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Abstract 

Hypothyroidism (underactive thyroid) is a condition where the thyroid gland does not produce 

enough thyroid hormones to meet the body’s needs. As these hormones regulate how the body 

uses energy (metabolism), their deficiency causes many body functions to slow down. Common 

causes include Hashimoto’s disease (autoimmune attack), iodine deficiency, or post-treatment 

effects. Symptoms develop slowly, including fatigue, cold intolerance, weight gain, constipation, 

dry skin/hair, hoarse voice, depression, and memory issues. Levothyroxine monotherapy is the 

standard treatment for hypothyroidism. Nonetheless, numerous unclear inquiries remain about 

patients who are biochemically stable yet dissatisfied with their therapy results. The present review 

is to give an overview of hypothyroidism disease, epidemiology of the disease, causes of 

hypothyroidism, highlighting the key considerations in diagnosis and current treatment of 

hypothyroidism along with providing future directions for research and improve management of 

the disease. Future research should investigate whether alternate regimens could offer a solution 

for a particular group of people with remaining symptoms. Investigation of the efficacy of new 

formulations (e.g., slow-release liothyronine) or increased administration frequency of 

levothyroxine-liothyronine combination therapy (e.g., tri-daily liothyronine) in alleviating patient 

symptoms, alongside the identification of patient subgroups that may benefit from alternatives to 

levothyroxine monotherapy (e.g., through the identification of additional genetic polymorphisms 

that could elucidate the individual thyroid set-point) could provide a new dimension to 

hypothyroidism management. 

Keywords: Hypothyroidism; Hashimoto’s disease; Levothyroxine; Liothyronine; Combination 

therapy; Genetic polymorphisms. 
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Chapter 1  

1.1 Introduction  

Hypothyroidism is a well-known and common medical condition in every corner of the world, and 

it is caused by the lack of thyroid hormones, mainly comprising T4 (thyroxine) and T3 (tri-

iodothyronine), that is exclusively having ugly consequences on health and may even lead to death 

without proper remedy (1). The diagnosis of the very disease given the dynamic nature of the 

symptoms and the absence of clear and specific symptoms of hypothyroidism is biochemical in 

nature and largely relies on the presence of thyroid-function tests Free tri-iodothyronine (FT3) and 

free thyroxine (FT4), which leads to the elevated and inversed change in the concentration of the 

pituitary gland hormone thyrotropin (thyroid-stimulating hormone (TSH) (2) and, consequently, 

the monitored change of the concentration of TSH levels the most popular primary 

(3).Hypothyroidism is typically a primary process which occurs when the thyroid gland fails to 

secrete sufficient amounts of thyroid hormone (4). As a result, open hypothyroidism is presented 

as a TSH level surpassing and an FT4 level that shows the state of being under the normal range, 

which is known as subclinical hypothyroidism, in which the thyroid gland is generally normal, but 

is not stimulated sufficiently owing to low secretion of thyrotropin by the pituitary (5,6). In 

Tertiary hypothyroidism, inadequate secretion of thyrotropin-releasing hormone (TRH) by the 

hypothalamus prompts inadequate secretion of TSH, which in turn leads to inadequate thyroid 

stimulation (7). 

Whether or not thyroid dysfunction is to be determined based on the already available reference 

ranges of free thyroxine and TSH is debated. This is a clinically problematic issue because the 

reference ranges typically serve as a therapy threshold. In individuals with hypothyroidism, 

replacement by levothyroxine remains the gold standard or sole approach to hypothyroidism 
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treatment. The issue of whether all patients should be treated with levothyroxine or there should 

be some alternative therapies (combinations with liothyronine preparations) has identified as 

whether a definite percentage of patients treated with levothyroxine should still complain despite 

the attainment of the target levels in the biochemical therapy.

 

 

Figure 1. A complex feedback system involving the hypothalamus and pituitary gland 

regulates the circulating thyroid hormones.  

 

1.2 Aim  

The aim of the review is to give an overview of hypothyroidism disease, epidemiology of the 

disease, causes of hypothyroidism, highlighting the key considerations in diagnosis and current 

treatment of hypothyroidism, along with providing future directions for research and improving 

management of the disease.  
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Chapter 2 

2.1 Methodology 

This review article includes original published studies, systematic reviews, meta-analyses, and 

international health documentation, all contributing to an overall understanding of 

hypothyroidism, prevalence of the disease, causes and current management of the disease. 

Standardized protocol and flexible method have been followed to get access to relevant scholarly 

articles from reputable scientific databases, including PubMed, ScienceDirect, Google Scholar, 

MedLine, Embase, Cochrane Database and the World Health Organization (WHO) publications. 

The search included specific terms ("hypothyroidism," "epidemiology of hypothyroidism," "risk 

factors," "causes of hypothyroidism," "treatment", "modalities," "management," "advanced 

treatment strategies of hypothyroidism"), relying on applicable articles as well. This article 

includes publications from the beginning of hypothyroidism research to the most current findings 

available in 2025, to provide historical depth and current relevance. Parameters for source selection 

criteria were based on scientific enforcement, citation frequency, relevance to the study’s 

subtopics, and publication in peer-reviewed journals to ensure accuracy and utility. Publications 

that specifically deal with the classification of hypothyroidism (Example: primary 

hypothyroidism, overt and subclinical hypothyroidism, secondary hypothyroidism), signs and 

symptoms of the diseases, and standard treatment of hypothyroidism were prioritized. After a 

thorough search and analysis of relevant papers from reliable sources, relevant and updated 

information was gathered, and “Hypothyroidism: An Overview of the Disease and Current 

Treatment Approach” was compiled and prepared. Finally, accurate citation has been used in 

order to give full attribution to the original author of the work, and all the articles have been cited 

to provide additional details in the Reference list. 
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Chapter 3 

Epidemiology and Causes of Hypothyroidism  

3.1 Prevalence and Risk Factors 

In the vast majority of cases of primary hypothyroidism in the world, the disease is caused by 

Hashimoto thyroiditis, an autoimmune disease, but in the past, the absolute most common cause 

of the disease was severe iodine deficiency .The thyroiditis in Hashimoto's is a gradual, progressive 

thyroid failure, which is due to the infiltration of the lymphocytes that causes immune-mediated 

destruction of the thyroid gland (8).A high level of antibodies to thyroid peroxidase (TPO-Ab) is 

characteristic of the thyroiditis of the hashimoto’s and it occurs in about 11% of the general 

population. TPO-Ab also happens to be regarded as a considerable danger factor for blatant 

hypothyroidism potential to induce gradual transformation of subclinical hypothyroidism to overt 

disease (9) . The rate of occurrence of the Hashimoto thyroiditis has been steadily rising due to the 

interplay of genetic sensitivity and other environmental signals like excess of the iodine element, 

pregnancy, sex-related hormones and steroids, deficiency and exposure to radiations etc (10), 

chemokines have also been proven to play a central role in developing the Hashimoto thyroiditis 

with the recent discoveries that both genetic and the environment factor to influence the increase 

in DNA methylation of several genes involved in immune system regulation which increases the 

risk of hypothyroidism further (11-13).  

Overt hypothyroidism reaches about 1-2 per cent prevalence in countries in which the requirements 

of iodine are fulfilled to adequate levels (14,15). It occurs in both overt and subclinical forms of 

hypothyroidism (primary forms of hypothyroidism) (14), with major prevalence in elderly 

individuals, where they constitute almost 7% in people aged 85-89 years (16). 
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Hypothyroidism is more prevalent among patients with Type 1 diabetes, autoimmune gastric 

atrophy, coeliac disease, Addison’s disease, rheumatoid arthritis and other autoimmune 

endocrinopathies than in the general population (17). Hypothyroidism is also more likely to 

develop among individuals with Down syndrome or Turner's syndrome (18). Conversely, 

moderate alcohol and tobacco smoking are linked to a low risk of hypothyroidism (19,20). 

Depending on the criteria, the general population's prevalence of hypothyroidism (subclinical and 

overt) ranges from 0.3% to 3.7% in the USA and from 0.2% to 5.3% in Europe (20-25). According 

to a meta-analysis of research (5) conducted in nine European nations, the prevalence of 

undiagnosed hypothyroidism, which includes both overt and mild instances, is approximately 5% 

(26). Hypothyroidism is common in India, affecting around 1 in 10 adults, with prevalence rates 

between 9% to 11%, significantly higher in females and older individuals, and varying 

geographically, showing higher rates inland than coastal areas, though it's a growing concern 

despite iodized salt efforts. A major 2013 study conducted in eight major cities of India (Bangalore, 

Chennai, Delhi, Goa, Mumbai, Hyderabad, Ahmedabad and Kolkata) demonstrated 

a 10.95% prevalence on the whole, with females at 15.86% and older adults disproportionately 

affected.  Autoimmune mechanisms were observed to play an etiological role in a significant 

proportion of patients reported in this study (27). Hypothyroidism is the most common thyroid 

disorder in Bangladesh; precise nationwide prevalence data for 2026 remain limited. Current 

research indicates that approximately 20% of the general population in Bangladesh suffers from 

some form of thyroid disorder (28). 

General Population Prevalence of Hypothyroidism in Bangladesh:  

Small-scale and community-based studies provide varying estimates for hypothyroidism:  
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• Dhaka District: A study among adults found a prevalence of 7.0% in Dhaka district 

according to a 2010 report, with a combined prevalence of 3.8% overt hypothyroidism and 

3.46 % of subclinical hypothyroidism (29). However, no recent data is available, 

suggesting the need for an epidemiological study on the prevalence of hypothyroidism in 

Dhaka as well as in other cities of Bangladesh. 

• Khulna District: A community-based study of 925 individuals identified 

a 4.97% prevalence of overt hypothyroidism and 6.59% for subclinical hypothyroidism. 

• Southeastern Region: Research published in 2025 indicates hypothyroidism remains a 

major concern, with some clinical surveys showing rates as high as 33% among specific 

patient groups (30). 

 

3.2 Causes of Hypothyroidism  

Hypothyroidism comes in four types: primary (resulting from insufficient production by the 

thyroid gland, resulting in the lack of thyroid hormone), secondary (resulting from a deficiency of 

TSH by the pituitary gland), tertiary (resulting from a deficiency of thyrotropin-releasing hormone 

by the hypothalamus), and peripheral (caused by extra-thyroidal or genetic mutations of causing 

thyroid-hormone resistance) (1). Less than 1% of the cases worldwide are secondary and tertiary 

hypothyroidism, also known as the central hypothyroidism and extrathyroidal hypothyroidism. 

 

3.2.1 Primary hypothyroidism 

Chronic autoimmune thyroiditis is the most prevalent cause of hypothyroidism in adequately 

iodinated areas, and can be described as Hashimoto's disease. Most patients of autoimmune 
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thyroiditis have high levels of anti-thyroid antibodies, mainly consisting of thyroid peroxidase 

antibodies and anti-thyroglobulin antibodies. The level of thyroid peroxidase antibody is also 

increased in approximately 11% of the general population (31). Thyroid peroxidase antibody in 

patients with subclinical hypothyroidism can be used to establish whether a patient will have the 

full-fledged disease or not (32,33). Although it is not clear what causes autoimmune thyroiditis, 

environmental and genetic factors play a great role in this condition (34,35). There is also a low 

level of thyroid peroxidase antibody in smokers compared with non-smokers, and autoimmune 

thyroiditis is increasing following cessation of smoking (36,37). Moderate consumption of alcohol 

intake, lack of vitamin D and selenium, among other environmental influences, are also linked to 

autoimmune thyroiditis (38). 

The thyroid hormone contains iodine. Lack of iodine may result in hypothyroidism, thyroid 

nodules and goitre. The most severe consequence of iodine deficiency is cretinism (retarded mental 

and physical growth in the womb and childhood). One of the cheapest and non-toxic public health 

interventions in the prevention of cognitive and physical impairment is Iodine fortification (39,40). 

The efforts remain unsuccessful in eradicating large regions of Africa and Asia, and individual 

sub-populations within certain countries with a high incidence of income, most obtruded being 

expectant women in certain areas of Italy, the United States, and the United Kingdom, continue to 

experience inadequate quantities of iodine despite the activities (41-43). The prevalence of 

autoimmune hypothyroidism is higher in populations that alternate between mildly deficient and 

optimally or excessively high levels of iodine, and the prevalence rate of hypothyroidism is lower 

in populations that alternate between severely deficient amounts and mildly deficient amounts 

(44,45). 
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The prescribed medication amiodarone contains Iodine which leads to thyroid hormone inhibition 

through Iodine accumulation, which terminates thyroid hormone creation (the Wolff-Chaikoff 

effect). The treatment of amiodarone results in hypothyroidism for approximately 14% of patients 

(46). Lithium produces two different effects, which include its impact on thyroid hormone 

production and release (47), leading to the development of hypothyroidism. The population-based 

cohort study identified 6% of leishmaniasis patients who required open lithium therapy treatment 

over the 18-month study period (48). The tyrosine kinase inhibitors are used in targeted therapy of 

various malignancies. The Food and Drug Administration's adverse event reporting system (49) 

examined clinical reports, which showed that patients who used sunitinib had a higher chance of 

developing hypothyroidism compared to patients who used sorafenib. Primary hypothyroidism can 

occur through the use of thalidomide, interferon-alfa and certain monoclonal antibodies, 

antiepileptic drugs and second-line medications for multidrug-resistant tuberculosis (Box 1). 

After the administration of radioiodine, hemithyroidectomy, neck radiation therapy, or cancer 

surgery, hypothyroidism may also be common (50-54). With causes of Graves’ disease, even low 

doses of radioiodine can cause hypothyroidism in nearly 80% of all individuals who undergo the 

treatment. Reported statistics indicate that some 8 percent patients undergoing treatment of solitary 

toxic nodules and 55 percent patients undergoing treatment of toxic nodular goitre develop 

hypothyroidism (50). A meta-analysis of 32 studies (55) found that 20% of patients who underwent 

a hemithyroidectomy experienced hypothyroidism (53). Other causes of primary hypothyroidism 

are infiltrative illness and temporary thyroiditis (Box 1). 
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3.2.2 Central hypothyroidism  

CH is unusual, as well as it is common, in both genders. The latter are usually concomitant to the 

former, yet its pituitary troubles (not the hypothalamic ones) (56). The features of the central 

hypothyroidism are described as low or low to normal TSH and correspondingly low amount of 

free thyroxine (57). In some cases, there occurs a slight rise in TSH levels, which is likely to be a 

result of a decline in bioactivity. Pituitary adenoma causes more than half of all the cases of central 

hypothyroidism (56). Incentives to central hypothyroidism are Sheehan syndrome, pituitary 

apoplexy, pituitary or hypothalamus disease due to head trauma, surgery, radiation therapy, genetic 

and infiltrative disease. Several known medications can potentially influence the hypothalamic 

pituitary- thyroid axis (Box 1) (58,59).  

The pathogenesis of CH is heterogeneous and can be expounded because of Iatrogenic response, 

trauma, autoimmune disorders, or congenital defects. Additionally, there can be several pituitary 

hormone deficiencies (MPHD) or isolated CH. CH is rich in clinical manifestations and is not just 

a combination of the signs of hypothyroidism because of its different causes. The clinical picture 

of patients is determined by MPHD aetiology, a symptom of endocrine deficiencies in most 

endocrine axes, a history of craniospinal irradiation, or pituitary adenoma. IGSF1, TBLIX, and 

IRS4 mutations with a direct causative role in CH were recently suggested as mutations and were 

reported in the already known reported mutations in TRH-R and TSHB (60-64). The mutation 

causes CH, Macro orchidism and TBLIX mutation mutation that impacts hearing ability caused 

by the mutation of IGSF1 by a mutable gene, which is IGSF1. This may be utilised as a guideline 

in such discriminative characteristics to CH cause(65). 

Normal or low TSH of CH patients fails to relate to the status of TH due to the central deregulation 

of the thyroid gland in CH. FT4 thus becomes a requirement in the diagnosis and treatment of CH. 
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In the majority of the newborn screening programmes dealing with congenital hypothyroidism, 

TSH is the first test. This method of approach can be considered a challenge in detection since CH 

is usually characterised by low/ normal TSH. Even the milder forms of CH are harder to detect 

since some of them can appreciate an F14 of even up to the lower part of the limits. The only 

correct way of diagnosing the case of congenital CH is the initial T4 measurements in the first 

cassettes of newborn screening. A newborn screening conducted using TSH is far more prevalent, 

and it will not diagnose newborn children with CH. Levothyroxine is the most common CH 

treatment, and it should be considered whether a person uses the evidence-based treatment or not. 

The treatment with levothyroxine in congenital cases of CH should be started as early as possible 

so that children may be able to develop neurodevelopment optimally. On the other hand, however, 

LEVOTHYROXINE treatment is to be doubted and may not be obligatory in milder instances of 

(congenital) CH or where, e.g. in older patients with only slightly depressed FT level on account 

of a TBLIX mutation, only slightly depressed pates are concerned. LEVOTHYROXINE should 

be taken regularly at a low dose at the beginning to minimize the proliferation of chances of being 

over-treated. Most information about the state of TH relies on examination of FT; therefore, TSH 

cannot prove to be a system of usefulness in examining the success of Levothyroxine therapy. 

EVOTHYROXINE ingestion time depends on the concentrations of FT. To ascertain the right 

outcomes, the European Thyroid Association (ETA) recommendation guideline on diagnosis and 

treatment of CH is categorical in that a state of blood sample must be taken before or at least four 

hours after the intake of L.-T4 (66). The FT4 concentration tends to be higher in patients on 

levothyroxine. In an event that the symptoms of hypothyroidism are present and the values 

obtained on FT4 fall on the lower half of the reference space, then hypothyroidism is not 

adequately treated (66).  



Page | 26  
 

 

3.2.3 Peripheral Hypothyroidism 

Peripheral hypothyroidism is a far less prevalent form of hypothyroidism, and to determine it, a 

high degree of clinical suspicion is needed since it does not demonstrate any typical course of 

abnormal portrayal of hypothyroidism in the plasma thyroid hormone. Thyroid hormone receptor 

8 resistance, characterised by accumulating severe hypothyroidism of bones, gastrointestinal, and 

nervous systems, including retarded growth, anaemia, constipation, intellectual retardation and 

slow cognition, skeletal dysgenesis, and normal or near normal serum thyroid activity (67,68,1). 

Type 3 deiodinase is an incredibly rare cause of consumptive hypothyroidism due to ectopic over-

expression, and has been shown to cause patients with gastrointestinal stromal tumors and other 

vascular fibrotic tumors (69). 
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Table 1. Causes of Hypothyroidism 

 

 Primary Hypothyroidism 

 

 

• Chronic autoimmune thyroiditis (also known as Hashimoto’s thyroiditis) 

• Iodine -severe iodine deficiency, mild and severe iodine excess 

• Drugs such as amiodarone, lithium, tyrosine kinase inhibitors, interferon-alfa, 

thalidomide, monoclonal antibodies (e”.g.”Ipilimumab and nivolumab), antiepileptic 

drugs (e.g., valproate), drugs for second-line treatment of multidrug-resistant 

tuberculosis 

• Iatrogenic—radioiodine treatment (e.g., for Graves’ disease or toxic nodular disease), 

hemithyroidectomy, radiotherapy or surgery in the neck or head region 

• Transient thyroiditis—viral (De Quervain’s syndrome), post-partum, silent thyroiditis, 

destructive thyroiditis 

•  Thyroid gland infiltration*—infectious (e.g., mycoplasma), malignant (eg, thyroid 

malignancy, lymphoma, metastasis of malignancy elsewhere), autoimmune (e.g., 

sarcoidosis), inflammatory (e.g., Riedels’s thyroiditis) 

•  Genetic*—autoimmunity-related genes (eg, HLA class I region, PTPN22, SH2B3, and 

VAV3), general and thyroid-specific genes (eg, FOXE1, ATXN2, and PDE8B) 

       

Central Hypothyroidism 



Page | 28  
 

 

 

•  Pituitary tumours (secreting or non-secreting) 

•  Pituitary dysfunction (eg, Sheehan’s syndrome) 

•  Hypothalamic dysfunction (eg, post-traumatic) 

• Resistance to thyroid-stimulating hormone (TSH) or thyrotropin-releasing hormone 

• Drugs (eg, dopamine, somatostatins, glucocorticosteroids, and retinoid X receptor 

selective ligands) 

• Increased TSH concentration due to leptin stimulation 

 

    

 Peripheral (extra- thyroidal) hypothyroidism 

 

 

• Consumptive hypothyroidism 

•  Tissue-specific hypothyroidism due to decreased sensitivity to thyroid hormone (eg, 

mutations in MCT8 [also known as SLC16A2], SECISBP2, THRA, THRB) 

 

 

 

 

*Rare causes of primary hypothyroidism. †Evidence mainly from animal models. 
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Chapter 4  

Signs and Symptoms of Hypothyroidism  

4.1 Interpretation of symptoms in diagnosing and treating overt hypothyroidism  

The association between low FT level and high TSH level is referred to as overt hypothyroidism. 

Clinical manifestation is very different in every individual based on age, sex, and duration between 

onset and diagnosis (70). More importantly, such symptoms are not specific to the diagnosis of 

hypothyroidism. Fatigue with 81%, dry skin with 63%, and dyspnea with 51% were the most 

common problems in the hypothyroid patients in a population-based case-control study. Only 13 

out of the 34 symptoms investigated in hypothyroidism were statistically overrepresented. None 

of the 34 symptoms that were related to hypothyroidism was helpful in the diagnosis of 

hypothyroidism (71). These outcomes all render the association of symptoms with the causes 

challenging.  

However, it is not a secret that untreated overt hypothyroidism may affect most of the organs, with 

the cardiovascular system being among them, with higher vascular resistance, reduced cardiac 

output and left ventricular performance, and alterations in many other cardiovascular contractility 

measurements (72).  Proper research study indicates that loss of myocardial diffusion is a common 

occurrence in patients with hypothyroidism (73). The assortment of nonspecific symptoms of 

hypothyroidism and the potential negative impact of overt hypothyroidism on the functioning of 

vital organs, combined with the availability of a reasonably priced and reliable diagnostic test. 

TSH test has caused the policy of even a slight suspicion, leading to a blood test, and levothyroxine 

(LEVOTHYROSINE) is now amongst the most frequently recommended medications, which 

might have been due to this, even when thyroid function tests are normal (74). Whether there are 
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symptoms or not, all patients should be treated with a combination of high TSH and low FT4 

concentration according to the guidelines. Effective discontinuation has been reported, although 

discontinuation is generally considered a lifelong replacement therapy. A meta-analysis and 

systematic analysis of the clinical outcomes of 1103 patients after the discontinuation of thyroid 

hormone replacement therapy was done by Burgos et al. (75). However, of the patients that went 

through discontinuation of thyroid hormone replacement therapy, about one-third of patients 

remained euthyroid after the study. As opposed to those that had earlier been diagnosed with 

subclinical hypothyroidism (35.6%), those that had been previously diagnosed with overt 

hypothyroidism were less likely to be left euthyroid (11.8%). Thus, the systematic management 

plan might be needed to assist clinicians reconsider their patient and her necessity to receive 

levothyroxine to avoid overtreatment.  

 

4.2 Interpretation of symptoms in diagnosing and treating subclinical hypothyroidism  

Asymptomatic patients with subclinical hypothyroidism generally have none of the symptoms, but 

those who do have the symptomatology tend to report it more frequently compared to overt 

hypothyroidism patients; and it is certainly less alarming than patients who have overt 

hypothyroidism (76,77,78).  Although subclinical hypothyroidism has been found to prevail in 

some studies in comparison to higher rates of depressive symptoms, additional symptoms also 

exist, such as reduced quality of life, cognition, and memory (79-81) and fatigue, muscle weakness, 

weight gain, cold intolerance, and constipation (82). It should be brought into consideration that 

the symptoms that were stated in certain of these studies just examined the patients with a small 

number of TSH levels, or the sample size thereof was not very large. A mild rise in TSH can be 

seen in up to 46% of patients with subclinical hypothyroidism and can be retested and then 
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eliminated through a repeat examination after 2 to 3 months (83). The circadian TSH rhythm, 

obesity or unique mutations to the TSH receptor may slightly elevate TSH, not necessarily 

necessitating    levothyroxine medication . 

BA and ETA present knowledge indicates that, should TSH be greater than/equals 10 mIU/L, or 

should TSH be greater than/equals 4-4.5 mIU/L, in combination with signs and/or comorbidities, 

then Levothyroxine must be prescribed to treat subclinical hypothyroidism, considering the age 

factor (84,85). A TSH level exceeding 10 mlU/L was found to be correlated with increased 

mortality and poor cardiovascular conditions (86). A newer guideline, however, suggested that 

subclinical hypothyroidism should not be treated using thyroid hormones (87). In one of their 

debate articles, Peeters and Brito (88) observed that it remains a challenge to treat patients who 

have mild symptoms of subclinical hypothyroidism. The patient could perceive it as insensitive 

when failing to rectify the laboratory abnormality, but the same could be defined when a laboratory 

test is done with the aim of not benefiting the patient and ameliorating his/her symptoms. The 

authors recommended the same to improve compliance with the existing standards set by the 

scientific societies to avoid further rise in the number of unjustified prescriptions of 

Levothyroxine. They also highlighted how clinicians need to become more skillful in treating 

symptomatic conditions that are not usually associated with clear pathological correlates, 

especially in cases of simple TSH increases (88). In the case of the lack of understanding of the 

mechanism and meaning of mild symptoms in individuals with subclinical hypothyroidism, it 

might be appropriate to elect to do a 6-month treatment trial along with Levothyroxine. Symptoms 

must be reassessed periodically and, in case of no improvement, the medication must be terminated 

(85). 
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Alongside persistent symptoms of thyroid disease on continued medication with Levothyroxine, 

several other patients have similar symptoms when changing to a different brand of  

Levothyroxine. One recent study was a study of the impact of the unavailability of the 

Levothyroxine brand Thyrax in the Netherlands and the consequent replacement of this specific 

brand with another dose-equivalent replacement. To begin with, according to the Netherlands 

Pharmacovigilance Centre Lareb, the number of symptoms reported has gone up. With the 

PHARMO Database Network and the Nivel Primary Care Database, it was established that TSH 

was out of range in +/-20% >6 weeks following the euthyroid patients who remained on the 

Levothyroxine drug Thyrax at the same dosage. It is worth noting that a much larger proportion of 

patients (24-63%) had biochemically indicating signs of overdose following a dose-equivalent 

replacement between Levothyrax and Thyrax and alternate brands of Levothyroxine. Therefore, a 

dose adjustment can be necessary among several persons when they change to the dose-equivalent 

Levothyroxine brand (89). As per the existing recommendations, changing Levothyroxine brands 

is not encouraged before the absolute necessity, and in case it is necessary, TSH levels must be 

monitored 6 weeks later (90,91). The fact that the outcomes of the recent study by Brito et al. (92) 

were different is worthy of mentioning since these researchers observed no alteration in serum 

TSH levels following the brand change of Levothyroxine. Thus, the effects of the switch of the 

brand of Levothyroxine on the TSH level are likely to be conditional on the brand change. As 

symptoms of thyroid disease have not been taken into account in either of the Brito et al. or 

Flinterman et al. trials, it is still unknown whether an increase in symptoms and a TSH alteration 

after transitioning to the brand are causally related. Therefore, further research has to be conducted 

to come up with conclusive results. 
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Chapter 5  

Treatment of Hypothyroidism 

 5.1 Standard treatment  

Levothyroxine monotherapy in solid form and emptied stomach is the standard on which the care 

is followed. The treatment is a prerequisite to the situation where there are clinical signs of 

hypothyroidism and the biochemical confirmation of the overt hypothyroidism. Another option is 

not to avoid prescribing generic formulations, but re-prescription of the levothyroxine product is 

contraindicated in already stable patients (93). The ideal dose of overt hypothyroidism is 1.5-1.8 

mg /kg. of body weight (93-95). The usual dose of Follicle-stimulating hormone in patients with 

coronary artery disease begins at 12.5-25.0mg/day, although it needs to be slowly advanced 

depending on the symptoms and TSH (93). The older adult typically uses the regimen, especially 

in cases where he has several co-morbidities (93,94).  Young patients with no comorbidities can 

usually be started on the entire dosage at the start and followed up appropriately to prevent the 

possibility of over-treatment. After the first stage of therapy is over, TSH levels need to be 

measured after 4-12 weeks, after every six months and finally after one year when the levels have 

stabilized. There must be some form of change based on the lab result, as in some patients (e.g., 

low body weight or old age), a small dose will cause a huge impact on serum TSH levels. Since 

there are normal tri-iodothyronine and TSH concentrations, it is not clear whether low tri-

iodothyronine concentration has clinical significance in some patients. Tri-iodothyronine is not 

regularly quantified to determine the efficacy of treatment (96). The physiological modifications 

involved during pregnancy demand higher doses of levothyroxine to ensure euthyroidism (97). 

Women who are of childbearing age and who are hypothyroid and on levothyroxine must also be 
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advised to triple their dosage during pregnancy and also consult their physician regarding 

additional advice (98). 

 

5.2 Treatment Targets 

The treatment goals include normative values of TSH levels and remission of physical and mental 

symptoms, and both under- and overtreatment should be prevented (93). But even with 

levothyroxine treatment, only between 35-60% of patients may achieve the desired level of TSH 

and may be over- or under-treated (99,100).  A retrospective cohort study of UK patients under 

levothyroxine therapy has demonstrated that nearly 6 per cent of all such patients have TSH under 

01 mIU/L following 5 years of therapy, and that over 10 per cent of all such patients have TSH 

above 100 mIU/L (99). Adverse health outcomes, including atrial fibrillation and osteoporosis, 

may be a consequence of over-treatment, which is a consequence of iatrogenic subclinical or overt 

hyperthyroidism. It should not be applied particularly in old people and post-menopausal women. 

Continuous insufficient thyroid hormone could lead to high cardiovascular disease and 

inexhaustible signs and symptoms, and underuse. The objectives of central hypothyroidism 

treatment differ from those of primary hypothyroidism since clinicians are not capable of banking 

on the reflex TSH approach.  

 

5.3 Failure to reach treatment objectives 

Underdose, combination with supplements or drugs, comorbidity, and non-adherence to therapy 

are the factors which fail to attain therapy. The level of TSH secretion among the elderly requires 

reduced doses of levothyroxine, but higher doses are required after a thyroidectomy.  
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The absorption of levothyroxine occurs in the small intestine, and it is recommended to take the 

drug in the mornings, 30-60 minutes before breakfast. Pre-bedtime intake 2-3 hours since the last 

meal) can enhance absorption, and it can be regarded as a way of raising compliance (101). 

Levothyroxine absorption, bioavailability, or metabolism may be affected by other drugs. 

Gastrointestinal diseases that affect the absorption of levothyroxine are helicobacter pylori 

gastritis, coeliac disease and autoimmune atrophic gastritis. Some studies pointed out that liquid 

and soft gel preparations of levothyroxine are independent of gastric pH being absorbed, and thus 

there would be a way out for patients who cannot swallow levothyroxine 30-60 minutes before a 

meal (102-103). This was performed in a randomized crossover but in two blind trials (104) 

consisting of 77 untreated hypothyroid patients, where the outcomes did not show a significant 

difference in the use of liquid thyroxine at breakfast, then 30 minutes before breakfast, as based 

on the thyroid functional tests. Nevertheless, no studies have compared the liquid gel preparations 

of levothyroxine and the solid preparations in clinical outcomes. 

The problem of non-adherence, which is a frequent cause of failures in treatment, must be 

mentioned in any case of continuing high levels of TSH in the absence of other factors. The fact 

that levothyroxine pills are taken immediately before the sample may lead to an increase in the 

TSH and normal or high-normal levels of free thyroxine. A detected thyroxine absorption test 

needs to be considered so as to differentiate the non-compliance and other reasons for under-

treatment (105). 

 

5.4 TSH Level normalization chronic Symptoms 

Recurrent symptoms, including depression and compromised mental wellbeing are recorded in 

approximately 5-10% of biochemically-managed levothyroxine-treated hypothyroidism (106). 
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Concurrent diseases or perimenopausal status can be attributed to these complaints, and they 

should be ruled out. There has also been a recommendation that long-term symptoms are caused 

by autoimmunity (107). The hypothalamic-pituitary thyroid axis regulates thyroid levels in the 

blood, and a set-point consists of comparatively low intraindividual and high interindividual 

standard deviation (108). The diffusion of TSH to similar levels of circulating thyroid hormones 

will also not be the same in various individuals. 

Alternatively, the limitations of the levothyroxine monotherapeutic regimen might be the cause of 

the continuing complaints in certain patients. Levothyroxine usually will keep adequate amounts 

of thyroxine circulating in the system, which then may be changed to triiodothyronine by 

deiodinating it using deiodinase 1 and deiodinase 2. In the case of a euthyroid patient, the direct 

release of the thyroidal secretion results in the formation of approximately 20% of the circulating 

triiodothyronine. Instead, in levothyroxine monotherapy, the peripheral thyroxine to 

triiodothyronine conversion provides all the triiodothyronine to the patient. As a result, the ratio 

of free thyroxine to triiodothyronine in patients under levothyroxine monotherapy is higher 

compared with patients of the euthyroid group. Certain patients with normalized TSH are observed 

to have lower than the reference range levels of serum tri-iodothyronine but high levels of free 

thyroxine serum (109-111).  There is no knowledge as to whether this has clinical implications. 

Levothyroxine monotherapy cannot substitute the physiological doses of tri-iodothyronine or the 

biological effects of thyroid hormones within all the tissues in the hypothyroid rat (112,113). A 

normal level of TSH represents euthyroidism of the pituitary but does not necessarily represent 

euthyroidism of all tissues. The differences in tissue deiodinase 2 inactivation in the tissues may 

also play a contributing role, resulting in normalization of the levels of triiodothyronine in the 
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hypothalamus before the total normalization of tri-iodothyronine levels in the rest of the body 

tissue (112). 

 

5.5 Combination therapy Levothyroxine and Liothyronine 

Over the past 15 years, numerous studies have been conducted with a view to providing research 

on combined levothyroxine-liothyronine therapy (114). Whereas it was found that combination 

therapy positively influences (115-118), including patient preference, better metabolic profile, the 

results of patients treated with combination therapy typically do not improve as compared to those 

treated with levothyroxine monotherapy (119). This may be owing to the insufficiency of doses or 

administration rates of levothyroxine and liothyronine (119). In addition, the trials were also not 

life-long and were short (less than 4 months) and employed questionnaires to report on the 

symptoms of the patients, which may not have been specific or sensitive enough. 

Rather, perhaps trials have never been able to establish the related subsets to which combination 

therapy would be profitable. In most of the studies, there was no specific focus on the patients who 

showed an adverse response to levothyroxine or special low levels of serum tri-iodothyronine. No 

particular attention has been paid to genetically different individuals as far as thyroid hormone 

metabolism is concerned (120). The potential target population group is individuals with extensive 

genetic variations in the deiodinase 2 (DIO2) gene that transforms thyroxine into tri-iodothyronine 

locally in various tissues, including those in the brain (121). DiO2 polymorphism of Thr92Ala 

provides a variant of deiodinase 2 with a more protracted half-life compared to the wild type 

enzyme, and fuzzy localization in the Golgi apparatus. These results demonstrate that the cerebral 

cortex expression pattern was perturbed in the patients in the same way as that obtained with the 

neurodegenerative diseases, and with no indication that the thyroid hormone signaling mechanism 
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is perturbed (122).  A study of 136 patients receiving levothyroxine replacement therapy identified 

that those with a Thr92Ala polymorphism in DIO2 were more distant in their psychological well-

being than those without the polymorphism, who responded better to combination therapy (123). 

Nonetheless, the outcome of the multiple testing was not noteworthy as the procedure was duly 

rectified. According to the results of a population-based cohort study, there was no influence of 

the Thr92Ala polymorphism on any of the cognitive functions or quality of life measures (124). 

In order to conclude, the prospective randomized controlled trials must be developed accordingly 

to enable the physicians to make evidence-based decisions.  

The European Thyroid Association offers a levothyroxine and liothyronine dosage calculation 

method and introduces the concept that nonadherent, biochemically normal patients displaying 

persistent symptoms despite levothyroxine intake can qualify to participate in an experimental 

study of levothyroxine and liothyronine combination at the doses (125). 

It has to be, however, initiated by competent endocrinologists or internal medicine physicians. It 

should be monitored at all times and canceled in case it is not getting better. However, due to the 

uncertainty of long-term risk and benefit, the American Thyroid Association does not encourage 

the use of such studies regularly, other than in formal research and experiments (93). It should be 

evaluated by long-term randomized controlled trials to establish ratios of risk to benefit, which are 

required by the American Thyroid Association(93) and the European Thyroid Association (125). 

These trials would necessitate research on optimal levels of thyroid to be monitored during 

combination therapy and whether the levels of tri-iodothyronine would be a significant parameter. 

Phlebotomy time is also a significant element in case the dose of the liothyronine is exceeded once 

daily. It has little support to lend, with no alternative therapy for hypothyroidism. Thyroid 

Liothyronine monotherapy should not be used as it is risky. Substitution of Hypothyroidism with 
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compounded thyroid hormones, nutritional supplements and any non-prescription drug is not 

recommended. 
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Chapter 6  

Conclusion and Future Directions   

Despite all that is known about the identification, clinical implications, diagnosis and treatment of 

hypothyroidism, there are grey areas, particularly on the diagnosis and treatment issues. Several 

risk factors are known to cause increased or decreased TSH levels, levels of free thyroxine and 

thyroid diseases, although a small proportion of the fluctuation is attributed to it (126). Therefore, 

risk factor identification is required. Growing evidence is emerging to indicate that endocrine 

disruptors may be causal agents of endocrine diseases. The causes of the exposure to chemicals 

affecting the thyroid could also be different, i.e., the environmental sources (e.g., flame retardants) 

and the dietary (e.g., the packaging of food) ones (127).  

Hypothyroidism is associated with cardiovascular disease, and the correlation has been known and 

confirmed in numerous studies. Nevertheless, the mechanisms of such a relationship are 

unfamiliar. The correlation between hypothyroidism and other cardiovascular diseases appears to 

be fragmented from the typical cardiovascular risk factors (128,129,130). Future studies that dwell 

on emerging cardiovascular risk factors or other mechanisms can clarify some of the pathways, 

and this would be of utmost importance in establishing the direction to take when it comes to its 

management, as well as its monitoring strategies among patients with asymptomatic 

hypothyroidism. Diagnosis of hypothyroidism has now been founded on statistically calculated 

reference values of TSH and free thyroxine, which cannot give information on the danger of the 

disease in patients. However, some other grading method has been proposed based on thyroid-

function test since the ranges of cutoffs to represent mild and overt hypothyroidism are arbitrary. 

According to the US Preventive Services Task Force, one of the key issues that thwarted the 

process involved in making the decision was the arbitrariness of these cutoffs, which led to the 
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screening of thyroid dysfunction among the patients who had no symptoms (131). The thresholds 

further influence the management of the disease among the asymptomatic patients of 

hypothyroidism. The adverse health outcomes that follow in the case of long-term thyroid 

dysfunction need to be researched. Moreover, it is essential to determine what TSH and free 

thyroxine concentrations are linked with an increased morbid risk. Such knowledge can be 

obtained on the basis of collaborative forms of observational cohort studies whose period of 

observation is long enough.  

Levothyroxine monotherapy is the standard practice in the treatment of hypothyroidism. There is, 

however, a lot of ambiguity in the questions about the biochemically stable patients who are not 

pleased with the outcome of the therapies. The possibility of a solution, as well as alternative 

regimens for a specific group of individuals with unexplained symptoms, should be investigated 

in future research. The gap in the research needed, in urgent form, is the determination of the 

aetiology of persistent symptoms in biochemically stable patients, and whether this may be 

improved by an optimal dose (i.e. depending on the levels of serum triiodothyronine of the 

individual patient, or the serum TSH set-point of the particular patient). Pragmatically, such 

information can be acquired through exploration of the efficacy of new formulations (e.g., slow-

release liothyronine) or deeper, more frequent dosage of levothyroxine-liothyronine combination 

therapy (e.g., tri-daily liothyronine) into symptom mitigation and also into the discovery of patient 

subgroups that may respond naturally to alternative types of treatment than to levothyroxine 

monotherapy (e.g. by the identification of new additional genetic polymorphism that might explain 

the set-point of the thyroid).  
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Figure 2: Diagnosis and treatment of Primary Hypothyroidism 

 

Suspected hypothyroidism 

→ Measure TSH. Measure free thyroxine if TSH elevated or if suspicion of 

disorders other than primary hypothyroidism 

→ Diagnosis based on two measurements 

Indication for treatment  

→ Treat with 1-5-1-8 ug per kg of levothyroxine and initiate with full 

dose 

→ Start with 12-5-25-0 ug per day of levothyroxine in patients with 

cardiac symptoms and elderly patients with many comorbidities 

→ Inform women of childbearing age about the 30% increase in dose 

required once pregnant 

→ Repeat TSH measurement after 4-12 weeks and then every 

6 months when stable 

Treatment targets not reached 

→ Consider reasons for treatment 

failure 

Treatment targets reached 

→ Annual serum TSH 

measurement 
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Table 2. Clinical Presentation and Implications of Hypothyroidism 

 
Clinical 

Presentation 

Signs and implications 

 General 

metabolism 

 Weight gain, cold 

intolerance, 

fatigue 

 Increase in body-mass index, low metabolic rate, 

myxedema*, hypothermia* 

 Cardiovascular  Fatigue on 

exertion, shortness 

of breath 

Dyslipidaemia, bradycardia, hypertension, 

endothelial dysfunction or increased intima-media 

thickness*, diastolic dysfunction*, pericardial 

effusion*,hyperhomocysteinemia*, 

electrocardiogram changes* 

 Neurosensory Hoarseness of 

voice, decreased 

taste, vision, or 

hearing 

 Neuropathy, cochlear dysfunction, decreased 

olfactory and gustatory sensitivity 

Neurological and 

psychiatric 

 Impaired 

memory, 

paresthesia, mood 

impairment 

 Impaired cognitive function, delayed relaxation of 

tendon reflexes, depression*, dementia*, ataxia*, 

Carpal tunnel syndrome and other nerve entrapment 

syndromes*, myxedema coma* 



Page | 47  
 

 Gastrointestinal  Constipation Reduced oesophageal motility, non-alcoholic fatty 

liver disease*, ascites (very rare) 

Endocrinological  Infertility and 

subfertility, 

menstrual 

disturbance, 

galactorrhoea 

Goiter, glucose metabolism dysregulation, infertility, 

sexual dysfunction, increased prolactin, pituitary 

hyperplasia* 

 Musculoskeletal  Muscle weakness, 

muscle cramps, 

arthralgia 

Creatine phosphokinase elevation, Hoffman’s 

syndrome*, osteoporotic fracture* (most probably 

caused by overtreatment) 

Haemostasis and 

haematological 

 Bleeding, fatigue Mild anaemia, acquired von Willebrand disease*, 

decreased protein C and S*, increased red cell 

distribution width*, increased mean platelet volume* 

 Skin and hair  Dry skin, hair loss Coarse skin, loss of lateral eyebrows*, yellow palms 

of the hand*, alopecia areata* 

 Electrolytes and 

kidney function 

 Deterioration of 

kidney function 

 Decreased estimated glomerular filtration rate, 

hyponatraemia 
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