measure of microRNA abundance, were significantly higher in the
hypothyroidism group (Ct = 29.94) compared to the control group (Ct =
22.14). This indicates a lower level of microRNA-590 in the hypothyroidism
patients.

Furthermore, the folding change analysis demonstrated a substantial up
regulation of microRNA-590 in the hypothyroidism group compared to the
control group. The folding change value of 13.46 in the hypothyroid group
indicated an increase in microRNA-590 expression relative to the control group.

Unfortunately, the amount of microRNA-590 in hypothyroidism patients
and healthy controls has never been compared in a research. Few studies have
established a connection between a number of miIRNAs that have been discovered
to control the biology and function of adipose tissue, and as a result, their
imbalance may contribute to the emergence of obesity and associated metabolic
problems (Derghal et al,. 2016).

Studying the function of mMIRNASs in the context of obesity and associated
disorders is interesting. In particular, the shift in mIRNA expression may result
in modifications to the gene patterns governing a variety of biological processes,
including as lipid metabolism, inflammation of the adipose tissue, and
adipogenesis (Landrier et al,. 2019)

The regulation of genes involved in the synthesis of thyroid hormone has
been connected to miR-590. Studies have shown that miR-590 can affect the
expression of thyroid peroxidase (TPO) and thyroglobulin (TG), two essential
proteins needed for the production of thyroid hormones. MiR-590's interference
with these genes' regulatory mechanisms may affect thyroid hormone levels and

worsen hypothyroidism (Zou et al,. 2018)
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Low levels of thyroid hormones (T3 and T4) result in higher amounts of
thyroid-stimulating hormone (TSH) in hypothyroidism due to a negative
feedback loop. This hormonal imbalance may affect the expression of several
microRNAs, including miR-590. Thyroid hormone deficiency in particular can
downregulate the production of miR-590, perhaps as a compensatory strategy to
maintain thyroid homeostasis (Liu et al,. 2020)

The expression of miR-590 is directly regulated by thyroid hormones.
Thyroid hormones have been shown to influence the expression of several
microRNAs, including miR-590. In hypothyroidism, a disease where thyroid
hormone levels are insufficient, the thyroid hormones' diminished regulatory
impact on miR-590 may lead to decreased levels of miR-590 (Huang et al,. 2019)

MiR-590 may potentially have an effect on the regulation of thyroid-
stimulating hormone (TSH), which is necessary to maintain thyroid function.
Since elevated TSH levels are common in hypothyroidism, miR-590 may affect
TSH signaling pathways and the thyroid gland's sensitivity to hormone signals.

The low levels of miR-590 in hypothyroidism can be attributed to a variety
of factors, including altered cellular and molecular pathways, direct regulation by
thyroid hormones, the negative feedback mechanism of thyroid hormones, and

modifications in metabolic processes (Xu et al,. 2021)

4.2 Correlation Coefficients between Biomarkers in hypothyroidism
patients group

Considering the important role of the measured parameters in
hypothyroidism patients, the Pearson analysis was used to show the response
relationship between microRNA590 and folding change and the studied
parameters. The correlation study demonstrated many significant relationships
among the measured parameters. P values were (< 0.05). Thyroid hormone
included TSH and free FT3 were indicated a similar trend as a weak negative

correlation (r = -0.43, 0.42 respectively) suggests that higher TSH levels are
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associated with lower microRNA590 levels. While, Moderate positive correlation
(r =0.6285) was illustrated with FT4, indicate that levels FT4 highly associated
with the level of microRNAS90, as presented in Figure (4.5)

On the other hand, both TSH and FT4 were show a weak negative
correlation with folding change. Both Obestatin and Ghrelin were shown weak

to moderated negative correlation (r = -0.36, -0.612 respectively) link with
microRNA590

Lipid profile namely triglycerides and Total Cholesterol were show a weak
negative correlation (r =-0.48, -0.41) respectively.

Interestingly, only Obestatin was shown an opposing effect compared to
microRNA590, since Obestatin demonstrated a weak positive correlation (r =
0.4391) to the folding change, as presented in Figure (4.5)

Given that it has already been established that severely defective HDL
particles may be seen in hypothyroidism (Su et al., 2022) results were indicated

a significant negative correlation between HDL and folding change, as presented
in Figure (4.6)
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Figure (4.5) The correlation coefficient ( r ) between microRNA590 and folding
change and the studied biomarkers among obese women patients of
hypothyroidism

t- test was *: significant at p < 0.05, : significant at p <0.01, *: significant at p <
0.001, ****: significant at p <0.0001)

4 0.85

micro RNA590
4 0.65
4 0.45
Fold change 4 0.25
4 0.05

1 1 1
TSH T3 T4 Obestatin Ghreline TG Cholesterol HDL LDL VLDL

Figure (4.6) The P values of the correlation between microRNA590 and folding
change and the studied biomarkers among obese women patients of
hypothyroidism

t- test was *: significant at p <0.05, : significant at p < 0.01, *: significant at p <
0.001, ****: significant at p <0.0001)
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Both obestatin and ghrelin show weak to moderate correlations with
various biomarkers, as presented in Figure (4.7). Obestatin exhibits a positive
correlation with TSH, TG, TC, LDL and VLDL, while ghrelin shows a negative
correlation with FT3, FT4 and the level of HDL. The findings suggest possible
interactions  between these hormones and cholesterol metabolism in
hypothyroidism, a significant correlation was found between both adipokines and
cholesterol between obestatin and FT3, as presented in Figure (4.8)
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Figure (4.7) The correlation coefficient (r) between obestatin, ghreline and the
studied biomarkers among obese women patients of hypothyroidism

t- test was *: significant at p <0.05, : significant at p <0.01, *: significant at p <
0.001, ****: significant at p <0.0001)
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Figure (4.8) The P values of the correlation between obestatin, ghrelin and the
studied biomarkers among obese women patients of hypothyroidism

t- test was *: significant at p <0.05, : significant at p <0.01, *: significant at p <
0.001, ****: significant at p <0.0001)

The increased levels of TSH hormone seen in hypothyroidism are consistent
with the positive association between obestatin and TSH. This implies that
obestatin and the thyroid hormone axis may be related (Sanyal and Raychaudhuri,
2016)

However, it is still unknown how obestatin will affect body composition.
The connection between thyroid conditions and obestatin levels has seldom been
studied. Kosowicz and colleagues have demonstrated a connection between high
levels of obestatin with hypothyroidism (Kosowicz et al,. 2011)

Gurgul et al. found a positive relationship between ghrelin, obestatin, and
TSH levels in hypothyroidism and postulated that obestatin could be a
modulatory molecule (Gurgul et al,. 2012)

To the best of our knowledge, not much study has been done on the
connection between serum obestatin levels and thyroid dysfunction. In people
with hypothyroidism, who often have altered lipid profiles (e.g., increased
triglyceride and cholesterol levels), elevated ghrelin can exacerbate dyslipidemia
by increasing lipogenesis and lowering lipolysis, which can lead to further

metabolic issues (Dixon et al ,.2002)
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It is common knowledge that being obese reduces appetite. It works on the
central nervous system, namely the hypothalamus, to reduce appetite. Elevated
levels of obestatin may also affect appetite control in hypothyroidism, a disease
in which there is already a decreased metabolic rate and potential for impaired
hunger control. The balance between these hormones determines the overall
Impact, while excess obestatin may counteract some of the effects of high ghrelin
on hunger (Stengel and Tache ,2013).

4.3 ROC curve and AUC analysis for the folding change of miRNA-590 in
patients with hypothyroidism compared to control groups

ROC curve and AUC analysis for the folding change of mIRNA-590
among patients with hypothyroidism compared to control groups were
performed. Results of the receiver operating curve (ROC) was shown that folding
change of mIRNA-590 has good performance for predicting such cases, dataare
presented in Table (4.5), Figure (4.9)

For Aspersion folding change: (sensitivity 95%, specificity 92%) at a level
= 2.32, the p-value of the AUC was <0.001 and highly statistically significant.
results of the Sensitivity & Specificity were confirmed using Youden’s J statistics
to the parameters.
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Table (4.5) Receiver operating characteristic curve showing sensitivity and specificity of
folding change of MIRNA-590 in obese womem patients with hypothyroidism compared to
control groups.

Test Result Variable(s) Folding change of miRNA-590
AUC 97.4%
Sensitivity % 95%
Specificity % 92%
Youden index 0.94
Cut-off points 2.32
Cl (95%) (0. 944-1. 001)
P value <0.001[S]
S= Significant, PPV= Positive protective value, NPV= Negative predictive value,
AUC= Area under curve, Cl= confidence interval
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Figure (4.9) Receiver operating characteristics (ROC) curve analysis of folding
change miRNA-590 levels

t- test was *: significant at p <0.05, : significant at p <0.01, *: significant at p <
0.001, ****: significant at p < 0.0001)
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Many researches were confirmed the needed to validate the role of these
markers and determine if a threshold level or changes in serum levels which can
be utilized clinically in the assessment and follow up of patients with thyroid
disorder. These findings were established the cut-offs and indicated the reference
ranges of such cases to get a broader context on their levels. No previous studies
were found to compare these results.

The ROC curve analysis and AUC calculation in this study demonstrate
the potential of microRNA-590 as a valuable biomarker for predicting
hypothyroidism. The high sensitivity and specificity of microRNA-590 folding
change at a cutoff value of 2.32 suggest that it can accurately differentiate
between individuals with and without hypothyroidism.

The p-value of the AUC, which was significantly less than 0.001, provides
strong statistical evidence for the discriminatory power of microRNA-590 in
predicting hypothyroidism. This indicates that the model developed using
microRNA-590 folding change is highly accurate in distinguishing between the
two groups.

The confirmation of sensitivity and specificity using Youden's J statistics
further supports the validity of the results. Youden's J index is a measure of
diagnostic test performance that combines sensitivity and specificity into asingle
metric. A higher Youden's J value indicates better overall diagnostic accuracy.

These findings suggest that microRNA-590 could be a promising non-
invasive biomarker for the early diagnosis of hypothyroidism. However, further
research is needed to validate these results in larger and more diverse patient
populations. Additionally, investigating the biological mechanisms underlying
the association between microRNA-590 and hypothyroidism could provide
valuable insights into the pathophysiology of this condition.
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conclusion & Recommendations

Conclusions

The results revealed significant alterations in lipid profile, thyroid hormone
levels, and adipokine concentrations in the hypothyroidism group compared to
the control group.

1. Hypothyroid patients exhibited elevated levels of triglycerides, total
cholesterol, LDL cholesterol, and VLDL cholesterol, while HDL
cholesterol levels were reduced. These lipid abnormalities are associated
with an increased risk of cardiovascular disease.

2. Hypothyroid patients had significantly elevated TSH levels and decreased
levels of FT3 and FT4. These hormonal imbalances are characteristic of
hypothyroidism and can lead to various metabolic disturbances.

3. Increased levels of ghrelin and obestatin were observed in the hypothyroid
group. These alterations in adipokine levels may contribute to the
metabolic changes associated with hypothyroidism, including weight gain
and insulin resistance.

4. A significant downregulation of microRNA-590 was observed in the
hypothyroid group. This finding suggests a potential role of microRNA-
590 in the pathogenesis of hypothyroidism.

5. Significant correlations were observed between microRNA-590, thyroid
hormones, lipid profile parameters, and adipokines. These findings suggest
a complex interplay between these factors in the development and
progression of hypothyroidism.

6. The ROC curve analysis demonstrated the potential of microRNA-590 as

a non-invasive biomarker for the early diagnosis of hypothyroidism.
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Recommendations

While this study has provided valuable insights into the association between
hypothyroidism, lipid profile, thyroid function, adipokines, and microRNA-590,
further research is necessary to elucidate the underlying mechanisms, included:

1. A larger sample size would increase the statistical power of the study and
enhance the generalizability of the findings.

2. Longitudinal studies can track the progression of hypothyroidism and the
associated changes in lipid profile, thyroid function, adipokines, and
microRNA-590 over time.

3. Exploring potential therapeutic interventions targeting microRNA-590 or
other identified biomarkers could offer novel approaches for the
management of hypothyroidism. Evaluating this biomarker in a population
—based study to confirm its role as a direction for early diagnosis and
accurate treatment of hypothyroidism.

4. Genetic studies can identify genetic variations associated with
hypothyroidism and its complications, providing insights into personalized
treatment strategies.

5. Based on this study, recommend using miIRNA-590 as a potential sensitive,
non-invasive marker for diagnosis and screening hypothyroidism in order

to confirm the results.

74



JEIK

ENC




References

Reference

Abente, E. J., Subramanian, M., Ramachandran, V., & Najafi-Shoushtari, S. H.
(2016). MicroRNAs in obesity-associated disorders. Archives of
biochemistry and Biophysics, 589, 108-119.

Agarwal, S., Bychkov, A., & Jung, C. K. (2021). Emerging biomarkers in thyroid

practice and research. Cancers, 14(1), 204

Ahangarpour, A., Eshaghi, N., Fathi Moghaddam, H., & Hemmati, A. (2016).
Regulatory effects of paraventricular nucleus injections of ghrelin on the
hypothalamus-pituitary-thyroid axis via CB 1 receptors in male

rats. Neurochemical Journal, 10, 205-210.

Alamdari, S., Amouzegar, A., Tohidi, M., Gharibzadeh, S., Kheirkhah, P.,
Kheirkhah, P., & Azizi, F. (2016). Hypothyroidism and Lipid Levels in a
Community Based Study (TTS). International Journal of Endocrinology and
Metabolism, 14(1).

Al-Hindawi, S. H., Luaibi, N. M., & Al-Ghurabei, B. H. (2017). Possible use of
saliva as a diagnostic tool in hypothyroidism. Journal of BioScience and
Biotechnology, 6(3), 539-542

Al-Mofarji, S. T.,Jasim, H. M., & Mohammed, S. B. (2023). Thyroid Hormones
and Autoantibodies in Iragi Hyperthyroid Patients. Al-Nahrain Journal of
Science, 26(2), 56-59

Ambad, D. R. S., Jha, R. K., Bankar, D. N., Singh, D. B. R., Ghogare, D. A. S.,
& Patil, D. R. (2020). A cross-sectional comparison of serum hormone (fsh, tsh,
gh) concentrations in untreated patients with psychiatric disorder. International
Journal of Psychosocial Rehabilitation, 24(06), 5960-5967.

75



References

Arikan, S., Bahceci, M., Tuzcu, A., Celik, F., & Gokalp, D. (2012). Postprandial
hyperlipidemia in overt and subclinical hypothyroidism. European Journal of
Internal Medicine, 23(6), e141-e145.

Aversano, L., Bernardi, M. L., Cimitile, M., lammarino, M., Macchia, P. E.,
Nettore, I. C., & Verdone, C. (2021). Thyroid disease treatment prediction with
machine learning approaches. Procedia Computer Science, 192, 1031-1040.

Aversano, L., Bernardi, M. L., Cimitile, M., Maiellaro, A., & Pecori, R. (2023).
A systematic review on artificial intelligence techniques for detecting thyroid
diseases. Peer Journal Computer Science, 9, €1394

Aydogan, B. 1., & Sahin, M. (2013). Adipocytokines in thyroid
dysfunction. International Scholarly Research Notices, 2013(1), 646271.

Azahir, Y. M. M., Tarig, A. H., Rashid, E., Abd Elwahab, A., Haghamad, A. M.
B., & MOHAMED ALHASSAN, E. T. (2022). Association of Serum
Autoantibodies and Thyroid Function Test in Patients with Non-Neoplastic
Thyroid Diseases in Shendi Locality, Sudan. International Journal of Research -
Granthalaayah, vol.10 (2), pp.179-187

Barington, M., Brorson, M. M., Hofman-Bang, J., Rasmussen, A. K., Holst, B.,
& Feldt-Rasmussen, U. (2017). Ghrelin-mediated inhibition of the TSH-
stimulated function of differentiated human thyrocytes ex vivo. PLoS One
Journal, 12(9), e0184992.

Basuny, A. M., AboelAnin, M. A., & Hamed, E. A. (2020). Structure and

Physiological Functions of Ghrelin. Biomedical Journal of Scientific & Technical
Research, 31(2), 24085-24092

Benavides-Aguilar, J. A., Morales-Rodriguez, J. I., Ambriz-Gonzalez, H., Ruiz-
Manriquez, L. M., Banerjee, A., Pathak, S. & Paul, S. (2023). The regulatory role

76



References

of microRNAs in common eye diseases: A brief review. Frontiers in
Genetics, 14, 1152110.

Bekkering, G. E., Agoritsas, T., Lytvyn, L., Heen, A. F., Feller, M., Moutzouri,
E., & Vermandere, M. (2019). Thyroid hormones treatment for subclinical

hypothyroidism: a clinical practice guideline. British Medical Journal,
365

Beukhof, C. M., Massolt, E. T., Visser, T. J., Korevaar, T. I., Medici, M., de
Herder, W. W& Peeters, R. P. (2018). Effects of thyrotropin on peripheral
thyroid hormone metabolism and serum lipids. Thyroid, 28(2), 168-

174.

Bishop, M., Fody, E. P., & Schoeff, L. E. (2010). Clinical Chemistry-

Techniques, Principles, Correlations. Diabetes (FBS, RBS, OGTT, HbAlc), 13,
27

Biondi, B., Cappola, A. R., & Cooper, D. S. (2019). Subclinical hypothyroidism:
areview. Jama journal, 322(2), 153-160

Bonde, Y., Plosch, T., Kuipers, F., Angelin, B., & Rudling, M. (2012).
Stimulation of murine biliary cholesterol secretion by thyroid hormone is

dependent on a functional ABCG5/G8 complex. The Journal of Hepatology
, 56(5), 1828-1837

Boone, L. R., Lagor, W. R., de la Llera Moya, M., Niesen, M. I., Rothblat, G. H.,
& Ness, G. C. (2011). Thyroid hormone enhances the ability of serum to accept
cellular cholesterol via the ABCAL transporter. Atherosclerosis, 218(1), 77-82.

Boucai, L., Hollowell, J. G., & Surks, M. I. (2011). An approach for development

of age-, gender-, and ethnicity-specific  thyrotropin  reference
limits. Thyroid, 21(1), 5-11.

77



References

Chaker, L., Razvi, S., Bensenor, I. M., Azizi, F.,Pearce, E. N., & Peeters, R. P.
(2022). Hypothyroidism (primer). Nature Reviews: Disease Primers, 8(1).

Choi, Y. M., Kim, M. K., Kwak, M. K., Kim, D., & Hong, E. G. (2021).
Association between thyroid hormones and insulin resistance indices based on

the Korean National Health and Nutrition Examination Survey. Scientific
Reports, 11(1), 21738

Chung, J. H. (2020). Update on thyroid hormone levels and thyroid dysfunction
in the Korean population based on data from the Korea National Health and
Nutrition Examination Survey VI (2013 to 2015). Endocrinology and
Metabolism, 35(1), 7-13

Comas, F., Lluch, A., Sabater, M., Latorre, J., Ortega, F., Ricart, W & Moreno-
Navarrete, J. M. (2019). Adipose tissue TSH as a new modulator of human

adipocyte mitochondrial function. International Journal of Obesity, 43(8), 1611-
1619.

Cowan, E., Burch, K. J., Green, B. D., & Grieve, D. J. (2016). Obestatin as a key
regulator of metabolism and cardiovascular function with emerging therapeutic
potential for diabetes. British Journal of Pharmacology, 173(14), 2165-2181.

Date, Y. (2012). Ghrelin and the vagus nerve. In Methods in enzymology (Vol.
514, pp. 261-269). Academic Press.

Derghal, A., Djelloul, M., Trouslard, J., & Mounien, L. (2016). An Emerging
Role of micro-RNA in the Effect of the Endocrine Disruptors. Frontiers in

neuroscience, 10, 318.

Dixon, J. B., & O’Brien, P. E. (2002). Ghrelin and obesity. Nutrition &
Metabolism, 1, 2

78



References

Dong, B., Singh, A. B., Fung, C., Kan, K., & Liu, J. (2014). CETP inhibitors
downregulate hepatic LDL receptor and PCSK9 expression in vitro and in vivo
through a SREBP2 dependent mechanism. Atherosclerosis, 235(2), 449-462.

Dong, X., Yao, Z., Hu, Y., Yang, N., Gao, X., Xu, Y., & Wang, G. (2016).
Potential harmful correlation between homocysteine and low-density lipoprotein
cholesterol in patients with hypothyroidism. Medicine, 95(29), e4291.

Dong, Y., & Qiu, G. B. (2017). Biological functions of miR-590 and its role in
carcinogenesis. Frontiers in Laboratory Medicine, 1(4), 173-176.

Du, G. M., Luo, B. P.,, Hu, Z. H., Wu, J. G., Yan, W. M., Han, Z. Q., ... & Lliu,
M. J. (2018). The effect of ghrelin O-acyltransferase inhibitor on gastric H+—K+-
ATPase activity and GOAT/ghrelin system in gastric mucosal cells in

vitro. General and Comparative Endocrinology, 267, 167-171.

Duntas, L. H., & Brenta, G. (2018). A renewed focus on the association between

thyroid hormones and lipid metabolism. Frontiers in endocrinology, 9, 511.

Ejaz, M., Kumar, P., Murlidhar, M., Bachani, P., Naz, S., Lal, K& Rizwan, A.
(2021). Comparison of lipid profile in patients with and without subclinical
hypothyroidism. Cureus, 13(8).

Emami, A., Nazem, R., & Hedayati, M. (2014). Is association between thyroid
hormones and gut peptides, ghrelin and obestatin, able to suggest new regulatory
relation between the HPT axis and gut?. Regulatory peptides, 189, 17-21.

Fiore, M., Oliveri Conti, G., Caltabiano, R., Buffone, A., Zuccarello, P., Cormaci,
L., & Ferrante, M. (2019). Role of emerging environmental risk factors in thyroid

cancer: a brief review. International journal of environmental research and
publichealth, 16(7), 1185.

79



References

Fuziwara, C. S., & Kimura, E. T. (2017). MicroRNAs in thyroid development,
function and tumorigenesis. Molecular and cellular endocrinology, 456, 44-50.

Gao, C. X,, Yang, B., Guo, Q., Wei, L. H., & Tian, L. M. (2015). High thyroid-
stimulating hormone level is associated with the risk of developing

atherosclerosis in subclinical hypothyroidism. Hormone and Metabolic
Research, 47(03), 220-224.

Garg, A., & Vanderpump, M. P. (2013). Subclinical thyroid disease. British
Medical Bulletin, 107(1), 101-16.

Geng, H., Zhang, X., Wang, C., Zhao, M., Yu, C., Zhang, B., & Zhao, J. (2015).
Even mildly elevated TSH is associated with an atherogenic lipid profile in
postmenopausal women  with  subclinical  hypothyroidism. Endocrine
Research, 40(1), 1-7.

Ghelardoni, S., Carnicelli, V., Frascarelli, S., Ronca-Testoni, S., & Zucchi, R.
(2006). Ghrelin tissue distribution: comparison between gene and protein
expression. Journal of endocrinological investigation, 29, 115-121.

Gjedde, S., Gormsen, L. C., Rungby, J., Nielsen, S., Jargensen, J. O. L., Pedersen,
S. B., & Mgller, N. (2010). Decreased lipid intermediate levels and lipid
oxidation rates despite normal lipolysis in patients with hypothyroidism. Thyroid,
20(8), 843-849

Gowachirapant, S., Melse-Boonstra, A., Winichagoon, P., & Zimmermann, M.
B. (2014). Overweight increases risk of first trimester hypothyroxinaemia in
lodine-deficient pregnant women. Maternal & child nutrition, 10(1), 61-71.

Godbole, N. P., Koester, M., & Marcus, E. N. (2023). Hypothyroidism in adult
women: the utility of targeted vs universal thyroid screening. International
Journal of Women's Health, 1515-1522

80



References

Gurgul, E., Ruchata, M., Kosowicz, J., Zamystowska, H., Wrotkowska, E.,

Moczko, J., & Sowinski, J. (2012). Ghrelin and obestatin in thyroid
dysfunction. Endokrynologia Polska, 63(6), 456-462.

Green, B. D., & Grieve, D. J. (2018). Biochemical properties and biological
actions of obestatin and its relevence in type 2 diabetes. Peptides, 100, 249-259

Hasan, A., Hasan, M. R., & Jafreen, R. (2024). Thyroid imbalance and
hypothyroidism: A review. Journal Homepage: https://ejournal. ipinternasional.
com/index. php/ijphe, 4(1), 151-162

He, P. P.,Ouyang, X. P., Tang, Y. Y., Liao, L., Wang, Z. B., Lv, Y. C., & Tang,
C. K. (2014). MicroRNA-590 attenuates lipid accumulation and pro-
inflammatory cytokine secretion by targeting lipoprotein lipase gene in human
THP-1 macrophages. Biochimie, 106, 81-90.

Henze, M., Brown, S. J., Hadlow, N. C., & Walsh, J. P. (2017). Rationalizing
thyroid function testing: which TSH cutoffs are optimal for testing free T4?. The
Journal of Clinical Endocrinology & Metabolism, 102(11), 4235-4241.

Hidayat, M. (2024). Factors responsible for the persistence of Hypothyroidism
among Pakistani Women. Pakistan Journal of Medical Sciences, 40(1Part-1), 222

Horn-Ross, P. L., Canchola, A. J., Ma, H., Reynolds, P., & Bernstein, L. (2011).
Hormonal factors and the risk of papillary thyroid cancer in the California

Teachers Study cohort. Cancer Epidemiology, Biomarkers & Prevention, 20(8),
1751-1759.

Hosoda, H. (2022). Effect of ghrelin on the cardiovascular system.Biology, 11(8),
1190.

Huang, P. S., Wang, C. S, Yeh, C. T., & Lin, K. H. (2019). Roles of thyroid
hormone-associated microRNAs affecting oxidative stress in  human

81



References

hepatocellular carcinoma. International Journal of Molecular Sciences, 20(20),
5220

Ionita, 1., & lonitd, L. (2016). Prediction of thyroid disease using data mining
techniques. BRAIN. Broad Research in Artificial Intelligence and
Neuroscience, 7(3), 115-124.

Jin T, Teng X (2014) Update on Lipid Metabolism and Thyroid Disorders.
journal of Endocrinology, Diabetes & Obesity 2(3):
1043.

Jonklaas, J., Bianco, A. C., Bauer, A. J., Burman, K. D., Cappola, A. R., Celi, F.
S., ... & Sawka, A. M. (2014). Guidelines for the treatment of hypothyroidism:
prepared by the american thyroid association task force on thyroid hormone
replacement. thyroid, 24(12), 1670-1751.

Karaoglu, A., Aydin, S., Dagli, A. F., Cummings, D. E., Ozercan, I. H., Canatan,
H., & Ozkan, Y. (2009). Expression of obestatin and ghrelin in papillary thyroid
carcinoma. Molecular and cellular biochemistry, 323, 113-118.

Kim, K. J., Kim, B. Y., Mok, J. O., Kim, C. H., Kang, S. K., & Jung, C. H. (2015).
Serum concentrations of ghrelin and leptin according to thyroid hormone

condition, and their correlations with insulin resistance. Endocrinology and
Metabolism, 30(3), 318.

Knezevic, J., Starchl, C., Tmava Berisha, A., & Amrein, K. (2020). Thyroid-gut-
axis: how does the microbiota influence thyroid function?. Nutrients, 12(6),
1769.

Kordi, F., & Khazali, H. (2015). The effect of ghrelin and estradiol on mean

concentration of thyroid hormones. International journal of endocrinology and
metabolism, 13(1).

82



References

Kosowicz, J., Baumann-Antczak, A., Ruchala, M., Gryczynska, M., Gurgul, E.,
& Sowinski, J. (2011). Thyroid hormones affect plasma ghrelin and obestatin
levels. Hormone and metabolic research, 43(02), 121-125

Kyriacou, A., McLaughlin, J., & Syed, A. A. (2015). Thyroid disorders and
gastrointestinal and liver dysfunction: a state of the art review. European Journal
of Internal Medicine, 26(8), 563-571.

Landrier, J. F., Derghal, A., & Mounien, L. (2019). MicroRNAs in obesity and
related metabolic disorders. Cells, 8(8), 859.

Lauffer, P., Zwaveling-Soonawala, N., Naafs, J. C., Boelen, A., & Van
Trotsenburg, A. P. (2021). Diagnosis and management of central congenital
hypothyroidism. Frontiers in endocrinology, 12, 686317

Lee, J., Yun, M. J., Nam, K. H., Chung, W.Y., Soh,E. Y., & Park, C. S. (2010).
Quality of life and effectiveness comparisons of thyroxine withdrawal,
triiodothyronine withdrawal, and recombinant thyroid-stimulating hormone
administration for low-dose radioiodine remnant ablation of differentiated
thyroid carcinoma. Thyroid, 20(2), 173-179

Leung, A. M., & Braverman, L. E. (2014). Consequences of excess
jodine. Nature Reviews Endocrinology, 10(3), 136-
142.

Liu, F. H., Hwang, J. S., Kuo, C. F.,Ko, Y. S.,Chen, S. T., & Lin, J. D. (2018).
Subclinical hypothyroidism and metabolic risk factors association: a health

examination-based study in northern Taiwan. Biomedical journal, 41(1), 52-58.

Liu, H., & Peng, D. (2022). Update on dyslipidemia in hypothyroidism: the
mechanism of dyslipidemia in hypothyroidism. Endocrine Connections, 11(2).

83



References

Liu, S., Jing, F., Yu, C., Gao, L., Qin, Y., & Zhao, J. (2015). AICAR-induced
activation of AMPK inhibits TSH/SREBP-2/HMGCR pathway in liver. PLoS
OneJournal, 10(5), e0124951.

Liu, X. L., He, S., Zhang, S. F., Wang, J., Sun, X. F., Gong, C. M., & Xu, J.
(2014). Alteration of lipid profile in subclinical hypothyroidism: a meta-
analysis. Medical science monitor: international medical journal of experimental
and clinical research, 20, 1432.

Liu, Z., et al. (2020). "Impact of thyroid hormone deficiency on microRNA
expression in hypothyroid rats.” Molecular Medicine Reports, 21(6), 2656-2664

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression
data using real-time quantitative PCR and the 2— AACT method. methods, 25(4),
402-408.

Long, X., Li, Y., Qiu, S., Liu, J., He, L., & Peng, Y. (2016). MiR-582-5p/miR-
590-5p targeted CREB1/CREB5-NF-kB signaling and caused opioid-induced
Immunosuppression in human monocytes. Translational psychiatry, 6(3), e757-
ersy.

Luxia, L., Jingfang, L., Songbo, F., Xulei, T., Lihua, M., Weiming, S., & Pei, S.
(2021). Correlation between serum TSH levels within normal range and serum
lipid profile. Hormone and Metabolic Research, 53(01), 32-40.

Mariani, G., Tonacchera, M., Grosso, M., Orsolini, F., Vitti, P., & Strauss, H. W.
(2021). The role of nuclear medicine in the clinical management of benign thyroid
disorders, part 1. hyperthyroidism. Journal of Nuclear Medicine, 62(3), 304-
312.

Mariotti, S., & Beck-Peccoz, P. (2021). Physiology of the hypothalamic-
pituitary-thyroid axis. Endotext [Internet].

84



References

Mavromati, M., & Jornayvaz, F. R. (2021). Hypothyroidism-associated
dyslipidemia: potential molecular mechanisms leading to NAFLD. International
Journal of Molecular Sciences, 22(23), 12797.

McGowan, A., Widdowson, W. M., O'Regan, A., Young, I. S., Boran, G.,
McEneny, J., & Gibney, J. (2016). Postprandial studies uncover differing effects
on HDL particles of overt and subclinical hypothyroidism. Thyroid, 26(3), 356-
364.

McGrogan, A., Seaman, H. E., Wright, J. W., & De Vries, C. S. (2008). The
incidence of autoimmune thyroid disease: a systematic review of the
literature. Clinical endocrinology, 69(5), 687-696.

Mhaibes, S. H., Fakree, N. K., & Naser, S. 1. (2021). Regulation of Appetite and
Satiety by Gastrointestinal Peptides. Iraqi Journal of Pharmaceutical Sciences
(P-ISSN 1683-3597 E-ISSN 2521-3512), 30(1), 14-
21.

Montanelli, L., & Tonacchera, M. (2010). Genetics and phenomics of
hypothyroidism and thyroid dys-and agenesis due to PAX8 and TTF1
mutations. Molecular and cellular endocrinology, 322(1-2), 64-71.

Moon, J. H., Kim, H. J., Kim, H. M., Choi, S. H., Lim, S.,Park, Y. J., & Cha, B.
S. (2013). Decreased expression of hepatic low-density lipoprotein receptor—
related protein 1 in hypothyroidism: A novel mechanism of atherogenic
dyslipidemia in hypothyroidism. Thyroid, 23(9), 1057-1065.

Moreno-Navarrete, J. M., Moreno, M., Ortega, F., Xifra, G., Hong, S., Asara, J.
M., & Fernandez-Real, J. M. (2017). TSHB mRNA is linked to cholesterol
metabolism in adiposetissue. The FASEB Journal, 31(10), 4482.

Mugii, S., Hanada, H., Okubo, M., Masuda, D., Takeoka, K., Hidaka, Y., &
Yamashita, S. (2012). Thyroid function influences serum apolipoprotein B-48

85



References

levels in patients with thyroid disease. Journal of atherosclerosis and
thrombosis, 19(10), 890-896.

Mullur, R., Liu, Y. Y., & Brent, G. A. (2014). Thyroid Hormone Regulation of
Metabolism. Physiological Reviews, 94(2), 355-382.

Ogbonna, S. U., & Ezeani, I. U. (2019). Risk factors of thyroid dysfunction in
patients with type 2 diabetes mellitus. Frontiers in endocrinology, 10, 440

Pak, K., Suh, S., Kim, S. J., & Kim, I. J. (2015). Prognostic value of genetic
mutations in thyroid cancer: a meta-analysis. Thyroid, 25(1), 63-70

Palmer, J. D., Soule, B. P., Simone, B. A., Zaorsky, N. G., Jin, L., & Simone, N.
L. (2014). MicroRNA expression altered by diet: can food be medicinal?. Ageing
research reviews, 17, 16-24.

Pappan, N., Awosika, A. O., & Rehman, A. (2024). Dyslipidemia. In StatPearls
[Internet]. StatPearls Publishing.

Pearce, E. N. (2004). Hypothyroidism and dyslipidemia: modern concepts and
approaches. Current cardiology reports, 6, 451-456.

Pearce, E. N. (2012). Update in lipid alterations in subclinical
hypothyroidism. The Journal of Clinical Endocrinology & Metabolism, 97(2),
326-333.

Pereira, J. A. D. S., Silva, F. C. D., & de Moraes-Vieira, P. M. M. (2017). The
impact of ghrelin in metabolic diseases: an immune perspective. Journal of
diabetes research, 2017(1), 4527980.

Perez-Tilve, D., Heppner, K., Kirchner, H., Lockie, S. H., Woods, S. C., Smiley,
D. L., & Pfluger, P. (2011). Ghrelin-induced adiposity is independent of
orexigenic effects. The FASEB Journal, 25(8), 2814

86



References

Qureshi, A. S. (2020). Effect of Chronic/High lodine Intake on Thyroid Function
and Fertility. EC Veterinary Science, 5, 01-09

Richard, A. J., White, U., Elks, C. M., & Stephens, J. M. (2020). Adipose tissue:
physiology to metabolic dysfunction. Endotext [Internet]

Rindi, G., Necchi, V., Savio, A., Torsello, A., Zoli, M., Locatelli, V., & Solcia,
E. (2002). Characterisation of gastric ghrelin cells in man and other mammals:
studies in adult and fetal tissues. Histochemistry and cell biology, 117, 511-519.

Ruchala, M., Gurgul, E., Stangierski, A., Wrotkowska, E., & Moczko, J. (2014).
Individual plasma ghrelin changes in the same patients in hyperthyroid,
hypothyroid and euthyroid state. Peptides, 51, 31-
34

Sadegha, Afkhamizadeh M., and Ranjbar-Omrani G.,h. (2007). Serum Ghrelin
changes in thyroid dysfunction, Archives of Iranian Medicine. 10, no. 2,168-170,
2-52.0-34247596419

Salman, M. A. (2023). Prevalence of Thyroid Hormones Test Abnormality In
Females At Reproductive Age Attending Al-batool Maternity Teaching Hospital.

Santini, F., Galli, G., Maffei, M., Fierabracci, P., Pelosini, C., Marsili, A., &
Pinchera, A. (2010). Acute exogenous TSH administration stimulates leptin
secretion in vivo. European Journal of Endocrinology, 163(1), 63-67.

Santos-Zas, I., Gurriaran-Rodriguez, U., Cid-Diaz, T., Figueroa, G., Gonzalez-
Sénchez, J., Bouzo-Lorenzo, M. & Camifia, J. P. (2016). B-Arrestin scaffolds and
signaling elements essential for the obestatin/GPR39 system that determine the

myogenic program in human myoblast cells. Cellular and molecular life
sciences, 73,617-635

87



References

Sanyal, D., & Raychaudhuri, M. (2016). Hypothyroidism and obesity: An

intriguing link. Indian journal of endocrinology and metabolism, 20(4), 554-
557

Seo, M. H., Lee, W. Y., Kim, S. S., Kang, J. H.,, Kang, J. H., Kim, K. K., &
Committee of Clinical Practice Guidelines. (2019). 2018 Korean society for the
study of obesity guideline for the management of obesity in Korea. Journal of
obesity & metabolic syndrome, 28(1), 40

Shin, Y. W., Choi, Y. M., Kim, H. S., Kim, D. J., Jo, H. J., O'Donnell, B. F., &
Kim, W. B. (2016). Diminished quality of life and increased brain functional

connectivity in patients with hypothyroidism after total
thyroidectomy. Thyroid, 26(5), 641-649 .

Sigal, G. A., Medeiros-Neto, G., Vinagre, J. C., Diament, J., & Maranhao, R. C.
(2011). Lipid metabolism in subclinical hypothyroidism: plasma Kinetics of
triglyceride-rich lipoproteins and lipid transfers to high-density lipoprotein before
and after levothyroxine treatment. Thyroid, 21(4), 347-353.

Sinha, R. A., You, S. H., Zhou, J., Siddique, M. M., Bay, B. H., Zhu, X., & Yen,
P. M. (2012). Thyroid hormone stimulates hepatic lipid catabolism via activation

of autophagy. The Journal of clinical investigation, 122(7), 2428-2438.

Sivertsen, B., Holliday, N., Madsen, A. N., & Holst, B. (2013). Functionally
biased signalling properties of 7TM receptors—opportunities for drug

development for the ghrelin receptor. British journal of pharmacology, 170(7),
1349-1362

Skoczynska, A., Wojakowska, A., Turczyn, B., Zatonska, K., Wolyniec, M.,
Rogala, N& Bednarek-Tupikowska, G. (2016). Serum lipid transfer proteins in
hypothyreotic patients are inversely correlated with thyroid-stimulating hormone

88



References

(TSH) levels. Medical science monitor: international medical journal of
experimental and clinical research, 22, 4661

Sominsky, L., Goularte, J. F., Andrews, Z. B., & Spencer, S. J. (2019). Acylated
ghrelin  supports the ovarian transcriptome and follicles in the mouse:
implications for fertility. Frontiers in Endocrinology, 9, 815.

Song, Q., Chen, X., Su, Y., Xie, Z., Wang, S., & Cui, B. (2019). Age and gender
specific thyroid hormones and their relationships with body mass index in a large
Chinese  population. International  journal of endocrinology and
metabolism, 17(1).

Song, Y., Xu, C., Shao, S., Liu, J., Xing, W., Xu, J., & Zhao, J. (2015). Thyroid-
stimulating hormone regulates hepatic bile acid homeostasis via SREBP -2/HNF-
40/CYP7AL1 axis. Journal of hepatology, 62(5), 1171-
1179.

Song, Y., Zhao, M., Zhang, H., Zhang, X., Zhao, J., Xu, J., & Gao, L. (2016).
Thyroid-stimulating hormone levels are inversely associated with serum total bile
acid levels: a cross-sectional study. Endocrine Practice, 22(4), 420-426.

Soyka, L., Kovalchuk, O., & Upatova, I. (2024). Hormonal and other methods of
thyroid gland examination: A literature review. Bulletin of Medical and
Biological Research, 2(6), 85-92

Stengel, A., & Tache, Y. (2013). Obestatin. Current Opinion in Endocrinology,
Diabetes, and Obesity, 20(1), 19-24.

Su, X., Chen, X., Peng, H., Song, J., Wang, B., & Wu, X. (2022). Novel insights
into the pathological development of dyslipidemia in patients with
hypothyroidism. Bosnian journal of basic medical sciences, 22(3), 326

89



References

Sunil, S., & Leena, K. C. (2022). Contributing Factors of Hypothyroidism-A

Systematic Review. Journal of clinical and diagnostic research, 16(1), LEO1-
LEQS.

Taylor, P. N., Albrecht, D., Scholz, A., Gutierrez-Buey, G., Lazarus, J. H., Dayan,
C. M., & Okosieme, O. E. (2018). Global epidemiology of hyperthyroidism and
hypothyroidism. Nature Reviews Endocrinology, 14(5), 301-
316.

Tiller, D., Ittermann, T., Greiser, K. H., Meisinger, C., Agger, C., Hofman, A,
& Haerting, J. (2016). Association of serum thyrotropin with anthropometric
markers of obesity in the general population. Thyroid, 26(9), 1205-1214.

Tognini, S., Polini, A., Pasqualetti, G., Ursino, S., Caraccio, N., Ferdeghini, M.,
& Monzani, F. (2012). Age and gender substantially influence the relationship
between thyroid status and the lipoprotein profile: results from a large cross-
sectional study. Thyroid, 22(11), 1096-1103.

Triolo, M., Kwakernaak, A.J., Perton, F. G., de Vries, R., Dallinga-Thie, G. M.,
& Dullaart, R. P. (2013). Low normal thyroid function enhances plasma

cholesteryl ester transfer in Type 2 diabetes mellitus. Atherosclerosis, 228(2),
466-471.

Vaidya, B., Anthony, S., Bilous, M., Shields, B., Drury, J., Hutchison, S., &
Bilous, R. (2007). Detection of thyroid dysfunction in early pregnancy: universal
screening or targeted high-risk case finding?. The Journal of Clinical
Endocrinology & Metabolism, 92(1), 203-207.

van Tienhoven-Wind, L. J., Perton, F. G., & Dullaart, R. P. (2016). Pre-3-HDL
formation relates to high-normal free thyroxine in type 2 diabetes
mellitus. Clinical biochemistry, 49(1-2), 41-46

90



References

van der Boom, T.,Jia, C., Lefrandt, J. D., Connelly, M. A., Links, T. P., Tietge,
U. J., & Dullaart, R. P. (2020). HDL cholesterol efflux capacity is impaired in

severe short-term hypothyroidism despite increased HDL cholesterol. The
Journal of Clinical Endocrinology & Metabolism, 105(9), e3355-3362.

Vanderpump, M. P. (2011). The epidemiology of thyroid disease. British medical
bulletin, 99(1).

Venkova, K., & Greenwood-Van Meerveld, B. (2008). Application of ghrelin to
gastrointestinal diseases. Current opinion in investigational drugs (London,
England: 2000),9(10), 1103-1107.

Volante, M., Rosas, R., Ceppi, P., Rapa, I., Cassoni, P., Wiedenmann, B., &
Papotti, M. (2009). Obestatin in human neuroendocrine tissues and tumours:

expression and effect on tumour growth. The Journal of Pathology: A Journal of
the Pathological Society of Great Britain and Ireland, 218(4), 458-466.

Walsh, J. P. (2016). Managing thyroid disease in general practice. Medical
Journal of Australia, 205(4), 179-184.

Wang, H. (2021). MicroRNAs, Parkinson’s disease, and diabetes mellitus.
International Journal of Molecular Sciences, 22(6), 2953

Willard, D. L., Leung, A. M., & Pearce, E. N. (2014). Thyroid function testing
in  patients with newly diagnosed hyperlipidemia. JAMA internal
medicine, 174(2), 287-289.

Wiltshire, J. J., Drake, T. M., Uttley, L., & Balasubramanian, S. P. (2016).
Systematic review of trends in the incidence rates of thyroid
cancer. Thyroid, 26(11), 1541-1552.

Wu, W., Fan, X,, Yu, Y., Wang, Z, & Wang, Y. (2018). Alteration of
ghrelin/obestatin ~ ratio in  adolescence  with  polycystic  ovarian
syndrome. Gynecological Endocrinology, 34(1), 36-39.

91



References

Xiao, C., Dash, S., Morgantini, C., Hegele, R. A., & Lewis, G. F. (2016).
Pharmacological targeting of the atherogenic dyslipidemia complex: the next

frontier in CVD prevention beyond lowering LDL cholesterol. Diabetes, 65(7),
1767-1778.

Xu, C., Yang, X,, Liu, W., Yuan, H., Yu, C., Gao, L., & Zhao, J. (2012). Thyroid
stimulating hormone, independent of thyroid hormone, can elevate the serum
total cholesterol level in patients with coronary heart disease: a cross-sectional
design. Nutrition & metabolism, 9, 1-8

Xu, Y., et al. (2021). "miR-590-3p and TSH regulation: Insights into the

molecular mechanisms of thyroid function in hypothyroidism." Thyroid, 31(2),
183-194

Yang, N., Yao, Z., Miao, L., Liu, J., Gao, X., Xu, Y., & Wang, G. (2016).
Homocysteine diminishes apolipoprotein Al function and expression in patients

with hypothyroidism: a cross-sectional study. Lipidsin health and disease, 15, 1-
7.

Yang, J., Brown, M. S., Liang, G., Grishin, N. V., & Goldstein, J. L. (2008).
Identification of the acyltransferase that octanoylates ghrelin, an appetite-
stimulating peptide hormone. Cell, 132(3), 387-396

Yang, L., Li, C., Chen, Z., He, S., Wang, Z., & Liu, J. (2023). Diagnostic
efficiency among Eu-/C-/ACR-TIRADS and S-Detect for thyroid nodules: a

systematic review and network meta-analysis. Frontiers in Endocrinology, 14,
1227339

Yeza, E.N. G., Mir, C.N., Ares, R. M., Pedrozo, W.R., & Bonneau, G. A. (2021).
Prevalence of thyroid dysfunction and its relationship with the lipid profile in

patients at the Hospital of Encarnacion. The journal of Science and Technology
(RECyT),36(1),70-77

92



References

Yu, A. P.,Ugwu, F.N., Tam, B. T., Lee, P.H., Ma, V., Pang, S. & Siu, P. M.
(2020). Obestatin and growth hormone reveal the interaction of central obesity

and other cardiometabolic risk factors of metabolic syndrome. Scientific
reports, 10(1), 5495.

Zekri, Y., Flamant, F., & Gauthier, K. (2021). Central vs. peripheral action of
thyroid hormone in adaptive thermogenesis: a burning topic. Cells, 10(6), 1327

Zhang, C., Yao, J., Liu, C., Yang, K., Zhang, W., Sun, D., & Gu, W. (2024). The
Role of Thyroid Hormone Synthesis Gene-Related miRNAs Profiling in
Structural and Functional Changes of The Thyroid Gland Induced by Excess
lodine. Biological Trace Element Research, 202(2), 580-596.

Zhang, X., Song, Y., Feng, M., Zhou, X., Lu, Y., Gao, L & Zhao, J. (2015).
Thyroid-stimulating hormone decreases HMG-CoA reductase phosphorylation

via AMP-activated protein kinase in the liver. Journal of lipid research, 56(5),
963-971.

Zhao, J., Wang, H., Zhang, Z., Zhou, X., Yao, J., Zhang, R., & Dong, J. (2019).
Vitamin D deficiency as arisk factor for thyroid cancer: A meta-analysis of case-
control studies. Nutrition, 57, 5-11.

Zhang, J. V., Ren, P. G., Avsian-Kretchmer, O., Luo, C. W., Rauch, R., Klein,
C., & Hsueh, A. J. (2005). Obestatin, a peptide encoded by the ghrelin gene,
opposes ghrelin's effects on food intake. Science, 310(5750), 996-999.

Zhao, M., Liu, L., Wang, F., Yuan, Z., Zhang, X., Xu, C., & Zhao, J. (2016). A
worthy finding: decrease in total cholesterol and low-density lipoprotein
cholesterol in treated mild subclinical hypothyroidism. Thyroid, 26(8), 1019-
1029.

93



References

Zhou, L., Wu, K., Zhang, L., Gao, L., & Chen, S. (2018). Liver-specific
deletion of TSHR inhibits hepatic lipid accumulation in mice. Biochemical and
biophysical research communications, 497(1), 39-45.

Zou,Z. W., Liu, T.,Li, Y., Chen, P.,Peng, X., Ma, C., & Li, P. D. (2018).
Melatonin suppresses thyroid cancer growth and overcomes radioresistance via
inhibition of p65 phosphorylation and induction of ROS. Redox Biology, 16,
226-

236.

94



EN

DIX




Appendix

RESEARCHER TEEBA HAIDER
Thyroid Disorder Questionnaire

Patient information:

Name Age Weight High BMI Chronic Family history  Duration of
disease/Diabetes, of disease with disease
pressure,others. thyroid

Required tests:

Thyroid Hormones Lipid Profile
TSH TG
TC
T3
HDL
T4 LDL
VLDL

Biological treatment. Yes No
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