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Abstract 
______________________________________________________________________________________________________ 

Thyroid gland is an essential endocrine gland that is present in the human body.  This review 
highlights the production, regulation and disease conditions of the thyroid hormones.  The 
thyroid gland is controlled with the help of hypothalamus and the pituitary gland that is 
present in the brain.  The production of thyroid hormones involves five main steps such 
synthesis of thyroglobulin (TG), iodide uptake, iodination of thyroglobulin, storage and 
release.  The two important hormones produced by the thyroid gland are Thyroxine (T4) and 
Triiodothyronine(T3). These two hormones are iodine containing derivatives. Deficiency of 
iodine in the body results in the reduction of T3 and T4 production. Excess and deficiency of 
these two hormones result in the major diseases like Hyper and Hypothyroidism.  The 
synthetic forms of Thyroxine(T4) and Triiodothyronine(T3) used in the Pharmaceutical field 
are Levothyroxine and Liothyronine.  Women are most commonly prone to these thyroid 
diseases comparatively to men.  Undiagnosed disease conditions may become fatal. 
Levothyroxine therapy is commonly used for thyroidism which is a similar synthetic thyroid 
hormone.  Also natural thyroid hormones that are obtained from the dried thyroid glands of 
animals are available.  Thyroid function test and the measurement of T3, T4 plasma level 
becomes essential for the identification and regular maintenance of thyroid hormones in the 
body and human well-being. 

Keywords:  Thyroid gland, Thyroxine(T4), Triiodothyronine(T3), Levothyroxine, 
Liothyronine 

 

Introduction: 

Thyroid is an endocrine gland situated on the either side of 
trachea at the root of the neck. It is a butterfly shaped organ 
responsible for metabolism, growth, internal temperature 
and many other body functions.1   Thyroid hormones are 
stored in the thyroid gland and released when needed in the 
body.2  

Thyroid hormones have a key role in the human 
metabolism.3,4  The two essential  hormones synthesized in 
the body  by thyroid gland is Triiodothyronine (T3) and 
Thyroxine(T4). The biosynthetic pathways of the thyroid 
hormone starts with the iodine metabolism.5 

In the production of thyroid hormones,  triiodothyronine 
(T3) is synthesized to a lesser degree than the thyroxine 
(T4).6 But triiodothyronine (T3) is more active than 
thyroxine (T4).7 Thyroxine (T4) covers about 90% of the 
secretion and  Ttriiodothyronine(T3) is  about  9 % of the 
secretion from the gland.  Reverse T3 (rT3) is the third 
minor hormone secreted by the thyroid gland that covers 
1% of the secretion which is not biologically active.8  

Production of Thyroid Hormones in the 
Human Body: 

Thyroid gland is controlled by the hypothalamus and the 
pituitary gland, which are located in the brain. The 
hypothalamus releases thyrotropin-releasing hormone 
(TRH) that stimulates the pituitary gland to release Thyroid-

Stimulating Hormone (TSH)9. Under the normal conditions 
of hypothalamus and pituitary gland, they  sense when the 
thyroid hormone levels are low, and  they secrete more TRH 
and TSH that stimulates  to make more thyroid hormones 
and vice versa. More hormones are produced in the body 
when it is needed.10  

This whole network of thyroid hormone production is 
referred as the hypothalamic-pituitary-thyroid axis(HPT), it 
also adapts to the metabolic changes and  body's needs.11  

Secretion of Thyroid Hormones: 

Steps involved in the synthesis of thyroid hormone in 
the Human Body: 

1. Synthesis of Thyroglobulin (TG): Thyroglobulin is a 
protein produced by thyrocytes in the thyroid follicles. 
TG does not contain any iodine on its own, it is a 
precursor protein stored in the lumen of follicles and it is 
produced in the rough endoplasmic reticulum. Golgi 
apparatus packs it into the vesicles and then it enters the 
follicular lumen through exocytosis. 

2. Iodide Uptake :Protein Kinase A phosphorylation 
causes increase in the activity of basolateral Na+-I- 
symporters, which are powered by Na+-K+-ATPase, 
brings iodide from the circulation into the thyrocytes. 
Iodide then diffuses from basolateral side to the  apex of 
the cell and transported into the colloid through Pendrin 
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Thyrotropin releasing hormone  

Anterior pituitary 

Thyroid stimulating hormone 

 

Thyroid gland 

Thyroid hormones (T3/T4) 

transporter.12  

3. Iodination of thyroglobulin: Protein kinase A 
phosphorylates and activates the enzyme thyroid 
peroxidase (TPO). TPO undergoes three reactions: 
oxidation, organification, and coupling reaction. 

1. Oxidation: TPO oxidizes iodide (I-) to iodine (I2) using 
hydrogen peroxide. NADPH- oxidase, apical enzyme, 
generates hydrogen peroxide for TPO.      

2. Organification: TPO links tyrosine residues of 
thyroglobulin protein with Iodine. It produces 
monoiodotyrosine (MIT) and diiodotyrosine (DIT). MIT 
is made of a single tyrosine residue with iodine, and DIT 
is of two tyrosine residues with iodine. 

3. Coupling reaction: TPO combines iodinated tyrosine 

residues to form triiodothyronine (T3) and 
tetraiodothyronine (T4). T3 is formed by joining MIT and 
DIT , and two DIT molecules formT4.13  

4. Storage: Thyroid hormones are bound to thyroglobulin 
for storage in the follicular lumen. 

5. Release: Thyrocytes help in the release of thyroid 
hormones into the fenestrated capillary network.14  

 Tyrosine + I2     =  MIT (Monoiodotyrosine) 

 MIT+I                   =  DIT (Di iodotyrosine) 

 DIT+MIT             =  T3 (Triiodotyrosine) 

 MIT+DIT             =  ReverseT3 

 DIT+DIT             =  T4 (Tetraiodotyrosine)2 

 

 

 

 

 

Mechanism of action of Thyroid Hormones: 

Thyroxine (T4) is the pro hormone that gets converted to 
triiodothyronine (T3) which is biologically more potent.  
This conversion is done by three iodothyronine deiodinases .   
They are type 1 deiodinase (D1), type 2 deiodinase (D2), and 
type 3 deiodinase (D3) enzymes.  Type 1 and type 2 enzymes 
catalyse the removal of a 5' - iodine atom for the conversion 
of thyroxine(T4) to triiodthyronine (T3).  Type 3 enzyme 
irreversibly removes a 5 - iodine atom to form reverse 
T3.15,16  

Thyroid gland produces thyroid hormone, which consists of 
follicles where thyroid hormone is synthesized through 
iodination of tyrosine residues in the glycoprotein 
thyroglobulin.17,18  

Thyroid stimulating hormone (TSH), that is secreted by the 
anterior pituitary acts directly on the TSH receptor (TSH-R) 
on the thyroid follicular cell.  TSH regulates the sodium 
iodide symporter  and it is followed by the  steps that are 
necessary for thyroid hormone synthesis takes place.19 
When T3 and T4 enters into the blood from thyroid gland 
they bind to the protein called Thyroid Binding Protein 

(TBP) and travel in the  blood stream.  From the blood 
stream they reach the target cells. 

What is Thyroxine (T4): 

Thyroid gland produces thyroxine (T4) in the body by the 
regulation of hypothalamus and the pituiary gland.  
Thyroxine (T4) must be converted to triiodothyronine (T3) 
to become active by either type 1 (D1) or type 2 (D2) 
deiodinase enzyme.20 Iodine is the major constituent that is 
required for the formation of thyroxine.  To synthesize 
normal amount of thyroxine iodide is needed from the 
ingested iodine.21  

What is triiodothyronine (T3): 

Thyroid gland produces triiodothyronine (T3) which is the 
active thyroid hormone.  It is involved in most of the 
physiological processes in the body like growth, metabolism 
and heart rate.22  

Triiodothyronine (T3) is four times more potent than 
thyroxine (T4) and  when comes to the duration of action,  
thyroxine (T4) has more duration when compared to 

Hypothalamus 
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tiiodothyronine (T3).   T3 is released quickly due to its lesser 
affinity for plasma proteins and its effect is faster than 
thyroxine(T4).  

Effects of metabolically active form of triiodothyronine (T3): 

 Potentiates basal metabolic rate 

 Increases cardiac output 

 Increases heart rate 

 Positive impact in the effects of catecholamines  

 Improves the brain action 

 Thickens the endometrium in females 

 Increases catabolism of proteins 23 

Treatment with Thyroxine (T4) and 
Triiodothyronine (T3):24  

Thyroid hormone deficiency (hypothyroidism) is treated by 
T3 and T4 administration.  As they are stable and well 
absorbed in the stomach, oral route is preferred.  The 
synthetic version of Thyroxine (T4) is levothyroxine and 
Triiodothyronine (T3) is Liothyronine.  T4 has longer 
biological half-life than T3, so once daily admininstration of 
T4 is recommended.  

Levothyroxine contains only thyroxine (T4) and it is found 
to be ineffective for many patients due to the lack of 
deiodinases (Type 1 and 2) which converts T4 to T3.  For 
such patients either a combination of synthetic T3 and T4 or 
a natural thyroid hormone which contains a mixture of both 
T3 and T4 is preferred.  The source of natural thyroid 
hormone is pork thyroid gland.    

They are given orally as they are well absorbed by the 
stomach. The Pharmaceutical name of manufactured version 
of T4 is Levothyroxine but it is metabolised slowly than T3 
and hence once-daily administration will be enough. Some 
patients feel natural thyroid hormone works better over the 
biosynthetic forms and this is based on the evidence of 
clinical trials.25 

Problems associated with T3 and T4 levels: 

Excess and deficiency of thyroid hormone in the 
bloodstream results in various problems in the body. 
Improper functioning of the thyroid gland may result in 
many thyroid disorders.26 The two main types of thyroid 
disorders are hypothyroidism and hyperthyroidisms.27 Too 
much of T3 in the blood is referred to as thyrotoxicosis. This 
condition happens due to the over activity of thyroid gland, 
it is also called as hyperthyroidism. Hyperthyroidism occurs 
in various conditions such as Grave’s disease, inflammation 
of the thyroid or a benign tumor. Hyperthyroidism occurs 
when more T3 supplements are ingested. or conversion of 
more T4 to T3 hormone by deiodinase enzyme.28 

Signs of Thyrotoxicosis/Hyperthyroidism: 

 Weight loss 

 Irregular menstrual cycle 

 Palpitations 

 Increased appetite 

 Tiredness and irritability 

 Hair fall and hair thinning 29 

Hypothyroidism is the condition that results if the deficiency 
of thyroid hormone takes place in the body. This may be due 
to auto immune conditions and certain medications like 
amiodarone, methimazole, potassium iodide, interleukin 2 . 
Pituitary dysfunction such as pituitary tumors or 
inflammation also result in Hypothyroidism.30  

Signs of Hypothyroidism: 

 Weight gain 

 Feeling cold 

 Tiredness 

 Mental depression 

 Constipation 

 Menstrual irregularities 31 

Some of the Most Common Thyroid Diseases: 

Thyroid diseases are one of the most common endocrine 
disorders in the world.32  

Goiters:  It is the condition where the neck area is bulged. It 
is of toxic goiter and non- toxic goiter. Toxic goiter is 
associated with hyperthyroidism and non-toxic goiter is also 
known as a simple or endemic goiter and it is caused by 
iodine deficiency. 33,34 

Thyroid cancer:  All age groups of people can be affected by 
thyroid cancer and the symptoms are  neck pain, enlarged 
lymph nodes.35  

Thyroiditis: It is an inflamed condition of thyroid gland that 
is associated with the abnormal thyroid function (mainly 
hyperthyroidism). Inflammation results in the death of 
thyroid cells, which makes the thyroid gland unable to 
produce enough hormones.  Therefore, body’s normal 
metabolism is affected. There are five types of thyroiditis; 
they are Hashimoto's thyroiditis, sub-acute thyroiditis, silent 
thyroiditis, post-partum thyroiditis and drug/radiation 
induced.  Treatments for these types are specific to each 
type. 

Hyperthyroidism: This condition occurs when too much 
thyroid hormone is secreted in human body. Hyperthyroid 
patients are often sensitive to heat, they eat excessively, 
hyperactive. One of the side effects of hyperthyroidism is 
goiter. This is due to the inflamed tissues and over-
stimulated thyroid. Symptoms of hyperthyroidism are 
nervousness, tremor, abnormal heart rate, fatigue, increased 
sweating, increase in bowel movements, unintentional 
weight loss. 

Some of the most common causes of hyperthyroidism are: 
36,37  

 Excessive iodine consumption 

 Thyroid nodules (Known as hot nodules) 

 Grave’s disease 

 Toxic goiter   

Hypothyroidism: This condition occurs when thyroid 
hormone is secreted in human body is too low. This 
condition is known as Cretinism and it often appears in 
infants. Cretinism may result in abnormal bone development 
and mental retardation. In case of adults, hypothyroidism 
may show symptoms like little appetite, sluggishness. 
Hypothyroidism is often unnoticed for years before 
diagnosed. Symptoms of hypothyroidism are dry skin, fluid 

https://en.wikipedia.org/wiki/Basal_metabolic_rate
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retention, depression, poor concentration, muscle and joint 
aches.38 

Impact of thyroid disease in humans: 

Thyroid diseases have become common worldwide.39 

Women are more affected to these thyroid diseases.  Nearly 
12% of the population in the world develops thyroid 
diseases in their lifetime.  Around 20 million people get 
affected by some form of thyroid diseases.  But 60% of the 
people are not aware of their disease condition.  One woman 
in five will develop thyroid disorder in her lifetime.  Thyroid 
disease that remains undiagnosed may result in serious 
stages for the patients.  More than 60% of the thyroid 
diseases remains life long.40,41 

Thyroid function test: 

It is the blood test that is done to check the function of 
thyroid gland.42 They are identified by many symptoms and 
after diagnosing, it needs to be regularly monitored for 
treatment.43 Excess and deficiency of thyroid hormone occur 
at many condition, so adequate laboratory assessments are 
vital. Thyroid testing can provide details about the level of 
thyroid hormones in the body. Treatments like ablative 
therapy such as  surgery, long term or life-long (anti-thyroid 
drugs and thyroid hormone replacement) medications. In 
these conditions frequent monitoring of patients is 
required.44  

Measurement of Plasma level of T3 and T4: 

1. T3, T4, and TSH hormone levels are measured by 
radioimmunoassay.  In hyper thyroidism, serum T3 and 
T4 increase and serum TSH levels are decreased.  In 
hypothyroidsm, the serum T3 and T4 decrease and 
serum TSH levels are increased. 45 

2. The direct measurement of concentration of free thyroid 
hormones (T3, T4) in the plasma is the diagnosis for 
hyper and hypothyroidism.  

3. Basal metabolic rate is measured in thyroid condition.  In 
hyperthyroid condition,  it is increased  about 30% to 
60%.  In hypothyroid condition it is decreased by about 
20%  to 40%.2 

 References: 

1. M J. Thyroid Disorders during Pregnancy. Int J Nurs Educ Res. 
2020 Jul 30; 8(3):391-3. https://doi.org/10.5958/2454-
2660.2020.00084.8 

2. Sembulingam K, Sembulingam P, Sixth edition, Essentials of 
medical physiology. 2012. 
https://doi.org/10.5005/jp/books/11696_42 

3. Stathatos N. Anatomy and Physiology of the Thyroid Gland. In: 
Luster M, Duntas LH, Wartofsky L, editors. The Thyroid and Its 
Diseases: A Comprehensive Guide for the Clinician [Internet]. 
Cham: Springer International Publishing; 2019; p. 3-12. 
Available from: https://doi.org/10.1007/978-3-319-72102-6_1 

4. Kapadia KB, Shah JS, Bhatt PA. Interlinking Between Altered 
Thyroid State and Development of Insulin Resistance: A Review. 
Res J Pharmacol Pharmacodyn. 2011 Oct 28; 3(5):234-40. 

5. Mansourian AR. Metabolic pathways of tetraidothyronine and 
triidothyronine production by thyroid gland: a review of 
articles. Pak J Biol Sci. 2011 Jan 1; 14(1):1-12. 
https://doi.org/10.3923/pjbs.2011.1.12 

6. Danzi S, Klein I. Thyroid hormone and blood pressure regulation. 
Curr Hypertens Rep. 2003 Dec 1; 5(6):513-20. 
https://doi.org/10.1007/s11906-003-0060-7 

7. Bhor RJ, Damdhar H, Kokate G, Salve M, Andhale S. A Review on 
Sign and Symptoms of Graves's Diseases as Thyroidal Diseases 

and Its Treatment with Anti Thyroidal Drug. Res J Pharm 
Technol. 2016 Nov 28; 9(11):2027-33. 
https://doi.org/10.5958/0974-360X.2016.00414.5 

8. Textbook of Physiology, R. Chandramouli, Second eition, 2003. 

9. S D, Gangopadhyay S, S PK, Sarkar G. Serum creatinine and eGFR 
are affected in female hypothyroid patients with poor Thyroid 
control. Asian J Pharm Technol. 2020 Nov 18; 10(4):241-4. 
https://doi.org/10.5958/2231-5713.2020.00040.9 

10. John AM, Roy A, Mohamed A, John D, John J, Lakshmi J. A Study to 
assess the effectiveness of Structured Teaching Programme on 
knowledge regarding thyroid problems among adolescent girls. 
Int J Adv Nurs Manag. 2019 Aug 19; 7(3):201-5. 
https://doi.org/10.5958/2454-2652.2019.00047.7 

11. Yen PM. Physiological and Molecular Basis of Thyroid Hormone 
Action. Physiol Rev. 2001 Jul 1; 81(3):1097-142. 
https://doi.org/10.1152/physrev.2001.81.3.1097 

12. Uduak OA, Ani EJ, Etoh ECI, Macstephen AO. Comparative effect 
of Citrus sinensis and carbimazole on serum T4, T3 and TSH 
levels. Niger Med J J Niger Med Assoc. 2014; 55(3):230-4. 
https://doi.org/10.4103/0300-1652.132049 

13. Rousset B, Dupuy C, Miot F, Dumont J. Chapter 2 Thyroid 
Hormone Synthesis And Secretion. In: Feingold KR, Anawalt B, 
Boyce A, Chrousos G, de Herder WW, Dhatariya K, et al., editors. 
Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 
2000. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK285550/ 

14. Shahid MA, Ashraf MA, Sharma S. Physiology, Thyroid Hormone. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2021 [cited 2021 Jul 16]. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK500006/ 

15. Gereben B, Zavacki AM, Ribich S, Kim BW, Huang SA, Simonides 
WS, et al. Cellular and Molecular Basis of Deiodinase-Regulated 
Thyroid Hormone Signaling. Endocr Rev. 2008 Dec; 29(7):898-
938. https://doi.org/10.1210/er.2008-0019 

16. St Germain DL, Galton VA, Hernandez A. Minireview: Defining 
the roles of the iodothyronine deiodinases: current concepts 
and challenges. Endocrinology. 2009 Mar; 150(3):1097-107. 
https://doi.org/10.1210/en.2008-1588 

17. Zimmermann MB, Boelaert K. Iodine deficiency and thyroid 
disorders. Lancet Diabetes Endocrinol. 2015 Apr 1; 3(4):286-95. 
https://doi.org/10.1016/S2213-8587(14)70225-6 

18. Rubio IGS, Medeiros-Neto G. Mutations of the thyroglobulin gene 
and its relevance to thyroid disorders. Curr Opin Endocrinol 
Diabetes Obes. 2009 Oct; 16(5):373-8. 
https://doi.org/10.1097/MED.0b013e32832ff218 

19. Brent GA. Mechanisms of thyroid hormone action. J Clin Invest. 
2012 Sep 4; 122(9):3035-43. 
https://doi.org/10.1172/JCI60047 

20. Larsen PR, Zavacki AM. Role of the Iodothyronine Deiodinases in 
the Physiology and Pathophysiology of Thyroid Hormone 
Action. Eur Thyroid J. 2012; 1(4):232-42. 
https://doi.org/10.1159/000343922 

21. Textbook of medical physiology, Guyton and Hall, 12th edition, 
2011. 

22. Triiodothyronine (T3) Antibodies and Antigens - Creative 
Diagnostics [Internet]. [cited 2021 Jul 18]. Available from: 
https://www.creative-diagnostics.com/ivd-materials/products-
triiodothyronine-t3-286.htm 

23. Gelfand RA, Hutchinson-Williams KA, Bonde AA, Castellino P, 
Sherwin RS. Catabolic effects of thyroid hormone excess: the 
contribution of adrenergic activity to hypermetabolism and 
protein breakdown. Metabolism. 1987 Jun; 36(6):562-9. 
https://doi.org/10.1016/0026-0495(87)90168-5 

24. Grozinsky-Glasberg S, Fraser A, Nahshoni E, Weizman A, 
Leibovici L. Thyroxine-triiodothyronine combination therapy 
versus thyroxine monotherapy for clinical hypothyroidism: 
meta-analysis of randomized controlled trials. J Clin Endocrinol 

https://doi.org/10.5958/2454-2660.2020.00084.8
https://doi.org/10.5958/2454-2660.2020.00084.8
https://doi.org/10.5005/jp/books/11696_42
https://doi.org/10.1007/978-3-319-72102-6_1
https://doi.org/10.3923/pjbs.2011.1.12
https://doi.org/10.1007/s11906-003-0060-7
https://doi.org/10.5958/0974-360X.2016.00414.5
https://doi.org/10.5958/2231-5713.2020.00040.9
https://doi.org/10.5958/2454-2652.2019.00047.7
https://doi.org/10.1152/physrev.2001.81.3.1097
https://doi.org/10.4103/0300-1652.132049
https://doi.org/10.1210/er.2008-0019
https://doi.org/10.1210/en.2008-1588
https://doi.org/10.1016/S2213-8587(14)70225-6
https://doi.org/10.1097/MED.0b013e32832ff218
https://doi.org/10.1172/JCI60047
https://doi.org/10.1159/000343922
https://doi.org/10.1016/0026-0495(87)90168-5


Rajalakshmi et al                                                                                                            Journal of Drug Delivery & Therapeutics. 2021; 11(5):178-182 

ISSN: 2250-1177                                                                                    [182]                                                                                         CODEN (USA): JDDTAO 

Metab. 2006 Jul; 91(7):2592-9. 
https://doi.org/10.1210/jc.2006-0448 

25. Wiersinga WM. Thyroid hormone replacement therapy. Horm 
Res. 2001; 56 Suppl 1:74-81. 
https://doi.org/10.1159/000048140 

26. Thokada SS, Kandregula H, Mugada V. Prevalence of Sub-Clinical 
Hypothyroidism among Diabetes Mellitus Patients with 
Vascular Complications. Asian J Res Pharm Sci. 2018 Nov 3; 
8(4):253-7. https://doi.org/10.5958/2231-5659.2018.00042.5 

27. Anandkumar S, Chacko J, K TC, Usha M. Thyroid Disorder: An 
Overview. Res J Pharmacol Pharmacodyn. 2020 Feb 28; 12(1):1-
4. https://doi.org/10.5958/2321-5836.2020.00001.4 

28. Moura Neto A, Zantut-Wittmann DE. Abnormalities of Thyroid 
Hormone Metabolism during Systemic Illness: The Low T3 
Syndrome in Different Clinical Settings. Int J Endocrinol. 2016 
Oct 10; 2016:e2157583. 
https://doi.org/10.1155/2016/2157583 

29. Understanding Medical Physiology, R. L. Biljami, 3rd Edition, 
2004. 

30. Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A, Fallahi 
P. Autoimmune thyroid disorders. Autoimmun Rev. 2015 Feb 1; 
14(2):174-80. https://doi.org/10.1016/j.autrev.2014.10.016 

31. El-Shafie KT. CLINICAL PRESENTATION OF HYPOTHYROIDISM. J 
Fam Community Med. 2003; 10(1):55-8. 

32. Maheshwari P, Mohan R, Shanmugarajan TS. KAP Study on 
Thyroid Disorders (Hypothyroidism and Hyperthyroidism) in a 
Tertiary Care Hospital. Res J Pharm Technol. 2017 Jan 28; 
10(1):41-3. https://doi.org/10.5958/0974-360X.2017.00010.5 

33. Premawardhana LDKE, Lazarus JH. Management of thyroid 
disorders. Postgrad Med J. 2006 Sep; 82(971):552-8. 
https://doi.org/10.1136/pgmj.2006.047290 

34. Samuel AR, Devi G. Geographical distribution and occurrence of 
Endemic Goitre. Res J Pharm Technol. 2015 Aug 28; 8(8):973-8. 
https://doi.org/10.5958/0974-360X.2015.00162.6 

35. Nguyen QT, Lee EJ, Huang MG, Park YI, Khullar A, Plodkowski RA. 
Diagnosis and Treatment of Patients with Thyroid Cancer. Am 
Health Drug Benefits. 2015 Feb; 8(1):30-40. 

36. De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet Lond 
Engl. 2016 Aug 27; 388(10047):906-18. 
https://doi.org/10.1016/S0140-6736(16)00278-6 

37. Khankari RV, Pagar KR, Khandbahale SV, Sable PS. A Review on: 
Antithyroid Drug Therapy. Asian J Res Pharm Sci. 2019 Aug 30; 
9(3):238-41. https://doi.org/10.5958/2231-
5659.2019.00037.7 

38. Chaker L, Bianco AC, Jonklaas J, Peeters RP. Hypothyroidism. 
Lancet Lond Engl. 2017 Sep 23; 390(10101):1550-62. 
https://doi.org/10.1016/S0140-6736(17)30703-1 

39. Unnikrishnan AG, Menon UV. Thyroid disorders in India: An 
epidemiological perspective. Indian J Endocrinol Metab. 2011 
Jul; 15(Suppl2):S78-81. https://doi.org/10.4103/2230-
8210.83329 

40. Canaris GJ, Tape TG, Wigton RS. Thyroid disease awareness is 
associated with high rates of identifying subjects with 
previously undiagnosed thyroid dysfunction. BMC Public Health. 
2013 Apr 16; 13(1):351. https://doi.org/10.1186/1471-2458-
13-351 

41. Prevalence and Risk Factors of Thyroid Dysfunction in Older 
Adults in the Community | Scientific Reports [Internet].. 
Available from: https://www.nature.com/articles/s41598-019-
49540-z 

42. Dayan CM. Interpretation of thyroid function tests. The Lancet. 
2001 Feb 24; 357(9256):619-24. 
https://doi.org/10.1016/S0140-6736(00)04060-5 

43. Franklyn JA, Boelaert K. Thyrotoxicosis. Lancet Lond Engl. 2012 
Mar 24; 379(9821):1155-66. https://doi.org/10.1016/S0140-
6736(11)60782-4 

44. Cappola AR, Fried LP, Arnold AM, Danese MD, Kuller LH, Burke 
GL, et al. Thyroid status, cardiovascular risk, and mortality in 
older adults. JAMA. 2006 Mar 1; 295(9):1033-41. 
https://doi.org/10.1001/jama.295.9.1033 

45. Basics of Medical Physiology, Second edition, D. Venkatesh, H.H. 
Sudhakar, 2011.

 

 

https://doi.org/10.1210/jc.2006-0448
https://doi.org/10.1159/000048140
https://doi.org/10.5958/2231-5659.2018.00042.5
https://doi.org/10.5958/2321-5836.2020.00001.4
https://doi.org/10.1155/2016/2157583
https://doi.org/10.1016/j.autrev.2014.10.016
https://doi.org/10.5958/0974-360X.2017.00010.5
https://doi.org/10.1136/pgmj.2006.047290
https://doi.org/10.5958/0974-360X.2015.00162.6
https://doi.org/10.1016/S0140-6736(16)00278-6
https://doi.org/10.5958/2231-5659.2019.00037.7
https://doi.org/10.5958/2231-5659.2019.00037.7
https://doi.org/10.1016/S0140-6736(17)30703-1
https://doi.org/10.4103/2230-8210.83329
https://doi.org/10.4103/2230-8210.83329
https://doi.org/10.1186/1471-2458-13-351
https://doi.org/10.1186/1471-2458-13-351
https://doi.org/10.1016/S0140-6736(00)04060-5
https://doi.org/10.1016/S0140-6736(11)60782-4
https://doi.org/10.1016/S0140-6736(11)60782-4
https://doi.org/10.1001/jama.295.9.1033

