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ABSTRACT

THE RELATION BETWEEN SERUM GLUCOSE AND INSULIN
WITH HYPOTHYROIDISM IN MIDDLE AGED WOMEN

Marwan Sami Abdulhussein AL-TAMEEMI
Master of Science in Chemistry
Advisor: Assoc. Prof. Dr. Saliha ALYAR
Co-Aduvisor: Prof. Dr. Zina Farouk FOUAD
December 2021

The most common endocrine disorders in the general population are diabetes and thyroid
disorders. In hypothyroidism, glucose metabolism is affected by a variety of mechanisms,
including impaired genetic expression of genes, overproduction of hepatic glucose output,
and increased absorption of splanchnic glucose, with physiological abnormalities leading
to impaired glucose utilization and excretion in muscles. Hypothyroidism is at least twice
as common in women as in men. Although hypothyroidism is most common in middle-
aged or older women, the disease can occur at any age. In this study, middle-aged women
(aged 45-65 years) were selected, who were previously diagnosed with hypothyroidism
and did not have other chronic diseases. This study investigated the incidence of TIDM
and T2DM in patients with pre-existing hypothyroidism and determined the incidence of
hypothyroidism with pre-existing TIDM and T2DM. It has been observed that female
patients between the ages of 45 and 65 who were diagnosed with hypothyroidism have a
risk of developing diabetes. The risk of developing hypothyroidism in female patients
aged 45-65 years diagnosed with diabetes was evaluated as positive based on the results
of two of the three markers.

2021, 67 pages
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OZET

ORTA YASLI KADINLARDA SERUM GLIKOZ VE INSULIN
ARASINDAKI HIPOTIROIDIZM ILiSKISI

Marwan Sami Abdulhussein AL-TAMEEMI
Kimya, Yiksek Lisans
Tez Danigmani: Dog. Dr. Saliha ALYAR
Es Danigsman: Prof. Dr. Zina Farouk FOUAD
Aralik 2021

Genel popililasyonda goriilen en yaygin endokrin bozukluklar diyabet ve tiroid
bozukluklaridir. Hipotiroidizmde, glikoz metabolizmasi, kaslarda bozulmus glikoz
kullanimina ve atilmasina yol agan fizyolojik anormalliklerle genlerin bozuk genetik
ekspresyonu, hepatik glikoz ¢ikisinin agir1 iiretimi ve splanknik glikozun artmis emilimi
gibi ¢esitli mekanizmalardan etkilenir. Tiroid bozukluklar: arasinda hipotiroidizm diinya
capinda en yaygin olanidir. Genellikle tip 1 diabetes mellitus TLIDM ve T2DM ile birlikte
var oldugu bulunmustur. Hipotiroidizm en ¢ok orta yasli veya yash kadinlarda
goriilmesine ragmen, hastalik her yasta ortaya ¢ikabilir. Bu ¢aligmada orta yasli kadinlar
(45-65 yas arasi) se¢ilmis, daha once hipotiroidizm teshisi konulmus ve baska kronik
hastaliklar1 bulunmayan kisilerden olusmustur. Bu calisma ile dnceden mevcut olan
hipotiroidizm hastalarinda TIDM ve T2DM insidansini arastilmis ve dnceden var olan
TIDM ve T2DM ile hipotiroidizm insidansini belirlenmistir. Hipotiroidizm tanis1 alan
45-65 yas aralifindaki kadin hastalarin diyabet gelistirme riskinin oldugu goriilmiistir.
Diyabet tanis1 alan 45-65 yas araligindaki kadin hastalarin hipotiroidizm gelistirme
riskinin oldugu ii¢ belirtegten ikisinin sonucuna dayanarak miispet olarak
degerlendirilmistir. Bu ¢alismanin amaci; orta yasl kadinlarda hipotiroidizm ve kan

sekeri diizeyleri arasindaki iliskiyi belirlemektedir.

2021, 67 sayfa

Anahtar Kelimeler: Hipotiroidizm, Diabetes mellitus, TLDM, T2DM
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1. INTRODUCTION

The most common endocrine disorders in the general population are diabetes and thyroid
disorders. These two disorders are mutually related and affect each other. In
hypothyroidism, glucose metabolism is affected by a variety of mechanisms, including
impaired genetic expression of genes, overproduction of hepatic glucose output, and
increased absorption of splanchnic glucose, with physiological abnormalities leading to
impaired glucose utilization and excretion in muscles. Thus, it predisposes to diabetes
mellitus. It is well known that hyper- and hypothyroidisms are associated with insulin
resistance and are the main cause of impaired glucose metabolism in type-2 diabetes
mellitus (T2DM) and worsen glycemic control (Hage et al. 2011, Wang 2013).

Among thyroid disorders, hypothyroidism is the most common worldwide. It has often
been found to coexist with type 1 diabetes mellitus (TADM) and T2DM. It is thought to
be a triggering factor for hypoglycemia in diabetic patients. In addition, the incidence of
hypothyroidism increases with age and is more common in women (Kalra et al. 2014,
Saluja et al. 2018).

The prevalence of T2DM in the diabetes mellitus population (about 90%) is higher
compared to TIDM (about 10%) due to a sedentary lifestyle and increase in obesity. Also,
the incidence of hypothyroidism is higher in T2DM patients than in TLDM patients. It is
well known that thyroid hormones are insulin antagonists. Insulin has been found to
inhibit the conversion of thyroxine (T4) to triiodothyronine (T3); therefore,
hypothyroidism is demonstrated in diabetic patients with significantly lower serum T3
and T4 levels than in diabetic subjects without hypothyroidism. In addition, in a study,
diabetic hypothyroid patients using metformin showed a decrease in thyroid stimulating
hormone (TSH) levels at the baseline level after 6 months. This shows the relationship
between antidiabetic treatment and the risk of hypothyroidism (Mouradian and Abourizk
1983, Ozair et al. 2018).



Hypothyroidism, or underactive thyroid, occurs when the thyroid gland is unable to
secrete as much thyroxine (T4) as the body needs. Because T4 regulates essential
functions such as heart rate, digestion, physical growth, and mental development,
malnutrition of this hormone can slow life-sustaining processes, damage organs and

tissues throughout the body, and lead to life-threatening complications.

Hypothyroidism is at least twice as common in women as in men. Although
hypothyroidism is most common in middle-aged or older women, the disease can occur

at any age.

It is not unusual for someone to have both hypothyroidism and diabetes, hypothyroidism

increases the risk of developing type 2 diabetes.

Several mechanisms may explain the association between low thyroid function and

diabetes risk:

e Decreased insulin sensitivity.
e Tolerance of blood sugar due to reduced ability of insulin to increase glucose
utilization primarily in muscle.

e Down-regulation of plasma membrane glucose transporters.

The aim of this study; determines the relationship between hypothyroidism and blood
sugar levels in middle-aged women. With this study, we aim to shed light on future

studies.



2. GENERAL INFORMATION

Thyroid; It is a butterfly-shaped gland in your throat, just above your collarbone. It is one
of the endocrine glands that secrete hormones. Thyroid hormone determines the rate of
many activities in your body. For example, how fast you burn calories or how fast your
heart beats. All these activities are your body's metabolism. If your thyroid is overactive,
the thyroid gland secretes more thyroid hormone than your body needs. This is called
hyperthyroidism (Coller and Huggins 1927).

Thyroid diseases and diabetes mellitus (DM) are two common diseases in our society.
Although it differs according to the geographical region, urban-rural area, age group and
gender, DM is generally seen at the rate of 6 - 8%, type 2 DM is responsible for
approximately 90% of this rate. The epidemiology of thyroid diseases depends on the
criteria chosen when making the diagnosis. In some studies, evaluation is made according
to pathological diagnoses, while in others imaging and laboratory analyzes are included.
Therefore, the methods used for diagnosis in epidemiological studies are important. In
general, as a result of these studies, it can be said that the social frequency of thyroid
diseases is approximately 7% (Goglia et al. 1999, Holl et al. 1999, Barker et al. 2005,
Brenta et al. 2007, Kordonouri et al. 2009, Kadiyala et al. 2010).

Type 2 DM is a chronic metabolic disease characterized by the presence of
hyperinsulinemia and/or insulin resistance, usually in advanced ages, on the basis of
obesity. Basedow Graves' disease and Hashimoto's disease, which are frequently
encountered thyroid diseases, develop on an autoimmune basis. This is followed by toxic
multinodular goiter (MNG), toxic solitary adenoma and subacute thyroiditis, respectively.
In addition, the frequency of thyroid diseases varies according to the status of regional
iodine intake. In areas where iodine intake is sufficient, hypothyroidism is most
commonly due to chronic autoimmune thyroiditis (atrophic autoimmune thyroiditis and
Hashimoto's thyroiditis) and radioactive iodine ablation or surgery. Hypothyroidism is

common in iodine-deficient regions due to insufficient hormone production.



Information about Diabetes Mellitus goes back to the years before Christ. A disease
characterized by excessive urination was described in Egyptian papyri around 1500
before Christ. In the 5! century, the Indian physician Susruta, in his work called “Susruta-
Samhita”, talked about a disease characterized by excessive thirst, a heavy bad breath,
tiredness and honey urine. The disease was first named diabetes by Aretheaus of
Cappadocia, who lived between 130-200 before Christ. Aretheaus in his work, diabetes,
“disease is the watering of the flesh and limbs into urine. The patient with this disease is
never tempted to drink water, he can never stop himself from urinating because the fluids
flow out of his body (diabetes: straining, straining), kidneys, bladder, urinary tract is like
a wide opened channel. After a while, this situation causes weakening and collapse, life

only lasts for a while, it doesn't last very long (Baxter et al. 2001, Baxter and Webb 2009).

2.1 Epidemiology

The thyroid gland plays a very important role in the human body, it controls many
activities and provides the production of hormones. The thyroid gland is just one of the
endocrine glands. Knowing the 13 symptoms in this article is essential for diagnosing a
thyroid disorder. Those with one of these symptoms should have their blood thyroid
hormone level measured and see a doctor. There are many thyroid diseases and disorders,
but 2 of them are very common; hyperthyroidism (producing more thyroid hormone than
necessary) and hypothyroidism (producing less thyroid hormone than necessary). Other
conditions are goiter (enlargement of the thyroid gland), thyroid cancer, thyroid nodules
and thyroiditis (inflammation of the thyroid gland). Hypothyroidism is more common
than hyperthyroidism, and although these two conditions are closely linked, there are
many important differences in their diagnosis and treatment (Tunbridge et al. 1977,
Hollowell et al. 2002).

It has been known for years that thyroid hormone affects the heart and systemic
circulation. Thyroid hormone increases oxygen consumption and thermogenesis, and
accelerates the breakdown of low-density lipoprotein (LDL) cholesterol.

Triiodothyronine (T3) increases myositis contractility in the myocardium. It accelerates



the heart by changing depolarization and repolarization in the sinoatrial node in the
conduction system of the heart.

The prevalence of thyroid disorder in the diabetic population was reported as 13.4%,
higher prevalence (31.4%) in female T2DM patients and (6.9%) in male T2DM patients.
The prevalence of thyroid dysfunction in T2DM patients was reported by Akbar and his
team as 12.3% in Greece and 16% in Saudi Arabia (Akbar et al. 2006). T2DM patients
are more prone to thyroid disorders (Akbar et al. 2006). T2DM hastalar1 tiroit
bozukluklarina daha yatkindir.

2.2 Peripheral Effects of Thyroid Hormones on Insulin

The thyroid gland is an endocrine organ that regulates normal growth, development and
metabolism, energy and heat production. It plays a role in growth and development by
affecting oxygen consumption, protein, carbohydrate and vitamin metabolism, and its
effects on metabolism continue in adulthood. It is known that thyroid hormones have both
stimulant and regulatory effects on carbohydrate metabolism. Recently, the relationship
between insulin and thyroid hormones, which have an effect on glucose metabolism, has
also attracted attention. Among them is its effect on insulin secretion. Thyroid diseases
affect 6-8% of adults in the world and 8.9% in the USA (Stanicka et al. 2005, Mitrou et
al. 2010).

2.2.1 Thyrotoxicosis

Thyroid storm is a life-threatening form of thyrotoxicosis that usually occurs after an
initiating event. The most common trigger is infection or sepsis. Patients habitually have
a history of thyrotoxicosis, but thyroid storm may be the first clinical presentation.
Untreated thyroid storm is almost always fatal. Treatment improves thyroid storm
outcomes, but mortality is between 20% and 50%. Mental status change is the most
prominent feature. Changes such as agitation, emotional lability, delirium, convulsions,

and chorea-like abnormal movements are seen. Patients may also have autonomic



dysfunction summarized by excessive diaphoresis, severe hyperthermia, hypertension,
and persistent rhythm disturbances (Eledrisi et al. 2006, Potenza et al. 2009), this event

is illustrated in Figure 2.1.

Hyperthyroidism

Nonoxidative
glucose disposal

GILUT 2 on liver

Lactate
production

Hepatic
glucose
output

Hyperglycemia

Figure 2.1 The relationship between hyperthyroidism and hyperglycemia through
limetabolism, oxidative stress and hepatis dysfunction (Eledrisi et al. 2006,
Potenza et al. 2009)

2.2.2 Hypothyroidism

Underactive thyroid is called "hypothyroidism™. Common symptoms of hypothyroidism
include weakness, fatigue, difficulty concentrating, constipation, chills, and intolerance
to cold. Dry skin, coarsening of the skin, and changes in color that turn orange, which are
sometimes thought to be caused by dermatological diseases, may also develop due to
under-functioning of the thyroid gland. In this case, it would be beneficial to consult an

endocrinologist.



Whether the thyroid gland works adequately or not is determined by the values of the
"TSH hormone™ secreted from the part of the brain called the "pituitary”. TSH stimulates
the hormone-producing structures in the thyroid gland, allowing it to be produced and
mixed with the blood. When the thyroid gland works less than normal, the delivery of
TSH from the pituitary to the blood increases. When the required amount of thyroid
hormone cannot be secreted, a condition called hypothyroidism occurs and enough
thyroid hormone cannot be secreted into the tissues, and the metabolism naturally slows
down. Hypothyroidism can cause retardation in growth and development in infants and
children. If treatment is delayed, the chance of recovery of mental retardation caused by
hypothyroidism decreases. In adults, there is a general slowdown in the body and
metabolism. However, the symptoms of hypothyroidism in adults improve to a great
extent with thyroid hormone treatment (Duntas et al. 2011), this event is illustrated in

Figure 2.2.

Hyvperthyvroidizm

Impaired glucose Delayed
gluconcogengsis

LYecreased

4'-|||p|_'.|-

Reduced insulin synthesis

Hypoglycomia

Figure 2.2 The relationship between hypothyroidism and hypoglycemia mediated by

decreased insulin synthesis and umpaired hepatic glucose output (Duntas et
al. 2011)



2.3 The Relationship Between Hyperthyroidism and T2DM

2.3.1 The role of insulin resistance and other factors

Insulin resistance; It is defined as a decreased response to normal concentrations of
circulating insulin. Insulin resistance can be seen in obese, non-diabetic and type 2
diabetic individuals. The pathophysiological reasons underlying insulin resistance have
not been adequately clarified. Insulin activity defect is generally seen under insulin
resistance. Measurement of insulin resistance in routine clinical evaluation can be done
with the euglycemic insulin clamp method, thus indirectly assessing insulin function.
Insulin resistance has a broad spectrum. In the clinical picture, different pictures can be
seen from normal glycemic values and increased insulin level to hyperglycemia despite
increased insulin, in this case the patient will be considered as a metabolic syndrome
patient (Randin et al. 1985, DeFronzo 2004, Muoio and Newgard 2008, Dimitriadis et al.
2008, Brenta et al. 2009).

Insulin resistance syndrome or syndrome X with different names, metabolic syndrome is
a combination of clinical and laboratory findings to be counted. Insulin resistance,
hyperinsulinemia, obesity, dyslipidemia, and hypertension can be seen together, and in
this case, the patient will be considered as a metabolic syndrome patient. Therefore,
patients with insulin resistance should be evaluated in terms of metabolic syndrome. The
metabolic syndrome and its components will be examined in more detail later. VVarious
mutations of insulin receptor-related genes have been identified. Insulin receptor gene
mutation is rare, but the frequency of insulin resistance has increased in patients with
mutations. Mutations in genes such as Glut 4 and glycogen synthase have also been found
to be associated with the development of insulin resistance and type 2 diabetes (DeFronzo
et al. 1985, Mari et al. 1994, Mandarino et al. 2001).

In insulin resistance, abnormalities in the concentration, affinity, or both of the insulin
receptor impair the effectiveness of insulin. 'Down Regulation’; It defines the decrease in
the number of insulin receptors elicited by persistently elevated insulin in the circulation.

Presumably, increased degradation of insulin in the cell also accompanies this picture.



However, the insulin receptor is often not the only determinant of insulin sensitivity.
Although its mechanisms have not been fully clarified yet, insulin resistance mostly
results from the activation of intracellular post-receptor signaling pathways. It occurs due
to reasons such as post-receptor insulin resistance, signal transmission disorders and
GLUT 4 mutations. Thus, although the insulin hormone binds to its receptor, it cannot be
effective due to the defect in post-receptor mechanisms. The development of insulin
resistance increases with genetic predisposition, obesity, sedentary life, aging. Insulin
resistance increases with weight gain and decreases with weight loss. Thus, the
importance of fat accumulation in the development of insulin resistance is understood
(Chen et al. 2010).

2.3.2 Linkage of insulin resistance in hyperthyroidism

Subclinical hyperthyroidism: TSH level is lower than normal (suppressed) even though
thyroid hormone levels are normal. Clinical (overt) hyperthyroidism is high T4 and T3
levels and suppressed TSH level (lower than normal value). T3 thyrotoxicosis is
characterized by high T3 level and low TSH level while T4 level is normal, more
frequently in iodine deficiency regions. Measuring the TSH level is the most sensitive
and sensitive test to investigate thyrotoxicosis. In overt hyperthyroidism, fT3 and fT4 are
high, and TSH is generally below 0.01 mU/L. In subclinical hyperthyroidism, fT3 and
fT4 are normal, TSH is between 0.1 - 0.4 mU/L in mild cases and less than 0.1 mU/L in
more severe valars. In the causes of thyrotoxicosis other than hyperthyroidism, ft3 and
fT4 are generally high and low TSH (Beylot et al. 1980, Rezzonico et al. 2011, Peppa et
al. 2011).

2.3.2.1 The role of the liver

The liver has an important place in the transport, storage, metabolism and excretion of
thyroid hormones. T4-carrying proteins, thyroxine-binding globulin (TBG), and
prealbumin and albumin are synthesized here. 10-30% of the reversible T4 in the body is
in the liver, which is the main place where it is converted to active T3. The liver removes

the inactive products of reverse T3 and T4 from the circulation. Studies have shown that



T3 and T4 are rapidly taken up by the liver after intravenous administration; showed that
T3'- from the circulation is taken up more quickly than T4 and leaves the liver (Cavallo-
Perin et al. 1988, Klieverik et al. 2009).

2.3.2.2 The role of muscles

Hereditary factors, gender and type 1 diabetes mellitus, excessive thyroid hormone intake
can be counted among the risk factors for hyperthyroidism. Hyperthyroidism can also
occur due to many reasons such as Graves' disease, inflammation of the thyroid gland or
thyroid cancer. Consuming too much iodine can also trigger this disease. To take a brief

look at the factors in the formation of this disease:

Graves' Disease: This autoimmune disorder is the most common cause of
hyperthyroidism. With Graves' disease, your body attacks healthy thyroid tissue, causing
it to overwork. This condition can also lead to graves ophthalmopathy, which affects the

tissues and muscles behind the eyes (Shen et al. 1988).

2.3.2.3 The role of adipose tissues

A surprising discovery regarding adipose tissue is that it not only functions as a simple
depot for triglycerides, but is also an active endocrine organ that secretes many peptides
and cytokines. Among the secreted peptides, leptin, adiponectin, resistin can be counted.
TNF alpha is known to be secreted as a cytokine. Leptin, resistin and adiponectin are
released from white adipose tissue and regulate energy metabolism and insulin sensitivity.
Changes in endocrine activity according to the localization of adipose tissue are still under
investigation. McGary et al. put forward the Lipotoxicity hypothesis to explain the
relationship between adipose tissue activity and insulin resistance. They claimed that
increased adipose tissue intracellular lipid accumulation impairs certain cellular signaling
pathways and functions, thus lipid accumulation plays an important role in the

development of insulin resistance (Freake and Oppenheimer 1987).

10



2.3.3 Linkage of insulin resistance in hypothyroidism

Subclinical (mild) thyroid disease is a common disease especially in middle-aged and
elderly patients and is recognized by laboratory parameters. Patients with subclinical
hypothyroidism are expected to be asymptomatic due to their normal thyroid hormone
levels, but clinical, biochemical and functional findings seen in thyroid hormone
deficiency occur in this group. Similarly, subclinical hypothyroidism is more common in
individuals with these signs and symptoms. The most obvious complaints in patients; dry
skin, weakening of memory, weakening of thought, muscle weakness, weakness, muscle
cramps, tingling in the eyes, cold intolerance, constipation and hoarseness of voice.
Patients have few clinical signs or symptoms of thyroid dysfunction; sometimes not.
Among the obvious signs and symptoms of hypothyroidism, those most associated with
subclinical hypothyroidism include neuromuscular dysfunction, deterioration in quality
of life, depression, perception and memory disorders, mild systolic and diastolic cardiac
dysfunction, increased total LDL cholesterol levels, and increased atherosclerosis.
bookmark is located (Harris et al. 1993, Rochon et al. 2003, Dimitriadis et al. 2006,
Owecki et al. 2006, Handisurya et al. 2008).

2.4 Genetic Causes of T2DM and Thyroid Dysfunction

2.4.1 The effect of thyroid hormones on the liver

lodine, a trace element, forms the main structure of thyroid hormones. Thyroid hormones
called triiodothyronine (T3) and tetraiodothyronine (T4) are synthesized as a result of the
combination of tyrosine residues called monoiodotyrosine (MIT) and diodotyrosine
(DIT) in a large molecule synthesized by thyroglobulin and thyroid follicles. Thyroid
stimulating hormone (TSH, thyrotropin) is secreted by the pituitary gland and stimulates
important steps during thyroid hormone synthesis. The thyroid gland mainly synthesizes
T4 and a small amount of T3, and a significant portion of the active form, circulating T3,
results from peripheral deiodination of T4. More than 99% of thyroid hormones
circulating in the body are bound to proteins, most notably to thyroid binding globulin

(TBG). Only free thyroid hormones enter the cell, the more active form is T3, they control
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many oxidative events in the whole body through their nuclear receptors (Weinstein et al.
1994, Gauthier et al. 2010).

2.4.2 Effect of thyroid hormones on skeletal muscle

Thyroid dysfunction can result in musculoskeletal diseases. Thyroid hormones are
essential for growth and development, as well as for the optimal functioning of most
tissues and organs. Based on this fact, it is not surprising that the musculoskeletal system
is affected by thyroid hormone disorders. Muscle involvement is classically associated
with hypothyroidism, which can lead to muscle pain, cramping, muscle weakness and
hypertrophy of the calf muscles. Patients with hypothyroidism often complain of joint
and muscle pain, and may even present with joint effusion involving the knees and small
joints. Polymyalgia rheumatica, entrapment neuropathy and tenosynovitis suggesting
myopathy in patients presenting with muscle weakness are also diagnoses that should be
considered in patients with hypothyroidism (Weitzel et al. 2001, Moeller et al. 2005, de
Lange et al. 2007).

The most common musculoskeletal involvement in thyrotoxicosis is decreased bone
density. Thyrotoxicosis increases both osteoclastic and osteoblastic activity, but on
average, it will be seen that bone resorption, which is the result of osteoclastic activity, is
more dominant, especially in trabecular bone. Accordingly, in various studies, excessive
hyperthyroidism is associated with osteoporosis. Muscle weakness or loss is another
common effect of thyrotoxicosis. Besides these, this Carpal tunnel syndrome,
mononeuropathy, and symmetrical peripheral neuropathy have also been described in
patients. Irregularities in thyroid hormone may accompany inflammatory diseases
(Moreno et al. 2011).

The musculoskeletal system is related to the endocrine system both in terms of function
and structure. Therefore, it is directly affected by endocrine system disorders. Patients
either have a known endocrine disease and apply to us with certain rheumatic complaints
or, in the examination performed with rheumatic complaints, these complaints are the

finding of an endocrine disease. One of the most important hormones of the endocrine
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system that affects the musculoskeletal system is thyroid hormone. It is known that
thyroid dysfunctions cause rheumatological symptoms and signs such as muscle
weakness, fatigue, soft tissue lesions (hypothyroidism, hyperthyroidism), osteopenia
(hyperthyroidism). Babies who develop severe hypothyroidism as a result of severe
iodine deficiency have cretinism: severe mental retardation with deafness, structural
disorders, and tongue enlargement. lodine supplementation in the first 3 months of
pregnancy prevents this picture from occurring; If iodine supplement is left at the end of
the 6th month, it will not work. lodine levels are sufficient in only one fourth of pregnant
women in Turkey, mild-moderately low in half, and very low iodine levels in the
remaining quarter. lodine levels are low in 50% of newborns (Boelen 2009, Menconi et
al. 2010).

2.5 Frequency Of Thyroid Disorders In Diabetes

Although the thyroid is often known as a disease, it is actually an organ located in front
of the trachea, under the area of the throat known as the Adam'’s apple. The thyroid, which
resembles the letter U or H and has a butterfly-like shape, is responsible for the production
of hormones that regulate many functions in the body. T3 (triiodothyronine) and T4
(thyroxine) hormones as well as calcitonin hormone production, storage and release when
necessary, the thyroid is approximately the size of a walnut and its total weight is 15 to
20 g. as much. The middle part of the thyroid, which has a length of four cm and a width
of one to two cm, consists of the right and left lobes, is defined as the isthmus in the
medical language. The hormones secreted from the thyroid gland mix with the blood
circulation and stimulate the relevant system or organ. The regularity of thyroid gland
functions, which is very important for body health, affects almost all metabolic processes
in the body. In other words, the thyroid gland, which controls the release of hormones
that have an effect on many of the activities in the body, is one of the endocrine glands in
the body. The functions of the thyroid gland, such as hormone production, storage and
release, are controlled by the pituitary gland by stimulating the pituitary gland, another
endocrine gland located in the brain, by the TRH hormone secreted by the hypothalamus
region in the brain. Before moving on to thyroid gland diseases, "What is thyroid™ must

answer the question (Canaris et al. 2000, Hollowell and Staehling 2002).
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The thyroid is located just below the cartilage structure, which is defined as prominentia
laryngea in medicine and known as the Adam's apple among the people. This organ,
which reveals itself with its butterfly-like structure, moves up and down with swallowing.
On the sides of the thyroid gland are arteries defined as the carotid artery. The thyroid
gland is activated by the stimulation of the pituitary gland in the brain. The pituitary gland
secretes the hormone TSH, which activates the thyroid gland. Also known as thyroid
stimulating hormone, TSH reaches the thyroid gland through the circulatory system and
triggers the thyroid gland's hormone production. If the thyroid gland secretes a small
amount of hormone, the pituitary gland increases the secretion of TSH hormone.
Therefore, in thyroid failure disease, which is defined as hypothyroidism, the level of
TSH hormone is high, but the level of T3 and T4 hormones secreted by the thyroid gland
is low. The TSH hormone measured in the laboratory environment for the diagnosis of
thyroid disorders also ensures that the thyroid gland retains iodine. When the thyroid
hormone is secreted enough, the level of TSH in the blood decreases(Lindberg et al. 1997,
Radaideh et al. 2004).

In other words, the higher the blood level of T3 and T4 hormones secreted from the
thyroid gland, the lower the level of TSH hormone secreted from the pituitary gland in
the brain. TSH level falling below the reference range is also called thyroid disease. The
condition that occurs due to overactivity of the thyroid gland is defined as
hyperthyroidism. The pituitary gland, triggered by the secretion of the appropriate amount
of TRH hormone by the hypothalamus region of the brain, controls the release of T3 and
T4 hormones of the thyroid gland by releasing TSH hormone. All three endocrine glands
must work in harmony in order to maintain metabolic order and stimulate the relevant

organs.

2.6 Effects of Thyroid Hormones on Glucose Homeostasis

Thyroid hormones affect glucose metabolism through a variety of mechanisms. It has
long been known that hyperthyroidism promotes hyperglycemia. During

hyperthyroidism, the half-life of insulin decreases, most likely due to an increased rate of
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degradation and increased release of biologically inactive insulin precursors (Dimitriadis
et al.1985, O'Meara et al. 1993).

In untreated Graves' disease, increased proinsulin levels in response to a meal were
observed in a study by Bech et al. Additionally, untreated hyperthyroidism has been
associated with a reduced C-peptide:proinsulin ratio, suggesting an underlying defect in
proinsulin processing. Another mechanism explaining the relationship between
hyperthyroidism and hyperglycemia is the increase in intestinal absorption of glucose
mediated by excess thyroid hormones (Levin and Smyth 1963, Matty and Seshadri1965).

In hyperthyroidism, endogenous glucose production is also increased through various
mechanisms. Thyroid hormones cause an increase in hepatocyte plasma membrane
concentrations of GLUTZ2, the main glucose transporter in the liver, and consequently
increased GLUT-2 levels contribute to increased hepatic glucose output and abnormal
glucose metabolism. In addition, increased lipolysis is observed in hyperthyroidism,
resulting in an increase in FFA, which stimulates hepatic gluconeogenesis. The increase
in FFA secretion can be explained in part by increased catecholamine-induced lipolysis
caused by excess thyroid hormones. Also, non-oxidative glucose excretion in
hyperthyroidism is enhanced, resulting in excessive lactate production, which enters the
Cori cycle and promotes further hepatic gluconeogenesis. The increase in GH, glucagon
and catecholamine levels associated with hyperthyroidism contributes more to impaired
glucose tolerance (Miki et al.1992, Tosi et al.1996).

As for hypothyroidism, glucose metabolism is also affected by various mechanisms. A
decreased rate of hepatic glucose production is observed in hypothyroidism, explaining
the decrease in insulin requirement in hypothyroid diabetic patients. Recurrent
hypoglycemic episodes are signs of the development of hypothyroidism in patients with
type 1 diabetes, and as Leong et al showed, substitution of thyroid hormones for thyroid

hormones reduced fluctuations in blood glucose levels.
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2.7 Effects of Diabetes Mellitus on Thyroid Hormones

Thyroid hormones; They increase the metabolism rate of tissues and the rate of oxygen
use. Both anabolism and catabolism of proteins are dose-dependently affected by thyroid
hormones. Glucose absorption from the intestines, glucose utilization. They increase the
rate of gluconeogenesis, mobilize lipids from adipose tissues and increase plasma free
fatty acids level and oxidation rate of free fatty acids in cells. The classical effects of these
hormones on lipid metabolism are to reduce the amount of cholesterol in the blood
plasma. The general function of thyroid hormones is to keep the oxidative metabolism of
body tissues at a normal level. Thyroid hormones; The healthy functioning of the thyroid
gland is of great importance in terms of human medicine, since they are generally
effective on the metabolic activities of the living thing, the development and growth of
tissues, the rate of use of nutrients for energy and live weight gain. Under normal
conditions, its operation is controlled by the thyrothyroid-releasing hormone (TRH),
thyroid stimulating hormone (TSH) and negative feedback mechanism between T4 and

T3 in the hypothalamus-pituitary-thyroid axis (Rezzonico et al. 2008).

Hypothyroidism is the deficiency of thyroid hormones that occurs in the peripheral tissue
as a result of the secretion of small amounts of thyroid hormones, and the picture
characterized by an increase in the levels of thyroid hormones as a result of excessive
secretion is called hyperthyroidism. In general, enlargement of the thyroid gland is called
goiter. Goiter; It can occur as a result of the thyroid gland working more or less, or it can
occur as a compensator for the normal function of this gland (Kalmann and Mourits
1999).

2.8 Common Disorders of the Thyroid

There are two main disorders of the thyroid: hypothyroidism, or an underactive thyroid

gland, and hyperthyroidism, or an overactive thyroid gland.
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2.8.1 Hypothyroidism

Primary hypothyroidism is characterized by increased TSH secretion. Less frequently,
central hypothyroidism, which develops as a result of decreased TSH secretion in the
pituitary gland, can be seen. lodine deficiency is the most common cause of
hypothyroidism worldwide. It is more common in women than men. It is a clinical
condition characterized by a slowdown in metabolism as a result of deficiency of thyroid
hormones. In many patients, hypothyroidism is permanent and requires lifelong

treatment. The goal of treatment is to achieve and maintain the euthyroid state.

Adult hypothyroidism is a common type of hypothyroidism that manifests itself with
clinical symptoms and blood findings. Hypothyroidism and cretinism from infancy vary
according to the age at which clinical thyroid hormone deficiency appears in
hypothyroidism and the complaint of deficiency. The most important finding is mental
retardation. Juvenile hypothyroidism is a type of hypothyroidism that begins in
childhood. It lies between infantile and adult hypothyroidism. It may occur in the later

stages of life but cannot be diagnosed.

Another type that is difficult to put in place is senile hypothyroidism. Transient
hypothyroidism, on the other hand, is a picture of short-term non-severe symptoms and a
not very high TSH increase. Subclinical hypothyroidism is characterized by normal serum
thyroid hormones (T4) and mildly elevated serum TSH levels.

In iodine-sufficient areas, almost all cases are people under thyroid ablation therapy for
thyrotoxicosis or thyroid cancer (radioactive iodine or thyroid surgery), or if these are
spontaneously occurring, these are autoimmune thyroiditis (which manifests as atrophic
thyroiditis or Hashimoto's disease). Hypothyroidism can occur 20 years or more after
radioactive iodine therapy. Years after thyroid surgery or after remissions of Graves'
disease induced by carbimazole (this is not seen in multinodular goiters), hypothyroidism
can be seen as a result of the autoimmune reaction turning into a spontaneously

destructive picture or as a result of the disappearance of the thyroid stimulating
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antibodies. Although anti-TPO antibodies are seen in more than 90% of chronic

autoimmune thyroiditis, negative results are also common in routine clinical observations.

The last category leading to primary hypothyroidism is congenital defects that impair the
functions of the thyroid gland. TSH receptor mutations, paired box containing gene
mutations (PAX 8), thyroid transcription factor 2 (TTF2) gene mutations were found to
cause hypothyroidism together with thyroid hypoplasia, and primary hypoadrenalism was
also found in one case. Sodium/iodine transporter (simporter) or thyroid peroxidase
enzyme mutations together with hypothyroidism and goiter were detected, and the
perchlorate excretion test was positive in the case with thyroid peroxidase enzyme
mutations. Many thyroglobulin synthesis defects with very low T4 levels have been

detected with various degrees of hypothyroidism and goiter.

Most of the clinical signs and symptoms in hypothyroidism develop due to the change in
the rate of physiological events. The most common symptoms are; weakness, fatigue,
tendency to sleep, mental dysfunction, depression, chills easily, changes in voice tone,
moisture loss in the skin, loss of appetite, constipation and menstrual irregularity. In
addition to all these clinical findings, metabolic conditions that can be considered as
complications are hypercholesterolemia, hyperprolactinemia, anemia, hyponatremia,
increased homocysteine, increased creatinine kinase and lactate dehydrogenase.

2.8.2 Hyperthyroidism

Hyperthyroidism is a clinically common syndrome with dramatic consequences. It is a
condition created by physiological, biological and clinical findings, which occurs when
the surrounding tissues are under the influence of high levels of hormones as a result of
excessive elevation of thyroid hormones in the blood, resulting in hypermetabolism.
There is a general acceleration in metabolism. The term ‘thyrotoxicosis' is sometimes used
to describe this syndrome. Symptoms include nervousness, irritability, excessive
sweating, increased blood pressure and respiration, tachycardia, dyspnea, diarrhea, goiter,

exophthalmos, and skin changes.
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Graves' disease is a very common autoimmune disease. Thyrotoxicosis presents with
diffuse goiter, infiltrative ophthalmopathy and thyroid acropathy. Antithyroid drugs,
lithium carbonate, radioactive iodine and dexsometasone are used in the treatment of
hyperthyroidism. thyrotoxicosis; It is a picture characterized by hypermetabolism and
hyperactivity syndrome, in which serum concentrations of T4, T3 or both are increased.
Diseases that cause hyperthyroidism may originate from the thyroid gland, as well as

from pituitary or non-pituitary causes.

Hyperthyroidism; It is divided into 3 groups as primary, secondary and subclinical

hyperthyroidism.

Primary hyperthyroidism: It may develop due to Graves' disease, TMNG, TA and

functional thyroid carcinoma metastases.

Secondary hyperthyroidism: It is less common. TSH-secreting pituitary adenoma can

be shaped due to thyroid hormone resistance syndrome and gestational thyrotoxicosis.

Subclinical hyperthyroidism: It is a condition characterized by low TSH levels, but
having serum T3 and T4 levels within normal limits. The causes are the same as the causes
of hyperthyroidism. The most common cause is thyroid hormone taken from outside. The
frequency of endogenous subclinical hyperthyroidism is only 0.6 — 1.1%. Causes of
endogenous subclinical hyperthyroidism include insufficiently treated hyperthyroidism,
early Graves' hyperthyroidism, iodine-induced hyperthyroidism, solitary autonomic
adenoma, and thyroiditis. Symptoms in subclinical hyperthyroidism cases It may not be

obvious or it may be moderate.

2.9 Effect on Diabetes Control

Because normal thyroid function is essential for regulating energy metabolism, abnormal

thyroid function can have major effects on blood glucose control in diabetes. Both
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hyperthyroidism and hypothyroidism can affect the course of diabetes, but their effects
are somewhat different.

2.9.1 Hyperthyroidism

The clinical syndrome that occurs when tissues are exposed to high levels of circulating
thyroid hormones is called thyrotoxicosis and is often due to increased thyroid function,
namely hyperthyroidism. Almost the most common cause of thyrotoxicosis is Grave's
disease; This disease can be seen in all ages and genders and is an autoimmune disease
of unknown cause. Regardless of the source of thyrotoxicosis, it is the general term
expressing thyroid hormone excess. Hyperthyroidism refers to the excess of thyroid
hormone resulting from increased thyroid hormone production from the thyroid gland.

Hyperthyroidism can also be defined as a hypermetabolic state accompanied by increased
oxygen use and changes in antioxidative factors as a result of the formation of reactive
oxygen products. While this condition is associated with heart diseases, complications
are acceptable. Grave's Disease, excessive iodine intake or the use of certain drugs can be

counted as the causes of the disease.

2.10 Treatment of Thyroid Disease

Almost all thyroid diseases can be treated. Hypothyroidism and hyperthyroidism usually
require long-term or lifelong treatment, depending on the type.

2.10.1 Hypothyroidism

The treatment of hypothyroidism is most often done by giving thyroid hormone support
to the patient. For this purpose, a drug called levothyroxine is used. For dose adjustment,
occasional blood tests should be performed initially. This setup may take some time. In
women who are considering having a child; It is important for the health of themselves

and their babies to treat hypothyroidism appropriately before becoming pregnant. For this
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reason, pregnant women and those who have a pregnancy plan should definitely report
this to the doctor if they are hypothyroid patients. In cases of hypothyroidism caused by

iodine deficiency, iodine-rich foods are added to the diet to ensure adequate iodine intake.

2.10.2 Hyperthyroidism

There are 3 methods in the treatment of hyperthyroidism:

1. Drug therapy.
2. Atom (Radioactive iodine) therapy, Surgery.

Drug Treatment: All patients with hyperthyroidism are first started on drug therapy in
order to normalize the high levels of thyroid hormones in the blood. Your doctor adjusts
the dose of the drug according to the severity of the disease. After 6 - 8 weeks of starting
the drug treatment, you will be called for control again and the dosage of the drug will be
adjusted according to the state of your hormones. In this way, check-ups are made every
1.5 - 2 months, and drug treatment is continued for at least 9 months - 1 year, and the
drug can be discontinued according to your doctor's decision. If the drug is stopped
without the doctor's knowledge, the disease will flare up again. Thus, the treatment done
until that time will be in vain. Therefore, drug therapy should not be stopped without
consulting your doctor. If you have a fever and sore throat during medication, you should
consult your doctor immediately. This may be due to the very decrease in white cells
(leukocytes) in the blood. If this rare condition occurs, the drugs are discontinued and
surgical treatment or atomic therapy is recommended. During treatment, your liver may
be affected and there may be mild elevations in liver-related blood levels. However, this
may also be due to the effect of hyperthyroidism. For this reason, the enzyme levels called
SGOT (AST) and SGPT (ALT) should be monitored frequently and if the enzyme levels
increase gradually with the treatment, the drugs should be discontinued and the patient
should be offered surgery or switched to atom therapy. If the patient has a 'hot nodule’
after the drug is stopped, surgery or atomic treatment is performed after the hormone
levels are brought back to normal with drugs. One thing is that they don't eat iodized salt.
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Patients with hyperthyroidism should eat non-iodized salt. Since the disease is difficult

to recover and eye disease occurs in smokers, the patient should quit smoking.

2.11 Hypothyroidism in Women

Hypothyroidism is the second most common type of endocrine disorder affecting women
of reproductive age, but it can affect women throughout life. The thyroid maintains
metabolism and vital body functions. It is located in the anterior neck just below the
larynx and consists of two lobes connecting the trachea. Hypothyroidism occurs when the

thyroid gland does not produce enough thyroid hormone.

The risk of developing hypothyroidism in women increases with age and during
pregnancy, postpartum period and menopause (Garber et al. 2012). lodine deficiency is
the most common cause of hypothyroidism worldwide (Vanderpump 2011). Hashimoto's
thyroiditis, the most common cause of hypothyroidism in the United States, results from
damage to the thyroid gland caused by chronic inflammation initiated and maintained by

one's own immune system (Zaletel and Gabersc¢ek 2011).

This autoimmune reaction causes insufficient production of thyroid hormone and is 5 to
10 times more common in women than men (Garber et al. 2012). Medical treatments can
also cause hypothyroidism. Treatment of certain thyroid conditions, such as thyroid
cancer, goiter, and Graves' disease, may require surgical removal of part of the thyroid
gland or thyroidectomy. If enough glands are removed, the thyroid cannot produce
enough thyroid hormone, causing hypothyroidism. Additionally, some other thyroid
conditions and cancers may require treatment with radioactive iodine or external
radiation, which can damage the thyroid and often results in overt hypothyroidism. Some
medications can cause hypothyroidism by affecting the thyroid gland's hormone
production or release. Drugs such as amiodarone, interferon and lithium have been

identified as a cause of hypothyroidism (Barbesino 2010).
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Pathophysiology: Hypothyroidism is a relatively common disease. The incidence of
hypothyroidism increases with aging and is 5 - 10 times more common in women than in
men. Hypothyroidism is especially common in iodine-deficient areas. In addition, the
incidence of hypothyroidism increases in patients with positive thyroid peroxidase
autoantibodies (TPO) and those with thyroid stimulating hormone (TSH) at the upper
limits of normal. The incidence of overt hypothyroidism has been reported between 0.1-
2%. Subclinical hypothyroidism is much more common. It can be seen between 4-10%
in adults and around 15% especially in elderly women. In a study conducted in the United
States, serum TSH, T4, anti-TPO and anti-thyroglobulin (anti TG) antibodies were
measured in 13,344 individuals who were not known to have thyroid disease, 1.3% had
hyperthyroidism (0.5% overt and 0.7% subclinical hyperthyroidism) and 11% had anti-
TPO positivity.

Hypothyroidism can be temporary, permanent, central or primary. Central
hypothyroidism develops as a result of hypothalamo-pituitary diseases as a result of
decreased TSH secretion or biological activity. Primary hypothyroidism, on the other
hand, occurs as a result of decreased synthesis and secretion of thyroid hormones as a

result of a disease in the thyroid gland.

Diagnosis: Diagnosis is made as a result of clinical and laboratory evaluation. Generally,
the diagnosis is easily made by measuring thyroid hormones in patients with appropriate
clinics. However, in some rare cases, the diagnosis may be more difficult or may require
further investigations. Many conditions (such as estrogen use, nephrotic syndrome) that
affect the level of thyroxine-binding globulin can also affect serum total T4 (TT4) and
total T3 (TT3) levels. For this reason, fT4 and fT3 measurement is preferred. As a
screening test, TSH is measured first, if TSH is high, fT4 and, if necessary, fT3 are
measured. In primary hypothyroidism, plasma TSH is high and fT4 is low. fT3 usually
begins to decline in the advanced stage of hypothyroidism. The condition in which fT3
and fT4 are normal but TSH is increased is called subclinical hypothyroidism. In central
hypothyroidism, with low fT4, TSH may be low or normal or, more rarely, slightly

elevated (immunoreactive TSH) (Indra et al. 2004).

23



If the diagnosis is primary hypothyroidism (overt or subclinical), anti-TPO antibody and
anti-TG antibody are measured to reveal the etiology. In autoimmune hypothyroidism,
thyroid antibodies (anti TPO and anti TG) are generally positive and titer is high. The
history of thyroidectomy or RAI treatment is important in terms of revealing the etiology
(Garber et al. 2012). It is also important to question the drugs that can lead to
hypothyroidism. If thyroid function tests support central hypothyroidism, euthyroid sick
syndrome should be considered in the differential diagnosis. If there is no euthyroid sick
syndrome or a definite distinction cannot be made, pituitary imaging (preferably pituitary
MRI) is performed in terms of central hypothyroidism. Since any pathology causing
central hypothyroidism will usually affect other pituitary hormones, other pituitary

hormones are also measured (Ross et al. 2019).

Other tests are available in addition to the thyroid function test. A specialist may evaluate
anti-thyroid microsomal antibodies, such as anti-thyroid peroxidase, to further determine
the cause of hypothyroidism. The presence of these antibodies indicates that thyroid
damage has occurred, which can lead to hypothyroidism. This test may be indicated in a

woman with a goiter or a symptomatic woman with a normal TSH level.

Symptoms: The symptoms of hypothyroidism are similar to the symptoms of many
different diseases. Symptoms of hypothyroidism; weakness, fatigue, difficulty in
concentration, constipation, cold quickly and intolerance to cold (Garber et al. 2012). Dry
skin, coarsening of the skin, and changes in color that turn orange, which are sometimes
thought to be caused by dermatological diseases, may also develop due to under-
functioning of the thyroid gland. The symptoms and complaints that can be seen in
hypothyroidism vary depending on the severity of the deficiency in hormones. Symptoms
are vague at first and gradually become apparent over several years. Initially, nonspecific
symptoms such as fatigue and weight gain are encountered. The following signs and
symptoms can be observed when the slowdown in the metabolic rate becomes evident
due to the deficiency of thyroid hormones (Garber et al. 2012):
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Weakness.

Constipation.

Dry skin.

Sensitivity to cold.

Increase in weight.

Swelling of the face, hands and feet
Hoarseness.

Weakness in muscles.

Increase in blood cholesterol level.
Pain, tenderness and stiffness in the muscles.
Pain, stiffness, or swelling in the joints.
Irregular menstrual periods.

Painful menstruation.

Hair thinning

Thin brittle hair and nails

Slow heart rate.

Depressed mood.

Memory impairment.

Enlargement of the thyroid gland (Goiter).
Balance and coordination problems.
Loss of libido.

Anemia.

Decreased sweating.

Insomnia.

Sparseness of the eyebrows.

- hearing problems.
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3. MATERIALS AND METHODS

Middle-aged women (45-65 years old) will be selected to participate in this study, they
will consist of people with a previous diagnosis of hypothyroidism and no other chronic

diseases.

The study will be carried out over a period of 6 months. The work plan is as follows.

a) To investigate the incidence of T1IDM and T2DM in patients with pre-existing
hypothyroidism.

b) To determine the incidence of hypothyroidism with pre-existing TAIDM and T2DM.

Enrolled diabetic patients will be receiving insulin and/or oral hypoglycemic agents, and
hypothyroid patients will be receiving levothyroxine (25/50/75/88/100/125 mcg). An
appropriate data collection form will be designed to collect, document and analyze the
data. All relevant and necessary data regarding blood glucose and thyroid profiles will be
collected from the laboratory reports of the patients. The total study population will be
100 patients, of whom 50 will have preexisting TIDM and T2DM and 50 will have
preexisting hypothyroidism. At the end of the study, hypothyroidism, lower T3 and T4
levels and higher TSH levels than laboratory reference values will be evaluated according

to the thyroid profile.

3.1 Statistical Analysis

Data will be analyzed using GraphPad Prism software version 6.0. Quantitative data will
be expressed using mean and standard deviation, while qualitative data will be expressed
as frequency and percentage. Quantitative data will be analyzed using the non-parametric
Kruskal-Wallis test to compare the two groups. P value of 0.05 or less will be assumed to
be significant.
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3.2 Patients' Choice

The experimental study is carried out with patients divided into two groups. The study
was carried out with a total of 100 patients, 50 in each study group. Common criteria for

each patient are:

- Patients being women.

- The age range of the patients is between 45 — 65 years old.

- The patients do not have any disease that will affect the working conditions and results.
- Patients should not use any drugs that will affect their working conditions and results.
chemotherapy, radiotherapy, etc. not in a treatment process.

- Patients' mental health and their willingness to participate in the study.

3.2.1 First group

In the first group, the incidence of Type 1 and Type 2 Diabetes was investigated in female

patients previously diagnosed with hypothyroidism.

In addition to the above-mentioned common criteria, the following criteria were taken

into account in the selection of patients in the first group:

- Patients diagnosed with hypothyroidism.

- Initiation of treatment for hypothyroidism with levothyroxine. In the treatment with

levothyroxine, the dose amount can vary between 25 — 125 mcg.

3.2.2 Second group

In the second group, the incidence of hypothyroidism was investigated in female patients

previously diagnosed with Type 1 or Type 2 Diabetes.
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In the selection of the patients forming the second group, the following criteria were taken

into consideration in addition to the common criteria mentioned above:

- Patients diagnosed with Type 1 or Type 2 diabetes.

- Initiation of therapy with insulin and/or oral hypoglycemic agents.

3.3 Collection of Samples

In order to control the incidence of hypothyroidism in Type 1 and Type 2 Diabetes and
diabetes in hypothyroidism, 20 mL blood samples were taken from the patients in two

tubes, 10 mL in each tube. Samples were taken in 10 ml gel tubes with yellow caps.

Samples were taken from all patients between 09:00 and 09:30 on the same day, as agreed
before, and transferred to the biochemistry laboratory without waiting.
It was verified that each participant met the 12-hour fasting condition.
In the experimental study, the precautions taken for the COVID-19 epidemic disease were

complied with.,

Analyzes were performed automatically, spectrophotometrically, using the Cobas
C311,E411 (Roche) Autoanalyzer. Details for each parameter controlled from blood

samples are given below:

3.3.1 Serum glucose

As a marker of Type 1 and Type 2 Diabetes, fasting glucose values of both experimental
groups were measured. Information about the fasting glucose test and serum glucose

measurement are illustrated in Table 3.1.

Serum glucose values of a total of 100 female patients in two study groups consisting of
50 people between the ages of 45 and 65 were measured, and the results obtained for

group 1 and group 2 are given in the results section.
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Table 3.1 Serum glucose measurement information

Test Serum glucose
Sample collection time 09:00
Laboratory departure time 09:30

Results time 10:15

Sample type Serum

Sample container Yellow capped gel tube
Sample volume 10 mL

Sample analysis method Cobse311
Reference range (mg/dL) 74 -106
Sample purpose of use Type 2 diabetes detection
Number of samples 100

Number of result approvals 100/ 100

3.3.2 Thyroid stimulating hormone (TSH)

TSH values of a total of 100 female patients were measured in two study groups
consisting of 50 people between the ages of 45 and 65, and the results obtained for group
1 and group 2 are given in the results section, TSH measurement information are

illustrated in Table 3.2.

Table 3.2 TSH measurement information

TEST TSH (Thyro_irdhsiiontﬂruolgitrigg Hormone/
Sample collection time 09:00
Laboratory departure time 09:30

Results time 10:15

Sample type Serum

Sample container Yellow capped gel tube
Sample volume 10 mL

Sample analysis method Cobse 411
Reference range (LU/mL) 0.55-4.78
Sample purpose of use Thyroid functions analysis
Number of samples 100

Number of result approvals 100/ 100
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3.3.3 Free T3 hormone

FT3 values of a total of 100 female patients were measured in two study groups consisting
of 50 people between the ages of 45 and 65, and the results obtained for group 1 and
group 2 are given in the results section, free T3 hormone measurement information are
illustrated in Table 3.3.

Table 3.3 Free T3 hormone measurement information

Test (Free T3/ Triiodothyronine)
Sample collection time 09:00
Laboratory departure time 09:30

Results time 10:15

Sample type Serum

Sample container Yellow capped gel tube
Sample volume 10 mL

Sample analysis method Cobse411
Reference range (pg/mL) 23-4.2

Sample purpose of use Thyroid functions analysis
Number of samples 100

Number of result approvals 100/ 100

3.3.4 Free T4 hormone

FT4 values of a total of 100 female patients were measured in two study groups consisting
of 50 people between the ages of 45 and 65, and the results obtained for group 1 and
group 2 are given in the results section, Free T4 hormone measurement information are
illustrated in Table 3.4.
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Table 3.4 Free T4 hormone measurement information

TEST (Free T4/ Triiodothyronine)
Sample collection time 09:00
Laboratory departure time 09:30
Results time 10:15
Sample type Serum
Sample container Yellow capped gel tube
Sample volume 10 mL
Sample analysis method Cobse411
Reference range (ng/dL) 0.89-1.76
Sample purpose of use Thyroid functions analysis
Number of samples 100
Number of result approvals 100/ 100

3.3.5 HbA1lc

The HbALc values of a total of 100 female patients were measured in two study groups,
each consisting of 50 people between the ages of 45 and 65, and the results obtained for
group 1 and group 2 are given in the results section, HbAlc measurement information are
illustrated in Table 3.5.

Table 3.5 HbAlc measurement information

Test HbAlc
Sample collection time 09:00
Laboratory departure time 09:30
Results time 12:30
Sample type Blood
Sample container Purple cap gel tube EDTA
Sample volume 3mL
Sample analysis method Cobs C311
Reference range (%) 42-6.5
Sample purpose of use HbAlc Analysis
Number of samples 100
Number of result approvals 100/ 100
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3.3.6 Insulin

Insulin values of a total of 100 female patients were measured in two study groups
consisting of 50 people between the ages of 45 and 65, and the results obtained for group
1 and group 2 are given in the results section. Insulin measurement information are
illustrated in Table 3.6.

Table 3.6 Insulin measurement information

Test Insulin
Sample collection time 09:00
Laboratory departure time 09:30
Results time 10:00
Sample type Serum
Sample container Yellow capped gel tube
Sample volume 5mL
Sample analysis method Cobas C411
Reference range (LU/mL) 2.6-24.9
Sample purpose of use Insulin analysis
Number of samples 100
Number of result approvals 100/ 100
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4. RESULTS

4.1 First Group

The patients in the first group are female patients between the ages of 45 and 65 who have
been diagnosed with hypothyroidism and continue their treatment with Levothyroxine.
The mean age of these patients was calculated as 53.92 + 7.01. It is illustrated in Table
4.1.

None of the patients in the first group reported the use of drugs, alcohol, cigarettes and

other tobacco products.

Table 4.1 Age statistics of female patients in the first group

Patient No Gender Age
1 Woman 45
2 Woman 62
3 Woman 57
4 Woman 49
5 Woman 48
6 Woman 64
7 Woman 51
8 Woman 57
9 Woman 53
10 Woman 50
11 Woman 45
12 Woman 46
13 Woman 45
14 Woman 45
15 Woman 52
16 Woman 65
17 Woman 61
18 Woman 49
19 Woman 52
20 Woman 61
21 Woman 54
22 Woman 56
23 Woman 63
24 Woman 46
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Table 4.1 Age statistics of female patients in the first group (Continued)

25 Woman 61
26 Woman 64
27 Woman 58
28 Woman 46
29 Woman 51
30 Woman 48
31 Woman 47
32 Woman 45
33 Woman 62
34 Woman 54
35 Woman 51
36 Woman 64
37 Woman 65
38 Woman 65
39 Woman 46
40 Woman 61
41 Woman 48
42 Woman 54
43 Woman 52
44 Woman 53
45 Woman 61
46 Woman 64
47 Woman 42
48 Woman 48
49 Woman 50
50 Woman 60
Average 53.92

S. Deviation 7.015551

The mean FT3 hormone of female patients diagnosed with hypothyroidism in the first
group was calculated as 1.79 % 0.44, it is shown in Table 4.1. This mean value is lower
than the lower limit of 2.3 pg/mL of the reference values of 2.3 — 4.2 pg/mL. It is evaluated
that the levothyroxine treatments of the patients, the positive lifestyle and nutritional
changes they make within the scope of disease follow-up and disease control have an

impact on this value.
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Table 4.2 FT3 value statistics of female patients in the first group

Patient No Gender FREE T3 (pg/mL)
1 Woman 1.75
2 Woman 1.82
3 Woman 15
4 Woman 1.74
5 Woman 1.92
6 Woman 211
7 Woman 2.01
8 Woman 2.00
9 Woman 1.80
10 Woman 1.87
11 Woman 1.94
12 Woman 1.14
13 Woman 111
14 Woman 1.14
15 Woman 1.87
16 Woman 2.35
17 Woman 1.66
18 Woman 1.85
19 Woman 1.19
20 Woman 2.05
21 Woman 1.75
22 Woman 1.42
23 Woman 0.99
24 Woman 1.17
25 Woman 1.94
26 Woman 2.15
27 Woman 2.22
28 Woman 2.09
29 Woman 1.82
30 Woman 2.04
31 Woman 2.10
32 Woman 1.47
33 Woman 1.98
34 Woman 1.87
35 Woman 1.63
36 Woman 1.77
37 Woman 181
38 Woman 1.43
39 Woman 1.76
40 Woman 1.25
41 Woman 1.44
42 Woman 2.52
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Table 4.2 FT3 value statistics of female patients in the first group (Continued)

43 Woman 1.75
44 Woman 1.43
45 Woman 1.89
46 Woman 2.21
47 Woman 3.75
48 Woman 1.84
49 Woman 1.72
50 Woman 1.80
Average 1.79660
S. Deviation 0.441891

The mean FT4 hormone of female patients diagnosed with hypothyroidism in the first
group was calculated as 0.75 + 0.19, it is illustrated in Table 4.3. This mean value is lower
than the lower limit 0.89 ng/dL of the reference values of 0.89 — 1.46 ng/dL. It is evaluated
that the levothyroxine treatments of the patients, the positive lifestyle and nutritional
changes they make within the scope of disease follow-up and disease control have an

impact on this value.
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Table 4.3 FT4 value statistics of female patients in the first group

Patient No Gender FT4 (ng/dL)
1 Woman 0.88
2 Woman 0.76
3 Woman 0.52
4 Woman 0.76
5 Woman 0.71
6 Woman 0.82
7 Woman 0.54
8 Woman 0.87
9 Woman 0.85
10 Woman 0.75
11 Woman 0.82
12 Woman 0.72
13 Woman 0.64
14 Woman 0.56
15 Woman 0.82
16 Woman 0.89
17 Woman 0.71
18 Woman 0.62
19 Woman 0.71
20 Woman 0.91
21 Woman 0.75
22 Woman 0.82
23 Woman 0.64
24 Woman 0.77
25 Woman 0.82
26 Woman 0.81
27 Woman 1.12
28 Woman 0.97
29 Woman 0.66
30 Woman 0.94
31 Woman 1.25
32 Woman 0.61
33 Woman 0.74
34 Woman 056
35 Woman 0.91
36 Woman 0.72
37 Woman 0.64
38 Woman 0.43
39 Woman 0.71
40 Woman 0.32
41 Woman 0.56
42 Woman 1.05
43 Woman 0.77
44 Woman 0.85
45 Woman 0.56
46 Woman 0.77
47 Woman 1.43
48 Woman 0.45
49 Woman 0.85
50 Woman 0.56
Average 0.758000
S. Deviation 0.198268
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The mean TSH hormone of female patients diagnosed with hypothyroidism in the first
group was calculated as 5.64 = 0.76, it is illustrated in Table 4.4. This mean value is
higher than the upper limit of the reference values of 0.55-4.78 pU/ mL , 4.78 ug/ mL.
It is evaluated that the levothyroxine treatments of the patients, the positive lifestyle and
nutritional changes they make within the scope of disease follow-up and disease control

have an impact on this value.

Table 4.4 TSH value statistics of female patients in the first group

Patient No Gender TSH (pU/ML)
1 Woman 5.15
2 Woman 6.42
3 Woman 6.74
4 Woman 7.15
5 Woman 4.92
6 Woman 5.51
7 Woman 6.23
8 Woman 7.45
9 Woman 6.75
10 Woman 6.42
11 Woman 5.14
12 Woman 5.82
13 Woman 4.77
14 Woman 4.95
15 Woman 5.46
16 Woman 5.67
17 Woman 5.44
18 Woman 5.21
19 Woman 6.14
20 Woman 6.88
21 Woman 5.12
22 Woman 5.20
23 Woman 5.55
24 Woman 6.17
25 Woman 4.99
26 Woman 5.14
27 Woman 5.47
28 Woman 6.21
29 Woman 5.88
30 Woman 5.10
31 Woman 5.00
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Table 4.4 TSH value statistics of female patients in the first group (Continued)

32 Woman 4.97
33 Woman 5.25
34 Woman 6.99
35 Woman 7.12
36 Woman 491
37 Woman 3.42
38 Woman 5.64
39 Woman 4.95
40 Woman 5.41
41 Woman 6.12
42 Woman 5.20
43 Woman 5.71
44 Woman 5.74
45 Woman 5.71
46 Woman 6.11
47 Woman 4.92
48 Woman 5.45
49 Woman 5.22
50 Woman 5.19
Average 5.64160
S. Deviation 0.76452

The mean Serum Glucose (Fasting Blood Sugar) of female patients diagnosed with
hypothyroidism in the first group was calculated as 133.18 + 57.62, it is illustrated in
Table 4.5. This mean value is higher than the upper limit of the reference values of 74 —
106 mg/dL, 106 mg/dL. Although this average value does not mean that all hypothyroid
patients are diabetic, it indicates that the group is generally at risk of developing Type 2
Diabetes. Although rare, there are patients with normal blood sugar levels in the group,
but it is seen at values far above the normal reference range as illustrated in Table 4.5.

This situation can also be understood from the standard deviation value.
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Table 4.5 Serum glucose value statistics of female patients in the first group

Patient No Gender Serum glucose (mg/dL)
1 Woman 85
2 Woman 82
3 Woman 94
4 Woman 102
5 Woman 214
6 Woman 109
7 Woman 115
8 Woman 124
9 Woman 105
10 Woman 94
11 Woman 152
12 Woman 265
13 Woman 112
14 Woman 94
15 Woman 128
16 Woman 117
17 Woman 110
18 Woman 99
19 Woman 85
20 Woman 210
21 Woman 99
22 Woman 104
23 Woman 147
24 Woman 111
25 Woman 297
26 Woman 312
27 Woman 133
28 Woman 194
29 Woman 145
30 Woman 103
31 Woman 101
32 Woman 206
33 Woman 290
34 Woman 185
35 Woman 97
36 Woman 88
37 Woman 117
38 Woman 145
39 Woman 93
40 Woman 106
41 Woman 106
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Table 4.5 Serum glucose value statistics of female patients in the first group (Continued)

42 Woman 105
43 Woman 98
44 Woman 115
45 Woman 163
46 Woman 110
47 Woman 105
48 Woman 91
49 Woman 97
50 Woman 100
Average 133.18000
S. Deviation 57.62960

The blood averages of female patients with hypothyroidism in the first group were (7.23
+ 0.75) as illustrated in Table 4.6. The normal value of the test is 4.2-6.5%. While this
mean value does not mean that all thyroid patients have diabetes, it does indicate that the
group is at risk for developing diabetes in general. Although rare, there are patients with
normal blood glucose levels in the group, but it is observed at values far above the normal

reference range.

Table 4.6 HbALc statistics of female patients in the first group

Patient No Gender HBA1C (%)
1 Woman 6.6
2 Woman 6.7
3 Woman 7.0
4 Woman 6.4
5 Woman 6.9
6 Woman 7.5
7 Woman 6.5
8 Woman 7.1
9 Woman 8.0
10 Woman 6.3
11 Woman 6.6
12 Woman 6.4
13 Woman 7.3
14 Woman 8.1
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Table 4.6 HbAlc statistics of female patients in the first group (Continued)

15 Woman 6.9
16 Woman 6.2
17 Woman 6.8
18 Woman 7.2
19 Woman 9.0
20 Woman 7.9
21 Woman 6.6
22 Woman 6.7
23 Woman 6.4
24 Woman 8.2
25 Woman 7.3
26 Woman 6.5
27 Woman 6.9
28 Woman 9.5
29 Woman 6.7
30 Woman 7.8
31 Woman 1.7
32 Woman 7.0
33 Woman 6.9
34 Woman 8.7
35 Woman 6.9
36 Woman 7.8
37 Woman 7.0
38 Woman 6.1
39 Woman 6.9
40 Woman 74
41 Woman 8.1
42 Woman 8.6
43 Woman 7.8
44 Woman 7.2
45 Woman 6.8
46 Woman 7.1
47 Woman 8.0
48 Woman 6.7
49 Woman 7.0
50 Woman 7.8
Average 7.23
S. Deviation 0.75
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The mean insulin value is illustrated in Table 4.7 for female patients with hypothyroidism
in the first group was calculated as 26.142 + 1.31. The normal insulin value was 2.6 -

24.9. It turned out that there was an increase in insulin.

Table 4.7 Insulin value statistics of female patients in the first group

Patient No Gender Insulin (LU/ML)
1 Woman 27
2 Woman 28.2
3 Woman 25.4
4 Woman 24.8
5 Woman 25.1
6 Woman 24.7
7 Woman 27.1
8 Woman 25.9
9 Woman 25.1
10 Woman 25.0
11 Woman 25.9
12 Woman 26
13 Woman 25.1
14 Woman 26.2
15 Woman 25
16 Woman 24.5
17 Woman 24.9
18 Woman 25.0
19 Woman 25.9
20 Woman 27.9
21 Woman 26.2
22 Woman 26.7
23 Woman 24.8
24 Woman 24.8
25 Woman 26.1
26 Woman 27.8
27 Woman 24.2
28 Woman 26.3
29 Woman 27.1
30 Woman 25.9
31 Woman 26.5
32 Woman 28.0
33 Woman 27.5
34 Woman 26.3
35 Woman 25.4
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Table 4.7 Insulin value statistics of female patients in the first group (Continued)

36 Woman 27.9
37 Woman 26.0
38 Woman 25.6
39 Woman 24.8
40 Woman 27.0
41 Woman 28.9
42 Woman 29.0
43 Woman 26.5
44 Woman 25.9
45 Woman 25.0
46 Woman 24.6
47 Woman 27.8
48 Woman 25.6
49 Woman 24.7
50 Woman 29.5
Average 26.142
S. Deviation 1.31

4.2 Second Group

The patients in the second group are female patients between the ages of 45 and 65 who
have been diagnosed with Type 1 or Type 2 Diabetes and continue their treatment with
insulin hormone replacement or oral hypoglycemic agents. The mean age of these patients
was calculated as 55.30 £ 6.91 years, it is illustrated in Table 4.8.

None of the patients in the second group reported the use of drugs, alcohol, cigarettes and

other tobacco products.

The 50 patients in the second group were coded in the range of 51-100 to avoid confusion
with the first group.
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Table 4.8 Age statistics of female patients in the second group

Patient No Gender Age
51 Woman 64
52 Woman 61
53 Woman 62
54 Woman 62
55 Woman 65
56 Woman 45
57 Woman 47
58 Woman 51
59 Woman 46
60 Woman 57
61 Woman 53
62 Woman 59
63 Woman 55
64 Woman 61
65 Woman 64
66 Woman 52
67 Woman 61
68 Woman 58
69 Woman 59
70 Woman 49
71 Woman 45
72 Woman 55
73 Woman 50
74 Woman 45
75 Woman 45
76 Woman 60
77 Woman 61
78 Woman 65
79 Woman 48
80 Woman 56
81 Woman 65
82 Woman 65
83 Woman 57
84 Woman 50
85 Woman 54
86 Woman 57
87 Woman 61
88 Woman 60
89 Woman 50
90 Woman 62
91 Woman 65

45



Table 4.8 Age statistics of female patients in the second group (Continued)

92 Woman 64
93 Woman 60
94 Woman 50
95 Woman 45
96 Woman 46
97 Woman 47
98 Woman 45
99 Woman 50
100 Woman 51
Average 55.30000
S. Deviation 6.911245

The mean FT3 hormone of female patients diagnosed with hypothyroidism in the second
group was calculated as 2.11 + 0.64, it is illustrated in Table 4.9. This mean value is lower
than the lower limit of 2.3 pg/mL of the reference values of 2.3 — 4.2 pg/mL. This result
shows that FT3 hormone levels of diabetic patients are slightly below the lower reference
value and reveals that FT3 deficiency, which is one of the markers of hypothyroidism,
can be seen in Diabetes patients. Although FT3 values are within the reference value
range in some of the 50 female patients with diabetes, whom you have been treated

individually, the group mean is below the reference value.
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Table 4.9 Free T3 value statistics of female patients in the second group

Patient No Gender T3 (pg/mL)
51 Woman 2.14
52 Woman 1.75
53 Woman 2.43
54 Woman 2.25
55 Woman 1.76
56 Woman 2.10
57 Woman 2.00
58 Woman 1.78
59 Woman 1.45
60 Woman 1.33
61 Woman 3.25
62 Woman 1.55
63 Woman 1.99
64 Woman 1.57
65 Woman 3.56
66 Woman 2.22
67 Woman 1.94
68 Woman 1.85
69 Woman 1.45
70 Woman 1.56
71 Woman 1.77
72 Woman 2.04
73 Woman 1.95
74 Woman 1.56
75 Woman 3.15
76 Woman 2.56
77 Woman 2.75
78 Woman 141
79 Woman 2.01
80 Woman 1.97
81 Woman 1.12
82 Woman 1.99
83 Woman 243
84 Woman 4,12
85 Woman 3.22
86 Woman 2.01
87 Woman 1.85
88 Woman 1.99
89 Woman 2.01
90 Woman 1.87
91 Woman 3.12
92 Woman 3.93
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Table 4.9 Free T3 value statistics of female patients in the second group (Continued)

93 Woman 1.49
94 Woman 1.74
95 Woman 2.00
96 Woman 1.92
97 Woman 1.76
98 Woman 2.11
99 Woman 2.01
100 Woman 1.92
Average 2.114200
S. Deviation 0.649471

The mean FT4 hormone of female patients diagnosed with hypothyroidism in the second
group was calculated as 0.97 + 0.29, it is illustrated in Table 4.10. Although this mean
value is within the reference value range, the lower limit of the reference values of 0.89
—1.46 ng/dL is close to 0.89 ng/dL. This result reveals that although FT4 hormone levels
of diabetic patients are in the lower reference range, FT4 deficiency, which is one of the
markers of hypothyroidism, is observed in some diabetic patients and that the symptoms
of hypothyroidism can be seen in diabetic patients, albeit partially. Although FT4 values
are within the reference value range in some of the 50 female patients with diabetes,
whom you have considered individually, it is seen that this value is below the 0.89 ng/dL
value, which is a symptom of hypothyroidism, in some patients. In these results, the

standard deviation can give an idea.

Table 4.10 Free T4 value statistics of female patients in the second group

Patient No Gender FT4 (ng/dL)
51 Woman 1.15
52 Woman 1.42
53 Woman 0.89
54 Woman 1.7
55 Woman 1.42
56 Woman 0.76
57 Woman 0.88
58 Woman 0.72
59 Woman 0.75
60 Woman 0.69
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Table 4.10 FreeT4 value statistics of female patients in the second group (Continued)

61 Woman 1.57
62 Woman 0.85
63 Woman 0.76
64 Woman 0.76
65 Woman 1.61
66 Woman 0.87
67 Woman 0.76
68 Woman 0.81
69 Woman 0.71
70 Woman 0.82
71 Woman 0.8
72 Woman 1.52
73 Woman 0.81
74 Woman 0.79
75 Woman 1.62
76 Woman 0.99
77 Woman 1.12
78 Woman 0.71
79 Woman 0.89
80 Woman 0.82
81 Woman 0.8
82 Woman 0.89
83 Woman 1.12
84 Woman 1.66
85 Woman 1.14
86 Woman 0.94
87 Woman 0.77
88 Woman 0.81
89 Woman 0.89
90 Woman 0.79
91 Woman 1.43
92 Woman 1.22
93 Woman 0.72
94 Woman 0.69
95 Woman 0.91
96 Woman 0.81
97 Woman 0.84
98 Woman 0.88
99 Woman 0.85
100 Woman 0.72
Average 0.97700
S. Deviation 0.29977
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The mean TSH hormone of female patients diagnosed with hypothyroidism in the second
group was calculated as 4.84 + 0.93, it is illustrated in Table 4.11. This mean value is
higher than the upper limit of the reference values of 0.55-4.78 pU/mL, 4.78 pU/mL,
This result shows that TSH hormone levels of diabetic patients are slightly above the
lower reference value and reveals that TSH elevation, which is one of the markers of
hypothyroidism, can be seen in diabetic patients. Although TSH values are within the
reference value range in some of the 50 female patients with diabetes, whom you have

considered individually, the group mean is slightly above the reference value.

Table 4.11 TSH value statistics of female patients in the second group

Patient No Gender TSH (pLU/ML)
51 Woman 4.97
52 Woman 4.85
53 Woman 3.75
54 Woman 6.42
55 Woman 5.21
56 Woman 5.04
57 Woman 5.71
58 Woman 6.14
59 Woman 3.41
60 Woman 4,78
61 Woman 4,52
62 Woman 5.21
63 Woman 4.99
64 Woman 4.13
65 Woman 3.72
66 Woman 2.45
67 Woman 5.14
68 Woman 4.22
69 Woman 4,92
70 Woman 4.14
71 Woman 5.96
72 Woman 3.22
73 Woman 4.15
74 Woman 4.01
75 Woman 3.65
76 Woman 5.44
77 Woman 4,79
78 Woman 5.65
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Table 4.11 TSH value statistics of female patients in the second group (Continued)

79 Woman 4.88
80 Woman 5.29
81 Woman 5.95
82 Woman 3.56
83 Woman 4.92
84 Woman 5.55
85 Woman 6.45
86 Woman 5.82
87 Woman 5.25
88 Woman 531
89 Woman 5.17
90 Woman 6.43
91 Woman 421
92 Woman 4.77
93 Woman 4.75
94 Woman 5.17
95 Woman 4.79
96 Woman 5.99
97 Woman 2.92
98 Woman 3.57
99 Woman 5.65
100 Woman 5.50
Average 4.849800
S. Deviation 0.936222

The mean serum glucose (Fasting blood sugar) of female patients diagnosed with
hypothyroidism in the second group was calculated as 221.26 + 87.144, it is illustrated in
Table 4.12. This mean value is higher than the upper limit of the reference values of 74 —
106 mg/dL, 106 mg/dL. Considering that the patients in the second group had a confirmed
diagnosis of diabetes, this is an expected result and in the second group this test was

performed to confirm the diagnosis of diabetes.
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Table 4.12 Serum glucose value statistics of female patients in the second group

Patient No Gender Serum glucose (mg/dL)
51 Woman 115
52 Woman 207
53 Woman 297
54 Woman 450
55 Woman 220
56 Woman 145
57 Woman 194
58 Woman 185
59 Woman 202
60 Woman 222
61 Woman 284
62 Woman 272
63 Woman 212
64 Woman 296
65 Woman 216
66 Woman 118
67 Woman 150
68 Woman 160
69 Woman 122
70 Woman 100
71 Woman 312
72 Woman 393
73 Woman 490
74 Woman 272
75 Woman 300
76 Woman 180
77 Woman 242
78 Woman 186
79 Woman 199
80 Woman 188
81 Woman 250
82 Woman 322
83 Woman 300
84 Woman 180
85 Woman 275
86 Woman 146
87 Woman 169
88 Woman 360
89 Woman 270
90 Woman 221
91 Woman 188
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Table 4.12 Serum glucose value statistics of female patients in the second group
(Continued)

92 Woman 99
93 Woman 175
94 Woman 287
95 Woman 163
96 Woman 200
97 Woman 112
98 Woman 177
99 Woman 150
100 Woman 90
Average 221.26000
S. Deviation 87.144422

In the second group, the mean diabetic hemoglobin test was calculated in female patients
with hypothyroidism, it is illustrated in Table 4.13, and it was found that the percentage
was high and indicative of diabetes, and some were susceptible to infection.

6.9738 + 1.02. Note that the normal value is 4.2-6.5%. The fan average calculation is

higher than the normal peak value.

Table 4.13 HbA1c statistics of female patients in the second group

Patient No Gender HBA1C (%)
51 Woman 7.8
52 Woman 8.9
53 Woman 6.1
54 Woman 5.6
55 Woman 7.8
56 Woman 6.9
57 Woman 6.4
58 Woman 7.8
59 Woman 6.4
60 Woman 6.9
61 Woman 8.1
62 Woman 6.2
63 Woman 5.4
64 Woman 5.9
65 Woman 6.8
66 Woman 7.8
67 Woman 6.8
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Table 4.13 HbA1c statistics of female patients in the second group (Continued)

68 Woman 6.8
69 Woman 8.9
70 Woman 6.4
71 Woman 55
72 Woman 7.6
73 Woman 6.7
74 Woman 0.79
75 Woman 8.0
76 Woman 6.1
77 Woman 7.6
78 Woman 5.8
79 Woman 7.1
80 Woman 7.0
81 Woman 9.0
82 Woman 6.9
83 Woman 8.4
84 Woman 5.8
85 Woman 5.9
86 Woman 6.9
87 Woman 8.8
88 Woman 8.3
89 Woman 6.0
90 Woman 7.9
91 Woman 6.4
92 Woman 7.1
93 Woman 8.0
94 Woman 7.0
95 Woman 7.9
96 Woman 9.1
97 Woman 6.6
98 Woman 6.5
99 Woman 8.0
100 Woman 6.3
Average 6.9738
S. Deviation 1.02

The mean insulin value of women with hypothyroidism was calculated as 25.908 + 1.45,
itis illustrated in Table 4.14. Note that the normal insulin value is 2.6-24.9. The indication

is that in some patients the mean calculation is high and in another normal.
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Table 4.14 Insulin value statistics of female patients in the second group

Patient No Gender Insulin (LU/ML)
51 Woman 24.4
52 Woman 26.9
53 Woman 28.1
54 Woman 25.8
55 Woman 24.8
56 Woman 24.0
57 Woman 27.0
58 Woman 26.1
59 Woman 25.3
60 Woman 24.7
61 Woman 26.9
62 Woman 27.9
63 Woman 26.7
64 Woman 25.5
65 Woman 24.9
66 Woman 28.1
67 Woman 26.9
68 Woman 25.1
69 Woman 24.4
70 Woman 23.9
71 Woman 25.1
72 Woman 24.8
73 Woman 25.0
74 Woman 29.0
75 Woman 27.6
76 Woman 24.5
77 Woman 25.6
78 Woman 26.9
79 Woman 25.1
80 Woman 24.6
81 Woman 28.0
82 Woman 27.0
83 Woman 24.4
84 Woman 27.9
85 Woman 25.7
86 Woman 27.0
87 Woman 29.8
88 Woman 24.1
89 Woman 25.2
90 Woman 26.6
91 Woman 25.3
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Table 4.14 Insulin value statistics of female patients in the second group (Continued)

92 Woman 25.0
93 Woman 24.7
94 Woman 26.7
95 Woman 23.8
96 Woman 26.0
97 Woman 25.1
98 Woman 26.7
99 Woman 23.7
100 Woman 27.1
Average 25.908
S. Deviation 1.45
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5. CONCLUSION AND DISCUSSION

The most common endocrine disorders in the general population are diabetes and thyroid
disorders. Among thyroid disorders, hypothyroidism is the most common worldwide. It
has often been found to coexist with type 1 diabetes mellitus (TLDM) and T2DM. It is
thought to be a triggering factor for hypoglycemia in diabetic patients. In addition, the

incidence of hypothyroidism increases with age and is more common in women.

Among thyroid disorders, hypothyroidism is the most common worldwide. It has often
been found to coexist with type 1 diabetes mellitus (TIDM) and T2DM. Hypothyroidism
Is at least twice as common in women as in men. Although hypothyroidism is most
common in middle-aged or older women, the disease can occur at any age. In this study,
middle-aged women (aged 45-65 years) were selected, who were previously diagnosed
with hypothyroidism and did not have other chronic diseases. This study investigated the
incidence of TIDM and T2DM in patients with pre-existing hypothyroidism and
determined the incidence of hypothyroidism with pre-existing TLDM and T2DM. It has
been observed that female patients between the ages of 45 and 65 who were diagnosed
with hypothyroidism have a risk of developing diabetes. The risk of developing
hypothyroidism in female patients aged 45-65 years diagnosed with diabetes was
evaluated as positive based on the results of two of the three markers.

The main aim of this study was to evaluate the relationship between glucose levels and
perceived age. We showed that diabetic subjects tended to have a higher perceived age
compared to non-diabetic subjects. Also, in non-diabetic subjects, higher glucose levels
were associated with higher perceived age, regardless of confounding factors.
Comparison of assay results and statistics has been shown in Table 5.1 for the first group

(hypothyroidism) and second group (diabetes) patients.
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Table 5.1 Comparison of assay results and statistics of first group (hypothyroidism) and
second group (diabetes) patients

Parameters (Hyl;l(:tsltl)?;(())llilliasm) Se((lzjoir;(ggtl;;; P Re\]jglrsgce Measurement units
The average age 53.92+7.01 55.30 £+ 6.91 - Year

Free T3 1.79+0.44 2.11+0.64 2.30-4.20 pg/ mL

Free T4 0.75+0.19 0.97 £0.29 0.89-1.76 ng/dL

TSH 5.64+£0.76 4.89+0.93 0.55-4.78 puU/mL
(S:arllsjtrir:]é;)lucose 133.18 + 57.62 22126 +87.14 |  74-106 mg/dL
HbAlc 7.23+0.75 6.9738 + 1.02 4.2-6.5 %

Insulin 26.142 +1.31 25.908 + 1.45 2.6-24.9 pU/mL

As seen in Table 5.1:

1. Hypothyroid patients give results compatible with the criteria of low FT3, low FT4 and
high TSH, which are hypothyroid markers. This result confirms the diagnosis of
hypothyroidism in Group | patients.

2. Hypothyroid patients give results compatible with high blood sugar (fasting blood
sugar / serum glucose) value, which is a Diabetes marker. This result shows that there

is a risk of diabetes for patients with hypothyroidism.

3. Diabetes patients give results compatible with High blood sugar (fasting blood sugar /
serum glucose) value, which is a marker of diabetes. This conclusion confirms the

diagnosis of diabetes in the second group of patients.

4. Diabetes patients give results compatible with the criterion of low FT3 value, which is

a marker of hypothyroidism.

5. Diabetes patients give results partially compatible with low FT4 value, which is a
marker of hypothyroidism. When the average values of the second group are examined,
it is seen that the group average of the diabetic patients is in the FT4 reference value
range, but when the individual results are examined, it is seen that the diabetes patients

have low FT4 hormone.

6. Diabetes patients give results consistent with high TSH value, which is a marker of
hypothyroidism.
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7. Diabetes (HbA1c) and high insulin levels are indicators of diabetes.

5.1 Conclusion

1. It is seen that female patients between the ages of 45 and 65 who have been diagnosed
with hypothyroidism have a risk of developing Diabetes.

2. Female patients aged 45-65 years diagnosed with diabetes are at risk of developing
hypothyroidism, and are evaluated positively based on the results of two of the three

markers.
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