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ABSTRACT

Hypothyroidism is a chronic condition with an underactive thyroid gland.
The thyroid gland produces thyroid hormones mainly, thyroxine (T4) and
triiodothyronine (T3). Women are more at risk of hypothyroidism than men.
The symptoms of hypothyroidism are not specific. A blood test to measure
thyroid hormones should be needed for the diagnosis of hypothyroidism.
The mild cognitive symptoms associated with hypothyroidism are difficult
to detect in the early stages in adults. But in elderly patients, it can be
easily detected. Memory is the most common cognitive domain affected
in elderly hypothyroid patients. In elderly patients, the hypothyroid-
impaired cognitive impairment can progress into dementia or other related
complications if left untreated. Thyroid hormones have an important
role in regulating metabolism. Metabolic disorders were common in
hypothyroidism. Thyroid hormone supplementation with levothyroxine is
the standard therapy for hypothyroidism. Levothyroxine should be taken
on an empty stomach preferably in the early morning. Levothyroxine has

INTRODUCTION

Hypothyroidism is a condition with an underactive thyroid gland.
Mainly thyroid gland produces hormones like Triiodothyronine (T3)
and Thyroxine (T4). If Hypothyroidism is left untreated it will lead to
many complications. The clinical presentation of hypothyroidism varies
this makes the diagnosis complicated. Hypothyroidism can be diagnosed
by checking the thyroid hormone levels in the blood (Thyroid panel
test). In overt hypothyroidism, the concentration of Thyroid Stimulating
Hormone (TSH) will be higher and free Thyroxine (T4) values will be
decreased. Overt hypothyroidism is becoming more prevalent with age.
Mild or subclinical hypothyroidism is the early sign of thyroid failure,
where Thyroid-stimulating Hormone (TSH) will be high and free
thyroxin will be within the normal range.!

The symptoms of hypothyroidism vary it is not specific. Neurocognitive
alterations (memory and concentration difficulty) followed by depression
are more prevalent among these. The ability to pay attention, abstract,
or solve problems may be affected through the disease period. If not
treated it can progress to serious cognitive deficit and dementia.® The
common symptoms of hypothyroidism include weight gain, lethargy,
fatigue, constipation, change in voice, cold intolerance, and dry skin. The
symptoms may be absent in subclinical hypothyroidism.?

Thyroid dysfunction and metabolic syndrome are the most endocrine
disorders. Metabolic syndrome is common in Hypothyroidism patients,
especially in subclinical hypothyroidism. As per the National Cholesterol
Education Program - Adult Treatment Panel III (NCEP-ATP III) the
metabolic syndrome is present if three or more of the subsequent five
criteria are met: waist circumference over 40 inches (men) or 35 inches
(women), blood pressure over 130/85 mmHg, fasting triglyceride (TG)
level over 150 mg/dl, fasting high-density lipoprotein (HDL) cholesterol

several drug interactions. It can interact with proton pump inhibitors,
calcium supplements, etc., and reduce levothyroxine's oral absorption.
Patients" attitudes and knowledge toward the therapy have an important
role in improving their clinical outcomes and quality of life.
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level less than 40 mg/dl (men) or 50 mg/dl (women) and fasting blood
glucose over 100 mg/dl. In Hypothyroidism, the production of thyroid
hormones will be very less, So Hypothyroid patients experiences
metabolic-related symptoms like weight gain, obesity, etc.?

The treatment is done as thyroid hormone replacement therapy,
commonly using Levothyroxine. Significant improvements were seen in
the life of patients who have undergone treatment with Levothyroxine
previously. The treatment may have to continue for a lifetime, but
dose adjustment is needed based on the thyroid hormone levels.
Levothyroxine has many drug interactions, so dose adjustment or time
spacing is needed when Levothyroxine therapy is continued along with
these drugs (eg: Anti-diabetic medications, Proton pump inhibitors,
supplements, etc.)* Treatment helps to prevent the progression of the
disease from subclinical hypothyroidism to overt hypothyroidism, also
improves the neuropsychiatric signs, cognition, and somatic symptoms.>
Proper communication with the physician, medication adherence, and
regular follow-up are needed to get symptomatic relief and to avoid
further disease-related complications.* The purpose of this review is to
understand the metabolic and cognitive symptoms and its management
in hypothyroidism.

METHODS

The current review was conducted by extensively reviewing the literature
in PubMed, Scopus, and Google Scholar databases in English (from
1972 to 2021) with the search terms, hypothyroidism, hypothyroid,
levothyroxine, thyroxine, cognitive impairment, dose adjustment
in levothyroxine, hypothyroidism, and cognitive Impairment and
metabolic syndrome. This review was prepared based on the information
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from research, reports, and review papers related to hypothyroidism,
hypothyroidism with cognitive dysfunction, and metabolic syndrome
and its management. We excluded non-English articles, letters, and
comments.

Thyroid Hormones

The thyroid gland is a butterfly-shaped gland located in the anterior neck.
The main hormones produced by the thyroid gland include thyroxine or
tetraiodothyronine (T4) and triiodothyronine (T3). The Thyrotropin-
releasing hormone (TRH), Thyroid-stimulating hormone (TSH), and
Thyroxine work together to keep proper feedback mechanism and
homeostasis. The functions of the thyroid hormones include increasing
the basal metabolic rate, helping in growth, helping in the maturation
of bone and skeletal system, maturation of nerves, regulation of growth
hormone and body temperature, and influencing mood, and behavior.
The thyroid hormones are lipophilic and bound to transport proteins.
Around a small fraction (approximately 0.2%) of the thyroid hormone
(free thyroxine) is unbound and active. The transporter proteins are
thyroxine-binding globulin (TBG), Transthyretin, and albumin. Around
two-thirds of the thyroxine is transported by thyroxine-binding globulin
(TBG). Transthyretin transports thyroxine and retinol.”

Etiology of Hypothyroidism

Hypothyroidism is a condition that occurs due to inadequate functioning
of the thyroid gland (primary hypothyroidism), insufficient stimulation
by Thyroid Stimulating Hormone (TSH), from the pituitary gland
(secondary hypothyroidism), or insufficient release of Thyrotropin-
Releasing Hormone (TRH) from the hypothalamus (tertiary
hypothyroidism).®

The causes of primary hypothyroidism include autoimmune thyroiditis,
subacute granulomatous thyroiditis, acute infectious thyroiditis, and
radiotherapy to the neck. The use of amiodarone, lithium-based mood
stabilizers, and alpha interferons can also lead to hypothyroidism.
So, monitoring of thyroid functions is required while taking these
medications.

The causes of central hypothyroidism include, lesions compressing
the pituitary, surgery or radiation to the pituitary, vascular disorders
(subarachnoid hemorrhage), autoimmune disorders, and infiltrative
disease.”

Epidemiology

Thyroid hormones play an important role in growth and metabolism.
The prevalence of hypothyroidism is more common in females than in
males. Prevalence of hypothyroidism in developed countries was about
4 - 5%,%° whereas in India it was reported to be about 10.95%."° Also, 1 in
10 pregnant women in India suffers from Hypothyroidism."

Clinical Presentation of Hypothyroidism

Thyroid hormones have a crucial role in regulating the body’s normal
physiological functions. But, if the levels of these hormones vary, it
can alter the body’s normal physiological functions. The severity of
the symptoms of hypothyroidism depends on the degree of the thyroid
dysfunction and the time course of the development of hypothyroidism.

Most of the symptoms associated with hypothyroidism are non-specific.
The common symptoms of hypothyroidism include weight gain, fatigue,
poor concentration, depression, and menstrual irregularities. Symptoms
of hypothyroidism differ with age and sex. In women, hypothyroidism
may be presented with menstrual irregularities and infertility. While in
older patients, cognitive symptoms may be dominant."

The common electrocardiography (ECG) findings of hypothyroidism
include bradycardia, flattened T-wave, and low voltage. In patients
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with severe hypothyroidism, pericardial effusion, pleural effusion,
and hemodynamic instability were observed. The laboratory data on
hypothyroidism may reveal, the associated conditions like hypernatremia,
hypercapnia, hypoxia, normocytic anemia, elevated creatine kinase, and
hyperprolactinemia, dyslipidemia, etc."?

Management of Hypothyroidism

The main goal in the management of hypothyroidism is to relieve
symptoms, normalize the thyroid hormone level, prevent disease-related
complications, and improve the quality of life.

Pharmacological Management of Sub-Clinical
Hypothyroidism

Subclinical hypothyroidism is defined by an elevated Thyroid-
stimulating Hormone (TSH) level with normal Thyroxine. Most patients
with Subclinical Hypothyroidism will be asymptomatic. The commonly
reported symptoms in Subclinical hypothyroidism patients are fatigue,
muscle weakness, depression, mood swings, a decline in memory,
cognition, cold intolerance, and moderate weight gain. The symptoms
of subclinical hypothyroidism will not be severe while correlating with
their Thyroid Stimulating Hormone (TSH) elevation. The effect of
Levothyroxine therapy on relieving subclinical hypothyroidism-related
symptoms remains controversial.'*

Pharmacological Management of Overt Hypothyroidism

Treatment with thyroid hormone supplementation is needed in overt
hypothyroidism. In elderly patients, the treatment is initiated with a low
dose and it is gradually increased every 4 to 6 weeks until the Thyroid
Stimulating Hormone (TSH) levels become normal. When Thyroid
Stimulating Hormone (TSH) levels become stable, monitoring of
Thyroid Stimulating Hormone (TSH) levels should be done yearly.”®

Overt hypothyroidism is generally treated using oral thyroid hormone
supplementation with synthetic Levothyroxine. The Levothyroxine will
be peripherally converted into FT3. It is generally administered once
daily with a dose of 1.6 mcg/kg in the elderly."”®

Combinational Hormonal Supplementation Therapy in
Hypothyroidism

Studies suggest that treatment with the combination of Levothyroxine
and Triiodothyronine had shown some positive results in improving
cognition and sensation of well-being. However, most other similar
studies revealed that combinational therapy is not having any extra
benefits compared with monotherapy. Clyde et al. and Walsh et al.,
through their study, suggested that Levothyroxine and Liothyronine
combination doesn’t seem to give any extra benefit in reducing body
weight, serum lipid levels, hypothyroid symptoms, or cognition
compared to levothyroxine monotherapy.'*!’

Management of Hypothyroidism in Pregnancy

Levothyroxine is the treatment of choice for hypothyroidism in
pregnancy. Larger doses of Levothyroxine are needed for pregnant
women, as there is a rapid rise in Thyroid Binding Globulin (TBG)
levels during pregnancy. Women who have hypothyroidism and are
on treatment with Levothyroxine need to increase their Levothyroxine
doses before pregnancy. Their Levothyroxine daily doses should be
increased by 30 — 50%. The full replacement Thyroxine dose is around
2 - 2.4 mcg/kg/day during the time of pregnancy. It is advised to check
serum-free Thyroxine (FT4) and TSH levels every month during
pregnancy. The thyroxine doses need to be titrated till the serum Thyroid
Stimulating Hormone (TSH) value reaches less than 2.5 m IU/L. Follow-
up every 4 to 6 weeks with free Thyroxine (FT4) levels are needed till the
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delivery, for Levothyroxine dose adjustments, and after the delivery, they
need Levothyroxine dose reduction.'®"

Non-pharmacological Management of Hypothyroidism
Patients with hypothyroidism may need to take their medicines
throughout their life. So, along with pharmacological therapy, non-
pharmacological therapies are also beneficial for them. The non-
pharmacological treatments include exercise, stress management, and
diet.?

i) Exercise

Exercises will be helpful for hypothyroidism patients as, it improves the
energy level, stimulate the secretion of thyroid hormone, and increase
the tissue sensitivity to thyroid hormones. Hypothyroidism patients can
do mild to moderate exercises. Walking, cycling, and practicing yoga,
will be beneficial for them.*® Exercises can have an impact on thyroid
hormones. Studies have shown that thyroid hormone levels (T3 and T4)
were significantly improved following exercise.”!

ii) Dietary Modifications

Patients with hypothyroidism should follow a diet rich in vitamins,
minerals, iron, iodine, selenium, etc. They should eat foods like dairy
products, eggs, fish, meats, fruits, and vegetables. But they should avoid
goitrogenic foods. The intake of goitrogenic foods can be a reason for
persistent goiter. The goitrogenic foods are broccoli, cabbage, cauliflower,
radish, turnips, and cassava. The concentration of glucosinolates is high
in cabbage and cauliflower, cyanogenic glucosides are present in cassava
and bamboo shoots, and thiocyanates are present in mustard, turnip, and
radish.” Goitrogenic substances can inhibit the iodine uptake thereby
reducing the activity of thyroid peroxidase enzyme and thyroid hormone
synthesis.

Metabolic Syndrome in Hypothyroidism

Metabolic syndrome is a cluster of interconnected metabolic
abnormalities characterized by central obesity, high triglycerides, low
high-density lipoprotein cholesterol, hypertension, and hyperglycemia.
Metabolic syndrome is also known as syndrome X, insulin resistance
syndrome. Hyperlipidemia and obesity will increase the risk for
cardiovascular disorders.” The relation between hypothyroidism and
metabolic syndrome varies. It can be influenced by age, race, and gender.
Studies suggest that there is a significant difference in waist circumference
in hypothyroid patients with metabolic syndrome compared with
metabolic syndrome patients without thyroid dysfunction. Studies
suggest that High-Density Lipoprotein (HDL) has a negative correlation
with thyroid Stimulating Hormone (TSH) levels compared with Low-
Density Lipoproteins (LDL) levels® (Figure 1).

Management of Metabolic Syndrome
Pharmacological Management of Metabolic Syndrome

According to the National Institutes of Health guidelines for the
treatment of obesity, individuals with a BMI of at least 30 kg/m2 or
those with a BMI of at least 27 kg/m*with comorbidities related to their
excess weight should seek pharmacological therapy for weight loss.
Pharmacological management of weight loss includes treatment with
appetite suppressants and inhibitors of nutrient absorption.**

Statins are an effective class of medications for lowering Low-Density
Lipoprotein (LDL) levels, it has lesser drug interactions and side effects.
Presently, there are seven different statins approved by the Food and
Drug Administration (FDA), i.e., atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, rosuvastatin, and simvastatin. Researchers
found that, when simvastatin was given at a dose of 20 mg or 40 mg to
metabolic syndrome patients, LDL cholesterol decreased by 37.5% versus
36.0%, TG levels decreased by 24.1% versus 6.7%, and HDL cholesterol
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Figure 1: Hypothyroidism with Metabolic syndrome leading to Cardiovascular
Disorders.

increased by 10.3% versus 0.6% when compared with the control
group.” The HMG-CoA reductase has a crucial role in the formation
of cholesterol, cholesterol formation can be reduced by inhibiting the
HMG-CoA reductase enzyme as a result of the number of Low-Density
Lipoprotein receptors will increase, leading to a decrease in Low-Density
Lipoprotein cholesterol levels.*

The metabolic abnormality should be treated simultaneously while
treating hypertension also. Angiotensin-Converting Enzyme (ACE)
inhibitors and Angiotensin Receptors Blockers (ARBs) are the
medications of choice if not contraindicated. The use of Diuretics and
calcium channel blockers (at low doses) seems to be effective. The Fixed-
drug combinations of antihypertensive seem to be beneficial.®

Studies suggest that metformin,” thiazolidinediones,”® and acarbose®
will reduce the risk of Type 2 Diabetes Mellitus in patients with impaired
glucose tolerance. There was a subsequent reduction in metabolic
syndrome in patients treated with metformin, the primary improvements
were seen in weight control and fasting glucose. The use of Pioglitazone
may be beneficial in high-risk patients with Type 2 Diabetes Mellitus to
avoid cardiovascular events.*

Non-Pharmacological Management of Metabolic
Syndrome

Non-Pharmacologic management of metabolic syndrome includes
dietary restrictions and increased physical activity. To avoid the risk
of the metabolic syndrome they should avoid, high-calorie foods, red
meats, sugars, and caffeinated drinks. Exercise has a major impact on
metabolic syndrome. Moderate exercises like walking and weight training
will be helpful to reduce the disease progression and cardiovascular
complications.™
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Thyroid Function and Cognitive Impairment

Cognitive domains can be affected by overt hypothyroidism. Studies
reported that the cognitive domains like general intelligence, attention/
concentration, memory, perceptual function, language, psychomotor
function, and executive functions will be affected due to clinical
hypothyroidism. Thyroid Stimulating Hormone (TSH) can be correlated
with cerebral function in mild cognitive impairment.*® Studies suggest
that hypothyroidism was associated with progressive cognitive
impairment and pseudodementia. Brain sensitivity to thyroid function
variations was found to increase with age and variations in thyroid
hormones. Proper treatment with hormone supplementation helps to
prevent these symptoms and avoids other related complications.*

Cognitive Symptoms in Hypothyroidism

Cognitive impairments were not usually seen in subclinical
hypothyroidism. But, In overt hypothyroidism, a wide range of cognitive
domains were affected. Studies suggest that severe hypothyroidism
can affect major domains of cognition like intelligence, attention,
concentration, memory, psychomotor functions, executive functions,
etc. Memory is the predominantly affected domain in cognition.*

The common cognitive symptoms exhibited by severe hypothyroidism
patients were impaired consciousness, memory disturbances, and
psychomotor slowing. In elderly patients, cognitive impairments can
progress into dementia, if not treated. Improvements were seen in
thyroid hormone supplementation therapy. But, cognitive impairments
caused due to chronic thyroid hormone deficiency may not be reversible
as always. It can even cause irreversible or permanent damage to the
Central Nervous System (CNS).**

Thyroid Hormone Supplementation in Management of
Cognitive Impairment

Treatment with Thyroid hormone supplementation therapy will help
hypothyroid patients in relieve the symptoms, improving cognitive
function associated with thyroid dysfunction, thereby reducing the
neuropsychiatric symptoms, hospitalizations, and related expenses.
It was observed that untreated hypothyroid patients showed some
specific deficit in Memory retrieval, with more difficulty retrieving
verbal information.” Levothyroxine aids in the treatment of cognitive
impairment caused by hypothyroidism.*

Levothyroxine Food and Drug Interactions

The food items such as soybean, papaya, grapefruit juice, and coffee
can interact with Levothyroxine and reduce the oral absorption of
levothyroxine.”” So, these food items should not be taken while taking
levothyroxine tablets. It is advised to maintain at least two to four hours
between the administration of levothyroxine and these foods. It is better
to take levothyroxine early morning on an empty stomach.

Levothyroxine can interact with proton pump inhibitors like lansoprazole
and omeprazole and reduces the absorption of levothyroxine.””* Also,
the medicines such as calcium carbonate, calcium citrate, calcium
acetate, aluminum hydroxide, cholestyramine, and ferrous sulphate
can interact with levothyroxine and decrease the absorption of
levothyroxine by binding to it, leading to the formation of complexes
that are not absorbed. The absorption of levothyroxine can be decreased
by interacting with sucralfate by interfering with its intra-luminal
transport or by binding to it.*® The other medicines that interact with
levothyroxine or thyroid hormones include anabolic steroids, androgens,
beta-blockers, carbamazepine, cholestyramine, cimetidine, fluorouracil,
glucocorticoids, heparin, lithium, phenobarbital, phenytoin, salicylates,
and tolbutamide®“° (Table 1).
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Table 1: Drugs that interact with Levothyroxine used in metabolic
syndrome.

SL. Drug-Drug Effect Clinical
No Interaction Recommendations
1 Carvedilol* Carvedilol reduces the  Spacing between the
(Antihypertensive) therapeutic efficacy of medications is needed
levothyroxine when
used in combination.
2 Atorvastatin,* Levothyroxine Spacing between the

will decrease the medications is needed

(Lipid-Lowering

Agents) metabolism of
atorvastatin
3 Metformin*-*° Levothyroxine reduces Monitoring of
(Antidiabetic) the therapeutic efficacy  blood sugar levels is
of metformin when recommended
used in combination
4 Aspirin®"*? Levothyroxine Monitor of INR level
(NSAIDs) increases the is needed

therapeutic efficacy of
Aspirin

Figure 2: Complications of Hypothyroidism.

Complications

Hypothyroidism can lead to many complications if not treated, the
complications include, Myxedema coma, Cardiac diseases, Heart failure,
Dyslipidemia, Mental retardation, Depression Infertility, Miscarriage,
etc."’ So, proper treatment with thyroid hormone supplementation is
important to get symptomatic relief, avoid disease progression and
complications, and improve quality of life (Figure 2).

Quality of Life in Hypothyroidism

Studies suggested that the quality of life in hypothyroid patients
can be impacted by many factors. Even though thyroid hormone
supplementation provides symptomatic relief, the quality of life in
hypothyroid patients can be enhanced by providing better patient-
centered care with high-quality treatment and establishing a good
rapport between the health care provider and the patient.*>*

Studies suggest that the quality of life of hypothyroid patients was not
related to thyroid parameters. Increased body weight and Body Mass
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Index (BMI) was linked to a worse quality of life.** Collaborative care
provided by doctors, nurses, and pharmacists will enhance treatment
quality and quality of life.

RECOMMENDATIONS

From the previously published literatures, it is evident that, in
hypothyroid patients metabolic and cognitive symptoms are significant.
It is necessary to provide pharmaceutical care to this population to
improve the clinical outcomes and quality of life.

CONCLUSION

Hypothyroidism is a chronic condition with an underactive thyroid
gland. It can lead to many complications if left untreated. Women are
more at risk of hypothyroidism than men. Hypothyroidism exhibits a
wide range of symptoms. As the symptoms of hypothyroidism are not
specific, it is difficult to diagnose hypothyroidism based on its clinical
presentation. A blood test, measuring the thyroid hormone levels,
should be done to diagnose hypothyroidism. Cognitive symptoms
associated with hypothyroidism are common in the elderly population.
The cognitive dysfunctions may progress into dementia or may cause
irreversible cerebral damage.

Patient counselling has an important role in hypothyroidism. Through
patient education, the patient’s knowledge about their disease condition
and medications can be improved. This makes them aware of the drug
interactions and the direction of the use of the medicines. Through
patient counselling, we can able to make the patients understand the
importance of their therapy. Thereby, we can able to improve patient’s
medication adherence and reduce medication-related problems and
enhance the quality of life.
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