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A B S T R A C T

Background: Hypothyroidism is the insufficient production of thyroid hormone to satisfy the body’s
metabolic needs. Untreated hypothyroidism may lead to hypertension, lipid problems, infertility, cognitive
impairment, and neuromuscular dysfunction. Hypothyroidism may arise due to insufficient thyroid
stimulation from the hypothalamus or pituitary gland.
Materials and Methods: The research included obtaining(76) blood serum samples, consisting of (50)
samples from individuals with hypothyroidism and (26) samples from healthy individuals serving as
the control group. The samples were gathered from outpatient clinics in the city of Samarra between
September( 2023) and January (2024). The participants’ ages spanned from( 30 – 55) years in order to
assess the levels of tumor necrosis factor (TNF-a), hormones (T3), (T4), and (TSH), as well as measure
superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde (MDA). Additionally, the insulin
levels were measured in both the hypothyroid patient group and the control group.
Conclusion: The findings demonstrated a noteworthy elevation in the probability level (P ≤0.05) of TNF-
a, TSH, MDA, and Insulin, as well as a substantial reduction at the probability level (P ≤0.05) of T3, T4,
SOD, and GSH in the patient group as compared to the control group.
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1. Introduction

The thyroid gland is a crucial endocrine gland that has a
fundamental function in regulating the body’s metabolism,
growth, and development. It secretes two hormones, namely
thyroxine (T4) and triiodothyronine (T3).1

Thyroid hormones (THs) have a crucial function in
controlling energy metabolism. Additionally, it has a
role in other processes related to the central nervous
system (CNS), such as promoting survival, facilitating
neuronal development, and regulating energy consumption.
A correlation has been shown between thyroid function
and symptoms related to the central nervous system,
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including cognitive decline, depression, and dementia.
Literary evidence also demonstrates the impact of thyroid
hormones on people with central nervous system disorders,
including Alzheimer’s disease, epilepsy, depression, and
Parkinson’s disease.2

The activity of the thyroid gland plays a crucial
role in regulating both normal and abnormal biological
processes. Research conducted on animal models and
humans has shown that thyroid hormones regulate cellular
processes associated with aging and the majority of age-
related disorders. Multiple studies have shown that even
small decreases in thyroid hormone activity are linked
to remarkable longevity in both animals and people.
However, alterations in thyroid hormones are significant
medical disorders that are connected to unhealthy aging and
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early mortality. Moreover, there is a correlation between
hyperthyroidism and hypothyroidism and the occurrence
of certain forms of diabetes and malignancies, indicating
a substantial intricacy of molecular processes regulated by
thyroid hormones.3

1.1. Hypothyrodisim

Hypothyroidism is a condition resulting from the thyroid
gland’s insufficient production of the hormone thyroxine,
which is important for regulating biological processes in
the body. It is present in around 0.1-2% of individuals
and is consequently considered a secondary clinical
condition resulting from inadequate thyroid hormone levels,
generally caused by hypothyroidism. Hypothyroidism
seldom manifests with distinct or severe symptoms.
In exceptional instances, hormone synthesis may be
adequate, but its effects on the periphery are inadequate.
Hypothyroidism may arise either from birth (congenital) or
as a result of autoimmune disorders such as Hashimoto’s
thyroiditis. Hypothyroidism may develop at any age,
however it is most prevalent among older individuals. In
this scenario, he adopts a nuanced demeanor that might
make it difficult to recognize him. Hypothyroidism may be
classified into two types: primary, which is caused by an
illness affecting the thyroid gland, and secondary, which is
caused by a condition affecting the hypothalamus or the
pituitary gland. Common clinical manifestations include
tiredness, reduced tolerance to cold temperatures, and an
increase in body weight. The most serious symptoms are
mucous heart disease and myxedema coma, which may be
life-threatening if not treated.4

Hypothyroderma, often referred to as severe
hypothyroidism, is linked to metabolic abnormalities,
such as high levels of cholesterol and elevated levels of
low-density lipoprotein (LDL), which raise the risk of
developing diabetic mellitus (DM) and issues related to the
heart. Partial hypothyroidism is associated with significant
complications including neurological and mental health
issues, disrupted bone metabolism, an increased risk of
developing type 2 diabetes mellitus (T2DM), and various
heart-related problems. These heart-related issues include
elevated levels of LDL and VLDL, high triglyceride levels,
hypertension, atrial heart rhythm disorder, obesity, low
levels of HDL, and premature mortality.5

Primary hypothyroidism is characterized by an elevated
level of thyroid stimulating hormone (TSH) and a
concentration of free thyroxine (fT4) that falls below
the normal range. Subclinical hypothyroidism, often
indicative of early thyroid dysfunction, is being examined.
The most frequent kind of hypothyroidism is acquired
primary hypothyroidism, which may be caused by severe
iodine shortage, but more usually results in thyroiditis.
Levothyroxine (LT4) is the primary therapy and is among
the most often given drugs worldwide. Once the TSH and

fT4 concentrations have been normalized.6 it is important
to note that congenital hypothyroidism is a very avoidable
factor that may lead to intellectual impairment. Thyroid
hormone is crucial for the normal development of the
brain.7

Subclinical hypothyroidism (SCH) is linked to a higher
occurrence of atherosclerosis, a condition characterized
by the buildup of fat in the arteries. This condition
may be triggered or worsened by chronic inflammation,
which negatively affects the inner lining of blood vessels.
Consequently, it can contribute to endothelial dysfunction
and increase the risk of cardiovascular problems.8

2. Tumor Necrosis Factor Alpha (TNF-a)

TNF-alpha is a cytokine with several immunological and
representational functions. Studies have shown that TNF-
alpha receptors are present in thyroid follicular cells. TNF-
alpha and its receptors have been associated with cytotoxic
processes that contribute to the death of the thyroid in
autoimmune thyroid disorders. Patients with Graves’ illness
have revealed increased levels of TNF-alpha in their blood.
Research has shown that administering TNF-alpha to people
may cause hormonal alterations like those seen in NTDS.9

Multiple studies indicate that TNF-α has a considerable
impact on hypothyroidism.10

Recent research has shown that TNF-α is essential for
controlling transcription factors in the thyroid gland. TNF-
α is a versatile inflammatory cytokine that is primarily
generated and released by mononuclear cells, lymphocytes,
and several other cell types including thyroid epithelial
cells and intrathyroid fibroblasts.11 Several inflammatory
markers have been shown to elevate in subclinical
hypothyroidism (SCH) and may have a significant impact
on the development of insulin resistance condition.12

3. Oxidative Stress and Hypothyroidism

Thyroid illnesses, including malignancies, autoimmune
diseases, and thyroid disorders, have emerged as a
significant societal issue due to their increasing prevalence.
The latter are becoming more closely linked to oxidative
stress. Various methods may be used to detect indicators
of oxidative stress, enabling the evaluation of the oxidative
profile in individuals with thyroid illness in comparison to
those who are healthy. This presents new opportunities for
exploring the significance of heightened levels of oxidative
stress and damage in individuals with thyroid disorders.
The disparity between oxidants and antioxidants is seen
throughout many stages and forms of thyroid illness. The
gland, a component of the glandular system, utilizes free
radicals, namely reactive oxygen species (ROS), for the
synthesis of hormones. Thyroid cells secrete enzymes that
promote the generation of reactive oxygen species (ROS).
Consequently, the body’s internal defense system and non-
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enzymatic antioxidants are crucial in counteracting the
surplus ROS that are not utilized in the production of
thyroid hormones. They act as a buffer by reducing the
concentration of harmful free radicals and maintaining
the body’s internal equilibrium. Cellular structural damage
occurs as a result of an excessive presence of free radicals.13

Thyroid hormones have an impact on the functioning
of almost every organ in the body and may cause serious
metabolic diseases if there is any malfunction.14Therefore,
the crucial function of thyroid hormones in maintaining
metabolic balance is evident. Specifically, these hormones
accelerate the breakdown of fats (lipolysis), the breakdown
of glucose (glycolysis), and the production of glucose by
facilitating the use of carbohydrates by tissues outside of
the central nervous system. Furthermore, these hormones
enhance the production of calories by boosting the
cells’ oxygen consumption via their stimulating effects
on the growth and development of mitochondria.15 A
study conducted by researchers16 shown that even little
disruptions in the functioning of the thyroid gland might
have significant repercussions on the overall health of
the body. Thyroid hormone (T3) has been discovered to
have significant impacts on energy metabolism, specifically
targeting mitochondria to produce thermogenic effects.
Consequently, the disparity in hormone levels seen in
thyroid disorders, such as hypothyroidism, disrupts the
respiratory chain inside mitochondria. This disruption
causes an increased generation of free radicals, ultimately
resulting in oxidative stress.

4. Hypothyroidism and Insulin Resistance

Hypothyroidism is linked to significant peripheral effects on
insulin secretion and glucose metabolism. Hypothyroidism,
unlike hyperthyroidism, decreases the absorption of glucose
from the gastrointestinal tract.17 Furthermore, it is linked to
a near-total halt in the generation of glucose by the liver and
an elevation in insulin levels.18

Individuals with subclinical hypothyroidism had elevated
insulin resistance values for HOMA-IR in comparison to
those with hypothyroidism, indicating that reduced levels of
thyroid hormones contribute to the development of insulin
resistance. Moreover, there was a high correlation between
TSH and insulin as well as HOMA-IR readings. Similarly,
fT4 and fT3 were strongly connected with insulin and
HOMA-IR. Despite the challenge of reconciling the data
on the connections between hyperthyroidism and insulin
resistance, these relationships indicate that alterations in
cellular events related to thyroid hormone (TH) have the
ability to contribute to the development of insulin resistance
and the removal of glucose, Multiple more investigations
have shown a correlation between hypothyroidism and an
elevation in insulin resistance.19 Small elevations in TSH
levels are linked to subclinical hypothyroidism and are also
connected with insulin resistance and hyperlipidemia.20

5. Materials and Methods

5.1. Samples under study

A total of 76 blood samples were obtained from individuals
aged (30 – 55) years who have hypothyroidism. Among
them, 50 serum samples were taken from individuals with
hypothyroidism, while 26 samples were collected from
healthy individuals serving as the control group. These
samples were collected from outpatient clinics in the city
of Samarra between September 2023 and January 2024. The
samples were obtained by extracting venous blood, followed
by the separation of the blood serum and subsequent
performance of the required assays.

The research focused on quantifying the concentration
of tumor necrosis factor (TNF-a) using an examination
kit developed by the Chinese business Sunlong, which
utilizes the enzyme-linked immunosorbent assay (ELISA)
technique. The levels of T3, T4, and TSH were
determined using an immunosorbent test kit provided by the
American business (Monobind), using the enzyme-linked
immunosorbent assay (ELISA) method.

Additionally, the levels of superoxide dismutase (SOD),
glutathione (GSH), and malondialdehyde (MDA) may be
estimated using an enzyme-linked immunosorbent assay
(ELISA) test kit provided by the Chinese business BT Lab.

The concentration of insulin in the bloodstream is
determined using an ELISA test kit provided by the Chinese
business Sunlong.

5.2. Statistical analysis

The data from the samples used in the research were
gathered and statistically analyzed using the SPSS 27
system, extracting the arithmetic mean and standard
deviation. The t-Test was used to examine the disparities
between the primary and secondary groups. The groups
were chosen based on significant differences, with a
probability threshold of (P < 0.05).

6. Results and Discussion

displays the( mean ± standard deviations) for tumor necrosis
factor (TNF-a), T3, T4, TSH, superoxide dismutase
(SOD), Glutathione (GSH), and malone dialdehyde (MDA).
Additionally, the table includes measurements for insulin
levels and P-values for comparing the control group with
the patients.

displaysthe( mean ± standard deviation )for the amount
of ( TNF-a) in the blood serums of individuals with
hypothyroidism, which was measured at (10.37 ± 3.15)
pg/ml. In comparison, the level of (TNF-a) in the blood
serums of healthy individuals in the control group was found
to be( 4.286 ± 1.915)

pg/ml. The findings indicate a significant increase in the
level of ( TNF-α) with a probability threshold of( P < 0.05)
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Table 1: Shows the level of (TNF-a), (T3), (T4 ), ( TSH), (SOD), (GSH), (MDA) and insulin for patients with hypothyroidism compared
to the control group

Groups Parameters Mean ± SD p-valueControl (n = 26) Patients (n = 50)
TNF-a(pg\ml) 4.286± 1.915 10.37 ±3.15 <0.0001*
T3(ng\ml) 1.0146 ±0.1946 0.833±0.224 <0.0001*
T4(mg\ml) 3.0813± 0.3698 2.7962 ±0.3653 <0.0001*
TSH(µUI\ml) 1.624± 0.302 2.214± 0.3116 <0.0001*
SOD(U/ L) 99.896±19.190 76.729±9.534 <0.0001*
GSH(ng / ml) 6.017±0.796 4.472±0.652 <0.0001*
MDA(nmol/mL) 12.437±3.202 24.170±3.766 <0.0001*
Insulin (µU\L) 1.300 ± 0.476 4.393 ±1.921 <0.0001*

in infected individuals compared to the control group, as
shown in Figure 1,.

Figure 1: The average level of (TNF-a) in the blood serums of the
samples under study

The findings of our study align with the research
conducted by( Díez) et al.9 and (Mahaseth) et al,21 which
both reported elevated levels of TNF-a in individuals with
hypothyroidism.

Tumor necrosis factor (TNF-a), first reported by
Carswell et al. in 1975, is a significant cytokine involved
in inflammatory and immunological responses.

It is a very potent medium for triggering inflammatory
and immunological responses. It has the ability to function
autonomously or in conjunction with a diverse range of
other cytokines, exerting an influence on the majority of
the body’s cells. Tumor necrosis factor (TNF) enhances
the cytotoxicity and macrophage properties of immune
system cells, influences the growth and specialization of B
lymphocytes, T lymphocytes, and NK cells, and promotes
the production of cytokines. Furthermore, it enhances the
production of sticky particles and chemokines that are
essential for the gathering of immune cells at the site of
inflammation.22

(TNF-a) has a role in the development of thyroid
dysfunction, such as autoimmune thyroid disease
(AITD). According to many publications, individuals
with autoimmune thyroid diseases (AITD) and other
thyroid disorders had significantly greater levels of TNF-a
concentration and TNF-mRNA in their thyroid gland

compared to those without these illnesses.23 Thyroid cells
possess a receptor for TNF on their surface, and it is
hypothesized that TNF plays a crucial role in the cytotoxic
processes that result in the degradation of thyroid tissue in
AITD.9

Furthermore, TNF suppresses the synthesis of
thyroglobulin,24 diminishes the uptake of iodine by
thyroid cells induced by TSH,25 decreases the function of
type 2 deiodinase, leading to a decline in the peripheral
production of triiodothyroxine-nine by the thyroid gland,
and also decreases the production of TSH-endocrine
alone.26 TNF also impacts the functionality of the
hypothalamus-pituitary-thyroid axis. Tumor necrosis factor
(TNF) hinders thyrotropin-releasing hormone (TRH),
resulting in a decrease in thyroid-stimulating hormone
(TSH) release.27

displaysthe( mean ± standard deviation )for the amount
of(T3) in the level of (T3) in the blood serums of individuals
with hypothyroidism was( 0.833 ± 0.224) ng/ml, while
the level in the blood serums of healthy individuals was
(1.0146 ± 0.1946 )ng/ml. The foregoing findings indicate
a significant drop in the level of (T3) with a probability
(P ≤0.05) in infected individuals compared to the control
group, as shown in Figure 2,

Figure 2: The average level of T3 in the blood serums of the
samples under study
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The results of our investigation align with the discoveries
of (Mansoor) et al.28 and (Khamael) et al.29 who
demonstrated a reduced amount of T3 in individuals
suffering from hypothyroidism.

T3 is the primary active form of the thyroid hormone that
is responsible for carrying out biological functions. It has a
binding affinity to thyroid hormone receptors that is about
10 times greater than that of T4. Approximately 80% of the
T3 present in the bloodstream of people originates from T4.
T3 has a lower half-life compared to T4.30

Euthyronine deiodination enzymes are specific proteins
called selenoproteins that control the metabolism of
thyroid hormones. Type II deiodination enzyme is the
primary regulator of the intracellular concentration of
triiodothyronine in both the hypothalamus and the pituitary
gland. Consequently, it is also the principal regulator
of thyroxine production. A deficiency in the enzymatic
activity responsible for iodine elimination in euthyroid
individuals may lead to decreased sensitivity to the effects
of thyroid hormones. Recent scientific literature discusses
these deficiencies in conditions known as ’thyroid hormone
hypersensitivity syndromes’.31

T3 and T4 have biological effects, however T3 is the
active thyroid hormone that attaches to thyroid receptors,
whereas T4 is a hormone that has to be transformed to T3 in
order to have biological activity.

The thyroid gland synthesizes about 20% of the
biologically active hormone T3, with the remaining 80%
of circulating T3 levels in healthy individuals being derived
from the enzymatic action of iodothyronine diodinase.32

Type 2 iodothyronine deiodinase (D2) is responsible for
the conversion of T4 to intracellular T3 in several human
organs, such as the hypothalamus and pituitary gland.
The crucial component in regulating TSH release is the
intracellular concentration of T3, which is present in both
the hypothalamus and pituitary gland. Hence, D2 activity is
essential for controlling the hypothalamus-pituitary-thyroid
(HPT) axis, both in normal and abnormal circumstances.33

In Table 1, we see that the (mean± standard deviation) for
the concentration of( T4) in the blood serums of individuals
with hypothyroidism was( 2.7962 ± 0.3653) mg/ml, while
in the control group of healthy individuals, it was (3.0813
± 0.3698) mg/ml. The findings indicate a significant drop
in the level of (T4) with a probability (P ≤0.05)in infected
individuals compared to the control group, as shown in
Figure 3.

The findings of our study align with those of (Berglund
J) et al.34 and (Muñoz-Ortiz) et al.35, which demonstrated
that hypothyroidism is associated with a reduction in T4
levels. T4, also known as thyroxine, is the primary thyroid
hormone synthesized by the thyroid gland. However, its
activity is limited,30 making it a precursor or prohormone.
T4 is converted to T3 in peripheral organs, such as the
liver, by removing iodine from T4.36 An elevation in the

Figure 3: The average level of T4 in the blood serums of the
samples under study

level of T4 in the bloodstream is anticipated to raise the
concentration of T3 and reduce the expression of the TSH
gene. Conversely, a decrease in the level of T4 in the
blood can have negative consequences, as alterations in
T4 concentration specifically impact the Hypothalamus-
pituitary-thyroid (HPT) axis solely due to the actions of D2
(iodothyronine deiodinase).37 The prevailing view suggests
that the process of converting T4 to T3 outside of the
thyroid gland reduces during periods of severe sickness.
This is believed to occur because the activity of the D1
enzyme in the liver and kidneys, as well as the D2 enzyme
in skeletal muscle, lowers.38 In Table 1, the( mean ±
standard deviation) of ( TSH) levels in the blood serums
of individuals with hypothyroidism was( 2.214 ± 0.3116)
µUI/ml, whereas in the blood serums of healthy individuals
(control group), it was( 1.624 ± 0.302) µUI/ml. The findings
indicate that the level of TSH has significantly increased
with a probability level of (P≤0.05) in infected individuals
compared to the control group, as shown in Figure 4.

Figure 4: The average level of TSH in the blood serums of the
samples under study

This is supported by( Biondi and Coper),39 and (Muñoz-
Ortiz),35 who have all highlighted that hypothyroidism is
associated with an increase in the concentration of thyroid-
stimulating hormone (TSH).
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that TSH directly stimulates the synthesis of thyroid
hormones. TSH is manufactured and secreted in the anterior
pituitary gland, under the influence of thyroxine secretion
hormone produced in the brain. The negative feedback
regulatory mechanism regulates thyroid metabolism in
people with an intact hypothyroid-pituitary-thyroid axis.
The pituitary gland functions as a biosensor for thyroid
hormone levels and adjusts TSH levels based on input from
FT4 and FT3 levels. Inhibiting the synthesis of thyroid
hormones results in elevated release of TSH.

The TSH test is primarily used to diagnose thyroid
disorders, particularly hypothyroidism, due to various
factors. TSH and FT4 concentrations have an inverse
association. Furthermore, TSH immunoassays have a
sensitivity and specificity above 99%.40

7. Antioxidants and Their Markers

7.1. SOD

displays the(mean ± standard deviation) for the amount
of (SOD) in the blood serums of individuals with
hypothyroidism was measured to be (76.729 ± 9.534) U/L.
In comparison, the SOD level in the blood serums of healthy
individuals, serving as the control group, was found to be(
99.896 ± 19.190) U/L. The findings indicate a significant
drop in the amount of (SOD) with a probability level (P
≤0.05), in infected individuals compared to the control
group, as shown in Figure 5.

7.2. GSH

displaysthe( mean ± standard deviation) for the amount
of (GSH) in the blood serums of individuals with
hypothyroidism, which was (4.472±0.652 )ng/ml. In
comparison, the level of GSH in the blood serums of
healthy individuals in the control group was( 6.017±0.796)
ng/ml. The findings indicate that the amount of GSH has
significantly reduced with a probability level (P ≤0.05)
in infected individuals compared to the control group, as
shown in Figure 6.

7.3. MDA

showes (mean ± standard deviation) for the level of (MDA)
was( 24.170 ± 3.766 ) nmol /ml in the blood serums
of individuals with hypothyroidism, In comparison, the
level of (MDA) in the blood serums of healthy individuals
in the control group was (12.437 ±3.202) nmol/ml. The
findings indicate a significant increase in the level of MDA
in infected individuals compared to the control group, as
shown in Figure 7. This increase is statistically significant
with a probability level of (P≤0.05).

This research showed that hypothyroid individuals had
higher levels of MDA and lower levels of GSH and sod
compared to the control group, indicating the presence of

Figure 5: Average level of SOD in blood serums

Figure 6: Average level of GSH in blood serums samples under
study

oxidative stress. Hypothyroidism results in the generation of
elevated levels of free radicals via various methods, thereby
causing an escalation in oxidative harm and a compromised
state of antioxidant defense systems. The results align
with the research conducted by( Baskol) et al41 and
(Sankha) et al.42 which demonstrated that hypothyroidism
is associated with elevated levels of malondialdehyde
(MDA) and reduced levels of glutathione (GSH) and
superoxide dismutase (SOD).

Oxidative stress arises from a compromised antioxidant
defense system.43 It has a significant impact on thyroid
issues. Hypothyroidism is the most prevalent condition.44

An insufficiency of thyroid hormones enhances the
abundance of free radicals, thus altering their production
and leading to oxidative stress.45
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Thyroid hormones control the function of
antioxidants.46Glutathione (GSH) has a crucial function
in eliminating harmful free radicals and reducing the
concentration of lipid peroxide. Glutathione peroxidase
(GPx) detoxifies hydrogen peroxide (H2O2).47 Superoxide
radicals undergo decomposition via the action of superoxide
dismutase (SOD), resulting in the formation of hydrogen
peroxide (H2O2) and oxygen.48

Elevated levels of thyroid-stimulating hormone (TSH)
are significant hormonal alterations seen in hypothyroidism,
which are linked to heightened production of free radicals.
Thyroid hormones have been shown to possess natural
antioxidant properties, functioning as antioxidants inside
cell membranes.49 In addition, thyroid hormones enhance
the rate of mitochondrial biosynthesis, promoting the
substitution of older reactive oxygen species (ROS)
with freshly produced mitochondria that have a reduced
propensity to generate free radicals.50 Furthermore, there
is compelling data indicating that thyroid hormones
have a significant impact on oxygen consumption inside
mitochondria and the metabolism of ATP. Hypothyroidism
leads to a decrease in thyroid hormones, which in turn
decreases the amount of oxygen consumed.51 produce
a substantial amount of reactive oxygen species (ROS),
including superoxide and hydrogen peroxide.52

Thyroid-stimulating hormone receptors are present
in various cell types, including adipocytes,53

myocardial cells,54 lymphocytes,55 erythrocytes,56

aortic endothelium,57 and bone marrow cells.58 In these
cells, thyroid-stimulating hormone can directly cause
inflammation, resulting in elevated oxidative stress. TSH
directly activates the production of sulfur oxides, which
are known to cause inflammation, and also increases
the levels of lipid peroxides.59 Thus, in the condition of
hypothyroidism, the reduction of thyroid hormone and the
surplus of thyroid-stimulating hormone might result in
oxidative stress.

displaysthe( mean ± standard deviation) of the
insulin level in the blood serums of individuals with
hypothyroidism, which was measured at (4.393 ± 1.921) µ
U /L. In comparison, the insulin level in the blood serums
of healthy individuals in the control group was measured
at( 1.300 ± 0.476) µ U /L. The foregoing findings indicate
that the level of insulin has significantly increased in
infected individuals compared to the control group, with a
probability level of (P≤0.05), as shown in Figure 7.

The results align with the research conducted by
(Mahajan) et al.60 and (Yang W )et al.61 since they
demonstrated that hypothyroidism leads to an elevation
in insulin levels. Hypothyroidism is linked to significant
peripheral effects on insulin secretion and glucose
metabolism. Hypothyroidism, unlike hyperthyroidism,
decreases the absorption of glucose from the gastrointestinal
tract.17 Additionally, it is linked to a near-total halt in the

Figure 7: Theaverage level of insulin in the blood serums of the
samples under study

synthesis of glucose in the liver and elevated levels of
insulin.18

Food restriction triggers an endocrine response that
leads to the development of insulin resistance. This
insulin resistance allows glucose to be supplied to
glucose-dependent tissues, including the central nervous
system.62 Human fasting is linked to reduced levels of
plasma glucose.63 Notably, disruptions in the levels of
thyroid hormone in the circulatory system are linked
to insulin resistance. Research has shown that thyroid
hormone-related diseases play a significant role in the
development of insulin resistance. Specifically, studies
have shown that undergoing lateral thyroidectomy may
lead to improvements in insulin resistance and the
restoration of glucose tolerance in diabetic patients with
hyperthyroidism.64 It is not surprising that thyroid disease
and diabetes are the two most prevalent endocrine-related
disorders treated concurrently in medical practice today.65

Consequently, it has become evident that there is a
connection between TH (thyroid hormone) and insulin
signaling, as an imbalance in one can disrupt the regulation
of the other.66 In addition, the role of the thyroid hormone in
insulin signaling and glucose metabolism is apparent even in
obese individuals. Low levels of T4 within the normal range
are linked to a higher incidence of insulin resistance in these
individuals.67

There is a strong correlation between the disruption
of glucose metabolism and thyroid dysfunctions. research
have shown a clear relationship between the severity of
the metabolic problem and thyroid dysfunction, with the
two being directly proportional. Additionally, other research
have indicated that the impact of T3 on glucose metabolism
is comparable to that of insulin.68 Thyroid hormone has
the ability to modulate insulin secretion both directly and
indirectly. It can do this by decreasing the secretion of
insulin that is triggered by glucose, or by diminishing the
response of β-cells to increases in cell mass in cases of
hypothyroidism and hyperthyroidism, respectively.69



Jassim and Abd / International Journal of Clinical Biochemistry and Research 2024;11(3):178–186 185

8. Conclusions

The results of our study show that patients with
Hypothyroidism have significantly higher levels of tumor
necrosis factor (TNF-a), thyroid-stimulating hormone
(TSH), malondialdehyde (MDA), and insulin compared to
the control group. On the other hand, there is a noticeable
decrease in the levels of triiodothyronine (T), thyroxine (T),
superoxide dismutase (SOD), and glutathione (GSH) in the
Hypothyroidism group. These findings indicate a clear state
of oxidative stress, as evidenced by the decrease in SOD and
GSH levels and the increase in MDA level.

9. Source of Funding

None.

10. Conflict of Interest

None.

References
1. Hollowell JG, Staehling NW, Flanders WD. Serum TSH, T(4), and

thyroid antibodies in the United States population (1988 to 1994):
National Health and Nutrition Examination Survey (NHANES III). J
Clin Endocrinol Metab. 2002;87(2):489–99.

2. Gutaj S, Zawalna N, Gut P. Relationship between thyroid
hormones and central nervous system metabolism in physiological and
pathological conditions. Pharmacol Rep. 2022;74(5):847–58.

3. Gauthier BR, García AS, Cáliz-Molina M, Lorenzo PI, Vuilleumier
NC, Capilla-González V, et al. Thyroid hormones in diabetes, cancer,
and aging. Aging Cell. 2020;19(11):e13260.

4. Barbosa SLS, Rodien P, Illouz F, Rohmer V. Hypothyroïdie acquisede
l’adulte. Endo Nutr. 2009;10(5):1–8.

5. Cappola AR, Ladenson PW. Hypothyroidism and atherosclerosis. J
Clin Endocrinol Metab. 2003;88:2438–44.

6. Chaker L, Razvi S, Bensenor IM. Hypothyroidism. Nat Rev Dis
Primers. 2022;8(1):30.

7. Weiner A, Oberfield S, Vuguin P. The Laboratory Features of
Congenital Hypothyroidism and Approach to Therapy. Neoreviews.
2020;21(1):37–44.

8. Gupta G, Sharma P, Kumar P, Itagappa M. Study on Subclinical
Hypothyroidism and its Association with Various Inflammatory
Markers. J Clin Diagn Res. 2015;9(11):4–6.

9. Díez JJ, Hernanz A, Medina S, Bayón C, Iglesias P. Serum
concentrations of tumour necrosis factor-alpha (TNF-α) and
soluble TNF-α receptor p55 in patients with hypothyroidism and
hyperthyroidism before and after normalization of thyroid function.
Clin Endocrinol. 2002;57(4):515–21.

10. Kaur J, Mittal M. Inflammatory Indicators Associated with
Hypothyroidism. vol. 6. and others, editor; 1996. p. 146–53.

11. Ajjan RA, Watson P, Weetman A, et al. Cytokines and thyroid
function. Endocr Res. 2013;38(3):359–86.

12. Guzel S, Seven A, Guzel EC, Buyuk B, Celebi A, Aydemir B.
Visfatin, Leptin, and TNF-α: Interrelated Adipokines in Insulin-
Resistant Clinical and Subclinical Hypothyroidism. Endocrine Res.
2021;38(3):184–94.

13. Kochman J, Jakubczyk K, Bargiel P, Janda-Milczarek K. The
Influence of Oxidative Stress on Thyroid Diseases. Antioxidants
(Basel). 2009;10(9):1442.

14. Liakopoulos V, Dovas S, Simopoulou T, Zarogiannis S, Giannopoulou
M, Kourti P. Acute renal failure: a rare presentation of hypothyroidism.
. Renal Fail. 2009;31:323326.

15. Piketty ML. Physiologie de la thyroïde. Biochimie Structurale
Métabolique Et Clinique. 2001;p. 569–585.

16. Nohr SB, Jorgensen A, Pedersen KM, Laurberg P. Postpartum thyroid
dysfunction in pregnant thyroid peroxidase antibody-positive women
living in an area with mild to moderate iodine deficiency: is iodine
supplementation safe? J Clin Endocrinol Metab. 2000;85:3191–8.

17. Daher R, Yazbeck T, Jaoude JB, Abboud B. Consequences
of dysthyroidism on the digestive tract and viscera. World J
Gastroenterol. 2009;15(23):2834–8.

18. Althausen TL, Stockholm M. The influence of the thyroid gland on
absorption in the digestive tract. Am J Physiol. 1938;123(2):577–88.

19. Vyakaranam S, Vanaparthy S, Nori S, Palarapu S, Bhongir AV. Study
of insulin resistance in subclinical hypothyroidism. Intl J Hlth Sci Res.
2014;4(9):147–53.

20. Bilgin H, Pirgon Ö. Thyroid function in obese children with
non-alcoholic fatty liver disease. J Clin Res Pediatr Endocrinol.
2014;6(1):152–7.

21. Mahaseth B. A study of biochemical inflammatory marker of TNF-
alpha in hypothyroidism patients. Nat J Physiol Pharm Pharm.
2022;12(9):1445–7.

22. Lubecka-Macura A, Kohut M. TNF superfamily - mechanisms of
action, biologic functions and therapeutic possibilities. Gastroenterol
Rev. 2010;5(6):303–9.

23. Zheng RQ, Abney ER, Chu CQ. Detection of in vivo production
of tumour necrosis factor-alpha by human thyroid epithelial cells.
Immunology. 1992;75(3):456–62.

24. Rasmussen AK, Kayser L, Rasmussen F. Influenceof tumour necrosis
factor-alpha, tumour necrosis factor-beta and interferon-gamma,
separately and added together with interleukin-1beta, on the function
of cultured human thyroid cells. J Endocrinol. 1994;143(2):359–65.

25. Sato K, Satoh T, Shizume K. Inhibition of 125I organification and
thyroid hormone release by interleukin-1, tumor necrosis factor-alpha,
and interferon-gamma in human thyrocytes in suspension culture. J
Clin Endocrinol Metab. 1990;70(6):1735–43.

26. Ogiwara T, Araki O, Morimura T. A novel mechanism for the
inhibition of type 2 iodothyronine deiodinase by tumor necrosis
factor-α: involvement of proteasomal degradation. Endocr J.
2013;60(9):1035–45.

27. Hershman JM, Pang XP. Action of tumor necrosis factor-alpha on
thyroid cells. Trans Am Clin Climatol Assoc. 1994;105(2):131–44.

28. Mansoor R, Shakeel S, Kausar W. Faiza Aslam and Sibga Tul Huda.
“Comparison of TSH , T 4 and T 3 Levels in Primary Hypothyroidism
in relation to Gender and age in a Tertiary Care Hospital. Ann Pak Inst
Med Sci. 2011;7(4):186–90.

29. Obaid KH, Majeed MJ. Exploring the Impact of the Ketogenic Diet
on Thyroid Function. Modern Sport . 2024;23(2):57–63.

30. Bianco AC, Conceicao RR. The Deiodinase Trio and Thyroid
Hormone Signaling Methods Mol Biol. Methods Mol Biol.
2018;1801:67–83.

31. Paragliola RM, Corsello A, Concolino P, Ianni F, Papi G, Pontecorvi
A, et al. Iodothyronine deiodinases and reduced sensitivity to thyroid
hormones. Front Biosci (Landmark Ed). 2020;25(2):201–28.

32. Jonklaas J, Davidson B, Bhagat S, Soldin SJ. Triiodothyronine
levels in athyreotic individuals during levothyroxine therapy . JAMA.
2008;299(7):769–77.

33. Rosene ML, Wittmann G, Drigo R, Arrojo PS, Lechan RM, Bianco
AC. Inhibition of the type 2 iodothyronine deiodinase underlies
the elevated plasma TSH associated with amiodarone treatment
Endocrinology. Endocrinology. 2010;151(12):5961–70.

34. Berglund J, Christensen SB, Hallengren B. Total and age-specific
incidence of Graves’ thyrotoxicosis, toxic nodular giotre and solitary
toxic adenoma in Malmo 1970-74. J Intern Med. 1990;227(2):137–41.

35. Muñoz-Ortiz J, Sierra-Cote MC, Zapata-Bravo E. A. Prevalence of
Hyperthyroidism, Hypothyroidism, and Euthyroidism in Thyroid Eye
Disease: A Systematic Review of the Literature. Syst Rev. 2020;9:201.

36. U.S. EPA. 1998. Assessment of thyroid follicular cell tumors.
Washington, DC: EPA Document No. DC EPA/630/R-97/002.

37. Crantz FR, Larsen PR. Rapid thyroxine to 3,5,3’-triiodothyronine
conversion and nuclear 3,5,3’-triiodothyronine binding in rat cerebral
cortex and cerebellum. J Clin Invest. 1980;65(4):935–8.



186 Jassim and Abd / International Journal of Clinical Biochemistry and Research 2024;11(3):178–186

38. Warner MH, Beckett GJ. Mechanisms behind the non-thyroidal illness
syndrome: an update. J Endocrinol. 2010;205(1):1–13.

39. Biondi B, Cooper DS. The clinical significance of subclinical thyroid
dysfunction. Endocrine Rev. 2008;29(1):76–131.

40. Ladenson PW, Singer PA, Ain KB, Bagchi N. American Thyroid
Association guidelines for detection of thyroid dysfunction. Arch
Intern Med. 2000;160(11):1573–5.

41. Baskol G, Atmaca H, Tanriverdi F, Baskol M, Kocer D, Bayram F,
et al. Oxidative stress and enzymatic antioxidant status in patients
with hypothyroidism before and after treatment. Exp Clin End Diab.
2007;115(8):17853336.

42. Sankha, Kumar S, Yadav M. Antioxidant Status and Oxidative Stress
in Hypothyroidism. J Datta Meghe Ins Med Sci Univ. 2021;16(3):508–
14.

43. Duntas LH. Oxidants, antioxidants in physical exercise and relation to
thyroid function. Horm Metab Res. 2005;37(9):572–8.

44. Sundaram V, Hanna AN, Koneru L, Newman HA, Falko JM. Both
hypothyroidism and hyperthyroidism enhance low density lipoprotein
oxidation. J Clin Endocrinol Metab. 1997;82(1):3421–5.

45. Bianchi G, Solaroli E, Zaccheroni V, Grossi G, Bargossi AM,
Melchionda N, et al. Oxidative stress and anti-oxidant metabolites
in patients with hyperthyroidism: Effect of treatment. Horm Metab
Res. 1999;31(11):620–4.

46. Pereira B, Rosa LF, Safi DA, Bechara EJ, Curi R. Control of
superoxide dismutase, catalase and glutathione peroxidase activities
in rat lymphoid organs by thyroid hormones. J Endocrinol.
1994;140(1):73–7.

47. Owen JB, Butterfield DA. Measurement of oxidized/reduced
glutathione ratio. Methods Mol Biol. 2010;648:269–77.

48. Matés JM, Gómez CP, De Castro N. Antioxidant enzymes and human
diseases. Clin Biochem. 1999;32(8):595–603.

49. Oziol L, Faure P, Bertrand N, Chomard P. Inhibition of in vitro
macrophage-induced low density lipoprotein oxidation by thyroid
compounds. J Endocrinol. 2003;177(1):137–83.

50. Venditti P, Meo D. Thyroid hormone-induced oxidative stress. Cell
Mol Life Sci. 2006;63(4):414–48.

51. Kvetny J, Wilms L, Pedersen PL, Larsen J. Subclinical
hypothyroidism affects mitochondrial function. Horm Metab Res.
2010;42(5):324–7.

52. Sorg O. Oxidative stress: A theoretical model or a biological reality?
C R Biol. 2004;327(7):649–62.

53. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin
Endocrinol Metab. 2004;89(2):2548–56.

54. Drvota V, Janson A, Norman C, Sylvén C, Häggblad J, Brönnegård M.
Evidence for the presence of functional thyrotropin receptor in cardiac
muscle. Biochem Biophys Res Commun. 1995;211(2):426–57.

55. Coutelier JP, Kehrl JH, Bellur SS, Kohn LD, Notkins AL, Prabhakar
BS, et al. Binding and functional effects of thyroid stimulating
hormone on human immune cells. J Clin Immunol. 1990;10(4):204–
14.

56. Balzan S, Carratore D, Nicolini R, Forini G, Lubrano F, Simili V, et al.
TSH induces co-localization of TSH receptor and Na/K-ATPase in
human erythrocytes. Cell Biochem Funct. 2009;27(5):259–63.

57. Donnini D, Ambesi-Impiombato FS, Curcio F. Thyrotropin stimulates
production of procoagulant and vasodilative factors in human aortic
endothelial cells. Thyroid. 2003;13(6):517–38.

58. Wang H, Dragoo J, Zhou Q, Klein J. An intrinsic thyrotropin-mediated
pathway of TNF-alpha production by bone marrow cells. Blood.

2003;101:119–23.
59. Dardano A, Ghiadoni L, Plantinga Y, Caraccio N, Bemi A,

Duranti E. Recombinant human thyrotropin reduces endothelium-
dependent vasodilation in patients monitored for differentiated thyroid
carcinoma. J Clin Endocrinol Metab. 2006;91(10):4175–83.

60. Mahajan B. Association Between Insulin Resistance and
Hypothyroidism in Females Attending a Tertiary Care Hospital.
Indian J Clin Biochem. 2010;11:21738.

61. Yang W, Jin C, Wang H. Subclinical hypothyroidism increases
insulin resistance in normoglycemic people. Front. Endocrinol.
2023;14:1106968.

62. Viscarra JA, Rodriguez R, Vazquez-Medina JP, Lee A, Tift MS,
Tavoni SK. Insulin and GLP-1 infusions demonstrate the onset of
adipose-specific insulin resistance in alarge fasting mammal: potential
glucogenic role for GLP-1. Physiol Rep. 2013;1(2):23.

63. Carlson MG, Snead WL, Campbell PJ. Fuel and energy metabolism
in fasting humans. Am J Clin Nutr. 1994;60(1):29–36.

64. Krysiak R, Gilowska M, Szkróbka W, Okopien´B. The effect of
metformin on the hypothalamicpituitary-thyroid axis in patients with
type 2 diabetes and amiodarone-induced hypothyroidism. Pharmacol
Rep. 2016;68(2):490–4.

65. Waring AC, Rodondi N, Harrison S, Kanaya AM, Simonsick EM,
Miljkovic I, et al. The Health, Aging, And Body Composition Study.
Thyroid function and prevalent and incident metabolic syndrome in
older adults: The Health, Aging, And Body Composition Study. Clin
Endocrinol. 2012;76(6):911–8.

66. Fernández-Real JM, Bermejo AL, Castro A, Casamitjana R, Ricart
W. Thyroid function is intrinsically linked to insulin sensitivity and
endothelium-dependent vasodilation in healthy euthyroid subjects. J
Clin Endocrinol Metab. 2006;91(9):3337–43.

67. Kouidhi S, Berhouma R, Ammar M, Rouissi K, Jarboui S, Clerget-
Froidevaux MS, et al. Relationship of thyroid function with nobesity
and Type 2 diabetes in euthyroid Tunisian subjects. Endocr Res.
2013;38(1):15–23.

68. Martinez B, Sonanez-Organis JG, Viscarra JA, Jaques JT, Mackenzie
DS, Crocker DE, et al. Glucose delays the insulin-induced increase
in thyroid hormone-mediated signaling in adiposeof prolong-fasted
elephant seal pups. Am J Physiol Regul Integr Comp Physiol.
2016;310(6):502–12.

69. Mitrou P, Raptis SA, Dimitriadis G. Insulin action in hyperthyroidism:
a focus on muscle and adipose tissue. Endocr Rev. 2010;31(5):663–
79.

Author biography

Adwa Fezaa Jassim, Teacher
 

 

https://orcid.org/0009-0001-5450-3039

Qaisar Mashan Abd, Teacher

Cite this article: Jassim AF, Abd QM. Study of the level of (TNF-a),
oxidative stress and some biochemical parameters in patients with
hypothyroidism in the city of samarra. Int J Clin Biochem Res
2024;11(3):178-186.

https://orcid.org/0009-0001-5450-3039
https://orcid.org/0009-0001-5450-3039

	Introduction
	Hypothyrodisim

	Tumor Necrosis Factor Alpha (TNF-a) 
	Oxidative Stress and Hypothyroidism
	Hypothyroidism and Insulin Resistance
	Materials and Methods
	Samples under study
	Statistical analysis

	Results and Discussion
	Antioxidants and Their Markers
	SOD
	GSH
	MDA

	Conclusions
	Source of Funding
	Conflict of Interest

