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ABSTRACT

Thyroid disorders have been one among the most challenging and most common endocrine disorders that we
confront worldwide. Major thyroid disorders include hypothyroidism, hyperthyroidism, goitre/iodine
deficiency, Hashimoto’s thyroiditis, and thyroid cancer. Among these, hypothyroidism is arguably the most
challenging as its multifarious clinical presentation often goes unnoticed. Hypothyroidism can be attributed to
the deficiency of thyroid hormones, triiodothyronine (T3) and thyroxine (T4), in the body. Mild or subclinical
hypothyroidism refers to the condition where peripheral thyroid hormone levels are within normal range, but
serum thyroid-stimulating hormone (TSH) levels are mildly elevated.

Hypothyroidism refers to the pathological state of thyroid hormone insufficiency. Most common symptoms of
hypothyroidism include tiredness, constipation, weight gain, aches, dry hair, and skin and cold sensitivity along
with being in a hypometabolic state. Due to the large variation in clinical manifestation and lack of warning
1

signs, the characterization of hypothyroidism is, for the most part, biochemical. Overt or clinical primary
hypothyroidism is said to be having the thyroid-stimulating hormone (TSH) concentrations higher and free
thyroid hormone (T3/T4) concentrations less than the reference range. Mild or subclinical
hypothyroidism is characterized by TSH concentrations exceeding the reference range whereas the free
thyroxine concentrations remain within the normal range®. This is commonly regarded as a sign of early thyroid
failure. According to others, hypothyroidism can be subdivided into primary, secondary, or tertiary, and
central and peripheral hypothyroidism. The primary hypothyroidism is the result of the lack of
active thyroid hormones in the system. Secondary hypothyroidism results from the deficiency of TSH,
whereas tertiary type is brought ab out by the thyrotropin-releasing hormone (T RH) deficiency that actually
results in reduced TSH release. The central and peripheral hypothyroidism, having characteristic
reasons, is accounted for less than 1% of all cases throughout the world.?
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INTRODUCTION

Hypothyroidism is the most common lifestyle disorder affecting the endocrine system. Hypothyroidism is described as
underactive thyroid function mainly affecting the female population. Weight gain, infertility, and depression are some
of the symptoms of the disease which may confuse the physician regarding the diagnosis of the disease. Thyroid
disorders are a worldwide, most prevalent endocrine diseases. It is a group of conditions affecting the thyroid gland's
function, are widespread globally, with over 42 million people affected in India alone.

MATERIALS AND METHOD
This study is based on a review study of hypothyroidism in Modern texts.

either underactive (hypothyroidism) or overactive (hyperthyroidism) thyroid. It significantly impacts the metabolism,
growth, and overall health of the human body. This review article’s main goal is to provide a comprehensive overview
of anatomy and physiology of the thyroid gland, the various types of thyroid disorders including hypothyroidism,
hyperthyroidism, thyroid cancer, goitre, thyroiditis, thyroid disorders in pregnancy as well as their aetiology, risk
factors, clinical manifestations, diagnostic approaches, and management strategies. Understanding the pathophysiology
of these disorders is crucial for early detection and effective treatment. The article further explores the role of genetic
and environmental factors in the development of thyroid conditions, the advancements in diagnostic techniques, and
the latest therapeutic interventions. Additionally, it highlights the importance of early intervention and the impact of
thyroid dysfunction on quality of life, particularly in vulnerable populations such as pregnant women and the elderly.
By consolidating current research and clinical practices, this review aims to contribute to a more thorough
understanding and better management of thyroid disorders.
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Signs & symptoms

There are two lateral lobes connected by an isthmus in the middle in front of the trachea. The gland is composed of
colloid filled spherical follicles. Follicles are the main functional units of the thyroid gland. Thyroid hormones are
classified into three types, triiodothyronine hormone (T3), thyroxin hormone (T4), and calcitonin. This thyroid
hormone secretion and regulated by the negative feedback mechanism of the hypothalamic-pituitary-thyroid (HPT)
axis.®” Thyroid dysfunction is of two types i.e., over activity - hyperthyroidism and under-activity — hypothyroidism

Hypothyroidism: Hypo metabolic clinical state due to the reduced production of Thyroid hormones or may be due to

the resistance of peripheral tissues to the effect of thyroid hormones.

Table 1: Showing signs and symptoms of hypothyroidism

Signs
Dry coarse skin,
Cool peripheral extremities
Pufty face, hand and feet
Diffuse alopecia
Bradycardia
Peripheral oedema

Delayed tendon reflex relaxation

(4-10)

Symptoms
Tiredness, weakness
Dry skin
Feeling cold
Hair loss
Difficulty in concentrating & poor memory
Constipation

Weight gain, poor appetite

Carpal tunnel syndrome Dyspnea

Serous cavity effusions Hoarse voice

Irregular menstruation
Paresthesia

Impaired hearing

Role of Thyroid Hormones:

* T4 (Thyroxine)- is the predominant hormone secreted by the thyroid gland and serves as a prohormone, being
converted to the more active Ts form in peripheral tissues. T4 regulates basal metabolic rate, thermogenesis, lipid
metabolism, and protein synthesis [11].

* Ts (Triiodothyronine)- although produced in smaller quantities, is more potent than T and directly influences
gene expression at the nuclear level. These hormones are essential for regulating energy expenditure,
cardiovascular function, and body temperature [12].

In times of increased metabolic rate or when circulating levels of T3 and T4 are low, TRH and TSH stimulate the
release of T3 and T4 into the bloodstream [6]. Around 80% of this will be T4 and only 10% will be the active T3, as
T3 has a short half-life of 24—36 hours, in comparison to that of T4, which has a half-life of 6—7 days [7].

Regulation by the Hypothalamic-Pituitary Thyroid Axis:

The synthesis and release of thyroid hormones are controlled by the hypothalamic-pituitary- thyroid axis. The
hypothalamus releases thyrotropin releasing hormone (TRH), which stimulates the pituitary to secrete thyroid-
stimulating hormone (TSH). TSH then activates the thyroid gland to produce T+ and Ts. This process is regulated
through negative feedback, where high levels of thyroid hormones inhibit the release of TRH and TSH, thus
maintaining homeostasis [13]. TSH production is regulated by two interacting systems. They are,

1. Open-loop neural control by hypothalamic hypophysiotropic factors

2. Negative feedback by thyroid hormones
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THYROID HORMONE REGULATIONS [14]

Thyroid Hormone activity is regulated at multiple steps; however, the primary point of regulation is synthesis of
thyroid hormones by the thyroid gland. Here we study the basic circuitry which governs the release of thyroid
hormone by the thyroid gland.

Overview: Thyroid Hormone release is regulated by an extended version of the circuit that governs Basic
Hypothalamic-Pituitary Coordination.

Hypothalamic Step: The hypothalamus releases Thyrotropin-releasing Hormone (TRH) which acts on the anterior
pituitary. It should be pointed out that TRH is also involved in the regulated release of prolactin.

Pituitary Step: Being stimulated by TRH, the anterior pituitary synthesizes and secretes Thyroid Stimulating
Hormone (TSH) which acts directly on the thyroid gland.

Thyroid Step: The thyroid gland releases thyroid hormones by the stimulation of TSH.

Tissue Step: The thyroid gland mostly releases T4 which does not possess much endocrine activity. Target tissues
possess the enzyme lodinase that converts T4 to either T3 or rT3. T3 possesses tremendously more endocrine activity
than T4 whereas, rT3 does not possess any endocrine activity. Therefore, in reality, the final step of the thyroid
hormone regulatory axis can be occurred in the actual peripheral target tissues as shown in the

Figure.3
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Figure 3

CHEMICAL STRUCTURE OF THYROID HORMONES

Thyroid hormones play a major role in the development and functional maintenance of many organs [15]. They are a
group of hormones synthesized and secreted from the thyroid gland, which is located in front of the trachea, below the
thyroid cartilage. In general, two compounds, thyroxine (3, 5, 3', 5' -tetra-iodo-L-thyronine, T4) and triiodothyronine
(3, 5, 3' -tri-iodo-L- thyronine, T3), are considered thyroid hormones. In addition, another compound called reverse T3
(3, 3", 5' -tri-iodo-L-thyronine, r'T3) is secreted from the thyroid gland. Their chemical structures are shown in Figure 4
.The essential molecular structure comprises two iodinated benzene rings connected by ether linkage.

T4 is the major hormone secreted from the thyroid gland, whereas the other hormones are mainly generated by the
deiodination of T4 in extrathyroidal tissues. The ratio of the secretion of T4:T3:rT3 from the thyroid gland is
approximately 100:5:2.5. T3, a bioactive thyroid hormone, is mainly produced by the deiodination of T4 in thyroid
hormone target tissues [14].
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VARIOUS DISORDERS OF THYROID GLAND

Hypothyroidism
Hyperthyroidism

Goitre

Thyroid nodules

Thyroid cancer

Thyroiditis

Thyroid disorders in pregnancy

NogakownpE

HYPOTHYROIDISM [16,17]
Description: A condition where the thyroid gland doesn't produce enough thyroid hormones.
Causes: Autoimmune diseases (e.g., Hashimoto’s thyroiditis), iodine deficiency, thyroid surgery, radiation therapy.

Symptoms: Fatigue, weight gain, cold intolerance, constipation, depression, dry skin.
Types:
1. Primary hypothyroidism (thyroid failure)

2. Secondary hypothyroidism (pituitary failure)
3. Subclinical hypothyroidism (normal T3/T4, mildly raised TSH)
HYPERTHYROIDISM [18,19]
Description: Excessive secretion of thyroid hormones.
Causes: Graves’ disease, toxic multinodular goiter, thyroiditis.
Symptoms: Weight loss, heat intolerance, palpitations, tremors, anxiety, goiter.

GOITER [20]

Description: Enlargement of the thyroid gland.
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Symptoms: Neck swelling, compressive symptoms (if large), sometimes euthyroid.
Types:
1. Simple (nontoxic) goiter
2. Toxic multinodular goiter
3. Endemic goiter (due to iodine deficiency)
THYROID NODULES [21]
Description: Solid or fluid-filled lumps within the thyroid.
Evaluation: Ultrasound, fine-needle aspiration (FNA).

Types:

1. Benign adenomas
2. Malignant (papillary, follicular, medullary, anaplastic carcinoma)

THYROID CANCER |[22]

Description: Thyroid cancer is the abnormal growth of cells in the thyroid gland, often presenting as a painless thyroid
nodule.

Symptoms: Hard nodule, rapid growth, hoarseness, lymphadenopathy.
Types:

Papillary carcinoma — Most common, good prognosis.
Follicular carcinoma
Medullary carcinoma — Associated with MEN syndromes.

i N =

Anaplastic carcinoma — Aggressive, poor prognosis.
THYROIDITIS [23]

Description: Thyroiditis is inflammation of the thyroid gland that can cause temporary hyperthyroidism followed by
hypothyroidism.

Symptoms: Thyroid pain (in subacute), phases of hyper- then hypothyroidism.
Types:

1. Hashimoto's thyroiditis — Autoimmune, leads to hypothyroidism.
2. Subacute (De Quervain’s) — Painful, viral origin.
3. Silent thyroiditis — Painless, postpartum or autoimmune.

THYROID DISORDERS IN PREGNANCY [24]

Description: Thyroid disorders during pregnancy can affect both maternal and fetal health. Proper management is
essential to prevent complications like miscarriage, preterm birth, and impaired neurodevelopment in the fetus.

Types:
1. Hypothyroidism

2. Hyperthyroidism
3. Postpartum thyroiditis
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Hypothyroidism

Description: Inadequate thyroid hormone production, often due to Hashimoto’s thyroiditis.
Symptoms: Fatigue, constipation, weight gain, cold intolerance.

Types:

1. Overt: High TSH, low free T4
2. Subclinical: High TSH, normal free T4

Risks: Miscarriage, preterm birth, impaired foetal development.
Hyperthyroidism

Description: Excess thyroid hormones, usually from Graves’ disease.
Symptoms: Palpitations, weight loss, tremors, anxiety.
Types:

1. Overt: Low TSH, high free T4
2. Subclinical: Low TSH, normal free T4

Risks: Preterm labour, foetal growth restriction, maternal complications.
Postpartum Thyroiditis

Description: Autoimmune thyroid inflammation occurring within one year postpartum. Symptoms:

* Hyper phase: Anxiety, weight loss
* Hypo phase: Fatigue, depression

Types: Biphasic or monophasic.
Outcome: Often self-limiting, may cause long-term hypothyroidism.
HYPOTHYROIDISM
Definition:
Hypothyroidism is a disorder that occurs when the thyroid gland does not make enough thyroid hormone to meet the

body’s requirements. Thyroid hormone regulates metabolism (the way the body uses energy) and affects nearly every
organ in the body. Without enough thyroid hormone, many of the body’s functions slow down. [25]

Healthy Thyroid Hypothyroidism
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Hypothyroidism is a condition in which the thyroid gland does not produce enough Thyroid hormone, often requiring
pharmacological management. Pharmacists should be able to recognise and treat the condition as they may provide
direct patient care in both primary and secondary settings.

Classification of Hypothyroidism [26]
Hypothyroidism can be classified based on the site of dysfunction and onset:
Based on Site of Dysfunction:

a. Primary Hypothyroidism: Most common type (over 95% of cases).Caused by dysfunction of the thyroid
gland itself.
Common causes: Hashimoto’s thyroiditis, iodine deficiency, post-thyroidectomy.

b. Secondary Hypothyroidism: Caused by pituitary gland dysfunction leading to inadequate secretion of TSH.
Often due to pituitary tumours, surgery, or radiation.

c. Tertiary Hypothyroidism: Due to hypothalamic dysfunction, leading to decreased TRH secretion. Rare and
often seen in congenital disorders or brain injuries.

Based on Onset:

a. Congenital Hypothyroidism: Present at birth due to thyroid dysgenesis . Can lead to cretinism if untreated.
b. Acquired Hypothyroidism: Develops later in life due to autoimmune diseases, medications, or surgery.

ETIOLOGY OF HYPOTHYROIDISM [27]

Hypothyroidism has several causes, including

* Hashimoto’s disease

* thyroiditis, or inflammation of the thyroid

* congenital hypothyroidism, or hypothyroidism that is present at birth
* surgical removal of part or all of the thyroid

* radiation treatment of the thyroid

* some medications

Less commonly, hypothyroidism is caused by too much or too little iodine in the diet or by abnormalities of the
pituitary gland.

1. Hashimoto’s Disease
This is the most common cause of hypothyroidism in many countries. It’s an autoimmune disease— the immune
system attacks the thyroid gland. This causes inflammation and reduces hormone production. It is also called chronic
lymphocytic thyroiditis.

2. Thyroiditis (Inflammation of the Thyroid)

Thyroiditis causes stored thyroid hormones to leak, first leading to hyperthyroidism, then hypothyroidism.

Types:

* Subacute Thyroiditis: Painful swelling, may follow a virus. Usually goes away on its own.
* Postpartum Thyroiditis: Happens after childbirth. Starts with hyperthyroidism, then becomes hypothyroidism.

* Silent Thyroiditis: Painless, may cause longterm hypothyroidism. Often autoimmune.
3. Congenital Hypothyroidism

Some babies are born with an underdeveloped or non-functioning thyroid. If not treated early, it can lead to mental and
growth problems. That’s why newborn screening is done in many countries. 4. Surgical Removal of the Thyroid
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If part of the thyroid is removed, hormone levels may stay normal. But if the entire thyroid is removed (due to goiter,
cancer, or nodules), it causes permanent hypothyroidism.

5. Radiation Treatment

Used to treat hyperthyroidism or cancers of the head and neck. Destroys thyroid cells, leading to reduced hormone
production.

6. Medications

Some medicines can reduce thyroid hormone levels:

* Amiodarone — for heart rhythm problems
* Lithium — used in bipolar disorder
* Interferon alpha — used in cancer treatment

* Interleukin-2 — used for kidney cancer. However, hypothyroidism develops slowly, so many people don’t
notice symptoms of the disease. Symptoms more specific to Hashimoto’s disease are a goiter and a feeling of
fullness in the throat.

Hypothyroidism can contribute to high cholesterol, so people with high cholesterol should be tested for
hypothyroidism. Rarely, severe, untreated hypothyroidism may lead to myxedema coma, an extreme form of
hypothyroidism in which the body’s functions low to the point that it becomes life threatening. Myxedema requires
immediate medical treatment.

DIAGNOSIS OF HYPOTHYROIDISM [27]

* Medical History & Physical Check-up:

Doctor asks about your health history and symptoms. Then, they do a physical exam.

* Blood Tests:

To confirm if you really have hypothyroidism and to find out the cause, doctors do the following tests:

a. TSH Test (Thyroid Stimulating Hormone):

This is the most important and first test done.

If TSH is high, it usually means hypothyroidism.

If TSH is low, it may mean hyperthyroidism.

If TSH is slightly high but you have no symptoms, it may be subclinical hypothyroidism.
Some doctors treat it right away. Others wait and keep checking regularly.

b. T4 Test (Thyroxine):
This checks the level of actual thyroid hormone in your blood. In hypothyroidism, T4 levels are lower than normal.
c. Thyroid Antibody Test:

This test checks if your immune system is attacking your thyroid (as in Hashimoto’s disease). People with Hashimoto’s
usually have these antibodies. If no antibodies are found, the cause may be something else.

TREATMENT OF HYPOTHYROIDISM

Usually hypothyroidism is treated using a medicine called synthetic thyroxine (T4). This medicine works just like the
natural thyroid hormone that human body makes.

The dose of thyroxine depends on:

* Age and weight
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* Severity of hypothyroidism
* Any other health problems
* Other medicines (some can affect how the thyroid medicine works)

After starting the medicine, doctors check your TSH levels in the blood after 6 to 8 weeks. Based on the results, they
may adjust the dose. Each time the dose is changed, your blood will be tested again.

Once the right dose is found, blood tests are done:

* After 6 months
* Then once a year to make sure everything is still okay

Hypothyroidism can be completely controlled with this medicine—as long as you take it daily as prescribed.

SIDE EFFECTS OF LEVOTHYROXINE [29]

* Levothyroxine is usually safe and works well, but sometimes it can cause mild side effects, such as:
* Reddening of the face

* Feeling restless

* Fast heartbeat (palpitations)

* Too much sweating

These symptoms may mean:

* The dose is too high,

* There is an interaction (like taking it with grapefruit, which increases absorption) If symptoms continue, the
patient should see a doctor for a dose review.

Rare but Serious Side Effects:

* Insomnia (trouble sleeping)
* Chest pain (angina) — may happen in people with heart problems
* Thyrotoxic crisis — a rare but life-threatening condition with very high thyroid hormone levels

What to do:

* Ifangina occurs, doctors may stop the medicine for a day or two and restart it with a lower dose.

* If symptoms of thyrotoxic crisis appear, the patient needs emergency treatment, as it can be dangerous (10—
20% risk of death if untreated).

DIET AND NUTRITION IN HYPOTHYROIDISM [30]

Balanced Diet:
People with hypothyroidism should eat a well-balanced diet to get all the essential nutrients.

Iodine and Supplements:
Iodine is important for making thyroid hormones. But people with autoimmune thyroid diseases (like Hashimoto’s)
should be careful. Too much iodine (from seaweed, kelp, or iodine drops) can worsen thyroid problems.

Pregnancy and Iodine:

Pregnant women need about 250 micrograms of iodine daily. The baby depends on the mother’s iodine intake for
thyroid hormone development. Around 7% of pregnant women in the U.S. don’t get enough iodine.

Tips for Adequate Iodine Intake:

Using of iodized salt instead of plain salt. Taking prenatal vitamins that contain iodine (during pregnancy).
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